
Quantum computing and quantum error 
correction with bosonic systems

Giulia Ferrini | WACQT 



Myself

Giulia Ferrini | WACQT 

• Master: Theoretical Physics, Genova (Italy), 2008 

• PhD: Theoretical physics, Grenoble (France) 2008- 2011 
• Post-doc: theory of quantum computation in an experimental quantum 

optics lab, Paris (France) 2012-2016 
 

• Marie Slodowska-Curie fellowship Mainz (Germany) 2016-2017 

• Assistant/Associate/ Professor at Chalmers Gothenburg (Sweden) 2018



Wallenberg Center for Quantum Technology

Giulia Ferrini | WACQT 

• Main goals:  
(1) To build the Swedish Quantum computer (core project);  
(2) To develop quantum technology know-how in Sweden (excellence project) 

WACQT PI Giovanna Tancredi and WACQT cryostat

• Located in: Gothenburg, Stockholm, Lund and Linköping 

• 12 years, started 1st January 2018 

• Involving industry

• Funding: >150 ml euros (KAW, industry and university) 

• > 200 employed researchers (about 100 at Chalmers)
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• Part 1a: Intro to quantum computing with bosonic (continuous-variable) systems;  
measurement-based quantum computing with CV (45 min) 

• Part 1b: Sampling models, computational hardness and simulatability (45 min) 

• Part 2a: Bosonic codes for Quantum Computing: Intro + rotationally symmetric bosons codes 
(RSB) (45 min)  

• Part 2b: Translationally symmetric bosons codes (GKP) and comparison (45 min) 

• Part 3a: Research results: simulatability of GKP circuits / vacuum provides quantum advantage 
(45 min) 

• Part 3b: Research results: a new magic measure for qubits using bosonic codes (45 min)

Quantum computing with bosonic systems 

Ask me questions when you want!
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Part 1a: Introduction to quantum computing 
with bosonic (continuous-variable) systems; 
Measurement-based quantum computing 
with CV
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Introduction

Qubits (two-level systems) are great to build quantum computers!

…but many physical systems are not described by solely two levels!

Including electromagnetic radiation, vibrations of trapped ions and molecules, 
oscillating mirrors… 
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Quantised harmonic oscillator

We can build a quantum computer based on the quantised harmonic oscillator!

<latexit sha1_base64="1vSvltsUz+kGcmKflwK9DQizeRA=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSSi6LHoxWMF+yFtKJvtpF26uwm7G6HE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvTDjTxvO+ncLK6tr6RnGztLW9s7tX3j9o6jhVFBs05rFqh0QjZxIbhhmO7UQhESHHVji6mfqtR1SaxfLejBMMBBlIFjFKjJUenryuInLAsVeueFVvBneZ+DmpQI56r/zV7cc0FSgN5UTrju8lJsiIMoxynJS6qcaE0BEZYMdSSQTqIJsdPHFPrNJ3o1jZksadqb8nMiK0HovQdgpihnrRm4r/eZ3URFdBxmSSGpR0vihKuWtid/q922cKqeFjSwhVzN7q0iFRhBqbUcmG4C++vEyaZ1X/ourdnVdq13kcRTiCYzgFHy6hBrdQhwZQEPAMr/DmKOfFeXc+5q0FJ585hD9wPn8AtnuQWQ==</latexit>

|0i

<latexit sha1_base64="whRMfjK3RkK1KKj690MVtvOlxtw=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSSi6LHoxWMF+yFtKJvtpF26uwm7G6HE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvTDjTxvO+ncLK6tr6RnGztLW9s7tX3j9o6jhVFBs05rFqh0QjZxIbhhmO7UQhESHHVji6mfqtR1SaxfLejBMMBBlIFjFKjJUenvyuInLAsVeueFVvBneZ+DmpQI56r/zV7cc0FSgN5UTrju8lJsiIMoxynJS6qcaE0BEZYMdSSQTqIJsdPHFPrNJ3o1jZksadqb8nMiK0HovQdgpihnrRm4r/eZ3URFdBxmSSGpR0vihKuWtid/q922cKqeFjSwhVzN7q0iFRhBqbUcmG4C++vEyaZ1X/ourdnVdq13kcRTiCYzgFHy6hBrdQhwZQEPAMr/DmKOfFeXc+5q0FJ585hD9wPn8AuAaQWg==</latexit>

|1i

<latexit sha1_base64="6WF0cWe4GToXPE71s/e4OtisZRA=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGC/ZA2lM120i7dbMLuRiixv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtR1Sax/LejBP0IzqQPOSMGis9PFW7isqBwF6p7FbcGcgy8XJShhz1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns4Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzyMy6T1KBk80VhKoiJyfR70ucKmRFjSyhT3N5K2JAqyozNqGhD8BZfXibNasW7qLh35+XadR5HAY7hBM7Ag0uowS3UoQEMIniGV3hzlPPivDsf89YVJ585gj9wPn8AuZGQWw==</latexit>

|2i <latexit sha1_base64="0RwuJNh0HpR2aIuCyNql6EL4+Vk=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBFcSEmKqBuh6MZlBfuAJJabySQdOnkwMxFK6M6Nv+LGhSJu/QV3/o3Tx0JbD1zu4Zx7mbnHzziTyrK+jYXFpeWV1dJaeX1jc2vb3NltyTQXhDZJylPR8UFSzhLaVExx2skEhdjntO33r0d++4EKydLkTg0y6sUQJSxkBJSWuuaB4/ZAYTjBk35fuAFEERVDD19iu2tWrKo1Bp4n9pRU0BSNrvnlBinJY5oowkFKx7Yy5RUgFCOcDstuLmkGpA8RdTRNIKbSK8Z3DPGRVgIcpkJXovBY/b1RQCzlIPb1ZAyqJ2e9kfif5+QqvPAKlmS5ogmZPBTmHKsUj0LBAROUKD7QBIhg+q+Y9EAAUTq6sg7Bnj15nrRqVfusWrs9rdSvpnGU0D46RMfIRueojm5QAzURQY/oGb2iN+PJeDHejY/J6IIx3dlDf2B8/gCeDJfg</latexit>[â, â†] = 1

̂n |n⟩ = n |n⟩

q

ψ(q)



Physical implementations (non exhaustive list)

• Optical systems • µw coupled to superconducting devices

•  Optomechanical devices

● Amazon (Pasadena) 
● Alice and Bob (Paris) 
● Gasparinetti (Chalmers) 
● Pann (Shangai) 
● Yu (Shenzen) 
● Yale group 
● Kirchmaier (Innsbruck)…

● Xanadu (Toronto) 
● Furusawa (Tokyo) 
● Silberhorn (Paderborn) 
● Pfister (Charlottesville) 
● Andersson (Lyngdby) 
● Sciarrino 
● Parigi-Treps, Laurat (Paris) 
● Pann…

● Wieczorek (Chalmers) 
● Van Laer (Chalmers) 
● Aspelmeyer (Vienna)…

• Trapped ions
● Home (Zurich) 
● Leibfried (NIST Boulder) 
● Matzukevic (Singapur) 
● Kim (China) 
● Slodicka (Olomouc)…

• Deterministic production of entangled states: one million entangled modes
• Good for quantum error correction through bosonic codes

•  Cavity QED
● Alexei Ourjoumtsev…
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Continuous-variable systems

e.g. : quadratures  and  of the em field̂q ̂p

Coherent state

<latexit sha1_base64="ASf1iCjnQ6eJBa/4aEAz6VTxCRM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx5bsLbQhrLZTtq1m03Y3Qgl9Bd48aAgXv1H3vw3btsctPXBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnDzpOFcM2i0WsugHVKLjEtuFGYDdRSKNAYCeY3M79zhMqzWN5b6YJ+hEdSR5yRo2VWsmgXHGr7gJknXg5qUCO5qD81R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMXFhlSMJY2ZKGLNTfExmNtJ5Gge2MqBnrVW8u/uf1UhNe+xmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5vJWxMFWXGZlOyIXirL6+TzlXVq1U9r1WrNG7yPIpwBudwCR7UoQF30IQ2MEB4hld4cx6dF+fd+Vi2Fpx85hT+wPn8AXAxjS0=</latexit>p

Called “Continuous-Variable” because quadratures have a continuous spectrum

Quadrature eigenstates are infinitely squeezed states, e.g. |0⟩p

Vacuum  

<latexit sha1_base64="h+324WYMTh0ctxM12vYflvcTHaQ=">AAACEHicbVDLSsNAFJ34rPUVdelmsIiuSlJE3QhFNy4r2Ac0IdxMp+3QySTMTIQS+wlu/BU3LhRx69Kdf+O0zcK2Hrhw5px7mXtPmHCmtOP8WEvLK6tr64WN4ubW9s6uvbffUHEqCa2TmMeyFYKinAla10xz2kokhSjktBkObsZ+84FKxWJxr4cJ9SPoCdZlBLSRAvvE64PGCX7ECnsSRI/TIMFX5jWrBHbJKTsT4EXi5qSEctQC+9vrxCSNqNCEg1Jt10m0n4HUjHA6KnqpogmQAfRo21ABEVV+NjlohI+N0sHdWJoSGk/UvxMZREoNo9B0RqD7at4bi/957VR3L/2MiSTVVJDpR92UYx3jcTq4wyQlmg8NASKZ2RWTPkgg2mRYNCG48ycvkkal7J6XK3dnpep1HkcBHaIjdIpcdIGq6BbVUB0R9IRe0Bt6t56tV+vD+py2Lln5zAGagfX1CwnPm1c=</latexit>

p̂|sip = s|sip

<latexit sha1_base64="bBi/5eti1zHeP6X/IWVcGvym2ZQ=">AAACEHicbVC7TsMwFHV4lvIKMLJYVAimKqkQsCBVsDAWiT6kJqoc97a16jip7SBVoZ/Awq+wMIAQKyMbf4PbZqAtR7rS8Tn3yveeIOZMacf5sZaWV1bX1nMb+c2t7Z1de2+/pqJEUqjSiEeyERAFnAmoaqY5NGIJJAw41IP+zdivP4BULBL3ehiDH5KuYB1GiTZSyz7xekTjAX7ECnuSiC6H1gBfmdes0rILTtGZAC8SNyMFlKHSsr+9dkSTEISmnCjVdJ1Y+ymRmlEOo7yXKIgJ7ZMuNA0VJATlp5ODRvjYKG3ciaQpofFE/TuRklCpYRiYzpDonpr3xuJ/XjPRnUs/ZSJONAg6/aiTcKwjPE4Ht5kEqvnQEEIlM7ti2iOSUG0yzJsQ3PmTF0mtVHTPi6W7s0L5Oosjhw7RETpFLrpAZXSLKqiKKHpCL+gNvVvP1qv1YX1OW5esbOYAzcD6+gUOkJta</latexit>

q̂|siq = s|siq[ ̂q, ̂p] = i



Representing CV systems in phase space
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Coherent state 
(Gaussian)

Squeezed state 
(Gaussian)

Single photon state 
(non-Gaussian)

Wigner function: Representation of quantum systems in the classical phase space

Also suitable for measurements: ̂ρ → Π̂

<latexit sha1_base64="P0fI+/VSv/Mid51nxhAzxKF02D8="></latexit>

W (q, p) =
1

⇡

Z 1

�1
dyhq + y|⇢̂|q � yie�2ipy

<latexit sha1_base64="fW+67DhzAHfmbNNgK+2lKH+ZsSQ=">AAAB8nicbVA9SwNBEJ2LXzF+RS1tFoNgFW5F0DJoYxnBmGByhL3NXLJkb+/Y3RNCzL+wsVAQW3+Nnf/GTXKFJj4YeLw3w8y8MJXCWN//9gorq2vrG8XN0tb2zu5eef/g3iSZ5tjgiUx0K2QGpVDYsMJKbKUaWRxKbIbD66nffERtRKLu7CjFIGZ9JSLBmXXSwxMlHc1UX2K3XPGr/gxkmdCcVCBHvVv+6vQSnsWoLJfMmDb1UxuMmbaCS5yUOpnBlPEh62PbUcViNMF4dvGEnDilR6JEu1KWzNTfE2MWGzOKQ9cZMzswi95U/M9rZza6DMZCpZlFxeeLokwSm5Dp+6QnNHIrR44wroW7lfAB04xbF1LJhUAXX14mzbMqPa9SenteqV3leRThCI7hFChcQA1uoA4N4KDgGV7hzTPei/fufcxbC14+cwh/4H3+AKcIkLk=</latexit>

|1i
<latexit sha1_base64="wsTZLms6z9RVK2d2amLkPdgsfCM=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMFawtJKJvtpl262Q27E7HU/gwvHhTEq3/Gm//GbZuDtj4YeLw3w8y8OBPcoOd9O6WV1bX1jfJmZWt7Z3evun9wb1SuKWtRJZTuxMQwwSVrIUfBOplmJI0Fa8fD66nffmDacCXvcJSxKCV9yRNOCVopeAofeaiJ7AvWrda8ujeDu0z8gtSgQLNb/Qp7iuYpk0gFMSbwvQyjMdHIqWCTSpgblhE6JH0WWCpJykw0np08cU+s0nMTpW1JdGfq74kxSY0ZpbHtTAkOzKI3Ff/zghyTy2jMZZYjk3S+KMmFi8qd/u/2uGYUxcgSQjW3t7p0QDShaFOq2BD8xZeXSfus7p/Xff/2vNa4KvIowxEcwyn4cAENuIEmtICCgmd4hTcHnRfn3fmYt5acYuYQ/sD5/AE6qJGv</latexit>

|⇠i<latexit sha1_base64="X7bOrP3cPTeq84RyTfbXNtRROLs=">AAAB9nicbVBNS8NAEN3Ur1q/qh69LBbBU0mkoMeiF48VrC00sUy2k3bpZhN2N0qp/R9ePCiIV3+LN/+N2zYHbX0w8Hhvhpl5YSq4Nq777RRWVtfWN4qbpa3tnd298v7BnU4yxbDJEpGodggaBZfYNNwIbKcKIQ4FtsLh1dRvPaDSPJG3ZpRiEENf8ogzMFa6f/JBpAPwFci+wG654lbdGegy8XJSITka3fKX30tYFqM0TIDWHc9NTTAGZTgTOCn5mcYU2BD62LFUQow6GM+untATq/RolChb0tCZ+ntiDLHWozi0nTGYgV70puJ/Xicz0UUw5jLNDEo2XxRlgpqETiOgPa6QGTGyBJji9lbKBqCAGRtUyYbgLb68TFpnVa9W9bybWqV+medRJEfkmJwSj5yTOrkmDdIkjCjyTF7Jm/PovDjvzse8teDkM4fkD5zPH3UTkvI=</latexit>|↵i

Examples: ̂n, ̂p, ̂q . . . .
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DV vs CV encoding of quantum information

Chalmers University of Technology

DV: Information encoded in qubits CV: Information encoded in qumodes

Phase space = Bloch Sphere Phase space = Complex Plane

Finite-dimensional Hilbert space Infinite-dimensional Hilbert space

Example of operation: 
<latexit sha1_base64="fOflTlet7k/Et9ZrCpblYYBVVcM=">AAACAXicbVA9SwNBEJ2LXzF+ndoINotBsAp3omgjBG0sI5gPSELY20ySJXt7x+6eEJLY+FdsLBSx9V/Y+W/cJFdo4oOBt+/NsDMviAXXxvO+nczS8srqWnY9t7G5tb3j7u5VdJQohmUWiUjVAqpRcIllw43AWqyQhoHAatC/mfjVB1SaR/LeDGJshrQreYczaqzUcg9qI+I1FJVdgeSKjIifPlpu3it4U5BF4qckDylKLfer0Y5YEqI0TFCt674Xm+aQKsOZwHGukWiMKevTLtYtlTRE3RxOLxiTY6u0SSdStqQhU/X3xJCGWg/CwHaG1PT0vDcR//PqielcNodcxolByWYfdRJBTEQmcZA2V8iMGFhCmeJ2V8J6VFFmbGg5G4I/f/IiqZwW/POCd3eWL16ncWThEI7gBHy4gCLcQgnKwOARnuEV3pwn58V5dz5mrRknndmHP3A+fwCc5JW3</latexit>

X|0i = |1i Example of operation: 
<latexit sha1_base64="XRb5PcwoeBVM1tG6sByyI7dtL40=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBahbkoiim6EohuXFewD21gm00k7dDKJMxOxhPyKGxeKuPVH3Pk3Th8LbT1w4XDOvdx7jx9zprTjfFu5peWV1bX8emFjc2t7x94tNlSUSELrJOKRbPlYUc4ErWumOW3FkuLQ57TpD6/GfvORSsUicatHMfVC3BcsYARrI3Xt4l1ZHV3Q+5Qp1BlgjR6yrl1yKs4EaJG4M1KCGWpd+6vTi0gSUqEJx0q1XSfWXoqlZoTTrNBJFI0xGeI+bRsqcEiVl05uz9ChUXooiKQpodFE/T2R4lCpUeibzhDrgZr3xuJ/XjvRwbmXMhEnmgoyXRQkHOkIjYNAPSYp0XxkCCaSmVsRGWCJiTZxFUwI7vzLi6RxXHFPK87NSal6OYsjD/twAGVw4QyqcA01qAOBJ3iGV3izMuvFerc+pq05azazB39gff4Aw6GTnw==</latexit>

Z(s) = eisq̂

<latexit sha1_base64="fVcU/AlYL0EY4JPt+O+rD/by3IM=">AAAB/HicbVBNS8NAEJ34WetXtEcvi0WoB0siil6EohePFewHtLFstpt26WYTdjdCCPWvePGgiFd/iDf/jds2B219MPB4b4aZeX7MmdKO820tLa+srq0XNoqbW9s7u/beflNFiSS0QSIeybaPFeVM0IZmmtN2LCkOfU5b/uhm4rceqVQsEvc6jakX4oFgASNYG6lnl9oVdXxFH7ITplB3iDWKxz277FSdKdAicXNShhz1nv3V7UckCanQhGOlOq4Tay/DUjPC6bjYTRSNMRnhAe0YKnBIlZdNjx+jI6P0URBJU0Kjqfp7IsOhUmnom84Q66Ga9ybif14n0cGllzERJ5oKMlsUJBzpCE2SQH0mKdE8NQQTycytiAyxxESbvIomBHf+5UXSPK2651Xn7qxcu87jKMABHEIFXLiAGtxCHRpAIIVneIU368l6sd6tj1nrkpXPlOAPrM8fLLOT0w==</latexit>

X(s) = e�isp̂
<latexit sha1_base64="XaHGdzg7WQZCy1IJI8hiHZRAtfw=">AAACAnicbVDLSgMxFL1TX7W+Rl2Jm2AR3FhmRNGNUHTjsoJ9YDuUTJppQzOZIckIZSxu/BU3LhRx61e4829M2wG19cCFk3PuJfceP+ZMacf5snJz8wuLS/nlwsrq2vqGvblVU1EiCa2SiEey4WNFORO0qpnmtBFLikOf07rfvxz59TsqFYvEjR7E1AtxV7CAEayN1LZ3bu+R25JYdDlF5+jw59W2i07JGQPNEjcjRchQadufrU5EkpAKTThWquk6sfZSLDUjnA4LrUTRGJM+7tKmoQKHVHnp+IQh2jdKBwWRNCU0Gqu/J1IcKjUIfdMZYt1T095I/M9rJjo481Im4kRTQSYfBQlHOkKjPFCHSUo0HxiCiWRmV0R6WGKiTWoFE4I7ffIsqR2V3JOSc31cLF9kceRhF/bgAFw4hTJcQQWqQOABnuAFXq1H69l6s94nrTkrm9mGP7A+vgERYZXx</latexit>

Z|1i = �|1i
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Operations in continuous variables: Gaussian operations

Chalmers University of Technology

<latexit sha1_base64="XRb5PcwoeBVM1tG6sByyI7dtL40=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBahbkoiim6EohuXFewD21gm00k7dDKJMxOxhPyKGxeKuPVH3Pk3Th8LbT1w4XDOvdx7jx9zprTjfFu5peWV1bX8emFjc2t7x94tNlSUSELrJOKRbPlYUc4ErWumOW3FkuLQ57TpD6/GfvORSsUicatHMfVC3BcsYARrI3Xt4l1ZHV3Q+5Qp1BlgjR6yrl1yKs4EaJG4M1KCGWpd+6vTi0gSUqEJx0q1XSfWXoqlZoTTrNBJFI0xGeI+bRsqcEiVl05uz9ChUXooiKQpodFE/T2R4lCpUeibzhDrgZr3xuJ/XjvRwbmXMhEnmgoyXRQkHOkIjYNAPSYp0XxkCCaSmVsRGWCJiTZxFUwI7vzLi6RxXHFPK87NSal6OYsjD/twAGVw4QyqcA01qAOBJ3iGV3izMuvFerc+pq05azazB39gff4Aw6GTnw==</latexit>

Z(s) = eisq̂

• Displacements

• Fourier transform
<latexit sha1_base64="105JSemE3TrOY296JLmDs2DMHPE=">AAACFnicbZDLSsNAFIYn9VbrLerSzWARKmJJQlE3QlEQlxXsBZq0TKaTdujk4sxEKCFP4cZXceNCEbfizrdxmmah1R8GPv5zDmfO70aMCmkYX1phYXFpeaW4Wlpb39jc0rd3WiKMOSZNHLKQd1wkCKMBaUoqGelEnCDfZaTtji+n9fY94YKGwa2cRMTx0TCgHsVIKquvH1/Bc0h6CYW2xxFO7IimSS2FFXuEJLzrWfAIZhj1rMO0r5eNqpEJ/gUzhzLI1ejrn/YgxLFPAokZEqJrGpF0EsQlxYykJTsWJEJ4jIakqzBAPhFOkp2VwgPlDKAXcvUCCTP350SCfCEmvqs6fSRHYr42Nf+rdWPpnTkJDaJYkgDPFnkxgzKE04zggHKCJZsoQJhT9VeIR0jFI1WSJRWCOX/yX2hZVfOkat3UyvWLPI4i2AP7oAJMcArq4Bo0QBNg8ACewAt41R61Z+1Ne5+1FrR8Zhf8kvbxDYolnRs=</latexit>

F = ei
⇡
4 (q̂2+p̂2)

• (Squeezing                                     )                 

• Shear

• Cz gate ei ̂q1 ̂q1 |s⟩q |r⟩p = |s⟩q |r + s⟩p
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New results by ABC

Chalmers University of Technology

• Only Gaussian (quadratic) Hamilonians are not enough to achieve arbitrary 
operations! 

• Commutators of quadratic gates leave us in the space of quadratic gates

S. Lloyd and S. Braunstein PRL 82, 1784 (1999)
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Universality in continuous variables

Chalmers University of Technology

• Universal CV quantum computation if we can approximate evolution from 
polynomial Hamiltonians in the quadratures,                 , to arbitrary precision.  

<latexit sha1_base64="+P4E0Qy+A5w7uPg/q+52bXcp4Ww=">AAACBHicbVDLSgNBEJyNrxhfqx5zGQxCBAm7QdRj0EuOEcwDknWZnXSSIbMPZ2aFsOTgxV/x4kERr36EN//G2WQPmljQUFR1093lRZxJZVnfRm5ldW19I79Z2Nre2d0z9w9aMowFhSYNeSg6HpHAWQBNxRSHTiSA+B6Htje+Tv32AwjJwuBWTSJwfDIM2IBRorTkmkW4Sxju+USNKOG4jsv3LjvFkctOpq5ZsirWDHiZ2BkpoQwN1/zq9UMa+xAoyomUXduKlJMQoRjlMC30YgkRoWMyhK6mAfFBOsnsiSk+1kofD0KhK1B4pv6eSIgv5cT3dGd6rVz0UvE/rxurwaWTsCCKFQR0vmgQc6xCnCaC+0wAVXyiCaGC6VsxHRFBqNK5FXQI9uLLy6RVrdjnlerNWal2lcWRR0V0hMrIRheohuqogZqIokf0jF7Rm/FkvBjvxse8NWdkM4foD4zPH6VNltA=</latexit>

eiH(qi,pi)

• A higher-order gate such as the Kerr gate   is sufficient to promote 
Gaussian operations to universal quantum computation 
 
 

ei ̂n2s

• CV universal gate set

S. Lloyd and S. Braunstein PRL 82, 1784 (1999)

{ei ̂qs, ei ̂q2s, ei π
4 (q2+p2), ei ̂q1 ̂q2, ei ̂n2s}

F. Arzani, R. Booth and U. Chabaud, Nat. Comm. 16, 9744 (2025)  
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Implementing cubic gates with the cubic phase state

|�i = ei�q̂
3

|⇠i
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V� = ei�q̂
3
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Cubic phase state + Gaussian operations 
  = cubic phase gate (CV universality?)

D. Gottesman, A. Kitaev, and J. Preskill, Phys. Rev. A 64, 012310 (2001)
picture from Timo Hillmann, PRL 2020 F. Arzani, R. Booth and U. Chabaud, Nat. Comm. 16, 9744 (2025)  



• No exponential quantum advantage with Wigner positive (Gaussian) 
quantum computation!

  
    (i) “easy” input states (positive Wigner function) 
    (ii) “easy” operations (mapping positive W to positive W)   
    (iii) “easy” measurements (positive Wigner function) 

can be simulated efficiently with a classical computer

CV QC simulatable architectures

Giulia Ferrini | WACQT 

For continuous variables, a QC based on:

S. D. Bartlett et al, PRL 88, 097904 (2002);  
A. Mari, J. Eisert, PRL 109, 230503 (2012); 
V. Veitch et al, New J. Phys. 14, 113011 (2012) 
S. Rahimi-Keshari et al, PRX 6, 021039 (2016)

Wigner negativity is a necessary resource for exponential quantum advantage



Examples of Wigner-negative (non-Gaussian) states

Giulia Ferrini | WACQT 

• Fock states
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|2i
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|3i pictures from A. Ketterer PhD thesis

|�i = ei�q̂
3

|⇠i
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• Cubic phase state

picture from Timo Hillmann, PRL 2020

• Production and applications of non-Gaussian quantum states of light, 
A.I. Lvovsky, … Valentina Parigi, … Rosa Tualle-Brouri, arXiv:2006.16985 (2020) 
• Non-Gaussian quantum states and where to find them,  

M Walschaers, PRX quantum 2 (3), 030204 (2021) 
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Experimental measurement of bosonic state Wigner function

Kudra et al, PRX Quantum 3, 030301 (2022) W(α) = Tr[D̂(α) ̂ρD̂†(α)Π̂]



CV “circuit model”

Giulia Ferrini | WACQT 

FF

CV universal gate set
Lloyd and Braunstein, PRL 

non-Gaussian gate

Microwave: T. Hillmann, F. Quijandría, G. Johansson, A. Ferraro, S. 
Gasparinetti, G. Ferrini, PRL 125,160501 (2020) 
A. M: Eriksson et al, Nat. Comm. 15, 2512 (2024)

Optics: A. Sakaguci et al, Nat. Comm. 
14, 3817 (2023) 
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Measurement-based quantum computing with 
CV



CV Measurement-based model: CV cluster states

Giulia Ferrini | WACQT 
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| ini
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| outi = eiH(q̂i,p̂i)| ini

R. Raussendorf, H. Briegel et al, PRL 86, 5188 (2001) 
N. Menicucci, P. Van Loock et al, PRL  97, 110501 (2006)



Cluster states

Giulia Ferrini | WACQT 

•Cluster state: state associated to a graph, operationally defined as: 
 
- start with as many        states as the nodes of the graph 
- apply CZ gate if two nodes are related by an edge 
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|0ip

Picture from:  
F. Sansavini and V. Parigi, Entropy 22, 26 (2019)

V = (
0 1 0
1 0 1
0 1 0)

•Example: linear cluster state
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| V i = C1,2
Z C2,3

Z |0ip|0ip|0ip

C1,2
Z = ei ̂q1 ̂q2



CV cluster states

Giulia Ferrini | WACQT 

|ψV⟩ = ĈZ[V] |0⟩⊗N
p =

N

∏
j,k

e
i
2 Vjk ̂qj ̂qk |0⟩⊗N

p

•Example: linear cluster state
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| V i = C1,2
Z C2,3

Z |0ip|0ip|0ip

V = (
0 1 0
1 0 1
0 1 0)

•General expression:

Ki = e−is ̂pi∏
k

Vi,keis ̂qk = Xi(s)∏
k

Vi,kZk(s)

•Cluster states admit stabilizers:

Ki |ψV⟩ = |ψV⟩

Demonstrations: see A. Frisk Kockum et al, Lecture notes on quantum computing, arXiv:2311.08445 (2023) 

•From which follows they also admits nullifiers:

Δ2 ( ̂pi − ∑
k

Vi,k ̂qk) = 0

Δ2 ( ̂p1 − ̂q2) = 0

Δ2 ( ̂p2 − ̂q1 − ̂q3) = 0

Δ2 ( ̂p3 − ̂q2) = 0



How to generate CV cluster states in practice?

Giulia Ferrini | WACQT 

P. Van Loock et al, PRA 76, 032321 (2007) 
G. Ferrini et al, PRA  91, 032314 (2015)    

⃗acluster = Ulin ⃗asqueezedUlin = X + iY
(

⃗acluster

⃗a†
cluster) = (Ulin 0

0 U*lin) (
⃗asqueezed

⃗a†
squeezed)



How to generate CV cluster states in practice?

Giulia Ferrini | WACQT 

Input squeezed states + linear interferometer

Slide: courtesy of V. Parigi
P. Van Loock et al, PRA 76, 032321 (2007) 
G. Ferrini et al, PRA  91, 032314 (2015)    

⃗acluster = Ulin ⃗asqueezed

Ulin



Generation of CV cluster states with spatial modes

Giulia Ferrini | WACQT 

X. Su et al, Nat. Comm. 4, Article number: 2828 (2013)

• large number of optical elements are needed 
(scales with N) 

• Need to reconfigure entirely the hardware if you 
want to change the target cluster

If we want simultaneously available modes, in general:



Generation of CV cluster states with time-bin modes

Giulia Ferrini | WACQT 

Theoretical proposal: 
N. Menicucci, PRA 83, 062314 (2011) 



Generation of CV cluster states with frequency modes

Giulia Ferrini | WACQT 

Slide: courtesy of V. Parigi



Generation of CV cluster states with frequency modes

See also works by Pfister’s group:  
Chen et al, PRL112, 120505 (2014) 
 
and at telecom frequencies: 
Roman-Rodriguez et al, PRR 
043113 (2023) (Parigi’s group)

Slide: courtesy of V. Parigi

Y. Cai, J. Roslund, G. Ferrini et al, Nat. Comm. 8 (2017)

F. Arzani et al, PRA 97, 033808 (2018); G. Ferrini et al, New Journ. Phys. 15, 093015 (2013)



Combining frequency and time modes

Giulia Ferrini | WACQT 

T. Kouadou, F. Sansavini, M. Ansquer; J. Henaff; N. Treps; V. Parigi, APL Photonics 8, 086113 (2023)



CV Measurement-based quantum computation

Equivalent to measuring

N. Menicucci, P. Van Loock et al, PRL  97, 110501 (2006)

see also calculations details in A. Frisk Kockum et al, Lecture notes on quantum computing, 
arXiv:2311.08445 (2023) 



CV Measurement-based quantum computation

M. Gu et al, Phys. Rev. A 79, 062318 (2009)

see also calculations details in A. Frisk Kockum et al, 
Lecture notes on quantum computing, 
arXiv:2311.08445 (2023) 



Experimental implementations of CV MBQC
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X. Su et al, Nat. Comm. 4, Article number: 2828 (2013)

With spatial modes With time-bin modes

M. V. Larsen et al, Nat. Phys. 17, 1018 (2021)



Generation of CV cluster states with time-bin modes

Giulia Ferrini | WACQT 

Furusawa’s group: Full-stack Analog Optical 
Quantum Computer with A Hundred Inputs 
arXiv:2506.16147v1 



Using continuous-variable systems for bosonic codes

Giulia Ferrini | WACQT 

Analogously as normal computers, to correct for errors is easier to resort to 
discrete levels encoding the information

-> Bosonic codes (tomorrow morning)



Giulia Ferrini | WACQT 

Summary and conclusion on parts 1a



Summary and conclusions part 1a

Giulia Ferrini | WACQT 

Continuous-Variable quantum computing 
- Infinite dimensional systems modelled by the quantised harmonic 
oscillator; can be used for quantum information processing by defining 
transformations on the bosonic field

Any question?

- MBQC particularly useful model for quantum computation with 
continuous-variables due to possibility of preparing deterministically large 
cluster states



Giulia Ferrini | WACQT 

Part 1b: Sampling models



What is exponential quantum advantage?

Giulia Ferrini | WACQT 

• Theoretical prediction : quantum computers allow for solving some computational task 
efficiently, while hard for normal computers ! 

• Efficient = takes a polynomial time t(L) in the input size L 

• Hard = takes an exponential time t(L) in the input size L

• Efficient for a quantum computer (Shor) 

• Hard for normal computers

E.g: Factoring: 
15 = 5x3 



“Any “reasonable” model of computation can be simulated by a probabilistic 
Turing machine with at most polynomial overhead” (‘70s/‘80s)

Giulia Ferrini | WACQT 

Extended Church-Turing thesis

• It exists a classical efficient algorithm for factoring; 
• It is not possible to build quantum computers; 
• The Extended Church-Thesis is false

Because of Shor’s algorithm, at least one of the following options must hold 
(Shor’s trilemma);



Extended Church-Turing thesis

Giulia Ferrini | WACQT 



Digression: when can we run Shor’s algorithm?

Giulia Ferrini | WACQT 

• So far there is no “proper” experimental implementation of Shor’s algorithm 
(See: Craig Gidney blog “Why haven’t quantum computers factored 21 yet?”)



Sampling models of quantum computation

Goal : prove quantum advantage by solving simpler problems (e.g. than 
factoring), yet faster than with classical power (quantum “primacy”).

Classical Computer Calculator

Sampling modelUniversal Quantum 
Computer

B. Terhal, D. DiVicenzo, Quant. Inf. Comp. 4, 134 (2004); S. Aaronson, A.Arkhipov, Theory Comput. 9, 143 (2013)  

Task: sample from 
P( ⃗x) = |⟨ ⃗x |UC |0⟩⊗n |2



What does “faster” mean? Two notions:

Giulia Ferrini | WACQT 

• (1) Theoretic-computer science:  
- it takes an exponential time for the classical algorithm, T = exp(n) 
- polynomial time for quantum algorithm, T = poly(n)

• (2) Practical:  
- Todays supercomputer cannot simulate the outcome



Random Circuit Sampling

Giulia Ferrini | WACQT 

Task: sample from 
P( ⃗x) = |⟨ ⃗x |UC |0⟩⊗n |2

⃗x

• Took Willow chip 5 minutes, 
would require  years for a 
normal computer

1025



Spoofing quantum advantage

Giulia Ferrini | WACQT 

• (practic): There are better and better classical algorithms! Sycamore 53-
qubits experiment has been simulated!15 hours, 512 GPUs [Pan et al., 
2022] 
Energy cost estimated 100 to 1000 times larger than quantum chip 

• (theoretic):Random Circuit Sampling become simulatable with noise! 
Simulation time is exponential in 1/  (very inefficient for low noise)γ

“A polynomial-time classical algorithm for noisy random circuit sampling” 
Dorit Aharonov et al, STOC 2023

• Need to find a sweet spot noise-size 
• Need for more architectures for showing quantum Primacy!



BosonSampling is classically hard, unless some complexity theory conjecture is 
broken

Sampling models with bosons: Boson Sampling

on-off

on-off

on-off

on-off
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single photon detection

S. Aaronson, A.Arkhipov, Theory Comput. 9, 143 (2013)  

Approximating multiplicatively the permanent is #P-hard!



Relevant classical complexity classes

➤ P = set of decision problems solvable in polynomial (poly) time by a Turing machine; 

➤ BPP = set of decision problems solvable in poly time by a probabilistic Turing machine 
 (err <1/3) 

➤ NP = set of decision problems which solution can be verified in polynomial time;

➤ ♯P = set of problems that count the number of solutions of NP problems

➤ Toda’s theorem: implies that PH is contained in

➤ ♯P-hard = set of problems which solution allows solving all problems in ♯P

➤ Polinomial Hierarchy PH:



Boson Sampling: proof of hardness

• Approximating the probability of a specific measurement outcome at the 
output of a linear interferometer is a #P-hard problem

S. Aaronson, A.Arkhipov, Theory Comput. 9, 143 (2013)  

• If a polynomial-time classical algorithm for exact boson sampling existed, 
then the above probability could have been approximated in , i.e. 
within the second level of the polynomial hierarchy (using Stockmeyer 
counting algorithm)

BPPNP

BosonSampling is classically hard, unless the polynomial hierarchy collapses

collapse to the third level!
• This would imply       #P ⊆ BPPNP ⇒ PH ⊆ P#P ⊆ PBPPNP ⊆ ΣP

3 .
Toda

(BPPNP ⊆ ΣP
2)



Experimental demonstrations of boson sampling

First experiments with 3 photons in a handful of modes (2013):  
Sciarrino (Rome), Wamsley (Oxford), White (Brisbane), Walter (Vienna)

Most recent: 20 photons in 60-mode 
interferometer, sample Hilbert space of 
dimensionality 10^14 
H. Wang et al, Phys. Rev. Lett. 123, 
250503 (2019) Pann group

Also simulatable with noise (for  
specific noise models)   
Oh et al, arXiv:2301.11532 

Better and better classical algorithms 
Neville et al., Nat. Phys. 2017;  
Oh et al, PRL 2022



Rhetoric question

Do we need all those non-Gaussian circuit elements, or can we 
do with less?

S. D. Bartlett et al, PRL 88, 097904 (2002);  
Mari, J. Eisert, PRL 109, 230503 (2014);  
V. Veitch et al, NJP 16, 013009 (2014) 
S. Rahimi-Keshari et al, PRX 6, 021039 (2016)

Reminder, Mari-Veitch theorem:  
if all Wigner functions (input state, “gates”, measurements) are 
positive, there is no exponential quantum advantage!



CV Sampling models

Giulia Ferrini | WACQT 

Exiting minimally the hypothesis of Mari-Veitch theorem

Douce et al, PRL 118 070503 (2017)
Douce et al, PRA 99, 012344 (2019)

CV Instantaneous Quantum   
Polytime

2)…the unitary evolution

Chabaud et al, PRA 062307 (2017) 
Chakhmakhchyan, PRA 032326 (2017)
Lund et al, PRA 022301 (2017)

CV Non-Gaussian 
input circuit

1)…the input state
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Hamilton et al, PRL 119, 
170501 (2017)  

on-off

Gaussian Boson 
Sampling

3)…the detection

on-off
on-off

on-off



Non-Gaussian measurement: Gaussian Boson Sampling

Gaussian Boson Sampling 

•Quantum computational advantage using photons: 50 squeezed states, 100 optical modes [Zhong 
et al., Science 2020]; 
•Quantum circuits with many photons on a programmable nanophotonic chip [Arrazola et al, Nature, 
591, 54-60 (2021)]; 
•Quantum computational advantage with a programmable photonic processor, 216 squeezed states 
[Madsen et al., Nature 2022] (Xanadu) 
•Gaussian Boson Sampling with Pseudo-Photon-Number-Resolving Detectors and Quantum 
Computational Advantage, 25 two-mode squeezed sources in 75 optical modes, 255 photon clicks 
[Deng et al., Phys. Rev. Lett. 2023] (Pann group)

Deng et al., Phys. Rev. Lett. 2023

̂n



Gaussian Boson Sampling

Also simulatable with noise (with tensor network simulations) 
M. Liu et al, Phys. Rev. A 108, 052604 (2023) 
M.V. Umanskii et al, arXiv:2404.01004 

Better and better classical algorithms 

Y. Li et al, “Benchmarking 50-Photon Gaussian Boson Sampling on the Sunway 
TaihuLight,” IEEE Transactions on Parallel and Distributed Systems 33, 1357 (2022), 

C. Oh et al,“Classical Simulation of Boson Sampling Based on Graph Structure,” 
Physical Review Letters 128, 190501 (2022) +  
C. Oh et al Nature Physics (2024) spoofed quantum advantage! 



Gaussian Boson Sampling

Maps into computing the vibrionic spectra J. Huh et al, Nature Physics 9, 615 (2015)

Experiment with 2 superconducting cavities C. S. Wang et al,  Phys. Rev. X 10, 021060 (2020)



Heterodyne detection 

Non-Gaussian input: Continuous-variable sampling

|ψ⟩NG
|ψ⟩NG
|ψ⟩NG

Gaussian 
measurement Gaussian 

operation 
= projection onto



Non-Gaussian input: Continuous-variable sampling

U. Chabaud, T. Douce, D. Markham, P. van Loock, E. Kashefi and G. Ferrini, PRA 96 062307 (2017) 

Continuous-Variable Sampling (CVS) circuits:

photon subtracted 
squeezed states 
 
 
 

passive linear 
optics evolution

heterodyne detection

real orthogonal; symmetric real orthogonal; m even,

⎨m

total number of modes



Non-Gaussian input: Continuous-variable sampling

U. Chabaud, T. Douce, D. Markham, P. van Loock, E. Kashefi and G. Ferrini, PRA 96 062307 (2017) 

Continuous-Variable Sampling (CVS) circuits:

photon subtracted 
squeezed states 
 
 
 

passive linear 
optics evolution

heterodyne detection

Sampling from the output exact probability distribution is classically hard, or 
the polynomial hierarchy collapses

real orthogonal; symmetric real orthogonal; m even,

⎨m

total number of modes



Non-Gaussian input: Continuous-variable sampling

U. Chabaud, T. Douce, D. Markham, P. van Loock, E. Kashefi and G. Ferrini, PRA 96 062307 (2017) 

Using: with

we obtain

In the zero squeezing limit, equivalent to input single-photon state

The input state is

̂S = e−i ln(s)
2 ̂q ̂p+ ̂p ̂q

squeezed state|s⟩ = ̂S |0⟩

squeezing operator



Non-Gaussian input: Boson sampling with heterodyne

Zero-squeezing limit

single photons 
poly (M)

Boson sampling with heterodyne detection is classically hard, or the 
polynomial hierarchy collapses (to the third level)

passive linear 
optics evolution

heterodyne detection

real orthogonal; symmetric real orthogonal; m even,

⎨m

U. Chabaud, T. Douce, D. Markham, P. van Loock, E. Kashefi and G. Ferrini, PRA 96 062307 (2017) 

If m~ log(M), we can efficiently simulate U. Chabaud, G. Ferrini, F. Grosshans, D. Markham, PRR 3 033018 (2021)

|0⟩



Proof of hardness beyond boson sampling?

Unknown if general non-Gaussian states yield models that are hard to sample (“Veriqub”)



Non-Gaussian evolution

Douce et al, PRL 118 070503 (2017)
Douce et al, PRA 99, 012344 (2019)

CV Instantaneous Quantum Polytime



Instantaneous Quantum Polytime

Giulia Ferrini | WACQT 

• The probability distribution of the measurement outcomes is hard to sample, or the polynomial 
hierarchy collapses

M. J. Bremner, R. Josza, and D. Shepherd, Proc. R. Soc. A 459, 459 (2010).
M. J. Bremner, A. Montanaro, and D. J. Shepherd, Phys. Rev. Lett. 117, 080501 (2016)

● Input : X eigenstates

● Evolution : Diagonal in Z 
● Measurement: X 

• Gates commute, hence they can be performed simultaneously (« Instantaneous »)



Proof of hardness

Adding post-selection to the model makes it universal

If it was possible to efficiently simulate IQP on a classical computer, then a post-selected 
classical computer would be at least as powerful as post selected quantum computer

This yields a collapse of the polynomial hierarchy!

Post-selection allows for recovering the Hadamard gate → Universal set of gates

Hadamard gadget:

h = 0
h = 1

if outcome +1
if outcome -1

Hence it must not be possible to efficiently classically simulate IQP circuits
M. J. Bremner, R. Josza, and D. Shepherd, Proc. R. Soc. A 459, 459 (2010).



● Input : p-squeezed states

● Evolution : Diagonal in q

● Measurement: p homodyne detection  
(finite resolution)

Non-Gaussian gates: Instantaneous Quantum Polytime

Douce et al, PRL 118 070503 (2017), Douce et al, PRA 99, 012344 (2019)



Proof of hardness

Post-selection allows for recover the Fourier transform

infinitely p-squeezed state

→ Universal set of CV gates

Fourier gadget:

Adding post-selection to the model makes it universal 

Hence it must not be possible to efficiently classically simulate IQP circuits
Douce et al, PRL 118 070503 (2017), Douce et al, PRA 99, 012344 (2019)

If it was possible to efficiently simulate CV-IQP on a classical computer, then a post-selected 
classical computer would be at least as powerful as post selected quantum computer

This yields a collapse of the polynomial hierarchy!



Giulia Ferrini | WACQT 

Summary and conclusion on parts 1b



Giulia Ferrini | WACQT 

Summary and conclusion on parts 1b

•Sampling models aim at disproving the extended Church-Turing thesis and proving 
exponential quantum computational advantage

•Beyond random circuit sampling, Boson Sampling-type 
are good candidates

•We can have less non-Gaussian elements than in Boson Sampling: either input, 
evolution or measurement can be enough (required new proofs of computational 
hardness)

•Showing practical quantum advantage is a race with classical algorithms and requires 
low noise!



Giulia Ferrini | WACQT 

Part 2a: Bosonic codes



One challenge: build a reliable QC

Giulia Ferrini | WACQT 

• Environment affects quantum computers by 
inducing decoherence

Picture from Wikipedia

• Redundancy is needed in order to restore quantum information via 
Quantum Error correction
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| i = ↵|00000i+ �|11111i
Repetition code

Google AI, Nature 2025

Surface code 
(d = 7, 105 qubits)



How many qubits for Shor’s algorithm?

Giulia Ferrini | WACQT 

• So far there is no “proper” experimental implementation of Shor’s algorithm 
(See: Craig Gidney blog “Why haven’t quantum computers factored 21 yet?”)



Bosonic codes for quantum error correction

Giulia Ferrini | WACQT 

|0⟩L = ∑
n

c0
n |n⟩ |1⟩L = ∑

n

c1
n |n⟩

Courtesy of Japan Science 
and Technology Agency

Factor 2048 RSA integer in 4 days using 349133 cat qubits ( ) 
“Performance Analysis of a Repetition Cat Code Architecture: Computing 256-bit Elliptic Curve Logarithm in 9 Hours with 
126133 Cat Qubits”, E. Gouzien et al, Phys. Rev. Lett. 131, 040602 (2023)

d = 15

Encoding a qubit in a oscillator gives a compact solution to QEC 



Giulia Ferrini | WACQT 

Rotationally invariant bosonic codes



Giulia Ferrini | WACQT 

• Binomial code

Joshi et al, Qu. Sci. Tech. 6, 2021

• Designed to correct against photon losses  , yielding      ̂a

• Errors can be detected by measuring parity

• We can recover the data qubit by mapping 
back to the code space

Bosonic error-correcting codes



Bosonic error-correcting codes

Giulia Ferrini | WACQT 

• Four-component 
cat code:

Invariant under 180 degrees rotations; they correct for                       

…they are part of the same family! (on this slide N = 2)
A. Grimsmo, J. Combes, B. Baragiola, Phys. Rev. X 10, 011058 (2020)



Rotationally symmetric bosonic codes (RSB)

Giulia Ferrini | WACQT 

A. Grimsmo, J. Combes, B. Baragiola, Phys. Rev. X 10, 011058 (2020)

Invariant under rotations

Consequence of rotational  invariance:

|0N⟩ = ∑
n

c0
n |n⟩ ei 2π ̂n

N |0N⟩ = |0N⟩ ⇒ ∑
n

c0
nei 2πn

N |n⟩ = ∑
n

c0
n |n⟩ ei 2πn

N = 1 ⇒ n = kN
 integerk

⇒ |0N⟩ = ∑
k

c0
kN |kN⟩ |1N⟩ = ∑

k

c1
kN |kN⟩ only multiples of the rotational order are 

allowed in the Fock expansion



Rotationally symmetric bosonic codes (RSB)

Giulia Ferrini | WACQT 

A. Grimsmo, J. Combes, B. Baragiola, Phys. Rev. X 10, 011058 (2020)

̂Z = ei π
N ̂n



Rotationally symmetric bosonic codes (RSB)

Giulia Ferrini | WACQT 

A. Grimsmo, J. Combes, B. Baragiola, Phys. Rev. X 10, 011058 (2020)

• Loss or gain up to  photons ( )N − 1 dN = N

Tradeoff in the code distance: can detect

• Phase errors up to dθ = π/N

Courtesy of Timo Hillmann

R̂ = ei π
2N ̂n



Giulia Ferrini | WACQT 

“Break even” with RSB in microwave systems

Break-even: the quantum coherence using the 
bosonic code is significantly longer than that of all 
the imperfect quantum components

“Extending the lifetime of a quantum bit with error correction in superconducting circuits”, Ofek et al, Nature 536, 416 (2016) 

•4-component cat code                           

X 1,1



Giulia Ferrini | WACQT 

“Break even” with RSB in microwave systems

Break-even: the quantum coherence using the 
bosonic code is significantly longer than that of all 
the imperfect quantum components

•Binomial code

“Beating the break-even point with a discrete-variable-encoded logical qubit”, Ni et al, Nature 616, 56 (2023)

X 1,2



Cat qubit (N = 1)

Giulia Ferrini | WACQT 

Consider the case                          , can detect but not correct errorsN = 1, |Θ⟩ = |α⟩

̂a |0⟩L ∝ ( |α⟩ − | − α⟩) = |1⟩L

|1⟩L =
1
N1

( |α⟩ − | − α⟩)

|0⟩L =
1
N0

( |α⟩ + | − α⟩)

The dominant error (photon loss) results in bit flips! 
-> Noise bias

(even n)

(odd n)
Sun et al, Nature 511, 7510 (2013)

S. Puri et al, Science Advances 6, (2020) and several related paper by Shruti Puri’s group



Cat qubit 

Giulia Ferrini | WACQT 

Repetition code with cat qubits ( ) 
Hardware-efficient quantum error correction via concatenated bosonic qubits, Putterman et al, Nature 2025 (Amazon group)

d = 5

S. Puri et al, Science Advances 6, (2020) and several related paper by Shruti Puri’s group



Cat qubit 

Giulia Ferrini | WACQT 

Enhanced algorithmic performance in algorithms with dominant Z-gates 

“Quantum Approximate Optimization Algorithm with Cat Qubits”  P. Vikstål, L. García-Álvarez, S. Puri, G. Ferrini, 
arXiv:2305.05556 (2023)



Giulia Ferrini | WACQT 
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q
<latexit sha1_base64="4MA6ccpWeagm54sma+pczmLr8VM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2A9oQ9lsJ+3azSbuboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJb3ZpqgH9GR5CFn1Fip+TgoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXrFXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A12eM5w==</latexit><latexit sha1_base64="4MA6ccpWeagm54sma+pczmLr8VM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2A9oQ9lsJ+3azSbuboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJb3ZpqgH9GR5CFn1Fip+TgoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXrFXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A12eM5w==</latexit><latexit sha1_base64="4MA6ccpWeagm54sma+pczmLr8VM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2A9oQ9lsJ+3azSbuboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJb3ZpqgH9GR5CFn1Fip+TgoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXrFXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A12eM5w==</latexit><latexit sha1_base64="4MA6ccpWeagm54sma+pczmLr8VM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2A9oQ9lsJ+3azSbuboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJb3ZpqgH9GR5CFn1Fip+TgoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXrFXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A12eM5w==</latexit>

2
p
⇡

<latexit sha1_base64="VFu6PoYOlQ6G5OFiw2TRwQMNmtY=">AAAB8nicbVBNS8NAEJ34WetX1aOXYBF6KkkR9Fjw4rGC/YA0lM120y7d7MbdiVBCf4YXD4p49dd489+4bXPQ1gcDj/dmmJkXpYIb9LxvZ2Nza3tnt7RX3j84PDqunJx2jMo0ZW2qhNK9iBgmuGRt5ChYL9WMJJFg3WhyO/e7T0wbruQDTlMWJmQkecwpQSsFjb551Jj3Uz4bVKpe3VvAXSd+QapQoDWofPWHimYJk0gFMSbwvRTDnGjkVLBZuZ8ZlhI6ISMWWCpJwkyYL06euZdWGbqx0rYkugv190ROEmOmSWQ7E4Jjs+rNxf+8IMP4Jsy5TDNkki4XxZlwUbnz/90h14yimFpCqOb2VpeOiSYUbUplG4K/+vI66TTqvlf376+qzVoRRwnO4QJq4MM1NOEOWtAGCgqe4RXeHHRenHfnY9m64RQzZ/AHzucPiO2RUw==</latexit><latexit sha1_base64="VFu6PoYOlQ6G5OFiw2TRwQMNmtY=">AAAB8nicbVBNS8NAEJ34WetX1aOXYBF6KkkR9Fjw4rGC/YA0lM120y7d7MbdiVBCf4YXD4p49dd489+4bXPQ1gcDj/dmmJkXpYIb9LxvZ2Nza3tnt7RX3j84PDqunJx2jMo0ZW2qhNK9iBgmuGRt5ChYL9WMJJFg3WhyO/e7T0wbruQDTlMWJmQkecwpQSsFjb551Jj3Uz4bVKpe3VvAXSd+QapQoDWofPWHimYJk0gFMSbwvRTDnGjkVLBZuZ8ZlhI6ISMWWCpJwkyYL06euZdWGbqx0rYkugv190ROEmOmSWQ7E4Jjs+rNxf+8IMP4Jsy5TDNkki4XxZlwUbnz/90h14yimFpCqOb2VpeOiSYUbUplG4K/+vI66TTqvlf376+qzVoRRwnO4QJq4MM1NOEOWtAGCgqe4RXeHHRenHfnY9m64RQzZ/AHzucPiO2RUw==</latexit><latexit sha1_base64="VFu6PoYOlQ6G5OFiw2TRwQMNmtY=">AAAB8nicbVBNS8NAEJ34WetX1aOXYBF6KkkR9Fjw4rGC/YA0lM120y7d7MbdiVBCf4YXD4p49dd489+4bXPQ1gcDj/dmmJkXpYIb9LxvZ2Nza3tnt7RX3j84PDqunJx2jMo0ZW2qhNK9iBgmuGRt5ChYL9WMJJFg3WhyO/e7T0wbruQDTlMWJmQkecwpQSsFjb551Jj3Uz4bVKpe3VvAXSd+QapQoDWofPWHimYJk0gFMSbwvRTDnGjkVLBZuZ8ZlhI6ISMWWCpJwkyYL06euZdWGbqx0rYkugv190ROEmOmSWQ7E4Jjs+rNxf+8IMP4Jsy5TDNkki4XxZlwUbnz/90h14yimFpCqOb2VpeOiSYUbUplG4K/+vI66TTqvlf376+qzVoRRwnO4QJq4MM1NOEOWtAGCgqe4RXeHHRenHfnY9m64RQzZ/AHzucPiO2RUw==</latexit><latexit sha1_base64="VFu6PoYOlQ6G5OFiw2TRwQMNmtY=">AAAB8nicbVBNS8NAEJ34WetX1aOXYBF6KkkR9Fjw4rGC/YA0lM120y7d7MbdiVBCf4YXD4p49dd489+4bXPQ1gcDj/dmmJkXpYIb9LxvZ2Nza3tnt7RX3j84PDqunJx2jMo0ZW2qhNK9iBgmuGRt5ChYL9WMJJFg3WhyO/e7T0wbruQDTlMWJmQkecwpQSsFjb551Jj3Uz4bVKpe3VvAXSd+QapQoDWofPWHimYJk0gFMSbwvRTDnGjkVLBZuZ8ZlhI6ISMWWCpJwkyYL06euZdWGbqx0rYkugv190ROEmOmSWQ7E4Jjs+rNxf+8IMP4Jsy5TDNkki4XxZlwUbnz/90h14yimFpCqOb2VpeOiSYUbUplG4K/+vI66TTqvlf376+qzVoRRwnO4QJq4MM1NOEOWtAGCgqe4RXeHHRenHfnY9m64RQzZ/AHzucPiO2RUw==</latexit>

4
p
⇡

<latexit sha1_base64="t0qRa77gFXbQZkZu6yFB3nr7Cko=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSL0VBIp6LHgxWMF+wFpKJvtpl262cTdiVBCf4YXD4p49dd489+4bXPQ1gcDj/dmmJkXplIYdN1vZ2Nza3tnt7RX3j84PDqunJx2TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeLaiEQ94DTlQUxHSkSCUbSS3+ibR415PxWzQaXq1t0FyDrxClKFAq1B5as/TFgWc4VMUmN8z00xyKlGwSSflfuZ4SllEzrivqWKxtwE+eLkGbm0ypBEibalkCzU3xM5jY2ZxqHtjCmOzao3F//z/AyjmyAXKs2QK7ZcFGWSYELm/5Oh0JyhnFpCmRb2VsLGVFOGNqWyDcFbfXmddK7qnlv37hvVZq2IowTncAE18OAamnAHLWgDgwSe4RXeHHRenHfnY9m64RQzZ/AHzucPjAmRVQ==</latexit><latexit sha1_base64="t0qRa77gFXbQZkZu6yFB3nr7Cko=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSL0VBIp6LHgxWMF+wFpKJvtpl262cTdiVBCf4YXD4p49dd489+4bXPQ1gcDj/dmmJkXplIYdN1vZ2Nza3tnt7RX3j84PDqunJx2TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeLaiEQ94DTlQUxHSkSCUbSS3+ibR415PxWzQaXq1t0FyDrxClKFAq1B5as/TFgWc4VMUmN8z00xyKlGwSSflfuZ4SllEzrivqWKxtwE+eLkGbm0ypBEibalkCzU3xM5jY2ZxqHtjCmOzao3F//z/AyjmyAXKs2QK7ZcFGWSYELm/5Oh0JyhnFpCmRb2VsLGVFOGNqWyDcFbfXmddK7qnlv37hvVZq2IowTncAE18OAamnAHLWgDgwSe4RXeHHRenHfnY9m64RQzZ/AHzucPjAmRVQ==</latexit><latexit sha1_base64="t0qRa77gFXbQZkZu6yFB3nr7Cko=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSL0VBIp6LHgxWMF+wFpKJvtpl262cTdiVBCf4YXD4p49dd489+4bXPQ1gcDj/dmmJkXplIYdN1vZ2Nza3tnt7RX3j84PDqunJx2TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeLaiEQ94DTlQUxHSkSCUbSS3+ibR415PxWzQaXq1t0FyDrxClKFAq1B5as/TFgWc4VMUmN8z00xyKlGwSSflfuZ4SllEzrivqWKxtwE+eLkGbm0ypBEibalkCzU3xM5jY2ZxqHtjCmOzao3F//z/AyjmyAXKs2QK7ZcFGWSYELm/5Oh0JyhnFpCmRb2VsLGVFOGNqWyDcFbfXmddK7qnlv37hvVZq2IowTncAE18OAamnAHLWgDgwSe4RXeHHRenHfnY9m64RQzZ/AHzucPjAmRVQ==</latexit><latexit sha1_base64="t0qRa77gFXbQZkZu6yFB3nr7Cko=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSL0VBIp6LHgxWMF+wFpKJvtpl262cTdiVBCf4YXD4p49dd489+4bXPQ1gcDj/dmmJkXplIYdN1vZ2Nza3tnt7RX3j84PDqunJx2TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeLaiEQ94DTlQUxHSkSCUbSS3+ibR415PxWzQaXq1t0FyDrxClKFAq1B5as/TFgWc4VMUmN8z00xyKlGwSSflfuZ4SllEzrivqWKxtwE+eLkGbm0ypBEibalkCzU3xM5jY2ZxqHtjCmOzao3F//z/AyjmyAXKs2QK7ZcFGWSYELm/5Oh0JyhnFpCmRb2VsLGVFOGNqWyDcFbfXmddK7qnlv37hvVZq2IowTncAE18OAamnAHLWgDgwSe4RXeHHRenHfnY9m64RQzZ/AHzucPjAmRVQ==</latexit>

�4
p
⇡

<latexit sha1_base64="tbbcCGzxZBLEDi6BWgvfva1larI=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvQiyWRgh4LXjxWsB/QhLLZbtulm826OxFK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzIiW4Qc/7dgobm1vbO8Xd0t7+weFR+fikbZJUU9aiiUh0NyKGCS5ZCzkK1lWakTgSrBNNbud+54lpwxP5gFPFwpiMJB9yStBKwWU9MI8as0DxWb9c8WreAu468XNSgRzNfvkrGCQ0jZlEKogxPd9TGGZEI6eCzUpBapgidEJGrGepJDEzYba4eeZeWGXgDhNtS6K7UH9PZCQ2ZhpHtjMmODar3lz8z+ulOLwJMy5VikzS5aJhKlxM3HkA7oBrRlFMLSFUc3urS8dEE4o2ppINwV99eZ20r2q+V/Pv65VGNY+jCGdwDlXw4RoacAdNaAEFBc/wCm9O6rw4787HsrXg5DOn8AfO5w/3JJGM</latexit><latexit sha1_base64="tbbcCGzxZBLEDi6BWgvfva1larI=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvQiyWRgh4LXjxWsB/QhLLZbtulm826OxFK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzIiW4Qc/7dgobm1vbO8Xd0t7+weFR+fikbZJUU9aiiUh0NyKGCS5ZCzkK1lWakTgSrBNNbud+54lpwxP5gFPFwpiMJB9yStBKwWU9MI8as0DxWb9c8WreAu468XNSgRzNfvkrGCQ0jZlEKogxPd9TGGZEI6eCzUpBapgidEJGrGepJDEzYba4eeZeWGXgDhNtS6K7UH9PZCQ2ZhpHtjMmODar3lz8z+ulOLwJMy5VikzS5aJhKlxM3HkA7oBrRlFMLSFUc3urS8dEE4o2ppINwV99eZ20r2q+V/Pv65VGNY+jCGdwDlXw4RoacAdNaAEFBc/wCm9O6rw4787HsrXg5DOn8AfO5w/3JJGM</latexit><latexit sha1_base64="tbbcCGzxZBLEDi6BWgvfva1larI=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvQiyWRgh4LXjxWsB/QhLLZbtulm826OxFK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzIiW4Qc/7dgobm1vbO8Xd0t7+weFR+fikbZJUU9aiiUh0NyKGCS5ZCzkK1lWakTgSrBNNbud+54lpwxP5gFPFwpiMJB9yStBKwWU9MI8as0DxWb9c8WreAu468XNSgRzNfvkrGCQ0jZlEKogxPd9TGGZEI6eCzUpBapgidEJGrGepJDEzYba4eeZeWGXgDhNtS6K7UH9PZCQ2ZhpHtjMmODar3lz8z+ulOLwJMy5VikzS5aJhKlxM3HkA7oBrRlFMLSFUc3urS8dEE4o2ppINwV99eZ20r2q+V/Pv65VGNY+jCGdwDlXw4RoacAdNaAEFBc/wCm9O6rw4787HsrXg5DOn8AfO5w/3JJGM</latexit><latexit sha1_base64="tbbcCGzxZBLEDi6BWgvfva1larI=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvQiyWRgh4LXjxWsB/QhLLZbtulm826OxFK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzIiW4Qc/7dgobm1vbO8Xd0t7+weFR+fikbZJUU9aiiUh0NyKGCS5ZCzkK1lWakTgSrBNNbud+54lpwxP5gFPFwpiMJB9yStBKwWU9MI8as0DxWb9c8WreAu468XNSgRzNfvkrGCQ0jZlEKogxPd9TGGZEI6eCzUpBapgidEJGrGepJDEzYba4eeZeWGXgDhNtS6K7UH9PZCQ2ZhpHtjMmODar3lz8z+ulOLwJMy5VikzS5aJhKlxM3HkA7oBrRlFMLSFUc3urS8dEE4o2ppINwV99eZ20r2q+V/Pv65VGNY+jCGdwDlXw4RoacAdNaAEFBc/wCm9O6rw4787HsrXg5DOn8AfO5w/3JJGM</latexit>

�2
p
⇡

<latexit sha1_base64="Nh4SPmPOBl0VNExTGHHW8gMWbT0=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvQiyUpgh4LXjxWsB/QhLLZbtulm826OxFK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzIiW4Qc/7dgobm1vbO8Xd0t7+weFR+fikbZJUU9aiiUh0NyKGCS5ZCzkK1lWakTgSrBNNbud+54lpwxP5gFPFwpiMJB9yStBKwWU9MI8as0DxWb9c8WreAu468XNSgRzNfvkrGCQ0jZlEKogxPd9TGGZEI6eCzUpBapgidEJGrGepJDEzYba4eeZeWGXgDhNtS6K7UH9PZCQ2ZhpHtjMmODar3lz8z+ulOLwJMy5VikzS5aJhKlxM3HkA7oBrRlFMLSFUc3urS8dEE4o2ppINwV99eZ206zXfq/n3V5VGNY+jCGdwDlXw4RoacAdNaAEFBc/wCm9O6rw4787HsrXg5DOn8AfO5w/0CJGK</latexit><latexit sha1_base64="Nh4SPmPOBl0VNExTGHHW8gMWbT0=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvQiyUpgh4LXjxWsB/QhLLZbtulm826OxFK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzIiW4Qc/7dgobm1vbO8Xd0t7+weFR+fikbZJUU9aiiUh0NyKGCS5ZCzkK1lWakTgSrBNNbud+54lpwxP5gFPFwpiMJB9yStBKwWU9MI8as0DxWb9c8WreAu468XNSgRzNfvkrGCQ0jZlEKogxPd9TGGZEI6eCzUpBapgidEJGrGepJDEzYba4eeZeWGXgDhNtS6K7UH9PZCQ2ZhpHtjMmODar3lz8z+ulOLwJMy5VikzS5aJhKlxM3HkA7oBrRlFMLSFUc3urS8dEE4o2ppINwV99eZ206zXfq/n3V5VGNY+jCGdwDlXw4RoacAdNaAEFBc/wCm9O6rw4787HsrXg5DOn8AfO5w/0CJGK</latexit><latexit sha1_base64="Nh4SPmPOBl0VNExTGHHW8gMWbT0=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvQiyUpgh4LXjxWsB/QhLLZbtulm826OxFK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzIiW4Qc/7dgobm1vbO8Xd0t7+weFR+fikbZJUU9aiiUh0NyKGCS5ZCzkK1lWakTgSrBNNbud+54lpwxP5gFPFwpiMJB9yStBKwWU9MI8as0DxWb9c8WreAu468XNSgRzNfvkrGCQ0jZlEKogxPd9TGGZEI6eCzUpBapgidEJGrGepJDEzYba4eeZeWGXgDhNtS6K7UH9PZCQ2ZhpHtjMmODar3lz8z+ulOLwJMy5VikzS5aJhKlxM3HkA7oBrRlFMLSFUc3urS8dEE4o2ppINwV99eZ206zXfq/n3V5VGNY+jCGdwDlXw4RoacAdNaAEFBc/wCm9O6rw4787HsrXg5DOn8AfO5w/0CJGK</latexit><latexit sha1_base64="Nh4SPmPOBl0VNExTGHHW8gMWbT0=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvQiyUpgh4LXjxWsB/QhLLZbtulm826OxFK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzIiW4Qc/7dgobm1vbO8Xd0t7+weFR+fikbZJUU9aiiUh0NyKGCS5ZCzkK1lWakTgSrBNNbud+54lpwxP5gFPFwpiMJB9yStBKwWU9MI8as0DxWb9c8WreAu468XNSgRzNfvkrGCQ0jZlEKogxPd9TGGZEI6eCzUpBapgidEJGrGepJDEzYba4eeZeWGXgDhNtS6K7UH9PZCQ2ZhpHtjMmODar3lz8z+ulOLwJMy5VikzS5aJhKlxM3HkA7oBrRlFMLSFUc3urS8dEE4o2ppINwV99eZ206zXfq/n3V5VGNY+jCGdwDlXw4RoacAdNaAEFBc/wCm9O6rw4787HsrXg5DOn8AfO5w/0CJGK</latexit>

0
<latexit sha1_base64="GtPZzOiWyA3oz//C6t/G5jFRh/w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSyx2WK27NXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3Sua55bs1r3VQa1TyOIlzAJVTBgzo04B6a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz9xR4ya</latexit><latexit sha1_base64="GtPZzOiWyA3oz//C6t/G5jFRh/w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSyx2WK27NXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3Sua55bs1r3VQa1TyOIlzAJVTBgzo04B6a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz9xR4ya</latexit><latexit sha1_base64="GtPZzOiWyA3oz//C6t/G5jFRh/w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSyx2WK27NXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3Sua55bs1r3VQa1TyOIlzAJVTBgzo04B6a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz9xR4ya</latexit><latexit sha1_base64="GtPZzOiWyA3oz//C6t/G5jFRh/w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSyx2WK27NXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3Sua55bs1r3VQa1TyOIlzAJVTBgzo04B6a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz9xR4ya</latexit>· · ·<latexit sha1_base64="ggNYy28tHbW2zILQMm4kk1oYvY8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Ae0oWw2m3btJht2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pGJVpxttMSaV7ATVcioS3UaDkvVRzGgeSd4PJ7dzvPnFthEoecJpyP6ajRESCUbRSZ8BChWZYrbl1dwGyTryC1KBAa1j9GoSKZTFPkElqTN9zU/RzqlEwyWeVQWZ4StmEjnjf0oTG3Pj54toZubBKSCKlbSVIFurviZzGxkzjwHbGFMdm1ZuL/3n9DKMbPxdJmiFP2HJRlEmCisxfJ6HQnKGcWkKZFvZWwsZUU4Y2oIoNwVt9eZ10ruqeW/fuG7Vmo4ijDGdwDpfgwTU04Q5a0AYGj/AMr/DmKOfFeXc+lq0lp5g5hT9wPn8AqiGPIQ==</latexit><latexit sha1_base64="ggNYy28tHbW2zILQMm4kk1oYvY8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Ae0oWw2m3btJht2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pGJVpxttMSaV7ATVcioS3UaDkvVRzGgeSd4PJ7dzvPnFthEoecJpyP6ajRESCUbRSZ8BChWZYrbl1dwGyTryC1KBAa1j9GoSKZTFPkElqTN9zU/RzqlEwyWeVQWZ4StmEjnjf0oTG3Pj54toZubBKSCKlbSVIFurviZzGxkzjwHbGFMdm1ZuL/3n9DKMbPxdJmiFP2HJRlEmCisxfJ6HQnKGcWkKZFvZWwsZUU4Y2oIoNwVt9eZ10ruqeW/fuG7Vmo4ijDGdwDpfgwTU04Q5a0AYGj/AMr/DmKOfFeXc+lq0lp5g5hT9wPn8AqiGPIQ==</latexit><latexit sha1_base64="ggNYy28tHbW2zILQMm4kk1oYvY8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Ae0oWw2m3btJht2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pGJVpxttMSaV7ATVcioS3UaDkvVRzGgeSd4PJ7dzvPnFthEoecJpyP6ajRESCUbRSZ8BChWZYrbl1dwGyTryC1KBAa1j9GoSKZTFPkElqTN9zU/RzqlEwyWeVQWZ4StmEjnjf0oTG3Pj54toZubBKSCKlbSVIFurviZzGxkzjwHbGFMdm1ZuL/3n9DKMbPxdJmiFP2HJRlEmCisxfJ6HQnKGcWkKZFvZWwsZUU4Y2oIoNwVt9eZ10ruqeW/fuG7Vmo4ijDGdwDpfgwTU04Q5a0AYGj/AMr/DmKOfFeXc+lq0lp5g5hT9wPn8AqiGPIQ==</latexit><latexit sha1_base64="ggNYy28tHbW2zILQMm4kk1oYvY8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Ae0oWw2m3btJht2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pGJVpxttMSaV7ATVcioS3UaDkvVRzGgeSd4PJ7dzvPnFthEoecJpyP6ajRESCUbRSZ8BChWZYrbl1dwGyTryC1KBAa1j9GoSKZTFPkElqTN9zU/RzqlEwyWeVQWZ4StmEjnjf0oTG3Pj54toZubBKSCKlbSVIFurviZzGxkzjwHbGFMdm1ZuL/3n9DKMbPxdJmiFP2HJRlEmCisxfJ6HQnKGcWkKZFvZWwsZUU4Y2oIoNwVt9eZ10ruqeW/fuG7Vmo4ijDGdwDpfgwTU04Q5a0AYGj/AMr/DmKOfFeXc+lq0lp5g5hT9wPn8AqiGPIQ==</latexit> · · ·<latexit sha1_base64="ggNYy28tHbW2zILQMm4kk1oYvY8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Ae0oWw2m3btJht2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pGJVpxttMSaV7ATVcioS3UaDkvVRzGgeSd4PJ7dzvPnFthEoecJpyP6ajRESCUbRSZ8BChWZYrbl1dwGyTryC1KBAa1j9GoSKZTFPkElqTN9zU/RzqlEwyWeVQWZ4StmEjnjf0oTG3Pj54toZubBKSCKlbSVIFurviZzGxkzjwHbGFMdm1ZuL/3n9DKMbPxdJmiFP2HJRlEmCisxfJ6HQnKGcWkKZFvZWwsZUU4Y2oIoNwVt9eZ10ruqeW/fuG7Vmo4ijDGdwDpfgwTU04Q5a0AYGj/AMr/DmKOfFeXc+lq0lp5g5hT9wPn8AqiGPIQ==</latexit><latexit sha1_base64="ggNYy28tHbW2zILQMm4kk1oYvY8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Ae0oWw2m3btJht2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pGJVpxttMSaV7ATVcioS3UaDkvVRzGgeSd4PJ7dzvPnFthEoecJpyP6ajRESCUbRSZ8BChWZYrbl1dwGyTryC1KBAa1j9GoSKZTFPkElqTN9zU/RzqlEwyWeVQWZ4StmEjnjf0oTG3Pj54toZubBKSCKlbSVIFurviZzGxkzjwHbGFMdm1ZuL/3n9DKMbPxdJmiFP2HJRlEmCisxfJ6HQnKGcWkKZFvZWwsZUU4Y2oIoNwVt9eZ10ruqeW/fuG7Vmo4ijDGdwDpfgwTU04Q5a0AYGj/AMr/DmKOfFeXc+lq0lp5g5hT9wPn8AqiGPIQ==</latexit><latexit sha1_base64="ggNYy28tHbW2zILQMm4kk1oYvY8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Ae0oWw2m3btJht2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pGJVpxttMSaV7ATVcioS3UaDkvVRzGgeSd4PJ7dzvPnFthEoecJpyP6ajRESCUbRSZ8BChWZYrbl1dwGyTryC1KBAa1j9GoSKZTFPkElqTN9zU/RzqlEwyWeVQWZ4StmEjnjf0oTG3Pj54toZubBKSCKlbSVIFurviZzGxkzjwHbGFMdm1ZuL/3n9DKMbPxdJmiFP2HJRlEmCisxfJ6HQnKGcWkKZFvZWwsZUU4Y2oIoNwVt9eZ10ruqeW/fuG7Vmo4ijDGdwDpfgwTU04Q5a0AYGj/AMr/DmKOfFeXc+lq0lp5g5hT9wPn8AqiGPIQ==</latexit><latexit sha1_base64="ggNYy28tHbW2zILQMm4kk1oYvY8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Ae0oWw2m3btJht2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pGJVpxttMSaV7ATVcioS3UaDkvVRzGgeSd4PJ7dzvPnFthEoecJpyP6ajRESCUbRSZ8BChWZYrbl1dwGyTryC1KBAa1j9GoSKZTFPkElqTN9zU/RzqlEwyWeVQWZ4StmEjnjf0oTG3Pj54toZubBKSCKlbSVIFurviZzGxkzjwHbGFMdm1ZuL/3n9DKMbPxdJmiFP2HJRlEmCisxfJ6HQnKGcWkKZFvZWwsZUU4Y2oIoNwVt9eZ10ruqeW/fuG7Vmo4ijDGdwDpfgwTU04Q5a0AYGj/AMr/DmKOfFeXc+lq0lp5g5hT9wPn8AqiGPIQ==</latexit>

q
<latexit sha1_base64="4MA6ccpWeagm54sma+pczmLr8VM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2A9oQ9lsJ+3azSbuboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJb3ZpqgH9GR5CFn1Fip+TgoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXrFXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A12eM5w==</latexit><latexit sha1_base64="4MA6ccpWeagm54sma+pczmLr8VM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2A9oQ9lsJ+3azSbuboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJb3ZpqgH9GR5CFn1Fip+TgoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXrFXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A12eM5w==</latexit><latexit sha1_base64="4MA6ccpWeagm54sma+pczmLr8VM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2A9oQ9lsJ+3azSbuboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJb3ZpqgH9GR5CFn1Fip+TgoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXrFXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A12eM5w==</latexit><latexit sha1_base64="4MA6ccpWeagm54sma+pczmLr8VM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2A9oQ9lsJ+3azSbuboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJb3ZpqgH9GR5CFn1Fip+TgoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXrFXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A12eM5w==</latexit>

�3
p
⇡

<latexit sha1_base64="xbK+oKR3rELVyiv1t/264uwvVdM=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvQiyVRQY8FLx4r2A9oQtlst+3SzWbdnQgl9G948aCIV/+MN/+N2zYHbX0w8Hhvhpl5kRLcoOd9O4W19Y3NreJ2aWd3b/+gfHjUMkmqKWvSRCS6ExHDBJesiRwF6yjNSBwJ1o7GtzO//cS04Yl8wIliYUyGkg84JWil4PwyMI8as0Dxaa9c8WreHO4q8XNSgRyNXvkr6Cc0jZlEKogxXd9TGGZEI6eCTUtBapgidEyGrGupJDEzYTa/eeqeWaXvDhJtS6I7V39PZCQ2ZhJHtjMmODLL3kz8z+umOLgJMy5VikzSxaJBKlxM3FkAbp9rRlFMLCFUc3urS0dEE4o2ppINwV9+eZW0Lmq+V/Pvryr1ah5HEU7gFKrgwzXU4Q4a0AQKCp7hFd6c1Hlx3p2PRWvByWeO4Q+czx/1lpGL</latexit><latexit sha1_base64="xbK+oKR3rELVyiv1t/264uwvVdM=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvQiyVRQY8FLx4r2A9oQtlst+3SzWbdnQgl9G948aCIV/+MN/+N2zYHbX0w8Hhvhpl5kRLcoOd9O4W19Y3NreJ2aWd3b/+gfHjUMkmqKWvSRCS6ExHDBJesiRwF6yjNSBwJ1o7GtzO//cS04Yl8wIliYUyGkg84JWil4PwyMI8as0Dxaa9c8WreHO4q8XNSgRyNXvkr6Cc0jZlEKogxXd9TGGZEI6eCTUtBapgidEyGrGupJDEzYTa/eeqeWaXvDhJtS6I7V39PZCQ2ZhJHtjMmODLL3kz8z+umOLgJMy5VikzSxaJBKlxM3FkAbp9rRlFMLCFUc3urS0dEE4o2ppINwV9+eZW0Lmq+V/Pvryr1ah5HEU7gFKrgwzXU4Q4a0AQKCp7hFd6c1Hlx3p2PRWvByWeO4Q+czx/1lpGL</latexit><latexit sha1_base64="xbK+oKR3rELVyiv1t/264uwvVdM=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvQiyVRQY8FLx4r2A9oQtlst+3SzWbdnQgl9G948aCIV/+MN/+N2zYHbX0w8Hhvhpl5kRLcoOd9O4W19Y3NreJ2aWd3b/+gfHjUMkmqKWvSRCS6ExHDBJesiRwF6yjNSBwJ1o7GtzO//cS04Yl8wIliYUyGkg84JWil4PwyMI8as0Dxaa9c8WreHO4q8XNSgRyNXvkr6Cc0jZlEKogxXd9TGGZEI6eCTUtBapgidEyGrGupJDEzYTa/eeqeWaXvDhJtS6I7V39PZCQ2ZhJHtjMmODLL3kz8z+umOLgJMy5VikzSxaJBKlxM3FkAbp9rRlFMLCFUc3urS0dEE4o2ppINwV9+eZW0Lmq+V/Pvryr1ah5HEU7gFKrgwzXU4Q4a0AQKCp7hFd6c1Hlx3p2PRWvByWeO4Q+czx/1lpGL</latexit><latexit sha1_base64="xbK+oKR3rELVyiv1t/264uwvVdM=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvQiyVRQY8FLx4r2A9oQtlst+3SzWbdnQgl9G948aCIV/+MN/+N2zYHbX0w8Hhvhpl5kRLcoOd9O4W19Y3NreJ2aWd3b/+gfHjUMkmqKWvSRCS6ExHDBJesiRwF6yjNSBwJ1o7GtzO//cS04Yl8wIliYUyGkg84JWil4PwyMI8as0Dxaa9c8WreHO4q8XNSgRyNXvkr6Cc0jZlEKogxXd9TGGZEI6eCTUtBapgidEyGrGupJDEzYTa/eeqeWaXvDhJtS6I7V39PZCQ2ZhJHtjMmODLL3kz8z+umOLgJMy5VikzSxaJBKlxM3FkAbp9rRlFMLCFUc3urS0dEE4o2ppINwV9+eZW0Lmq+V/Pvryr1ah5HEU7gFKrgwzXU4Q4a0AQKCp7hFd6c1Hlx3p2PRWvByWeO4Q+czx/1lpGL</latexit>

3
p
⇡

<latexit sha1_base64="ocLnCCS3NW3YA/H8URO6/dUjzbw=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSL0VBIV9Fjw4rGC/YAmlM120y7dZOPuRCihP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo7bRmWa8RZTUuluSA2XIuEtFCh5N9WcxqHknXB8O/M7T1wboZIHnKQ8iOkwEZFgFK3Uu/TNo8bcT8W0X6m6dXcOskq8glShQLNf+fIHimUxT5BJakzPc1MMcqpRMMmnZT8zPKVsTIe8Z2lCY26CfH7ylJxbZUAipW0lSObq74mcxsZM4tB2xhRHZtmbif95vQyjmyAXSZohT9hiUZRJgorM/icDoTlDObGEMi3srYSNqKYMbUplG4K3/PIqaV/UPbfu3V9VG7UijhKcwhnUwINraMAdNKEFDBQ8wyu8Oei8OO/Ox6J1zSlmTuAPnM8finuRVA==</latexit><latexit sha1_base64="ocLnCCS3NW3YA/H8URO6/dUjzbw=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSL0VBIV9Fjw4rGC/YAmlM120y7dZOPuRCihP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo7bRmWa8RZTUuluSA2XIuEtFCh5N9WcxqHknXB8O/M7T1wboZIHnKQ8iOkwEZFgFK3Uu/TNo8bcT8W0X6m6dXcOskq8glShQLNf+fIHimUxT5BJakzPc1MMcqpRMMmnZT8zPKVsTIe8Z2lCY26CfH7ylJxbZUAipW0lSObq74mcxsZM4tB2xhRHZtmbif95vQyjmyAXSZohT9hiUZRJgorM/icDoTlDObGEMi3srYSNqKYMbUplG4K3/PIqaV/UPbfu3V9VG7UijhKcwhnUwINraMAdNKEFDBQ8wyu8Oei8OO/Ox6J1zSlmTuAPnM8finuRVA==</latexit><latexit sha1_base64="ocLnCCS3NW3YA/H8URO6/dUjzbw=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSL0VBIV9Fjw4rGC/YAmlM120y7dZOPuRCihP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo7bRmWa8RZTUuluSA2XIuEtFCh5N9WcxqHknXB8O/M7T1wboZIHnKQ8iOkwEZFgFK3Uu/TNo8bcT8W0X6m6dXcOskq8glShQLNf+fIHimUxT5BJakzPc1MMcqpRMMmnZT8zPKVsTIe8Z2lCY26CfH7ylJxbZUAipW0lSObq74mcxsZM4tB2xhRHZtmbif95vQyjmyAXSZohT9hiUZRJgorM/icDoTlDObGEMi3srYSNqKYMbUplG4K3/PIqaV/UPbfu3V9VG7UijhKcwhnUwINraMAdNKEFDBQ8wyu8Oei8OO/Ox6J1zSlmTuAPnM8finuRVA==</latexit><latexit sha1_base64="ocLnCCS3NW3YA/H8URO6/dUjzbw=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSL0VBIV9Fjw4rGC/YAmlM120y7dZOPuRCihP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo7bRmWa8RZTUuluSA2XIuEtFCh5N9WcxqHknXB8O/M7T1wboZIHnKQ8iOkwEZFgFK3Uu/TNo8bcT8W0X6m6dXcOskq8glShQLNf+fIHimUxT5BJakzPc1MMcqpRMMmnZT8zPKVsTIe8Z2lCY26CfH7ylJxbZUAipW0lSObq74mcxsZM4tB2xhRHZtmbif95vQyjmyAXSZohT9hiUZRJgorM/icDoTlDObGEMi3srYSNqKYMbUplG4K3/PIqaV/UPbfu3V9VG7UijhKcwhnUwINraMAdNKEFDBQ8wyu8Oei8OO/Ox6J1zSlmTuAPnM8finuRVA==</latexit>

p
⇡

<latexit sha1_base64="FpQmiW128JJRok200oexF19Ix7E=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSL0VBIR9Fjw4rGC/cAmlM120y7dbOLuRCih/8KLB0W8+m+8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo7bJsk04y2WyER3Q2q4FIq3UKDk3VRzGoeSd8LxzczvPHFtRKLucZLyIKZDJSLBKFrpwTePGnM/FdN+perW3TnIKvEKUoUCzX7lyx8kLIu5QiapMT3PTTHIqUbBJJ+W/czwlLIxHfKepYrG3AT5/OIpObfKgESJtqWQzNXfEzmNjZnEoe2MKY7MsjcT//N6GUbXQS5UmiFXbLEoyiTBhMzeJwOhOUM5sYQyLeythI2opgxtSGUbgrf88ippX9Q9t+7dXVYbtSKOEpzCGdTAgytowC00oQUMFDzDK7w5xnlx3p2PReuaU8ycwB84nz8WO5EX</latexit><latexit sha1_base64="FpQmiW128JJRok200oexF19Ix7E=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSL0VBIR9Fjw4rGC/cAmlM120y7dbOLuRCih/8KLB0W8+m+8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo7bJsk04y2WyER3Q2q4FIq3UKDk3VRzGoeSd8LxzczvPHFtRKLucZLyIKZDJSLBKFrpwTePGnM/FdN+perW3TnIKvEKUoUCzX7lyx8kLIu5QiapMT3PTTHIqUbBJJ+W/czwlLIxHfKepYrG3AT5/OIpObfKgESJtqWQzNXfEzmNjZnEoe2MKY7MsjcT//N6GUbXQS5UmiFXbLEoyiTBhMzeJwOhOUM5sYQyLeythI2opgxtSGUbgrf88ippX9Q9t+7dXVYbtSKOEpzCGdTAgytowC00oQUMFDzDK7w5xnlx3p2PReuaU8ycwB84nz8WO5EX</latexit><latexit sha1_base64="FpQmiW128JJRok200oexF19Ix7E=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSL0VBIR9Fjw4rGC/cAmlM120y7dbOLuRCih/8KLB0W8+m+8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo7bJsk04y2WyER3Q2q4FIq3UKDk3VRzGoeSd8LxzczvPHFtRKLucZLyIKZDJSLBKFrpwTePGnM/FdN+perW3TnIKvEKUoUCzX7lyx8kLIu5QiapMT3PTTHIqUbBJJ+W/czwlLIxHfKepYrG3AT5/OIpObfKgESJtqWQzNXfEzmNjZnEoe2MKY7MsjcT//N6GUbXQS5UmiFXbLEoyiTBhMzeJwOhOUM5sYQyLeythI2opgxtSGUbgrf88ippX9Q9t+7dXVYbtSKOEpzCGdTAgytowC00oQUMFDzDK7w5xnlx3p2PReuaU8ycwB84nz8WO5EX</latexit><latexit sha1_base64="FpQmiW128JJRok200oexF19Ix7E=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSL0VBIR9Fjw4rGC/cAmlM120y7dbOLuRCih/8KLB0W8+m+8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo7bJsk04y2WyER3Q2q4FIq3UKDk3VRzGoeSd8LxzczvPHFtRKLucZLyIKZDJSLBKFrpwTePGnM/FdN+perW3TnIKvEKUoUCzX7lyx8kLIu5QiapMT3PTTHIqUbBJJ+W/czwlLIxHfKepYrG3AT5/OIpObfKgESJtqWQzNXfEzmNjZnEoe2MKY7MsjcT//N6GUbXQS5UmiFXbLEoyiTBhMzeJwOhOUM5sYQyLeythI2opgxtSGUbgrf88ippX9Q9t+7dXVYbtSKOEpzCGdTAgytowC00oQUMFDzDK7w5xnlx3p2PReuaU8ycwB84nz8WO5EX</latexit>

�
p
⇡

<latexit sha1_base64="BzfVeXfPsB14KqduI7KYAMqOEOA=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSL0YklE0GPBi8cK9gOSUDbbbbt0k427E6GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSqUw6Lrfztr6xubWdmmnvLu3f3BYOTpuG5VpxltMSaW7ETVcioS3UKDk3VRzGkeSd6Lx7czvPHFthEoecJLyMKbDRAwEo2gl/yIwjxrzIBXTXqXq1t05yCrxClKFAs1e5SvoK5bFPEEmqTG+56YY5lSjYJJPy0FmeErZmA65b2lCY27CfH7ylJxbpU8GSttKkMzV3xM5jY2ZxJHtjCmOzLI3E//z/AwHN2EukjRDnrDFokEmCSoy+5/0heYM5cQSyrSwtxI2opoytCmVbQje8surpH1Z99y6d39VbdSKOEpwCmdQAw+uoQF30IQWMFDwDK/w5qDz4rw7H4vWNaeYOYE/cD5/AIEnkU4=</latexit><latexit sha1_base64="BzfVeXfPsB14KqduI7KYAMqOEOA=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSL0YklE0GPBi8cK9gOSUDbbbbt0k427E6GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSqUw6Lrfztr6xubWdmmnvLu3f3BYOTpuG5VpxltMSaW7ETVcioS3UKDk3VRzGkeSd6Lx7czvPHFthEoecJLyMKbDRAwEo2gl/yIwjxrzIBXTXqXq1t05yCrxClKFAs1e5SvoK5bFPEEmqTG+56YY5lSjYJJPy0FmeErZmA65b2lCY27CfH7ylJxbpU8GSttKkMzV3xM5jY2ZxJHtjCmOzLI3E//z/AwHN2EukjRDnrDFokEmCSoy+5/0heYM5cQSyrSwtxI2opoytCmVbQje8surpH1Z99y6d39VbdSKOEpwCmdQAw+uoQF30IQWMFDwDK/w5qDz4rw7H4vWNaeYOYE/cD5/AIEnkU4=</latexit><latexit sha1_base64="BzfVeXfPsB14KqduI7KYAMqOEOA=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSL0YklE0GPBi8cK9gOSUDbbbbt0k427E6GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSqUw6Lrfztr6xubWdmmnvLu3f3BYOTpuG5VpxltMSaW7ETVcioS3UKDk3VRzGkeSd6Lx7czvPHFthEoecJLyMKbDRAwEo2gl/yIwjxrzIBXTXqXq1t05yCrxClKFAs1e5SvoK5bFPEEmqTG+56YY5lSjYJJPy0FmeErZmA65b2lCY27CfH7ylJxbpU8GSttKkMzV3xM5jY2ZxJHtjCmOzLI3E//z/AwHN2EukjRDnrDFokEmCSoy+5/0heYM5cQSyrSwtxI2opoytCmVbQje8surpH1Z99y6d39VbdSKOEpwCmdQAw+uoQF30IQWMFDwDK/w5qDz4rw7H4vWNaeYOYE/cD5/AIEnkU4=</latexit><latexit sha1_base64="BzfVeXfPsB14KqduI7KYAMqOEOA=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSL0YklE0GPBi8cK9gOSUDbbbbt0k427E6GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSqUw6Lrfztr6xubWdmmnvLu3f3BYOTpuG5VpxltMSaW7ETVcioS3UKDk3VRzGkeSd6Lx7czvPHFthEoecJLyMKbDRAwEo2gl/yIwjxrzIBXTXqXq1t05yCrxClKFAs1e5SvoK5bFPEEmqTG+56YY5lSjYJJPy0FmeErZmA65b2lCY27CfH7ylJxbpU8GSttKkMzV3xM5jY2ZxJHtjCmOzLI3E//z/AwHN2EukjRDnrDFokEmCSoy+5/0heYM5cQSyrSwtxI2opoytCmVbQje8surpH1Z99y6d39VbdSKOEpwCmdQAw+uoQF30IQWMFDwDK/w5qDz4rw7H4vWNaeYOYE/cD5/AIEnkU4=</latexit>

· · ·<latexit sha1_base64="ggNYy28tHbW2zILQMm4kk1oYvY8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Ae0oWw2m3btJht2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pGJVpxttMSaV7ATVcioS3UaDkvVRzGgeSd4PJ7dzvPnFthEoecJpyP6ajRESCUbRSZ8BChWZYrbl1dwGyTryC1KBAa1j9GoSKZTFPkElqTN9zU/RzqlEwyWeVQWZ4StmEjnjf0oTG3Pj54toZubBKSCKlbSVIFurviZzGxkzjwHbGFMdm1ZuL/3n9DKMbPxdJmiFP2HJRlEmCisxfJ6HQnKGcWkKZFvZWwsZUU4Y2oIoNwVt9eZ10ruqeW/fuG7Vmo4ijDGdwDpfgwTU04Q5a0AYGj/AMr/DmKOfFeXc+lq0lp5g5hT9wPn8AqiGPIQ==</latexit><latexit sha1_base64="ggNYy28tHbW2zILQMm4kk1oYvY8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Ae0oWw2m3btJht2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pGJVpxttMSaV7ATVcioS3UaDkvVRzGgeSd4PJ7dzvPnFthEoecJpyP6ajRESCUbRSZ8BChWZYrbl1dwGyTryC1KBAa1j9GoSKZTFPkElqTN9zU/RzqlEwyWeVQWZ4StmEjnjf0oTG3Pj54toZubBKSCKlbSVIFurviZzGxkzjwHbGFMdm1ZuL/3n9DKMbPxdJmiFP2HJRlEmCisxfJ6HQnKGcWkKZFvZWwsZUU4Y2oIoNwVt9eZ10ruqeW/fuG7Vmo4ijDGdwDpfgwTU04Q5a0AYGj/AMr/DmKOfFeXc+lq0lp5g5hT9wPn8AqiGPIQ==</latexit><latexit sha1_base64="ggNYy28tHbW2zILQMm4kk1oYvY8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Ae0oWw2m3btJht2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pGJVpxttMSaV7ATVcioS3UaDkvVRzGgeSd4PJ7dzvPnFthEoecJpyP6ajRESCUbRSZ8BChWZYrbl1dwGyTryC1KBAa1j9GoSKZTFPkElqTN9zU/RzqlEwyWeVQWZ4StmEjnjf0oTG3Pj54toZubBKSCKlbSVIFurviZzGxkzjwHbGFMdm1ZuL/3n9DKMbPxdJmiFP2HJRlEmCisxfJ6HQnKGcWkKZFvZWwsZUU4Y2oIoNwVt9eZ10ruqeW/fuG7Vmo4ijDGdwDpfgwTU04Q5a0AYGj/AMr/DmKOfFeXc+lq0lp5g5hT9wPn8AqiGPIQ==</latexit><latexit sha1_base64="ggNYy28tHbW2zILQMm4kk1oYvY8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Ae0oWw2m3btJht2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pGJVpxttMSaV7ATVcioS3UaDkvVRzGgeSd4PJ7dzvPnFthEoecJpyP6ajRESCUbRSZ8BChWZYrbl1dwGyTryC1KBAa1j9GoSKZTFPkElqTN9zU/RzqlEwyWeVQWZ4StmEjnjf0oTG3Pj54toZubBKSCKlbSVIFurviZzGxkzjwHbGFMdm1ZuL/3n9DKMbPxdJmiFP2HJRlEmCisxfJ6HQnKGcWkKZFvZWwsZUU4Y2oIoNwVt9eZ10ruqeW/fuG7Vmo4ijDGdwDpfgwTU04Q5a0AYGj/AMr/DmKOfFeXc+lq0lp5g5hT9wPn8AqiGPIQ==</latexit>· · ·<latexit sha1_base64="ggNYy28tHbW2zILQMm4kk1oYvY8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Ae0oWw2m3btJht2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pGJVpxttMSaV7ATVcioS3UaDkvVRzGgeSd4PJ7dzvPnFthEoecJpyP6ajRESCUbRSZ8BChWZYrbl1dwGyTryC1KBAa1j9GoSKZTFPkElqTN9zU/RzqlEwyWeVQWZ4StmEjnjf0oTG3Pj54toZubBKSCKlbSVIFurviZzGxkzjwHbGFMdm1ZuL/3n9DKMbPxdJmiFP2HJRlEmCisxfJ6HQnKGcWkKZFvZWwsZUU4Y2oIoNwVt9eZ10ruqeW/fuG7Vmo4ijDGdwDpfgwTU04Q5a0AYGj/AMr/DmKOfFeXc+lq0lp5g5hT9wPn8AqiGPIQ==</latexit><latexit sha1_base64="ggNYy28tHbW2zILQMm4kk1oYvY8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Ae0oWw2m3btJht2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pGJVpxttMSaV7ATVcioS3UaDkvVRzGgeSd4PJ7dzvPnFthEoecJpyP6ajRESCUbRSZ8BChWZYrbl1dwGyTryC1KBAa1j9GoSKZTFPkElqTN9zU/RzqlEwyWeVQWZ4StmEjnjf0oTG3Pj54toZubBKSCKlbSVIFurviZzGxkzjwHbGFMdm1ZuL/3n9DKMbPxdJmiFP2HJRlEmCisxfJ6HQnKGcWkKZFvZWwsZUU4Y2oIoNwVt9eZ10ruqeW/fuG7Vmo4ijDGdwDpfgwTU04Q5a0AYGj/AMr/DmKOfFeXc+lq0lp5g5hT9wPn8AqiGPIQ==</latexit><latexit sha1_base64="ggNYy28tHbW2zILQMm4kk1oYvY8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Ae0oWw2m3btJht2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pGJVpxttMSaV7ATVcioS3UaDkvVRzGgeSd4PJ7dzvPnFthEoecJpyP6ajRESCUbRSZ8BChWZYrbl1dwGyTryC1KBAa1j9GoSKZTFPkElqTN9zU/RzqlEwyWeVQWZ4StmEjnjf0oTG3Pj54toZubBKSCKlbSVIFurviZzGxkzjwHbGFMdm1ZuL/3n9DKMbPxdJmiFP2HJRlEmCisxfJ6HQnKGcWkKZFvZWwsZUU4Y2oIoNwVt9eZ10ruqeW/fuG7Vmo4ijDGdwDpfgwTU04Q5a0AYGj/AMr/DmKOfFeXc+lq0lp5g5hT9wPn8AqiGPIQ==</latexit><latexit sha1_base64="ggNYy28tHbW2zILQMm4kk1oYvY8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Ae0oWw2m3btJht2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pGJVpxttMSaV7ATVcioS3UaDkvVRzGgeSd4PJ7dzvPnFthEoecJpyP6ajRESCUbRSZ8BChWZYrbl1dwGyTryC1KBAa1j9GoSKZTFPkElqTN9zU/RzqlEwyWeVQWZ4StmEjnjf0oTG3Pj54toZubBKSCKlbSVIFurviZzGxkzjwHbGFMdm1ZuL/3n9DKMbPxdJmiFP2HJRlEmCisxfJ6HQnKGcWkKZFvZWwsZUU4Y2oIoNwVt9eZ10ruqeW/fuG7Vmo4ijDGdwDpfgwTU04Q5a0AYGj/AMr/DmKOfFeXc+lq0lp5g5hT9wPn8AqiGPIQ==</latexit>
Th: Gottesman, A. Kitaev, and J. Preskill, Phys. Rev. A 64, 012310 (2001)

Code-words invariant under translations of , stabilisers: 2 π ei2 π ̂p, e−i2 π ̂q

⟨q |0⟩GKP = ∑
n

δ(q − 2n π)|0⟩GKP = ∑
n

|2n π⟩q

|1⟩GKP = ∑
n

| (2n + 1) π⟩q

|0⟩GKP

|1⟩GKP
⟨q |1⟩GKP = ∑

n

δ(q − (2n + 1) π)

dq = dp = π
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 GKP code: measurement

Measurement of     (homodyne measurement) = measurement in the 
computational basis    

<latexit sha1_base64="KdvwagiK2sDraoYUmQSjpYTCqgA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy2m3bpZhN3J0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ildm9EMXuc9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOyVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2e9kIDRnKCeWUKaFvZWwEdWUoU2oZEPwll9eJa2LqndZrd3XKvWbPI4inMApnIMHV1CHO2hAExiM4Rle4c1JnBfn3flYtBacfOYY/sD5/AGoh4/L</latexit>

q̂

q
<latexit sha1_base64="4MA6ccpWeagm54sma+pczmLr8VM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2A9oQ9lsJ+3azSbuboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJb3ZpqgH9GR5CFn1Fip+TgoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXrFXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A12eM5w==</latexit><latexit sha1_base64="4MA6ccpWeagm54sma+pczmLr8VM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2A9oQ9lsJ+3azSbuboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJb3ZpqgH9GR5CFn1Fip+TgoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXrFXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A12eM5w==</latexit><latexit sha1_base64="4MA6ccpWeagm54sma+pczmLr8VM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2A9oQ9lsJ+3azSbuboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJb3ZpqgH9GR5CFn1Fip+TgoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXrFXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A12eM5w==</latexit><latexit sha1_base64="4MA6ccpWeagm54sma+pczmLr8VM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2A9oQ9lsJ+3azSbuboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJb3ZpqgH9GR5CFn1Fip+TgoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXrFXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A12eM5w==</latexit>

2
p
⇡

<latexit sha1_base64="VFu6PoYOlQ6G5OFiw2TRwQMNmtY=">AAAB8nicbVBNS8NAEJ34WetX1aOXYBF6KkkR9Fjw4rGC/YA0lM120y7d7MbdiVBCf4YXD4p49dd489+4bXPQ1gcDj/dmmJkXpYIb9LxvZ2Nza3tnt7RX3j84PDqunJx2jMo0ZW2qhNK9iBgmuGRt5ChYL9WMJJFg3WhyO/e7T0wbruQDTlMWJmQkecwpQSsFjb551Jj3Uz4bVKpe3VvAXSd+QapQoDWofPWHimYJk0gFMSbwvRTDnGjkVLBZuZ8ZlhI6ISMWWCpJwkyYL06euZdWGbqx0rYkugv190ROEmOmSWQ7E4Jjs+rNxf+8IMP4Jsy5TDNkki4XxZlwUbnz/90h14yimFpCqOb2VpeOiSYUbUplG4K/+vI66TTqvlf376+qzVoRRwnO4QJq4MM1NOEOWtAGCgqe4RXeHHRenHfnY9m64RQzZ/AHzucPiO2RUw==</latexit><latexit sha1_base64="VFu6PoYOlQ6G5OFiw2TRwQMNmtY=">AAAB8nicbVBNS8NAEJ34WetX1aOXYBF6KkkR9Fjw4rGC/YA0lM120y7d7MbdiVBCf4YXD4p49dd489+4bXPQ1gcDj/dmmJkXpYIb9LxvZ2Nza3tnt7RX3j84PDqunJx2jMo0ZW2qhNK9iBgmuGRt5ChYL9WMJJFg3WhyO/e7T0wbruQDTlMWJmQkecwpQSsFjb551Jj3Uz4bVKpe3VvAXSd+QapQoDWofPWHimYJk0gFMSbwvRTDnGjkVLBZuZ8ZlhI6ISMWWCpJwkyYL06euZdWGbqx0rYkugv190ROEmOmSWQ7E4Jjs+rNxf+8IMP4Jsy5TDNkki4XxZlwUbnz/90h14yimFpCqOb2VpeOiSYUbUplG4K/+vI66TTqvlf376+qzVoRRwnO4QJq4MM1NOEOWtAGCgqe4RXeHHRenHfnY9m64RQzZ/AHzucPiO2RUw==</latexit><latexit sha1_base64="VFu6PoYOlQ6G5OFiw2TRwQMNmtY=">AAAB8nicbVBNS8NAEJ34WetX1aOXYBF6KkkR9Fjw4rGC/YA0lM120y7d7MbdiVBCf4YXD4p49dd489+4bXPQ1gcDj/dmmJkXpYIb9LxvZ2Nza3tnt7RX3j84PDqunJx2jMo0ZW2qhNK9iBgmuGRt5ChYL9WMJJFg3WhyO/e7T0wbruQDTlMWJmQkecwpQSsFjb551Jj3Uz4bVKpe3VvAXSd+QapQoDWofPWHimYJk0gFMSbwvRTDnGjkVLBZuZ8ZlhI6ISMWWCpJwkyYL06euZdWGbqx0rYkugv190ROEmOmSWQ7E4Jjs+rNxf+8IMP4Jsy5TDNkki4XxZlwUbnz/90h14yimFpCqOb2VpeOiSYUbUplG4K/+vI66TTqvlf376+qzVoRRwnO4QJq4MM1NOEOWtAGCgqe4RXeHHRenHfnY9m64RQzZ/AHzucPiO2RUw==</latexit><latexit sha1_base64="VFu6PoYOlQ6G5OFiw2TRwQMNmtY=">AAAB8nicbVBNS8NAEJ34WetX1aOXYBF6KkkR9Fjw4rGC/YA0lM120y7d7MbdiVBCf4YXD4p49dd489+4bXPQ1gcDj/dmmJkXpYIb9LxvZ2Nza3tnt7RX3j84PDqunJx2jMo0ZW2qhNK9iBgmuGRt5ChYL9WMJJFg3WhyO/e7T0wbruQDTlMWJmQkecwpQSsFjb551Jj3Uz4bVKpe3VvAXSd+QapQoDWofPWHimYJk0gFMSbwvRTDnGjkVLBZuZ8ZlhI6ISMWWCpJwkyYL06euZdWGbqx0rYkugv190ROEmOmSWQ7E4Jjs+rNxf+8IMP4Jsy5TDNkki4XxZlwUbnz/90h14yimFpCqOb2VpeOiSYUbUplG4K/+vI66TTqvlf376+qzVoRRwnO4QJq4MM1NOEOWtAGCgqe4RXeHHRenHfnY9m64RQzZ/AHzucPiO2RUw==</latexit>

4
p
⇡

<latexit sha1_base64="t0qRa77gFXbQZkZu6yFB3nr7Cko=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSL0VBIp6LHgxWMF+wFpKJvtpl262cTdiVBCf4YXD4p49dd489+4bXPQ1gcDj/dmmJkXplIYdN1vZ2Nza3tnt7RX3j84PDqunJx2TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeLaiEQ94DTlQUxHSkSCUbSS3+ibR415PxWzQaXq1t0FyDrxClKFAq1B5as/TFgWc4VMUmN8z00xyKlGwSSflfuZ4SllEzrivqWKxtwE+eLkGbm0ypBEibalkCzU3xM5jY2ZxqHtjCmOzao3F//z/AyjmyAXKs2QK7ZcFGWSYELm/5Oh0JyhnFpCmRb2VsLGVFOGNqWyDcFbfXmddK7qnlv37hvVZq2IowTncAE18OAamnAHLWgDgwSe4RXeHHRenHfnY9m64RQzZ/AHzucPjAmRVQ==</latexit><latexit sha1_base64="t0qRa77gFXbQZkZu6yFB3nr7Cko=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSL0VBIp6LHgxWMF+wFpKJvtpl262cTdiVBCf4YXD4p49dd489+4bXPQ1gcDj/dmmJkXplIYdN1vZ2Nza3tnt7RX3j84PDqunJx2TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeLaiEQ94DTlQUxHSkSCUbSS3+ibR415PxWzQaXq1t0FyDrxClKFAq1B5as/TFgWc4VMUmN8z00xyKlGwSSflfuZ4SllEzrivqWKxtwE+eLkGbm0ypBEibalkCzU3xM5jY2ZxqHtjCmOzao3F//z/AyjmyAXKs2QK7ZcFGWSYELm/5Oh0JyhnFpCmRb2VsLGVFOGNqWyDcFbfXmddK7qnlv37hvVZq2IowTncAE18OAamnAHLWgDgwSe4RXeHHRenHfnY9m64RQzZ/AHzucPjAmRVQ==</latexit><latexit sha1_base64="t0qRa77gFXbQZkZu6yFB3nr7Cko=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSL0VBIp6LHgxWMF+wFpKJvtpl262cTdiVBCf4YXD4p49dd489+4bXPQ1gcDj/dmmJkXplIYdN1vZ2Nza3tnt7RX3j84PDqunJx2TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeLaiEQ94DTlQUxHSkSCUbSS3+ibR415PxWzQaXq1t0FyDrxClKFAq1B5as/TFgWc4VMUmN8z00xyKlGwSSflfuZ4SllEzrivqWKxtwE+eLkGbm0ypBEibalkCzU3xM5jY2ZxqHtjCmOzao3F//z/AyjmyAXKs2QK7ZcFGWSYELm/5Oh0JyhnFpCmRb2VsLGVFOGNqWyDcFbfXmddK7qnlv37hvVZq2IowTncAE18OAamnAHLWgDgwSe4RXeHHRenHfnY9m64RQzZ/AHzucPjAmRVQ==</latexit><latexit sha1_base64="t0qRa77gFXbQZkZu6yFB3nr7Cko=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSL0VBIp6LHgxWMF+wFpKJvtpl262cTdiVBCf4YXD4p49dd489+4bXPQ1gcDj/dmmJkXplIYdN1vZ2Nza3tnt7RX3j84PDqunJx2TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeLaiEQ94DTlQUxHSkSCUbSS3+ibR415PxWzQaXq1t0FyDrxClKFAq1B5as/TFgWc4VMUmN8z00xyKlGwSSflfuZ4SllEzrivqWKxtwE+eLkGbm0ypBEibalkCzU3xM5jY2ZxqHtjCmOzao3F//z/AyjmyAXKs2QK7ZcFGWSYELm/5Oh0JyhnFpCmRb2VsLGVFOGNqWyDcFbfXmddK7qnlv37hvVZq2IowTncAE18OAamnAHLWgDgwSe4RXeHHRenHfnY9m64RQzZ/AHzucPjAmRVQ==</latexit>

�4
p
⇡

<latexit sha1_base64="tbbcCGzxZBLEDi6BWgvfva1larI=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvQiyWRgh4LXjxWsB/QhLLZbtulm826OxFK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzIiW4Qc/7dgobm1vbO8Xd0t7+weFR+fikbZJUU9aiiUh0NyKGCS5ZCzkK1lWakTgSrBNNbud+54lpwxP5gFPFwpiMJB9yStBKwWU9MI8as0DxWb9c8WreAu468XNSgRzNfvkrGCQ0jZlEKogxPd9TGGZEI6eCzUpBapgidEJGrGepJDEzYba4eeZeWGXgDhNtS6K7UH9PZCQ2ZhpHtjMmODar3lz8z+ulOLwJMy5VikzS5aJhKlxM3HkA7oBrRlFMLSFUc3urS8dEE4o2ppINwV99eZ20r2q+V/Pv65VGNY+jCGdwDlXw4RoacAdNaAEFBc/wCm9O6rw4787HsrXg5DOn8AfO5w/3JJGM</latexit><latexit sha1_base64="tbbcCGzxZBLEDi6BWgvfva1larI=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvQiyWRgh4LXjxWsB/QhLLZbtulm826OxFK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzIiW4Qc/7dgobm1vbO8Xd0t7+weFR+fikbZJUU9aiiUh0NyKGCS5ZCzkK1lWakTgSrBNNbud+54lpwxP5gFPFwpiMJB9yStBKwWU9MI8as0DxWb9c8WreAu468XNSgRzNfvkrGCQ0jZlEKogxPd9TGGZEI6eCzUpBapgidEJGrGepJDEzYba4eeZeWGXgDhNtS6K7UH9PZCQ2ZhpHtjMmODar3lz8z+ulOLwJMy5VikzS5aJhKlxM3HkA7oBrRlFMLSFUc3urS8dEE4o2ppINwV99eZ20r2q+V/Pv65VGNY+jCGdwDlXw4RoacAdNaAEFBc/wCm9O6rw4787HsrXg5DOn8AfO5w/3JJGM</latexit><latexit sha1_base64="tbbcCGzxZBLEDi6BWgvfva1larI=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvQiyWRgh4LXjxWsB/QhLLZbtulm826OxFK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzIiW4Qc/7dgobm1vbO8Xd0t7+weFR+fikbZJUU9aiiUh0NyKGCS5ZCzkK1lWakTgSrBNNbud+54lpwxP5gFPFwpiMJB9yStBKwWU9MI8as0DxWb9c8WreAu468XNSgRzNfvkrGCQ0jZlEKogxPd9TGGZEI6eCzUpBapgidEJGrGepJDEzYba4eeZeWGXgDhNtS6K7UH9PZCQ2ZhpHtjMmODar3lz8z+ulOLwJMy5VikzS5aJhKlxM3HkA7oBrRlFMLSFUc3urS8dEE4o2ppINwV99eZ20r2q+V/Pv65VGNY+jCGdwDlXw4RoacAdNaAEFBc/wCm9O6rw4787HsrXg5DOn8AfO5w/3JJGM</latexit><latexit sha1_base64="tbbcCGzxZBLEDi6BWgvfva1larI=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvQiyWRgh4LXjxWsB/QhLLZbtulm826OxFK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzIiW4Qc/7dgobm1vbO8Xd0t7+weFR+fikbZJUU9aiiUh0NyKGCS5ZCzkK1lWakTgSrBNNbud+54lpwxP5gFPFwpiMJB9yStBKwWU9MI8as0DxWb9c8WreAu468XNSgRzNfvkrGCQ0jZlEKogxPd9TGGZEI6eCzUpBapgidEJGrGepJDEzYba4eeZeWGXgDhNtS6K7UH9PZCQ2ZhpHtjMmODar3lz8z+ulOLwJMy5VikzS5aJhKlxM3HkA7oBrRlFMLSFUc3urS8dEE4o2ppINwV99eZ20r2q+V/Pv65VGNY+jCGdwDlXw4RoacAdNaAEFBc/wCm9O6rw4787HsrXg5DOn8AfO5w/3JJGM</latexit>

�2
p
⇡

<latexit sha1_base64="Nh4SPmPOBl0VNExTGHHW8gMWbT0=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvQiyUpgh4LXjxWsB/QhLLZbtulm826OxFK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzIiW4Qc/7dgobm1vbO8Xd0t7+weFR+fikbZJUU9aiiUh0NyKGCS5ZCzkK1lWakTgSrBNNbud+54lpwxP5gFPFwpiMJB9yStBKwWU9MI8as0DxWb9c8WreAu468XNSgRzNfvkrGCQ0jZlEKogxPd9TGGZEI6eCzUpBapgidEJGrGepJDEzYba4eeZeWGXgDhNtS6K7UH9PZCQ2ZhpHtjMmODar3lz8z+ulOLwJMy5VikzS5aJhKlxM3HkA7oBrRlFMLSFUc3urS8dEE4o2ppINwV99eZ206zXfq/n3V5VGNY+jCGdwDlXw4RoacAdNaAEFBc/wCm9O6rw4787HsrXg5DOn8AfO5w/0CJGK</latexit><latexit sha1_base64="Nh4SPmPOBl0VNExTGHHW8gMWbT0=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvQiyUpgh4LXjxWsB/QhLLZbtulm826OxFK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzIiW4Qc/7dgobm1vbO8Xd0t7+weFR+fikbZJUU9aiiUh0NyKGCS5ZCzkK1lWakTgSrBNNbud+54lpwxP5gFPFwpiMJB9yStBKwWU9MI8as0DxWb9c8WreAu468XNSgRzNfvkrGCQ0jZlEKogxPd9TGGZEI6eCzUpBapgidEJGrGepJDEzYba4eeZeWGXgDhNtS6K7UH9PZCQ2ZhpHtjMmODar3lz8z+ulOLwJMy5VikzS5aJhKlxM3HkA7oBrRlFMLSFUc3urS8dEE4o2ppINwV99eZ206zXfq/n3V5VGNY+jCGdwDlXw4RoacAdNaAEFBc/wCm9O6rw4787HsrXg5DOn8AfO5w/0CJGK</latexit><latexit sha1_base64="Nh4SPmPOBl0VNExTGHHW8gMWbT0=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvQiyUpgh4LXjxWsB/QhLLZbtulm826OxFK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzIiW4Qc/7dgobm1vbO8Xd0t7+weFR+fikbZJUU9aiiUh0NyKGCS5ZCzkK1lWakTgSrBNNbud+54lpwxP5gFPFwpiMJB9yStBKwWU9MI8as0DxWb9c8WreAu468XNSgRzNfvkrGCQ0jZlEKogxPd9TGGZEI6eCzUpBapgidEJGrGepJDEzYba4eeZeWGXgDhNtS6K7UH9PZCQ2ZhpHtjMmODar3lz8z+ulOLwJMy5VikzS5aJhKlxM3HkA7oBrRlFMLSFUc3urS8dEE4o2ppINwV99eZ206zXfq/n3V5VGNY+jCGdwDlXw4RoacAdNaAEFBc/wCm9O6rw4787HsrXg5DOn8AfO5w/0CJGK</latexit><latexit sha1_base64="Nh4SPmPOBl0VNExTGHHW8gMWbT0=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvQiyUpgh4LXjxWsB/QhLLZbtulm826OxFK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzIiW4Qc/7dgobm1vbO8Xd0t7+weFR+fikbZJUU9aiiUh0NyKGCS5ZCzkK1lWakTgSrBNNbud+54lpwxP5gFPFwpiMJB9yStBKwWU9MI8as0DxWb9c8WreAu468XNSgRzNfvkrGCQ0jZlEKogxPd9TGGZEI6eCzUpBapgidEJGrGepJDEzYba4eeZeWGXgDhNtS6K7UH9PZCQ2ZhpHtjMmODar3lz8z+ulOLwJMy5VikzS5aJhKlxM3HkA7oBrRlFMLSFUc3urS8dEE4o2ppINwV99eZ206zXfq/n3V5VGNY+jCGdwDlXw4RoacAdNaAEFBc/wCm9O6rw4787HsrXg5DOn8AfO5w/0CJGK</latexit>

0
<latexit sha1_base64="GtPZzOiWyA3oz//C6t/G5jFRh/w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSyx2WK27NXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3Sua55bs1r3VQa1TyOIlzAJVTBgzo04B6a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz9xR4ya</latexit><latexit sha1_base64="GtPZzOiWyA3oz//C6t/G5jFRh/w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSyx2WK27NXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3Sua55bs1r3VQa1TyOIlzAJVTBgzo04B6a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz9xR4ya</latexit><latexit sha1_base64="GtPZzOiWyA3oz//C6t/G5jFRh/w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSyx2WK27NXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3Sua55bs1r3VQa1TyOIlzAJVTBgzo04B6a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz9xR4ya</latexit><latexit sha1_base64="GtPZzOiWyA3oz//C6t/G5jFRh/w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSyx2WK27NXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3Sua55bs1r3VQa1TyOIlzAJVTBgzo04B6a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz9xR4ya</latexit>· · ·<latexit sha1_base64="ggNYy28tHbW2zILQMm4kk1oYvY8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Ae0oWw2m3btJht2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pGJVpxttMSaV7ATVcioS3UaDkvVRzGgeSd4PJ7dzvPnFthEoecJpyP6ajRESCUbRSZ8BChWZYrbl1dwGyTryC1KBAa1j9GoSKZTFPkElqTN9zU/RzqlEwyWeVQWZ4StmEjnjf0oTG3Pj54toZubBKSCKlbSVIFurviZzGxkzjwHbGFMdm1ZuL/3n9DKMbPxdJmiFP2HJRlEmCisxfJ6HQnKGcWkKZFvZWwsZUU4Y2oIoNwVt9eZ10ruqeW/fuG7Vmo4ijDGdwDpfgwTU04Q5a0AYGj/AMr/DmKOfFeXc+lq0lp5g5hT9wPn8AqiGPIQ==</latexit><latexit sha1_base64="ggNYy28tHbW2zILQMm4kk1oYvY8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Ae0oWw2m3btJht2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pGJVpxttMSaV7ATVcioS3UaDkvVRzGgeSd4PJ7dzvPnFthEoecJpyP6ajRESCUbRSZ8BChWZYrbl1dwGyTryC1KBAa1j9GoSKZTFPkElqTN9zU/RzqlEwyWeVQWZ4StmEjnjf0oTG3Pj54toZubBKSCKlbSVIFurviZzGxkzjwHbGFMdm1ZuL/3n9DKMbPxdJmiFP2HJRlEmCisxfJ6HQnKGcWkKZFvZWwsZUU4Y2oIoNwVt9eZ10ruqeW/fuG7Vmo4ijDGdwDpfgwTU04Q5a0AYGj/AMr/DmKOfFeXc+lq0lp5g5hT9wPn8AqiGPIQ==</latexit><latexit sha1_base64="ggNYy28tHbW2zILQMm4kk1oYvY8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Ae0oWw2m3btJht2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pGJVpxttMSaV7ATVcioS3UaDkvVRzGgeSd4PJ7dzvPnFthEoecJpyP6ajRESCUbRSZ8BChWZYrbl1dwGyTryC1KBAa1j9GoSKZTFPkElqTN9zU/RzqlEwyWeVQWZ4StmEjnjf0oTG3Pj54toZubBKSCKlbSVIFurviZzGxkzjwHbGFMdm1ZuL/3n9DKMbPxdJmiFP2HJRlEmCisxfJ6HQnKGcWkKZFvZWwsZUU4Y2oIoNwVt9eZ10ruqeW/fuG7Vmo4ijDGdwDpfgwTU04Q5a0AYGj/AMr/DmKOfFeXc+lq0lp5g5hT9wPn8AqiGPIQ==</latexit><latexit sha1_base64="ggNYy28tHbW2zILQMm4kk1oYvY8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Ae0oWw2m3btJht2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pGJVpxttMSaV7ATVcioS3UaDkvVRzGgeSd4PJ7dzvPnFthEoecJpyP6ajRESCUbRSZ8BChWZYrbl1dwGyTryC1KBAa1j9GoSKZTFPkElqTN9zU/RzqlEwyWeVQWZ4StmEjnjf0oTG3Pj54toZubBKSCKlbSVIFurviZzGxkzjwHbGFMdm1ZuL/3n9DKMbPxdJmiFP2HJRlEmCisxfJ6HQnKGcWkKZFvZWwsZUU4Y2oIoNwVt9eZ10ruqeW/fuG7Vmo4ijDGdwDpfgwTU04Q5a0AYGj/AMr/DmKOfFeXc+lq0lp5g5hT9wPn8AqiGPIQ==</latexit> · · ·<latexit sha1_base64="ggNYy28tHbW2zILQMm4kk1oYvY8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Ae0oWw2m3btJht2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pGJVpxttMSaV7ATVcioS3UaDkvVRzGgeSd4PJ7dzvPnFthEoecJpyP6ajRESCUbRSZ8BChWZYrbl1dwGyTryC1KBAa1j9GoSKZTFPkElqTN9zU/RzqlEwyWeVQWZ4StmEjnjf0oTG3Pj54toZubBKSCKlbSVIFurviZzGxkzjwHbGFMdm1ZuL/3n9DKMbPxdJmiFP2HJRlEmCisxfJ6HQnKGcWkKZFvZWwsZUU4Y2oIoNwVt9eZ10ruqeW/fuG7Vmo4ijDGdwDpfgwTU04Q5a0AYGj/AMr/DmKOfFeXc+lq0lp5g5hT9wPn8AqiGPIQ==</latexit><latexit sha1_base64="ggNYy28tHbW2zILQMm4kk1oYvY8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Ae0oWw2m3btJht2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pGJVpxttMSaV7ATVcioS3UaDkvVRzGgeSd4PJ7dzvPnFthEoecJpyP6ajRESCUbRSZ8BChWZYrbl1dwGyTryC1KBAa1j9GoSKZTFPkElqTN9zU/RzqlEwyWeVQWZ4StmEjnjf0oTG3Pj54toZubBKSCKlbSVIFurviZzGxkzjwHbGFMdm1ZuL/3n9DKMbPxdJmiFP2HJRlEmCisxfJ6HQnKGcWkKZFvZWwsZUU4Y2oIoNwVt9eZ10ruqeW/fuG7Vmo4ijDGdwDpfgwTU04Q5a0AYGj/AMr/DmKOfFeXc+lq0lp5g5hT9wPn8AqiGPIQ==</latexit><latexit sha1_base64="ggNYy28tHbW2zILQMm4kk1oYvY8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Ae0oWw2m3btJht2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pGJVpxttMSaV7ATVcioS3UaDkvVRzGgeSd4PJ7dzvPnFthEoecJpyP6ajRESCUbRSZ8BChWZYrbl1dwGyTryC1KBAa1j9GoSKZTFPkElqTN9zU/RzqlEwyWeVQWZ4StmEjnjf0oTG3Pj54toZubBKSCKlbSVIFurviZzGxkzjwHbGFMdm1ZuL/3n9DKMbPxdJmiFP2HJRlEmCisxfJ6HQnKGcWkKZFvZWwsZUU4Y2oIoNwVt9eZ10ruqeW/fuG7Vmo4ijDGdwDpfgwTU04Q5a0AYGj/AMr/DmKOfFeXc+lq0lp5g5hT9wPn8AqiGPIQ==</latexit><latexit sha1_base64="ggNYy28tHbW2zILQMm4kk1oYvY8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Ae0oWw2m3btJht2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pGJVpxttMSaV7ATVcioS3UaDkvVRzGgeSd4PJ7dzvPnFthEoecJpyP6ajRESCUbRSZ8BChWZYrbl1dwGyTryC1KBAa1j9GoSKZTFPkElqTN9zU/RzqlEwyWeVQWZ4StmEjnjf0oTG3Pj54toZubBKSCKlbSVIFurviZzGxkzjwHbGFMdm1ZuL/3n9DKMbPxdJmiFP2HJRlEmCisxfJ6HQnKGcWkKZFvZWwsZUU4Y2oIoNwVt9eZ10ruqeW/fuG7Vmo4ijDGdwDpfgwTU04Q5a0AYGj/AMr/DmKOfFeXc+lq0lp5g5hT9wPn8AqiGPIQ==</latexit>

q
<latexit sha1_base64="4MA6ccpWeagm54sma+pczmLr8VM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2A9oQ9lsJ+3azSbuboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJb3ZpqgH9GR5CFn1Fip+TgoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXrFXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A12eM5w==</latexit><latexit sha1_base64="4MA6ccpWeagm54sma+pczmLr8VM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2A9oQ9lsJ+3azSbuboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJb3ZpqgH9GR5CFn1Fip+TgoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXrFXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A12eM5w==</latexit><latexit sha1_base64="4MA6ccpWeagm54sma+pczmLr8VM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2A9oQ9lsJ+3azSbuboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJb3ZpqgH9GR5CFn1Fip+TgoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXrFXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A12eM5w==</latexit><latexit sha1_base64="4MA6ccpWeagm54sma+pczmLr8VM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2A9oQ9lsJ+3azSbuboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJb3ZpqgH9GR5CFn1Fip+TgoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXrFXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A12eM5w==</latexit>

�3
p
⇡

<latexit sha1_base64="xbK+oKR3rELVyiv1t/264uwvVdM=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvQiyVRQY8FLx4r2A9oQtlst+3SzWbdnQgl9G948aCIV/+MN/+N2zYHbX0w8Hhvhpl5kRLcoOd9O4W19Y3NreJ2aWd3b/+gfHjUMkmqKWvSRCS6ExHDBJesiRwF6yjNSBwJ1o7GtzO//cS04Yl8wIliYUyGkg84JWil4PwyMI8as0Dxaa9c8WreHO4q8XNSgRyNXvkr6Cc0jZlEKogxXd9TGGZEI6eCTUtBapgidEyGrGupJDEzYTa/eeqeWaXvDhJtS6I7V39PZCQ2ZhJHtjMmODLL3kz8z+umOLgJMy5VikzSxaJBKlxM3FkAbp9rRlFMLCFUc3urS0dEE4o2ppINwV9+eZW0Lmq+V/Pvryr1ah5HEU7gFKrgwzXU4Q4a0AQKCp7hFd6c1Hlx3p2PRWvByWeO4Q+czx/1lpGL</latexit><latexit sha1_base64="xbK+oKR3rELVyiv1t/264uwvVdM=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvQiyVRQY8FLx4r2A9oQtlst+3SzWbdnQgl9G948aCIV/+MN/+N2zYHbX0w8Hhvhpl5kRLcoOd9O4W19Y3NreJ2aWd3b/+gfHjUMkmqKWvSRCS6ExHDBJesiRwF6yjNSBwJ1o7GtzO//cS04Yl8wIliYUyGkg84JWil4PwyMI8as0Dxaa9c8WreHO4q8XNSgRyNXvkr6Cc0jZlEKogxXd9TGGZEI6eCTUtBapgidEyGrGupJDEzYTa/eeqeWaXvDhJtS6I7V39PZCQ2ZhJHtjMmODLL3kz8z+umOLgJMy5VikzSxaJBKlxM3FkAbp9rRlFMLCFUc3urS0dEE4o2ppINwV9+eZW0Lmq+V/Pvryr1ah5HEU7gFKrgwzXU4Q4a0AQKCp7hFd6c1Hlx3p2PRWvByWeO4Q+czx/1lpGL</latexit><latexit sha1_base64="xbK+oKR3rELVyiv1t/264uwvVdM=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvQiyVRQY8FLx4r2A9oQtlst+3SzWbdnQgl9G948aCIV/+MN/+N2zYHbX0w8Hhvhpl5kRLcoOd9O4W19Y3NreJ2aWd3b/+gfHjUMkmqKWvSRCS6ExHDBJesiRwF6yjNSBwJ1o7GtzO//cS04Yl8wIliYUyGkg84JWil4PwyMI8as0Dxaa9c8WreHO4q8XNSgRyNXvkr6Cc0jZlEKogxXd9TGGZEI6eCTUtBapgidEyGrGupJDEzYTa/eeqeWaXvDhJtS6I7V39PZCQ2ZhJHtjMmODLL3kz8z+umOLgJMy5VikzSxaJBKlxM3FkAbp9rRlFMLCFUc3urS0dEE4o2ppINwV9+eZW0Lmq+V/Pvryr1ah5HEU7gFKrgwzXU4Q4a0AQKCp7hFd6c1Hlx3p2PRWvByWeO4Q+czx/1lpGL</latexit><latexit sha1_base64="xbK+oKR3rELVyiv1t/264uwvVdM=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvQiyVRQY8FLx4r2A9oQtlst+3SzWbdnQgl9G948aCIV/+MN/+N2zYHbX0w8Hhvhpl5kRLcoOd9O4W19Y3NreJ2aWd3b/+gfHjUMkmqKWvSRCS6ExHDBJesiRwF6yjNSBwJ1o7GtzO//cS04Yl8wIliYUyGkg84JWil4PwyMI8as0Dxaa9c8WreHO4q8XNSgRyNXvkr6Cc0jZlEKogxXd9TGGZEI6eCTUtBapgidEyGrGupJDEzYTa/eeqeWaXvDhJtS6I7V39PZCQ2ZhJHtjMmODLL3kz8z+umOLgJMy5VikzSxaJBKlxM3FkAbp9rRlFMLCFUc3urS0dEE4o2ppINwV9+eZW0Lmq+V/Pvryr1ah5HEU7gFKrgwzXU4Q4a0AQKCp7hFd6c1Hlx3p2PRWvByWeO4Q+czx/1lpGL</latexit>

3
p
⇡

<latexit sha1_base64="ocLnCCS3NW3YA/H8URO6/dUjzbw=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSL0VBIV9Fjw4rGC/YAmlM120y7dZOPuRCihP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo7bRmWa8RZTUuluSA2XIuEtFCh5N9WcxqHknXB8O/M7T1wboZIHnKQ8iOkwEZFgFK3Uu/TNo8bcT8W0X6m6dXcOskq8glShQLNf+fIHimUxT5BJakzPc1MMcqpRMMmnZT8zPKVsTIe8Z2lCY26CfH7ylJxbZUAipW0lSObq74mcxsZM4tB2xhRHZtmbif95vQyjmyAXSZohT9hiUZRJgorM/icDoTlDObGEMi3srYSNqKYMbUplG4K3/PIqaV/UPbfu3V9VG7UijhKcwhnUwINraMAdNKEFDBQ8wyu8Oei8OO/Ox6J1zSlmTuAPnM8finuRVA==</latexit><latexit sha1_base64="ocLnCCS3NW3YA/H8URO6/dUjzbw=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSL0VBIV9Fjw4rGC/YAmlM120y7dZOPuRCihP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo7bRmWa8RZTUuluSA2XIuEtFCh5N9WcxqHknXB8O/M7T1wboZIHnKQ8iOkwEZFgFK3Uu/TNo8bcT8W0X6m6dXcOskq8glShQLNf+fIHimUxT5BJakzPc1MMcqpRMMmnZT8zPKVsTIe8Z2lCY26CfH7ylJxbZUAipW0lSObq74mcxsZM4tB2xhRHZtmbif95vQyjmyAXSZohT9hiUZRJgorM/icDoTlDObGEMi3srYSNqKYMbUplG4K3/PIqaV/UPbfu3V9VG7UijhKcwhnUwINraMAdNKEFDBQ8wyu8Oei8OO/Ox6J1zSlmTuAPnM8finuRVA==</latexit><latexit sha1_base64="ocLnCCS3NW3YA/H8URO6/dUjzbw=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSL0VBIV9Fjw4rGC/YAmlM120y7dZOPuRCihP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo7bRmWa8RZTUuluSA2XIuEtFCh5N9WcxqHknXB8O/M7T1wboZIHnKQ8iOkwEZFgFK3Uu/TNo8bcT8W0X6m6dXcOskq8glShQLNf+fIHimUxT5BJakzPc1MMcqpRMMmnZT8zPKVsTIe8Z2lCY26CfH7ylJxbZUAipW0lSObq74mcxsZM4tB2xhRHZtmbif95vQyjmyAXSZohT9hiUZRJgorM/icDoTlDObGEMi3srYSNqKYMbUplG4K3/PIqaV/UPbfu3V9VG7UijhKcwhnUwINraMAdNKEFDBQ8wyu8Oei8OO/Ox6J1zSlmTuAPnM8finuRVA==</latexit><latexit sha1_base64="ocLnCCS3NW3YA/H8URO6/dUjzbw=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSL0VBIV9Fjw4rGC/YAmlM120y7dZOPuRCihP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo7bRmWa8RZTUuluSA2XIuEtFCh5N9WcxqHknXB8O/M7T1wboZIHnKQ8iOkwEZFgFK3Uu/TNo8bcT8W0X6m6dXcOskq8glShQLNf+fIHimUxT5BJakzPc1MMcqpRMMmnZT8zPKVsTIe8Z2lCY26CfH7ylJxbZUAipW0lSObq74mcxsZM4tB2xhRHZtmbif95vQyjmyAXSZohT9hiUZRJgorM/icDoTlDObGEMi3srYSNqKYMbUplG4K3/PIqaV/UPbfu3V9VG7UijhKcwhnUwINraMAdNKEFDBQ8wyu8Oei8OO/Ox6J1zSlmTuAPnM8finuRVA==</latexit>

p
⇡

<latexit sha1_base64="FpQmiW128JJRok200oexF19Ix7E=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSL0VBIR9Fjw4rGC/cAmlM120y7dbOLuRCih/8KLB0W8+m+8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo7bJsk04y2WyER3Q2q4FIq3UKDk3VRzGoeSd8LxzczvPHFtRKLucZLyIKZDJSLBKFrpwTePGnM/FdN+perW3TnIKvEKUoUCzX7lyx8kLIu5QiapMT3PTTHIqUbBJJ+W/czwlLIxHfKepYrG3AT5/OIpObfKgESJtqWQzNXfEzmNjZnEoe2MKY7MsjcT//N6GUbXQS5UmiFXbLEoyiTBhMzeJwOhOUM5sYQyLeythI2opgxtSGUbgrf88ippX9Q9t+7dXVYbtSKOEpzCGdTAgytowC00oQUMFDzDK7w5xnlx3p2PReuaU8ycwB84nz8WO5EX</latexit><latexit sha1_base64="FpQmiW128JJRok200oexF19Ix7E=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSL0VBIR9Fjw4rGC/cAmlM120y7dbOLuRCih/8KLB0W8+m+8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo7bJsk04y2WyER3Q2q4FIq3UKDk3VRzGoeSd8LxzczvPHFtRKLucZLyIKZDJSLBKFrpwTePGnM/FdN+perW3TnIKvEKUoUCzX7lyx8kLIu5QiapMT3PTTHIqUbBJJ+W/czwlLIxHfKepYrG3AT5/OIpObfKgESJtqWQzNXfEzmNjZnEoe2MKY7MsjcT//N6GUbXQS5UmiFXbLEoyiTBhMzeJwOhOUM5sYQyLeythI2opgxtSGUbgrf88ippX9Q9t+7dXVYbtSKOEpzCGdTAgytowC00oQUMFDzDK7w5xnlx3p2PReuaU8ycwB84nz8WO5EX</latexit><latexit sha1_base64="FpQmiW128JJRok200oexF19Ix7E=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSL0VBIR9Fjw4rGC/cAmlM120y7dbOLuRCih/8KLB0W8+m+8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo7bJsk04y2WyER3Q2q4FIq3UKDk3VRzGoeSd8LxzczvPHFtRKLucZLyIKZDJSLBKFrpwTePGnM/FdN+perW3TnIKvEKUoUCzX7lyx8kLIu5QiapMT3PTTHIqUbBJJ+W/czwlLIxHfKepYrG3AT5/OIpObfKgESJtqWQzNXfEzmNjZnEoe2MKY7MsjcT//N6GUbXQS5UmiFXbLEoyiTBhMzeJwOhOUM5sYQyLeythI2opgxtSGUbgrf88ippX9Q9t+7dXVYbtSKOEpzCGdTAgytowC00oQUMFDzDK7w5xnlx3p2PReuaU8ycwB84nz8WO5EX</latexit><latexit sha1_base64="FpQmiW128JJRok200oexF19Ix7E=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSL0VBIR9Fjw4rGC/cAmlM120y7dbOLuRCih/8KLB0W8+m+8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo7bJsk04y2WyER3Q2q4FIq3UKDk3VRzGoeSd8LxzczvPHFtRKLucZLyIKZDJSLBKFrpwTePGnM/FdN+perW3TnIKvEKUoUCzX7lyx8kLIu5QiapMT3PTTHIqUbBJJ+W/czwlLIxHfKepYrG3AT5/OIpObfKgESJtqWQzNXfEzmNjZnEoe2MKY7MsjcT//N6GUbXQS5UmiFXbLEoyiTBhMzeJwOhOUM5sYQyLeythI2opgxtSGUbgrf88ippX9Q9t+7dXVYbtSKOEpzCGdTAgytowC00oQUMFDzDK7w5xnlx3p2PReuaU8ycwB84nz8WO5EX</latexit>

�
p
⇡

<latexit sha1_base64="BzfVeXfPsB14KqduI7KYAMqOEOA=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSL0YklE0GPBi8cK9gOSUDbbbbt0k427E6GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSqUw6Lrfztr6xubWdmmnvLu3f3BYOTpuG5VpxltMSaW7ETVcioS3UKDk3VRzGkeSd6Lx7czvPHFthEoecJLyMKbDRAwEo2gl/yIwjxrzIBXTXqXq1t05yCrxClKFAs1e5SvoK5bFPEEmqTG+56YY5lSjYJJPy0FmeErZmA65b2lCY27CfH7ylJxbpU8GSttKkMzV3xM5jY2ZxJHtjCmOzLI3E//z/AwHN2EukjRDnrDFokEmCSoy+5/0heYM5cQSyrSwtxI2opoytCmVbQje8surpH1Z99y6d39VbdSKOEpwCmdQAw+uoQF30IQWMFDwDK/w5qDz4rw7H4vWNaeYOYE/cD5/AIEnkU4=</latexit><latexit sha1_base64="BzfVeXfPsB14KqduI7KYAMqOEOA=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSL0YklE0GPBi8cK9gOSUDbbbbt0k427E6GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSqUw6Lrfztr6xubWdmmnvLu3f3BYOTpuG5VpxltMSaW7ETVcioS3UKDk3VRzGkeSd6Lx7czvPHFthEoecJLyMKbDRAwEo2gl/yIwjxrzIBXTXqXq1t05yCrxClKFAs1e5SvoK5bFPEEmqTG+56YY5lSjYJJPy0FmeErZmA65b2lCY27CfH7ylJxbpU8GSttKkMzV3xM5jY2ZxJHtjCmOzLI3E//z/AwHN2EukjRDnrDFokEmCSoy+5/0heYM5cQSyrSwtxI2opoytCmVbQje8surpH1Z99y6d39VbdSKOEpwCmdQAw+uoQF30IQWMFDwDK/w5qDz4rw7H4vWNaeYOYE/cD5/AIEnkU4=</latexit><latexit sha1_base64="BzfVeXfPsB14KqduI7KYAMqOEOA=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSL0YklE0GPBi8cK9gOSUDbbbbt0k427E6GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSqUw6Lrfztr6xubWdmmnvLu3f3BYOTpuG5VpxltMSaW7ETVcioS3UKDk3VRzGkeSd6Lx7czvPHFthEoecJLyMKbDRAwEo2gl/yIwjxrzIBXTXqXq1t05yCrxClKFAs1e5SvoK5bFPEEmqTG+56YY5lSjYJJPy0FmeErZmA65b2lCY27CfH7ylJxbpU8GSttKkMzV3xM5jY2ZxJHtjCmOzLI3E//z/AwHN2EukjRDnrDFokEmCSoy+5/0heYM5cQSyrSwtxI2opoytCmVbQje8surpH1Z99y6d39VbdSKOEpwCmdQAw+uoQF30IQWMFDwDK/w5qDz4rw7H4vWNaeYOYE/cD5/AIEnkU4=</latexit><latexit sha1_base64="BzfVeXfPsB14KqduI7KYAMqOEOA=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSL0YklE0GPBi8cK9gOSUDbbbbt0k427E6GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSqUw6Lrfztr6xubWdmmnvLu3f3BYOTpuG5VpxltMSaW7ETVcioS3UKDk3VRzGkeSd6Lx7czvPHFthEoecJLyMKbDRAwEo2gl/yIwjxrzIBXTXqXq1t05yCrxClKFAs1e5SvoK5bFPEEmqTG+56YY5lSjYJJPy0FmeErZmA65b2lCY27CfH7ylJxbpU8GSttKkMzV3xM5jY2ZxJHtjCmOzLI3E//z/AwHN2EukjRDnrDFokEmCSoy+5/0heYM5cQSyrSwtxI2opoytCmVbQje8surpH1Z99y6d39VbdSKOEpwCmdQAw+uoQF30IQWMFDwDK/w5qDz4rw7H4vWNaeYOYE/cD5/AIEnkU4=</latexit>

· · ·<latexit sha1_base64="ggNYy28tHbW2zILQMm4kk1oYvY8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Ae0oWw2m3btJht2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pGJVpxttMSaV7ATVcioS3UaDkvVRzGgeSd4PJ7dzvPnFthEoecJpyP6ajRESCUbRSZ8BChWZYrbl1dwGyTryC1KBAa1j9GoSKZTFPkElqTN9zU/RzqlEwyWeVQWZ4StmEjnjf0oTG3Pj54toZubBKSCKlbSVIFurviZzGxkzjwHbGFMdm1ZuL/3n9DKMbPxdJmiFP2HJRlEmCisxfJ6HQnKGcWkKZFvZWwsZUU4Y2oIoNwVt9eZ10ruqeW/fuG7Vmo4ijDGdwDpfgwTU04Q5a0AYGj/AMr/DmKOfFeXc+lq0lp5g5hT9wPn8AqiGPIQ==</latexit><latexit sha1_base64="ggNYy28tHbW2zILQMm4kk1oYvY8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Ae0oWw2m3btJht2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pGJVpxttMSaV7ATVcioS3UaDkvVRzGgeSd4PJ7dzvPnFthEoecJpyP6ajRESCUbRSZ8BChWZYrbl1dwGyTryC1KBAa1j9GoSKZTFPkElqTN9zU/RzqlEwyWeVQWZ4StmEjnjf0oTG3Pj54toZubBKSCKlbSVIFurviZzGxkzjwHbGFMdm1ZuL/3n9DKMbPxdJmiFP2HJRlEmCisxfJ6HQnKGcWkKZFvZWwsZUU4Y2oIoNwVt9eZ10ruqeW/fuG7Vmo4ijDGdwDpfgwTU04Q5a0AYGj/AMr/DmKOfFeXc+lq0lp5g5hT9wPn8AqiGPIQ==</latexit><latexit sha1_base64="ggNYy28tHbW2zILQMm4kk1oYvY8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Ae0oWw2m3btJht2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pGJVpxttMSaV7ATVcioS3UaDkvVRzGgeSd4PJ7dzvPnFthEoecJpyP6ajRESCUbRSZ8BChWZYrbl1dwGyTryC1KBAa1j9GoSKZTFPkElqTN9zU/RzqlEwyWeVQWZ4StmEjnjf0oTG3Pj54toZubBKSCKlbSVIFurviZzGxkzjwHbGFMdm1ZuL/3n9DKMbPxdJmiFP2HJRlEmCisxfJ6HQnKGcWkKZFvZWwsZUU4Y2oIoNwVt9eZ10ruqeW/fuG7Vmo4ijDGdwDpfgwTU04Q5a0AYGj/AMr/DmKOfFeXc+lq0lp5g5hT9wPn8AqiGPIQ==</latexit><latexit sha1_base64="ggNYy28tHbW2zILQMm4kk1oYvY8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Ae0oWw2m3btJht2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pGJVpxttMSaV7ATVcioS3UaDkvVRzGgeSd4PJ7dzvPnFthEoecJpyP6ajRESCUbRSZ8BChWZYrbl1dwGyTryC1KBAa1j9GoSKZTFPkElqTN9zU/RzqlEwyWeVQWZ4StmEjnjf0oTG3Pj54toZubBKSCKlbSVIFurviZzGxkzjwHbGFMdm1ZuL/3n9DKMbPxdJmiFP2HJRlEmCisxfJ6HQnKGcWkKZFvZWwsZUU4Y2oIoNwVt9eZ10ruqeW/fuG7Vmo4ijDGdwDpfgwTU04Q5a0AYGj/AMr/DmKOfFeXc+lq0lp5g5hT9wPn8AqiGPIQ==</latexit>· · ·<latexit sha1_base64="ggNYy28tHbW2zILQMm4kk1oYvY8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Ae0oWw2m3btJht2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pGJVpxttMSaV7ATVcioS3UaDkvVRzGgeSd4PJ7dzvPnFthEoecJpyP6ajRESCUbRSZ8BChWZYrbl1dwGyTryC1KBAa1j9GoSKZTFPkElqTN9zU/RzqlEwyWeVQWZ4StmEjnjf0oTG3Pj54toZubBKSCKlbSVIFurviZzGxkzjwHbGFMdm1ZuL/3n9DKMbPxdJmiFP2HJRlEmCisxfJ6HQnKGcWkKZFvZWwsZUU4Y2oIoNwVt9eZ10ruqeW/fuG7Vmo4ijDGdwDpfgwTU04Q5a0AYGj/AMr/DmKOfFeXc+lq0lp5g5hT9wPn8AqiGPIQ==</latexit><latexit sha1_base64="ggNYy28tHbW2zILQMm4kk1oYvY8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Ae0oWw2m3btJht2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pGJVpxttMSaV7ATVcioS3UaDkvVRzGgeSd4PJ7dzvPnFthEoecJpyP6ajRESCUbRSZ8BChWZYrbl1dwGyTryC1KBAa1j9GoSKZTFPkElqTN9zU/RzqlEwyWeVQWZ4StmEjnjf0oTG3Pj54toZubBKSCKlbSVIFurviZzGxkzjwHbGFMdm1ZuL/3n9DKMbPxdJmiFP2HJRlEmCisxfJ6HQnKGcWkKZFvZWwsZUU4Y2oIoNwVt9eZ10ruqeW/fuG7Vmo4ijDGdwDpfgwTU04Q5a0AYGj/AMr/DmKOfFeXc+lq0lp5g5hT9wPn8AqiGPIQ==</latexit><latexit sha1_base64="ggNYy28tHbW2zILQMm4kk1oYvY8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Ae0oWw2m3btJht2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pGJVpxttMSaV7ATVcioS3UaDkvVRzGgeSd4PJ7dzvPnFthEoecJpyP6ajRESCUbRSZ8BChWZYrbl1dwGyTryC1KBAa1j9GoSKZTFPkElqTN9zU/RzqlEwyWeVQWZ4StmEjnjf0oTG3Pj54toZubBKSCKlbSVIFurviZzGxkzjwHbGFMdm1ZuL/3n9DKMbPxdJmiFP2HJRlEmCisxfJ6HQnKGcWkKZFvZWwsZUU4Y2oIoNwVt9eZ10ruqeW/fuG7Vmo4ijDGdwDpfgwTU04Q5a0AYGj/AMr/DmKOfFeXc+lq0lp5g5hT9wPn8AqiGPIQ==</latexit><latexit sha1_base64="ggNYy28tHbW2zILQMm4kk1oYvY8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Ae0oWw2m3btJht2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pGJVpxttMSaV7ATVcioS3UaDkvVRzGgeSd4PJ7dzvPnFthEoecJpyP6ajRESCUbRSZ8BChWZYrbl1dwGyTryC1KBAa1j9GoSKZTFPkElqTN9zU/RzqlEwyWeVQWZ4StmEjnjf0oTG3Pj54toZubBKSCKlbSVIFurviZzGxkzjwHbGFMdm1ZuL/3n9DKMbPxdJmiFP2HJRlEmCisxfJ6HQnKGcWkKZFvZWwsZUU4Y2oIoNwVt9eZ10ruqeW/fuG7Vmo4ijDGdwDpfgwTU04Q5a0AYGj/AMr/DmKOfFeXc+lq0lp5g5hT9wPn8AqiGPIQ==</latexit>

|0⟩GKP

|1⟩GKP
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Logical operations on GKP states

 GKP code: Clifford operations via Gaussian operations

Discrete set of displacements
X = exp (−i πp)
Z = exp (i πq) X |0⟩GKP = |1⟩GKP

H = exp (i
π
2

(q2 + p2))
S = exp (iq2/2)
CZ = exp (iq1q2)

q
<latexit sha1_base64="4MA6ccpWeagm54sma+pczmLr8VM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2A9oQ9lsJ+3azSbuboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJb3ZpqgH9GR5CFn1Fip+TgoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXrFXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A12eM5w==</latexit><latexit sha1_base64="4MA6ccpWeagm54sma+pczmLr8VM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2A9oQ9lsJ+3azSbuboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJb3ZpqgH9GR5CFn1Fip+TgoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXrFXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A12eM5w==</latexit><latexit sha1_base64="4MA6ccpWeagm54sma+pczmLr8VM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2A9oQ9lsJ+3azSbuboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJb3ZpqgH9GR5CFn1Fip+TgoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXrFXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A12eM5w==</latexit><latexit sha1_base64="4MA6ccpWeagm54sma+pczmLr8VM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2A9oQ9lsJ+3azSbuboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJb3ZpqgH9GR5CFn1Fip+TgoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXrFXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A12eM5w==</latexit>

2
p
⇡

<latexit sha1_base64="VFu6PoYOlQ6G5OFiw2TRwQMNmtY=">AAAB8nicbVBNS8NAEJ34WetX1aOXYBF6KkkR9Fjw4rGC/YA0lM120y7d7MbdiVBCf4YXD4p49dd489+4bXPQ1gcDj/dmmJkXpYIb9LxvZ2Nza3tnt7RX3j84PDqunJx2jMo0ZW2qhNK9iBgmuGRt5ChYL9WMJJFg3WhyO/e7T0wbruQDTlMWJmQkecwpQSsFjb551Jj3Uz4bVKpe3VvAXSd+QapQoDWofPWHimYJk0gFMSbwvRTDnGjkVLBZuZ8ZlhI6ISMWWCpJwkyYL06euZdWGbqx0rYkugv190ROEmOmSWQ7E4Jjs+rNxf+8IMP4Jsy5TDNkki4XxZlwUbnz/90h14yimFpCqOb2VpeOiSYUbUplG4K/+vI66TTqvlf376+qzVoRRwnO4QJq4MM1NOEOWtAGCgqe4RXeHHRenHfnY9m64RQzZ/AHzucPiO2RUw==</latexit><latexit sha1_base64="VFu6PoYOlQ6G5OFiw2TRwQMNmtY=">AAAB8nicbVBNS8NAEJ34WetX1aOXYBF6KkkR9Fjw4rGC/YA0lM120y7d7MbdiVBCf4YXD4p49dd489+4bXPQ1gcDj/dmmJkXpYIb9LxvZ2Nza3tnt7RX3j84PDqunJx2jMo0ZW2qhNK9iBgmuGRt5ChYL9WMJJFg3WhyO/e7T0wbruQDTlMWJmQkecwpQSsFjb551Jj3Uz4bVKpe3VvAXSd+QapQoDWofPWHimYJk0gFMSbwvRTDnGjkVLBZuZ8ZlhI6ISMWWCpJwkyYL06euZdWGbqx0rYkugv190ROEmOmSWQ7E4Jjs+rNxf+8IMP4Jsy5TDNkki4XxZlwUbnz/90h14yimFpCqOb2VpeOiSYUbUplG4K/+vI66TTqvlf376+qzVoRRwnO4QJq4MM1NOEOWtAGCgqe4RXeHHRenHfnY9m64RQzZ/AHzucPiO2RUw==</latexit><latexit sha1_base64="VFu6PoYOlQ6G5OFiw2TRwQMNmtY=">AAAB8nicbVBNS8NAEJ34WetX1aOXYBF6KkkR9Fjw4rGC/YA0lM120y7d7MbdiVBCf4YXD4p49dd489+4bXPQ1gcDj/dmmJkXpYIb9LxvZ2Nza3tnt7RX3j84PDqunJx2jMo0ZW2qhNK9iBgmuGRt5ChYL9WMJJFg3WhyO/e7T0wbruQDTlMWJmQkecwpQSsFjb551Jj3Uz4bVKpe3VvAXSd+QapQoDWofPWHimYJk0gFMSbwvRTDnGjkVLBZuZ8ZlhI6ISMWWCpJwkyYL06euZdWGbqx0rYkugv190ROEmOmSWQ7E4Jjs+rNxf+8IMP4Jsy5TDNkki4XxZlwUbnz/90h14yimFpCqOb2VpeOiSYUbUplG4K/+vI66TTqvlf376+qzVoRRwnO4QJq4MM1NOEOWtAGCgqe4RXeHHRenHfnY9m64RQzZ/AHzucPiO2RUw==</latexit><latexit sha1_base64="VFu6PoYOlQ6G5OFiw2TRwQMNmtY=">AAAB8nicbVBNS8NAEJ34WetX1aOXYBF6KkkR9Fjw4rGC/YA0lM120y7d7MbdiVBCf4YXD4p49dd489+4bXPQ1gcDj/dmmJkXpYIb9LxvZ2Nza3tnt7RX3j84PDqunJx2jMo0ZW2qhNK9iBgmuGRt5ChYL9WMJJFg3WhyO/e7T0wbruQDTlMWJmQkecwpQSsFjb551Jj3Uz4bVKpe3VvAXSd+QapQoDWofPWHimYJk0gFMSbwvRTDnGjkVLBZuZ8ZlhI6ISMWWCpJwkyYL06euZdWGbqx0rYkugv190ROEmOmSWQ7E4Jjs+rNxf+8IMP4Jsy5TDNkki4XxZlwUbnz/90h14yimFpCqOb2VpeOiSYUbUplG4K/+vI66TTqvlf376+qzVoRRwnO4QJq4MM1NOEOWtAGCgqe4RXeHHRenHfnY9m64RQzZ/AHzucPiO2RUw==</latexit>

4
p
⇡

<latexit sha1_base64="t0qRa77gFXbQZkZu6yFB3nr7Cko=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSL0VBIp6LHgxWMF+wFpKJvtpl262cTdiVBCf4YXD4p49dd489+4bXPQ1gcDj/dmmJkXplIYdN1vZ2Nza3tnt7RX3j84PDqunJx2TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeLaiEQ94DTlQUxHSkSCUbSS3+ibR415PxWzQaXq1t0FyDrxClKFAq1B5as/TFgWc4VMUmN8z00xyKlGwSSflfuZ4SllEzrivqWKxtwE+eLkGbm0ypBEibalkCzU3xM5jY2ZxqHtjCmOzao3F//z/AyjmyAXKs2QK7ZcFGWSYELm/5Oh0JyhnFpCmRb2VsLGVFOGNqWyDcFbfXmddK7qnlv37hvVZq2IowTncAE18OAamnAHLWgDgwSe4RXeHHRenHfnY9m64RQzZ/AHzucPjAmRVQ==</latexit><latexit sha1_base64="t0qRa77gFXbQZkZu6yFB3nr7Cko=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSL0VBIp6LHgxWMF+wFpKJvtpl262cTdiVBCf4YXD4p49dd489+4bXPQ1gcDj/dmmJkXplIYdN1vZ2Nza3tnt7RX3j84PDqunJx2TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeLaiEQ94DTlQUxHSkSCUbSS3+ibR415PxWzQaXq1t0FyDrxClKFAq1B5as/TFgWc4VMUmN8z00xyKlGwSSflfuZ4SllEzrivqWKxtwE+eLkGbm0ypBEibalkCzU3xM5jY2ZxqHtjCmOzao3F//z/AyjmyAXKs2QK7ZcFGWSYELm/5Oh0JyhnFpCmRb2VsLGVFOGNqWyDcFbfXmddK7qnlv37hvVZq2IowTncAE18OAamnAHLWgDgwSe4RXeHHRenHfnY9m64RQzZ/AHzucPjAmRVQ==</latexit><latexit sha1_base64="t0qRa77gFXbQZkZu6yFB3nr7Cko=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSL0VBIp6LHgxWMF+wFpKJvtpl262cTdiVBCf4YXD4p49dd489+4bXPQ1gcDj/dmmJkXplIYdN1vZ2Nza3tnt7RX3j84PDqunJx2TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeLaiEQ94DTlQUxHSkSCUbSS3+ibR415PxWzQaXq1t0FyDrxClKFAq1B5as/TFgWc4VMUmN8z00xyKlGwSSflfuZ4SllEzrivqWKxtwE+eLkGbm0ypBEibalkCzU3xM5jY2ZxqHtjCmOzao3F//z/AyjmyAXKs2QK7ZcFGWSYELm/5Oh0JyhnFpCmRb2VsLGVFOGNqWyDcFbfXmddK7qnlv37hvVZq2IowTncAE18OAamnAHLWgDgwSe4RXeHHRenHfnY9m64RQzZ/AHzucPjAmRVQ==</latexit><latexit sha1_base64="t0qRa77gFXbQZkZu6yFB3nr7Cko=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSL0VBIp6LHgxWMF+wFpKJvtpl262cTdiVBCf4YXD4p49dd489+4bXPQ1gcDj/dmmJkXplIYdN1vZ2Nza3tnt7RX3j84PDqunJx2TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeLaiEQ94DTlQUxHSkSCUbSS3+ibR415PxWzQaXq1t0FyDrxClKFAq1B5as/TFgWc4VMUmN8z00xyKlGwSSflfuZ4SllEzrivqWKxtwE+eLkGbm0ypBEibalkCzU3xM5jY2ZxqHtjCmOzao3F//z/AyjmyAXKs2QK7ZcFGWSYELm/5Oh0JyhnFpCmRb2VsLGVFOGNqWyDcFbfXmddK7qnlv37hvVZq2IowTncAE18OAamnAHLWgDgwSe4RXeHHRenHfnY9m64RQzZ/AHzucPjAmRVQ==</latexit>

�4
p
⇡

<latexit sha1_base64="tbbcCGzxZBLEDi6BWgvfva1larI=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvQiyWRgh4LXjxWsB/QhLLZbtulm826OxFK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzIiW4Qc/7dgobm1vbO8Xd0t7+weFR+fikbZJUU9aiiUh0NyKGCS5ZCzkK1lWakTgSrBNNbud+54lpwxP5gFPFwpiMJB9yStBKwWU9MI8as0DxWb9c8WreAu468XNSgRzNfvkrGCQ0jZlEKogxPd9TGGZEI6eCzUpBapgidEJGrGepJDEzYba4eeZeWGXgDhNtS6K7UH9PZCQ2ZhpHtjMmODar3lz8z+ulOLwJMy5VikzS5aJhKlxM3HkA7oBrRlFMLSFUc3urS8dEE4o2ppINwV99eZ20r2q+V/Pv65VGNY+jCGdwDlXw4RoacAdNaAEFBc/wCm9O6rw4787HsrXg5DOn8AfO5w/3JJGM</latexit><latexit sha1_base64="tbbcCGzxZBLEDi6BWgvfva1larI=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvQiyWRgh4LXjxWsB/QhLLZbtulm826OxFK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzIiW4Qc/7dgobm1vbO8Xd0t7+weFR+fikbZJUU9aiiUh0NyKGCS5ZCzkK1lWakTgSrBNNbud+54lpwxP5gFPFwpiMJB9yStBKwWU9MI8as0DxWb9c8WreAu468XNSgRzNfvkrGCQ0jZlEKogxPd9TGGZEI6eCzUpBapgidEJGrGepJDEzYba4eeZeWGXgDhNtS6K7UH9PZCQ2ZhpHtjMmODar3lz8z+ulOLwJMy5VikzS5aJhKlxM3HkA7oBrRlFMLSFUc3urS8dEE4o2ppINwV99eZ20r2q+V/Pv65VGNY+jCGdwDlXw4RoacAdNaAEFBc/wCm9O6rw4787HsrXg5DOn8AfO5w/3JJGM</latexit><latexit sha1_base64="tbbcCGzxZBLEDi6BWgvfva1larI=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvQiyWRgh4LXjxWsB/QhLLZbtulm826OxFK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzIiW4Qc/7dgobm1vbO8Xd0t7+weFR+fikbZJUU9aiiUh0NyKGCS5ZCzkK1lWakTgSrBNNbud+54lpwxP5gFPFwpiMJB9yStBKwWU9MI8as0DxWb9c8WreAu468XNSgRzNfvkrGCQ0jZlEKogxPd9TGGZEI6eCzUpBapgidEJGrGepJDEzYba4eeZeWGXgDhNtS6K7UH9PZCQ2ZhpHtjMmODar3lz8z+ulOLwJMy5VikzS5aJhKlxM3HkA7oBrRlFMLSFUc3urS8dEE4o2ppINwV99eZ20r2q+V/Pv65VGNY+jCGdwDlXw4RoacAdNaAEFBc/wCm9O6rw4787HsrXg5DOn8AfO5w/3JJGM</latexit><latexit sha1_base64="tbbcCGzxZBLEDi6BWgvfva1larI=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvQiyWRgh4LXjxWsB/QhLLZbtulm826OxFK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzIiW4Qc/7dgobm1vbO8Xd0t7+weFR+fikbZJUU9aiiUh0NyKGCS5ZCzkK1lWakTgSrBNNbud+54lpwxP5gFPFwpiMJB9yStBKwWU9MI8as0DxWb9c8WreAu468XNSgRzNfvkrGCQ0jZlEKogxPd9TGGZEI6eCzUpBapgidEJGrGepJDEzYba4eeZeWGXgDhNtS6K7UH9PZCQ2ZhpHtjMmODar3lz8z+ulOLwJMy5VikzS5aJhKlxM3HkA7oBrRlFMLSFUc3urS8dEE4o2ppINwV99eZ20r2q+V/Pv65VGNY+jCGdwDlXw4RoacAdNaAEFBc/wCm9O6rw4787HsrXg5DOn8AfO5w/3JJGM</latexit>

�2
p
⇡

<latexit sha1_base64="Nh4SPmPOBl0VNExTGHHW8gMWbT0=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvQiyUpgh4LXjxWsB/QhLLZbtulm826OxFK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzIiW4Qc/7dgobm1vbO8Xd0t7+weFR+fikbZJUU9aiiUh0NyKGCS5ZCzkK1lWakTgSrBNNbud+54lpwxP5gFPFwpiMJB9yStBKwWU9MI8as0DxWb9c8WreAu468XNSgRzNfvkrGCQ0jZlEKogxPd9TGGZEI6eCzUpBapgidEJGrGepJDEzYba4eeZeWGXgDhNtS6K7UH9PZCQ2ZhpHtjMmODar3lz8z+ulOLwJMy5VikzS5aJhKlxM3HkA7oBrRlFMLSFUc3urS8dEE4o2ppINwV99eZ206zXfq/n3V5VGNY+jCGdwDlXw4RoacAdNaAEFBc/wCm9O6rw4787HsrXg5DOn8AfO5w/0CJGK</latexit><latexit sha1_base64="Nh4SPmPOBl0VNExTGHHW8gMWbT0=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvQiyUpgh4LXjxWsB/QhLLZbtulm826OxFK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzIiW4Qc/7dgobm1vbO8Xd0t7+weFR+fikbZJUU9aiiUh0NyKGCS5ZCzkK1lWakTgSrBNNbud+54lpwxP5gFPFwpiMJB9yStBKwWU9MI8as0DxWb9c8WreAu468XNSgRzNfvkrGCQ0jZlEKogxPd9TGGZEI6eCzUpBapgidEJGrGepJDEzYba4eeZeWGXgDhNtS6K7UH9PZCQ2ZhpHtjMmODar3lz8z+ulOLwJMy5VikzS5aJhKlxM3HkA7oBrRlFMLSFUc3urS8dEE4o2ppINwV99eZ206zXfq/n3V5VGNY+jCGdwDlXw4RoacAdNaAEFBc/wCm9O6rw4787HsrXg5DOn8AfO5w/0CJGK</latexit><latexit sha1_base64="Nh4SPmPOBl0VNExTGHHW8gMWbT0=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvQiyUpgh4LXjxWsB/QhLLZbtulm826OxFK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzIiW4Qc/7dgobm1vbO8Xd0t7+weFR+fikbZJUU9aiiUh0NyKGCS5ZCzkK1lWakTgSrBNNbud+54lpwxP5gFPFwpiMJB9yStBKwWU9MI8as0DxWb9c8WreAu468XNSgRzNfvkrGCQ0jZlEKogxPd9TGGZEI6eCzUpBapgidEJGrGepJDEzYba4eeZeWGXgDhNtS6K7UH9PZCQ2ZhpHtjMmODar3lz8z+ulOLwJMy5VikzS5aJhKlxM3HkA7oBrRlFMLSFUc3urS8dEE4o2ppINwV99eZ206zXfq/n3V5VGNY+jCGdwDlXw4RoacAdNaAEFBc/wCm9O6rw4787HsrXg5DOn8AfO5w/0CJGK</latexit><latexit sha1_base64="Nh4SPmPOBl0VNExTGHHW8gMWbT0=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvQiyUpgh4LXjxWsB/QhLLZbtulm826OxFK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzIiW4Qc/7dgobm1vbO8Xd0t7+weFR+fikbZJUU9aiiUh0NyKGCS5ZCzkK1lWakTgSrBNNbud+54lpwxP5gFPFwpiMJB9yStBKwWU9MI8as0DxWb9c8WreAu468XNSgRzNfvkrGCQ0jZlEKogxPd9TGGZEI6eCzUpBapgidEJGrGepJDEzYba4eeZeWGXgDhNtS6K7UH9PZCQ2ZhpHtjMmODar3lz8z+ulOLwJMy5VikzS5aJhKlxM3HkA7oBrRlFMLSFUc3urS8dEE4o2ppINwV99eZ206zXfq/n3V5VGNY+jCGdwDlXw4RoacAdNaAEFBc/wCm9O6rw4787HsrXg5DOn8AfO5w/0CJGK</latexit>

0
<latexit sha1_base64="GtPZzOiWyA3oz//C6t/G5jFRh/w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSyx2WK27NXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3Sua55bs1r3VQa1TyOIlzAJVTBgzo04B6a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz9xR4ya</latexit><latexit sha1_base64="GtPZzOiWyA3oz//C6t/G5jFRh/w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSyx2WK27NXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3Sua55bs1r3VQa1TyOIlzAJVTBgzo04B6a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz9xR4ya</latexit><latexit sha1_base64="GtPZzOiWyA3oz//C6t/G5jFRh/w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSyx2WK27NXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3Sua55bs1r3VQa1TyOIlzAJVTBgzo04B6a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz9xR4ya</latexit><latexit sha1_base64="GtPZzOiWyA3oz//C6t/G5jFRh/w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSyx2WK27NXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3Sua55bs1r3VQa1TyOIlzAJVTBgzo04B6a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz9xR4ya</latexit>· · ·<latexit sha1_base64="ggNYy28tHbW2zILQMm4kk1oYvY8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Ae0oWw2m3btJht2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pGJVpxttMSaV7ATVcioS3UaDkvVRzGgeSd4PJ7dzvPnFthEoecJpyP6ajRESCUbRSZ8BChWZYrbl1dwGyTryC1KBAa1j9GoSKZTFPkElqTN9zU/RzqlEwyWeVQWZ4StmEjnjf0oTG3Pj54toZubBKSCKlbSVIFurviZzGxkzjwHbGFMdm1ZuL/3n9DKMbPxdJmiFP2HJRlEmCisxfJ6HQnKGcWkKZFvZWwsZUU4Y2oIoNwVt9eZ10ruqeW/fuG7Vmo4ijDGdwDpfgwTU04Q5a0AYGj/AMr/DmKOfFeXc+lq0lp5g5hT9wPn8AqiGPIQ==</latexit><latexit sha1_base64="ggNYy28tHbW2zILQMm4kk1oYvY8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Ae0oWw2m3btJht2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pGJVpxttMSaV7ATVcioS3UaDkvVRzGgeSd4PJ7dzvPnFthEoecJpyP6ajRESCUbRSZ8BChWZYrbl1dwGyTryC1KBAa1j9GoSKZTFPkElqTN9zU/RzqlEwyWeVQWZ4StmEjnjf0oTG3Pj54toZubBKSCKlbSVIFurviZzGxkzjwHbGFMdm1ZuL/3n9DKMbPxdJmiFP2HJRlEmCisxfJ6HQnKGcWkKZFvZWwsZUU4Y2oIoNwVt9eZ10ruqeW/fuG7Vmo4ijDGdwDpfgwTU04Q5a0AYGj/AMr/DmKOfFeXc+lq0lp5g5hT9wPn8AqiGPIQ==</latexit><latexit sha1_base64="ggNYy28tHbW2zILQMm4kk1oYvY8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Ae0oWw2m3btJht2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pGJVpxttMSaV7ATVcioS3UaDkvVRzGgeSd4PJ7dzvPnFthEoecJpyP6ajRESCUbRSZ8BChWZYrbl1dwGyTryC1KBAa1j9GoSKZTFPkElqTN9zU/RzqlEwyWeVQWZ4StmEjnjf0oTG3Pj54toZubBKSCKlbSVIFurviZzGxkzjwHbGFMdm1ZuL/3n9DKMbPxdJmiFP2HJRlEmCisxfJ6HQnKGcWkKZFvZWwsZUU4Y2oIoNwVt9eZ10ruqeW/fuG7Vmo4ijDGdwDpfgwTU04Q5a0AYGj/AMr/DmKOfFeXc+lq0lp5g5hT9wPn8AqiGPIQ==</latexit><latexit sha1_base64="ggNYy28tHbW2zILQMm4kk1oYvY8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Ae0oWw2m3btJht2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pGJVpxttMSaV7ATVcioS3UaDkvVRzGgeSd4PJ7dzvPnFthEoecJpyP6ajRESCUbRSZ8BChWZYrbl1dwGyTryC1KBAa1j9GoSKZTFPkElqTN9zU/RzqlEwyWeVQWZ4StmEjnjf0oTG3Pj54toZubBKSCKlbSVIFurviZzGxkzjwHbGFMdm1ZuL/3n9DKMbPxdJmiFP2HJRlEmCisxfJ6HQnKGcWkKZFvZWwsZUU4Y2oIoNwVt9eZ10ruqeW/fuG7Vmo4ijDGdwDpfgwTU04Q5a0AYGj/AMr/DmKOfFeXc+lq0lp5g5hT9wPn8AqiGPIQ==</latexit> · · ·<latexit sha1_base64="ggNYy28tHbW2zILQMm4kk1oYvY8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Ae0oWw2m3btJht2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pGJVpxttMSaV7ATVcioS3UaDkvVRzGgeSd4PJ7dzvPnFthEoecJpyP6ajRESCUbRSZ8BChWZYrbl1dwGyTryC1KBAa1j9GoSKZTFPkElqTN9zU/RzqlEwyWeVQWZ4StmEjnjf0oTG3Pj54toZubBKSCKlbSVIFurviZzGxkzjwHbGFMdm1ZuL/3n9DKMbPxdJmiFP2HJRlEmCisxfJ6HQnKGcWkKZFvZWwsZUU4Y2oIoNwVt9eZ10ruqeW/fuG7Vmo4ijDGdwDpfgwTU04Q5a0AYGj/AMr/DmKOfFeXc+lq0lp5g5hT9wPn8AqiGPIQ==</latexit><latexit sha1_base64="ggNYy28tHbW2zILQMm4kk1oYvY8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Ae0oWw2m3btJht2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pGJVpxttMSaV7ATVcioS3UaDkvVRzGgeSd4PJ7dzvPnFthEoecJpyP6ajRESCUbRSZ8BChWZYrbl1dwGyTryC1KBAa1j9GoSKZTFPkElqTN9zU/RzqlEwyWeVQWZ4StmEjnjf0oTG3Pj54toZubBKSCKlbSVIFurviZzGxkzjwHbGFMdm1ZuL/3n9DKMbPxdJmiFP2HJRlEmCisxfJ6HQnKGcWkKZFvZWwsZUU4Y2oIoNwVt9eZ10ruqeW/fuG7Vmo4ijDGdwDpfgwTU04Q5a0AYGj/AMr/DmKOfFeXc+lq0lp5g5hT9wPn8AqiGPIQ==</latexit><latexit sha1_base64="ggNYy28tHbW2zILQMm4kk1oYvY8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Ae0oWw2m3btJht2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pGJVpxttMSaV7ATVcioS3UaDkvVRzGgeSd4PJ7dzvPnFthEoecJpyP6ajRESCUbRSZ8BChWZYrbl1dwGyTryC1KBAa1j9GoSKZTFPkElqTN9zU/RzqlEwyWeVQWZ4StmEjnjf0oTG3Pj54toZubBKSCKlbSVIFurviZzGxkzjwHbGFMdm1ZuL/3n9DKMbPxdJmiFP2HJRlEmCisxfJ6HQnKGcWkKZFvZWwsZUU4Y2oIoNwVt9eZ10ruqeW/fuG7Vmo4ijDGdwDpfgwTU04Q5a0AYGj/AMr/DmKOfFeXc+lq0lp5g5hT9wPn8AqiGPIQ==</latexit><latexit sha1_base64="ggNYy28tHbW2zILQMm4kk1oYvY8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Ae0oWw2m3btJht2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pGJVpxttMSaV7ATVcioS3UaDkvVRzGgeSd4PJ7dzvPnFthEoecJpyP6ajRESCUbRSZ8BChWZYrbl1dwGyTryC1KBAa1j9GoSKZTFPkElqTN9zU/RzqlEwyWeVQWZ4StmEjnjf0oTG3Pj54toZubBKSCKlbSVIFurviZzGxkzjwHbGFMdm1ZuL/3n9DKMbPxdJmiFP2HJRlEmCisxfJ6HQnKGcWkKZFvZWwsZUU4Y2oIoNwVt9eZ10ruqeW/fuG7Vmo4ijDGdwDpfgwTU04Q5a0AYGj/AMr/DmKOfFeXc+lq0lp5g5hT9wPn8AqiGPIQ==</latexit>

q
<latexit sha1_base64="4MA6ccpWeagm54sma+pczmLr8VM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2A9oQ9lsJ+3azSbuboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJb3ZpqgH9GR5CFn1Fip+TgoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXrFXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A12eM5w==</latexit><latexit sha1_base64="4MA6ccpWeagm54sma+pczmLr8VM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2A9oQ9lsJ+3azSbuboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJb3ZpqgH9GR5CFn1Fip+TgoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXrFXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A12eM5w==</latexit><latexit sha1_base64="4MA6ccpWeagm54sma+pczmLr8VM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2A9oQ9lsJ+3azSbuboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJb3ZpqgH9GR5CFn1Fip+TgoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXrFXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A12eM5w==</latexit><latexit sha1_base64="4MA6ccpWeagm54sma+pczmLr8VM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2A9oQ9lsJ+3azSbuboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJb3ZpqgH9GR5CFn1Fip+TgoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXrFXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A12eM5w==</latexit>

�3
p
⇡

<latexit sha1_base64="xbK+oKR3rELVyiv1t/264uwvVdM=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvQiyVRQY8FLx4r2A9oQtlst+3SzWbdnQgl9G948aCIV/+MN/+N2zYHbX0w8Hhvhpl5kRLcoOd9O4W19Y3NreJ2aWd3b/+gfHjUMkmqKWvSRCS6ExHDBJesiRwF6yjNSBwJ1o7GtzO//cS04Yl8wIliYUyGkg84JWil4PwyMI8as0Dxaa9c8WreHO4q8XNSgRyNXvkr6Cc0jZlEKogxXd9TGGZEI6eCTUtBapgidEyGrGupJDEzYTa/eeqeWaXvDhJtS6I7V39PZCQ2ZhJHtjMmODLL3kz8z+umOLgJMy5VikzSxaJBKlxM3FkAbp9rRlFMLCFUc3urS0dEE4o2ppINwV9+eZW0Lmq+V/Pvryr1ah5HEU7gFKrgwzXU4Q4a0AQKCp7hFd6c1Hlx3p2PRWvByWeO4Q+czx/1lpGL</latexit><latexit sha1_base64="xbK+oKR3rELVyiv1t/264uwvVdM=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvQiyVRQY8FLx4r2A9oQtlst+3SzWbdnQgl9G948aCIV/+MN/+N2zYHbX0w8Hhvhpl5kRLcoOd9O4W19Y3NreJ2aWd3b/+gfHjUMkmqKWvSRCS6ExHDBJesiRwF6yjNSBwJ1o7GtzO//cS04Yl8wIliYUyGkg84JWil4PwyMI8as0Dxaa9c8WreHO4q8XNSgRyNXvkr6Cc0jZlEKogxXd9TGGZEI6eCTUtBapgidEyGrGupJDEzYTa/eeqeWaXvDhJtS6I7V39PZCQ2ZhJHtjMmODLL3kz8z+umOLgJMy5VikzSxaJBKlxM3FkAbp9rRlFMLCFUc3urS0dEE4o2ppINwV9+eZW0Lmq+V/Pvryr1ah5HEU7gFKrgwzXU4Q4a0AQKCp7hFd6c1Hlx3p2PRWvByWeO4Q+czx/1lpGL</latexit><latexit sha1_base64="xbK+oKR3rELVyiv1t/264uwvVdM=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvQiyVRQY8FLx4r2A9oQtlst+3SzWbdnQgl9G948aCIV/+MN/+N2zYHbX0w8Hhvhpl5kRLcoOd9O4W19Y3NreJ2aWd3b/+gfHjUMkmqKWvSRCS6ExHDBJesiRwF6yjNSBwJ1o7GtzO//cS04Yl8wIliYUyGkg84JWil4PwyMI8as0Dxaa9c8WreHO4q8XNSgRyNXvkr6Cc0jZlEKogxXd9TGGZEI6eCTUtBapgidEyGrGupJDEzYTa/eeqeWaXvDhJtS6I7V39PZCQ2ZhJHtjMmODLL3kz8z+umOLgJMy5VikzSxaJBKlxM3FkAbp9rRlFMLCFUc3urS0dEE4o2ppINwV9+eZW0Lmq+V/Pvryr1ah5HEU7gFKrgwzXU4Q4a0AQKCp7hFd6c1Hlx3p2PRWvByWeO4Q+czx/1lpGL</latexit><latexit sha1_base64="xbK+oKR3rELVyiv1t/264uwvVdM=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvQiyVRQY8FLx4r2A9oQtlst+3SzWbdnQgl9G948aCIV/+MN/+N2zYHbX0w8Hhvhpl5kRLcoOd9O4W19Y3NreJ2aWd3b/+gfHjUMkmqKWvSRCS6ExHDBJesiRwF6yjNSBwJ1o7GtzO//cS04Yl8wIliYUyGkg84JWil4PwyMI8as0Dxaa9c8WreHO4q8XNSgRyNXvkr6Cc0jZlEKogxXd9TGGZEI6eCTUtBapgidEyGrGupJDEzYTa/eeqeWaXvDhJtS6I7V39PZCQ2ZhJHtjMmODLL3kz8z+umOLgJMy5VikzSxaJBKlxM3FkAbp9rRlFMLCFUc3urS0dEE4o2ppINwV9+eZW0Lmq+V/Pvryr1ah5HEU7gFKrgwzXU4Q4a0AQKCp7hFd6c1Hlx3p2PRWvByWeO4Q+czx/1lpGL</latexit>

3
p
⇡

<latexit sha1_base64="ocLnCCS3NW3YA/H8URO6/dUjzbw=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSL0VBIV9Fjw4rGC/YAmlM120y7dZOPuRCihP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo7bRmWa8RZTUuluSA2XIuEtFCh5N9WcxqHknXB8O/M7T1wboZIHnKQ8iOkwEZFgFK3Uu/TNo8bcT8W0X6m6dXcOskq8glShQLNf+fIHimUxT5BJakzPc1MMcqpRMMmnZT8zPKVsTIe8Z2lCY26CfH7ylJxbZUAipW0lSObq74mcxsZM4tB2xhRHZtmbif95vQyjmyAXSZohT9hiUZRJgorM/icDoTlDObGEMi3srYSNqKYMbUplG4K3/PIqaV/UPbfu3V9VG7UijhKcwhnUwINraMAdNKEFDBQ8wyu8Oei8OO/Ox6J1zSlmTuAPnM8finuRVA==</latexit><latexit sha1_base64="ocLnCCS3NW3YA/H8URO6/dUjzbw=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSL0VBIV9Fjw4rGC/YAmlM120y7dZOPuRCihP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo7bRmWa8RZTUuluSA2XIuEtFCh5N9WcxqHknXB8O/M7T1wboZIHnKQ8iOkwEZFgFK3Uu/TNo8bcT8W0X6m6dXcOskq8glShQLNf+fIHimUxT5BJakzPc1MMcqpRMMmnZT8zPKVsTIe8Z2lCY26CfH7ylJxbZUAipW0lSObq74mcxsZM4tB2xhRHZtmbif95vQyjmyAXSZohT9hiUZRJgorM/icDoTlDObGEMi3srYSNqKYMbUplG4K3/PIqaV/UPbfu3V9VG7UijhKcwhnUwINraMAdNKEFDBQ8wyu8Oei8OO/Ox6J1zSlmTuAPnM8finuRVA==</latexit><latexit sha1_base64="ocLnCCS3NW3YA/H8URO6/dUjzbw=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSL0VBIV9Fjw4rGC/YAmlM120y7dZOPuRCihP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo7bRmWa8RZTUuluSA2XIuEtFCh5N9WcxqHknXB8O/M7T1wboZIHnKQ8iOkwEZFgFK3Uu/TNo8bcT8W0X6m6dXcOskq8glShQLNf+fIHimUxT5BJakzPc1MMcqpRMMmnZT8zPKVsTIe8Z2lCY26CfH7ylJxbZUAipW0lSObq74mcxsZM4tB2xhRHZtmbif95vQyjmyAXSZohT9hiUZRJgorM/icDoTlDObGEMi3srYSNqKYMbUplG4K3/PIqaV/UPbfu3V9VG7UijhKcwhnUwINraMAdNKEFDBQ8wyu8Oei8OO/Ox6J1zSlmTuAPnM8finuRVA==</latexit><latexit sha1_base64="ocLnCCS3NW3YA/H8URO6/dUjzbw=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSL0VBIV9Fjw4rGC/YAmlM120y7dZOPuRCihP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo7bRmWa8RZTUuluSA2XIuEtFCh5N9WcxqHknXB8O/M7T1wboZIHnKQ8iOkwEZFgFK3Uu/TNo8bcT8W0X6m6dXcOskq8glShQLNf+fIHimUxT5BJakzPc1MMcqpRMMmnZT8zPKVsTIe8Z2lCY26CfH7ylJxbZUAipW0lSObq74mcxsZM4tB2xhRHZtmbif95vQyjmyAXSZohT9hiUZRJgorM/icDoTlDObGEMi3srYSNqKYMbUplG4K3/PIqaV/UPbfu3V9VG7UijhKcwhnUwINraMAdNKEFDBQ8wyu8Oei8OO/Ox6J1zSlmTuAPnM8finuRVA==</latexit>

p
⇡

<latexit sha1_base64="FpQmiW128JJRok200oexF19Ix7E=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSL0VBIR9Fjw4rGC/cAmlM120y7dbOLuRCih/8KLB0W8+m+8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo7bJsk04y2WyER3Q2q4FIq3UKDk3VRzGoeSd8LxzczvPHFtRKLucZLyIKZDJSLBKFrpwTePGnM/FdN+perW3TnIKvEKUoUCzX7lyx8kLIu5QiapMT3PTTHIqUbBJJ+W/czwlLIxHfKepYrG3AT5/OIpObfKgESJtqWQzNXfEzmNjZnEoe2MKY7MsjcT//N6GUbXQS5UmiFXbLEoyiTBhMzeJwOhOUM5sYQyLeythI2opgxtSGUbgrf88ippX9Q9t+7dXVYbtSKOEpzCGdTAgytowC00oQUMFDzDK7w5xnlx3p2PReuaU8ycwB84nz8WO5EX</latexit><latexit sha1_base64="FpQmiW128JJRok200oexF19Ix7E=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSL0VBIR9Fjw4rGC/cAmlM120y7dbOLuRCih/8KLB0W8+m+8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo7bJsk04y2WyER3Q2q4FIq3UKDk3VRzGoeSd8LxzczvPHFtRKLucZLyIKZDJSLBKFrpwTePGnM/FdN+perW3TnIKvEKUoUCzX7lyx8kLIu5QiapMT3PTTHIqUbBJJ+W/czwlLIxHfKepYrG3AT5/OIpObfKgESJtqWQzNXfEzmNjZnEoe2MKY7MsjcT//N6GUbXQS5UmiFXbLEoyiTBhMzeJwOhOUM5sYQyLeythI2opgxtSGUbgrf88ippX9Q9t+7dXVYbtSKOEpzCGdTAgytowC00oQUMFDzDK7w5xnlx3p2PReuaU8ycwB84nz8WO5EX</latexit><latexit sha1_base64="FpQmiW128JJRok200oexF19Ix7E=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSL0VBIR9Fjw4rGC/cAmlM120y7dbOLuRCih/8KLB0W8+m+8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo7bJsk04y2WyER3Q2q4FIq3UKDk3VRzGoeSd8LxzczvPHFtRKLucZLyIKZDJSLBKFrpwTePGnM/FdN+perW3TnIKvEKUoUCzX7lyx8kLIu5QiapMT3PTTHIqUbBJJ+W/czwlLIxHfKepYrG3AT5/OIpObfKgESJtqWQzNXfEzmNjZnEoe2MKY7MsjcT//N6GUbXQS5UmiFXbLEoyiTBhMzeJwOhOUM5sYQyLeythI2opgxtSGUbgrf88ippX9Q9t+7dXVYbtSKOEpzCGdTAgytowC00oQUMFDzDK7w5xnlx3p2PReuaU8ycwB84nz8WO5EX</latexit><latexit sha1_base64="FpQmiW128JJRok200oexF19Ix7E=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSL0VBIR9Fjw4rGC/cAmlM120y7dbOLuRCih/8KLB0W8+m+8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo7bJsk04y2WyER3Q2q4FIq3UKDk3VRzGoeSd8LxzczvPHFtRKLucZLyIKZDJSLBKFrpwTePGnM/FdN+perW3TnIKvEKUoUCzX7lyx8kLIu5QiapMT3PTTHIqUbBJJ+W/czwlLIxHfKepYrG3AT5/OIpObfKgESJtqWQzNXfEzmNjZnEoe2MKY7MsjcT//N6GUbXQS5UmiFXbLEoyiTBhMzeJwOhOUM5sYQyLeythI2opgxtSGUbgrf88ippX9Q9t+7dXVYbtSKOEpzCGdTAgytowC00oQUMFDzDK7w5xnlx3p2PReuaU8ycwB84nz8WO5EX</latexit>

�
p
⇡

<latexit sha1_base64="BzfVeXfPsB14KqduI7KYAMqOEOA=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSL0YklE0GPBi8cK9gOSUDbbbbt0k427E6GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSqUw6Lrfztr6xubWdmmnvLu3f3BYOTpuG5VpxltMSaW7ETVcioS3UKDk3VRzGkeSd6Lx7czvPHFthEoecJLyMKbDRAwEo2gl/yIwjxrzIBXTXqXq1t05yCrxClKFAs1e5SvoK5bFPEEmqTG+56YY5lSjYJJPy0FmeErZmA65b2lCY27CfH7ylJxbpU8GSttKkMzV3xM5jY2ZxJHtjCmOzLI3E//z/AwHN2EukjRDnrDFokEmCSoy+5/0heYM5cQSyrSwtxI2opoytCmVbQje8surpH1Z99y6d39VbdSKOEpwCmdQAw+uoQF30IQWMFDwDK/w5qDz4rw7H4vWNaeYOYE/cD5/AIEnkU4=</latexit><latexit sha1_base64="BzfVeXfPsB14KqduI7KYAMqOEOA=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSL0YklE0GPBi8cK9gOSUDbbbbt0k427E6GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSqUw6Lrfztr6xubWdmmnvLu3f3BYOTpuG5VpxltMSaW7ETVcioS3UKDk3VRzGkeSd6Lx7czvPHFthEoecJLyMKbDRAwEo2gl/yIwjxrzIBXTXqXq1t05yCrxClKFAs1e5SvoK5bFPEEmqTG+56YY5lSjYJJPy0FmeErZmA65b2lCY27CfH7ylJxbpU8GSttKkMzV3xM5jY2ZxJHtjCmOzLI3E//z/AwHN2EukjRDnrDFokEmCSoy+5/0heYM5cQSyrSwtxI2opoytCmVbQje8surpH1Z99y6d39VbdSKOEpwCmdQAw+uoQF30IQWMFDwDK/w5qDz4rw7H4vWNaeYOYE/cD5/AIEnkU4=</latexit><latexit sha1_base64="BzfVeXfPsB14KqduI7KYAMqOEOA=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSL0YklE0GPBi8cK9gOSUDbbbbt0k427E6GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSqUw6Lrfztr6xubWdmmnvLu3f3BYOTpuG5VpxltMSaW7ETVcioS3UKDk3VRzGkeSd6Lx7czvPHFthEoecJLyMKbDRAwEo2gl/yIwjxrzIBXTXqXq1t05yCrxClKFAs1e5SvoK5bFPEEmqTG+56YY5lSjYJJPy0FmeErZmA65b2lCY27CfH7ylJxbpU8GSttKkMzV3xM5jY2ZxJHtjCmOzLI3E//z/AwHN2EukjRDnrDFokEmCSoy+5/0heYM5cQSyrSwtxI2opoytCmVbQje8surpH1Z99y6d39VbdSKOEpwCmdQAw+uoQF30IQWMFDwDK/w5qDz4rw7H4vWNaeYOYE/cD5/AIEnkU4=</latexit><latexit sha1_base64="BzfVeXfPsB14KqduI7KYAMqOEOA=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSL0YklE0GPBi8cK9gOSUDbbbbt0k427E6GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSqUw6Lrfztr6xubWdmmnvLu3f3BYOTpuG5VpxltMSaW7ETVcioS3UKDk3VRzGkeSd6Lx7czvPHFthEoecJLyMKbDRAwEo2gl/yIwjxrzIBXTXqXq1t05yCrxClKFAs1e5SvoK5bFPEEmqTG+56YY5lSjYJJPy0FmeErZmA65b2lCY27CfH7ylJxbpU8GSttKkMzV3xM5jY2ZxJHtjCmOzLI3E//z/AwHN2EukjRDnrDFokEmCSoy+5/0heYM5cQSyrSwtxI2opoytCmVbQje8surpH1Z99y6d39VbdSKOEpwCmdQAw+uoQF30IQWMFDwDK/w5qDz4rw7H4vWNaeYOYE/cD5/AIEnkU4=</latexit>

· · ·<latexit sha1_base64="ggNYy28tHbW2zILQMm4kk1oYvY8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Ae0oWw2m3btJht2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pGJVpxttMSaV7ATVcioS3UaDkvVRzGgeSd4PJ7dzvPnFthEoecJpyP6ajRESCUbRSZ8BChWZYrbl1dwGyTryC1KBAa1j9GoSKZTFPkElqTN9zU/RzqlEwyWeVQWZ4StmEjnjf0oTG3Pj54toZubBKSCKlbSVIFurviZzGxkzjwHbGFMdm1ZuL/3n9DKMbPxdJmiFP2HJRlEmCisxfJ6HQnKGcWkKZFvZWwsZUU4Y2oIoNwVt9eZ10ruqeW/fuG7Vmo4ijDGdwDpfgwTU04Q5a0AYGj/AMr/DmKOfFeXc+lq0lp5g5hT9wPn8AqiGPIQ==</latexit><latexit sha1_base64="ggNYy28tHbW2zILQMm4kk1oYvY8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Ae0oWw2m3btJht2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pGJVpxttMSaV7ATVcioS3UaDkvVRzGgeSd4PJ7dzvPnFthEoecJpyP6ajRESCUbRSZ8BChWZYrbl1dwGyTryC1KBAa1j9GoSKZTFPkElqTN9zU/RzqlEwyWeVQWZ4StmEjnjf0oTG3Pj54toZubBKSCKlbSVIFurviZzGxkzjwHbGFMdm1ZuL/3n9DKMbPxdJmiFP2HJRlEmCisxfJ6HQnKGcWkKZFvZWwsZUU4Y2oIoNwVt9eZ10ruqeW/fuG7Vmo4ijDGdwDpfgwTU04Q5a0AYGj/AMr/DmKOfFeXc+lq0lp5g5hT9wPn8AqiGPIQ==</latexit><latexit sha1_base64="ggNYy28tHbW2zILQMm4kk1oYvY8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Ae0oWw2m3btJht2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pGJVpxttMSaV7ATVcioS3UaDkvVRzGgeSd4PJ7dzvPnFthEoecJpyP6ajRESCUbRSZ8BChWZYrbl1dwGyTryC1KBAa1j9GoSKZTFPkElqTN9zU/RzqlEwyWeVQWZ4StmEjnjf0oTG3Pj54toZubBKSCKlbSVIFurviZzGxkzjwHbGFMdm1ZuL/3n9DKMbPxdJmiFP2HJRlEmCisxfJ6HQnKGcWkKZFvZWwsZUU4Y2oIoNwVt9eZ10ruqeW/fuG7Vmo4ijDGdwDpfgwTU04Q5a0AYGj/AMr/DmKOfFeXc+lq0lp5g5hT9wPn8AqiGPIQ==</latexit><latexit sha1_base64="ggNYy28tHbW2zILQMm4kk1oYvY8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Ae0oWw2m3btJht2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pGJVpxttMSaV7ATVcioS3UaDkvVRzGgeSd4PJ7dzvPnFthEoecJpyP6ajRESCUbRSZ8BChWZYrbl1dwGyTryC1KBAa1j9GoSKZTFPkElqTN9zU/RzqlEwyWeVQWZ4StmEjnjf0oTG3Pj54toZubBKSCKlbSVIFurviZzGxkzjwHbGFMdm1ZuL/3n9DKMbPxdJmiFP2HJRlEmCisxfJ6HQnKGcWkKZFvZWwsZUU4Y2oIoNwVt9eZ10ruqeW/fuG7Vmo4ijDGdwDpfgwTU04Q5a0AYGj/AMr/DmKOfFeXc+lq0lp5g5hT9wPn8AqiGPIQ==</latexit>· · ·<latexit sha1_base64="ggNYy28tHbW2zILQMm4kk1oYvY8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Ae0oWw2m3btJht2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pGJVpxttMSaV7ATVcioS3UaDkvVRzGgeSd4PJ7dzvPnFthEoecJpyP6ajRESCUbRSZ8BChWZYrbl1dwGyTryC1KBAa1j9GoSKZTFPkElqTN9zU/RzqlEwyWeVQWZ4StmEjnjf0oTG3Pj54toZubBKSCKlbSVIFurviZzGxkzjwHbGFMdm1ZuL/3n9DKMbPxdJmiFP2HJRlEmCisxfJ6HQnKGcWkKZFvZWwsZUU4Y2oIoNwVt9eZ10ruqeW/fuG7Vmo4ijDGdwDpfgwTU04Q5a0AYGj/AMr/DmKOfFeXc+lq0lp5g5hT9wPn8AqiGPIQ==</latexit><latexit sha1_base64="ggNYy28tHbW2zILQMm4kk1oYvY8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Ae0oWw2m3btJht2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pGJVpxttMSaV7ATVcioS3UaDkvVRzGgeSd4PJ7dzvPnFthEoecJpyP6ajRESCUbRSZ8BChWZYrbl1dwGyTryC1KBAa1j9GoSKZTFPkElqTN9zU/RzqlEwyWeVQWZ4StmEjnjf0oTG3Pj54toZubBKSCKlbSVIFurviZzGxkzjwHbGFMdm1ZuL/3n9DKMbPxdJmiFP2HJRlEmCisxfJ6HQnKGcWkKZFvZWwsZUU4Y2oIoNwVt9eZ10ruqeW/fuG7Vmo4ijDGdwDpfgwTU04Q5a0AYGj/AMr/DmKOfFeXc+lq0lp5g5hT9wPn8AqiGPIQ==</latexit><latexit sha1_base64="ggNYy28tHbW2zILQMm4kk1oYvY8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Ae0oWw2m3btJht2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pGJVpxttMSaV7ATVcioS3UaDkvVRzGgeSd4PJ7dzvPnFthEoecJpyP6ajRESCUbRSZ8BChWZYrbl1dwGyTryC1KBAa1j9GoSKZTFPkElqTN9zU/RzqlEwyWeVQWZ4StmEjnjf0oTG3Pj54toZubBKSCKlbSVIFurviZzGxkzjwHbGFMdm1ZuL/3n9DKMbPxdJmiFP2HJRlEmCisxfJ6HQnKGcWkKZFvZWwsZUU4Y2oIoNwVt9eZ10ruqeW/fuG7Vmo4ijDGdwDpfgwTU04Q5a0AYGj/AMr/DmKOfFeXc+lq0lp5g5hT9wPn8AqiGPIQ==</latexit><latexit sha1_base64="ggNYy28tHbW2zILQMm4kk1oYvY8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Ae0oWw2m3btJht2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pGJVpxttMSaV7ATVcioS3UaDkvVRzGgeSd4PJ7dzvPnFthEoecJpyP6ajRESCUbRSZ8BChWZYrbl1dwGyTryC1KBAa1j9GoSKZTFPkElqTN9zU/RzqlEwyWeVQWZ4StmEjnjf0oTG3Pj54toZubBKSCKlbSVIFurviZzGxkzjwHbGFMdm1ZuL/3n9DKMbPxdJmiFP2HJRlEmCisxfJ6HQnKGcWkKZFvZWwsZUU4Y2oIoNwVt9eZ10ruqeW/fuG7Vmo4ijDGdwDpfgwTU04Q5a0AYGj/AMr/DmKOfFeXc+lq0lp5g5hT9wPn8AqiGPIQ==</latexit>

|0⟩GKP

|1⟩GKP
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T-gate and notion of universal quantum computation in CV (2)

When given a bosonic encoding, one can perform universal quantum 
computation if one can perform universal encoded qubit quantum computation

• One possible universal qubit gate set:

<latexit sha1_base64="gQR/461XLEdbZPrS1OBVwG3gu0Q=">AAACD3icbVDLSsNAFJ3UV42vqks3g0VpEUoSFN0IRTddVrAPaNIymU7aoZNknJmIJfQP3Pgrblwo4tatO//G6WOhrQcuHM65l3vv8TmjUlnWt5FZWl5ZXcuumxubW9s7ud29uowTgUkNxywWTR9JwmhEaooqRppcEBT6jDT8wfXYb9wTIWkc3aohJ16IehENKEZKS53csVmBl9AlDxwWKHQDgXDqcjpKnVHhru3AE8jbTrHYyeWtkjUBXCT2jOTBDNVO7svtxjgJSaQwQ1K2bIsrL0VCUczIyHQTSTjCA9QjLU0jFBLppZN/RvBIK10YxEJXpOBE/T2RolDKYejrzhCpvpz3xuJ/XitRwYWX0ognikR4uihIGFQxHIcDu1QQrNhQE4QF1bdC3Ec6E6UjNHUI9vzLi6TulOyzknVzmi9fzeLIggNwCArABuegDCqgCmoAg0fwDF7Bm/FkvBjvxse0NWPMZvbBHxifP0cWmak=</latexit>

H = exp(i
⇡

2
(q2 + p

2))

CZ = exp (iq1q2)
<latexit sha1_base64="uKYde8X6ZRqLotFF0IOeD0BieGk=">AAACC3icbVDJSgNBEK1xN25xuXlpFEEvYSYIehEELx4VTCJmwtjTqUkaexa7a8Qw5O7FX/HiQRGv/oA3/8ZO4sHtQcHjvSqq6oWZkoZc98MZG5+YnJqemS3NzS8sLpWXV+omzbXAmkhVqs9DblDJBGskSeF5ppHHocJGeHU08Bs3qI1MkzPqZdiKeSeRkRScrBSUN46C4qJ/4ONt5iuMaJtJdh14tqrM17LTpZ2gvOlW3CHYX+J9kc3DtSi6BICToPzut1ORx5iQUNyYpudm1Cq4JikU9kt+bjDj4op3sGlpwmM0rWL4S59tWaXNolTbSogN1e8TBY+N6cWh7Yw5dc1vbyD+5zVzivZbhUyynDARo0VRrhilbBAMa0uNglTPEi60tLcy0eWaC7LxlWwI3u+X/5J6teK5Fe/UprELI8zAOmzANniwB4dwDCdQAwF38ABP8OzcO4/Oi/M6ah1zvmZW4Qect0/Ky5sF</latexit><latexit sha1_base64="Hwa8CqEM8+mapqzZ2DjtdzZon6k=">AAACC3icbVDJSgNBEO2Je9zicvPSJAjxEmaCoBch4MWjgjHBTBh6OjVJk57F7hoxDLl78Ve8eFDEqz/gzb+xsxw08UHB470qqur5iRQabfvbyi0sLi2vrK7l1zc2t7YLO7s3Ok4VhzqPZayaPtMgRQR1FCihmShgoS+h4ffPR37jHpQWcXSNgwTaIetGIhCcoZG8QvHcy26HZy48JK6EAMtU0DvPMVWlrhLdHh55hZJdsceg88SZklJtPxjj0it8uZ2YpyFEyCXTuuXYCbYzplBwCcO8m2pIGO+zLrQMjVgIup2NfxnSQ6N0aBArUxHSsfp7ImOh1oPQN50hw56e9Ubif14rxeC0nYkoSREiPlkUpJJiTEfB0I5QwFEODGFcCXMr5T2mGEcTX96E4My+PE9uqhXHrjhXJo1jMsEqOSBFUiYOOSE1ckEuSZ1w8kieySt5s56sF+vd+pi05qzpzB75A+vzB2vFnD0=</latexit><latexit sha1_base64="Hwa8CqEM8+mapqzZ2DjtdzZon6k=">AAACC3icbVDJSgNBEO2Je9zicvPSJAjxEmaCoBch4MWjgjHBTBh6OjVJk57F7hoxDLl78Ve8eFDEqz/gzb+xsxw08UHB470qqur5iRQabfvbyi0sLi2vrK7l1zc2t7YLO7s3Ok4VhzqPZayaPtMgRQR1FCihmShgoS+h4ffPR37jHpQWcXSNgwTaIetGIhCcoZG8QvHcy26HZy48JK6EAMtU0DvPMVWlrhLdHh55hZJdsceg88SZklJtPxjj0it8uZ2YpyFEyCXTuuXYCbYzplBwCcO8m2pIGO+zLrQMjVgIup2NfxnSQ6N0aBArUxHSsfp7ImOh1oPQN50hw56e9Ubif14rxeC0nYkoSREiPlkUpJJiTEfB0I5QwFEODGFcCXMr5T2mGEcTX96E4My+PE9uqhXHrjhXJo1jMsEqOSBFUiYOOSE1ckEuSZ1w8kieySt5s56sF+vd+pi05qzpzB75A+vzB2vFnD0=</latexit><latexit sha1_base64="MPR5wJ/xUtfuOjaV/Ow+sm7g19E=">AAACC3icbVA9SwNBEN3zM8avqKXNYhC0CXdB0EYIpLGMYBIxdxx7m7lkyd6Hu3NiONLb+FdsLBSx9Q/Y+W/cxCv8ejDweG+GmXlBKoVG2/6w5uYXFpeWSyvl1bX1jc3K1nZHJ5ni0OaJTNRlwDRIEUMbBUq4TBWwKJDQDUbNqd+9AaVFEl/gOAUvYoNYhIIzNJJf2Wv6+dXk1IXb1JUQ4gEV9Np3TNWpq8RgiId+pWrX7BnoX+IUpEoKtPzKu9tPeBZBjFwyrXuOnaKXM4WCS5iU3UxDyviIDaBnaMwi0F4++2VC943Sp2GiTMVIZ+r3iZxFWo+jwHRGDIf6tzcV//N6GYYnXi7iNEOI+deiMJMUEzoNhvaFAo5ybAjjSphbKR8yxTia+MomBOf3y39Jp15z7JpzblcbR0UcJbJL9sgBccgxaZAz0iJtwskdeSBP5Nm6tx6tF+v1q3XOKmZ2yA9Yb5/EP5mF</latexit>

• Example with the GKP code:



For |0> and |1> states: 1/4 of the summands are negative and 3/4 are positive

L. García-Álvarez, A. Ferraro, G. Ferrini, International Symposium on 
Mathematics, Quantum Theory, and Cryptography p.79, Springer (2021)

Expression for general states in:

W (j)(q, p) =
1

2n↵
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st
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2 )
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<latexit sha1_base64="L/8DPpEgPEMvomR9eAQX1TOg3/0="></latexit><latexit sha1_base64="L/8DPpEgPEMvomR9eAQX1TOg3/0="></latexit><latexit sha1_base64="L/8DPpEgPEMvomR9eAQX1TOg3/0="></latexit><latexit sha1_base64="L/8DPpEgPEMvomR9eAQX1TOg3/0="></latexit>

Wigner function of GKP states

q :
p
⇡

<latexit sha1_base64="jdmMswtlLkm3ZPAz/ZuBXuvoQdg=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKexKQPEU8OIxgnlANobZyWwyZPaRmV4lLPkPLx4U8eq/ePNvnE32oIkFDUVVN91dXiyFRtv+tgpr6xubW8Xt0s7u3v5B+fCopaNEMd5kkYxUx6OaSxHyJgqUvBMrTgNP8rY3vsn89iNXWkThPU5j3gvoMBS+YBSN9DC5Jq6eKEzdWMxK/XLFrtpzkFXi5KQCORr98pc7iFgS8BCZpFp3HTvGXkoVCib5rOQmmseUjemQdw0NacB1L51fPSNnRhkQP1KmQiRz9fdESgOtp4FnOgOKI73sZeJ/XjdB/6qXijBOkIdsschPJMGIZBGQgVCcoZwaQpkS5lbCRlRRhiaoLARn+eVV0rqoOnbVuatV6rU8jiKcwCmcgwOXUIdbaEATGCh4hld4s56sF+vd+li0Fqx85hj+wPr8Af7GkiA=</latexit><latexit sha1_base64="jdmMswtlLkm3ZPAz/ZuBXuvoQdg=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKexKQPEU8OIxgnlANobZyWwyZPaRmV4lLPkPLx4U8eq/ePNvnE32oIkFDUVVN91dXiyFRtv+tgpr6xubW8Xt0s7u3v5B+fCopaNEMd5kkYxUx6OaSxHyJgqUvBMrTgNP8rY3vsn89iNXWkThPU5j3gvoMBS+YBSN9DC5Jq6eKEzdWMxK/XLFrtpzkFXi5KQCORr98pc7iFgS8BCZpFp3HTvGXkoVCib5rOQmmseUjemQdw0NacB1L51fPSNnRhkQP1KmQiRz9fdESgOtp4FnOgOKI73sZeJ/XjdB/6qXijBOkIdsschPJMGIZBGQgVCcoZwaQpkS5lbCRlRRhiaoLARn+eVV0rqoOnbVuatV6rU8jiKcwCmcgwOXUIdbaEATGCh4hld4s56sF+vd+li0Fqx85hj+wPr8Af7GkiA=</latexit><latexit sha1_base64="jdmMswtlLkm3ZPAz/ZuBXuvoQdg=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKexKQPEU8OIxgnlANobZyWwyZPaRmV4lLPkPLx4U8eq/ePNvnE32oIkFDUVVN91dXiyFRtv+tgpr6xubW8Xt0s7u3v5B+fCopaNEMd5kkYxUx6OaSxHyJgqUvBMrTgNP8rY3vsn89iNXWkThPU5j3gvoMBS+YBSN9DC5Jq6eKEzdWMxK/XLFrtpzkFXi5KQCORr98pc7iFgS8BCZpFp3HTvGXkoVCib5rOQmmseUjemQdw0NacB1L51fPSNnRhkQP1KmQiRz9fdESgOtp4FnOgOKI73sZeJ/XjdB/6qXijBOkIdsschPJMGIZBGQgVCcoZwaQpkS5lbCRlRRhiaoLARn+eVV0rqoOnbVuatV6rU8jiKcwCmcgwOXUIdbaEATGCh4hld4s56sF+vd+li0Fqx85hj+wPr8Af7GkiA=</latexit><latexit sha1_base64="jdmMswtlLkm3ZPAz/ZuBXuvoQdg=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKexKQPEU8OIxgnlANobZyWwyZPaRmV4lLPkPLx4U8eq/ePNvnE32oIkFDUVVN91dXiyFRtv+tgpr6xubW8Xt0s7u3v5B+fCopaNEMd5kkYxUx6OaSxHyJgqUvBMrTgNP8rY3vsn89iNXWkThPU5j3gvoMBS+YBSN9DC5Jq6eKEzdWMxK/XLFrtpzkFXi5KQCORr98pc7iFgS8BCZpFp3HTvGXkoVCib5rOQmmseUjemQdw0NacB1L51fPSNnRhkQP1KmQiRz9fdESgOtp4FnOgOKI73sZeJ/XjdB/6qXijBOkIdsschPJMGIZBGQgVCcoZwaQpkS5lbCRlRRhiaoLARn+eVV0rqoOnbVuatV6rU8jiKcwCmcgwOXUIdbaEATGCh4hld4s56sF+vd+li0Fqx85hj+wPr8Af7GkiA=</latexit>

p :
p
⇡/2

<latexit sha1_base64="hiHsmoV0/dv1AkAibVM7gbdXTU0=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwVJNSUDwVvHisYD+gDWWz3bRLN8m6OxFCiH/FiwdFvPpDvPlv3LY5aOuDgcd7M8zM86XgGhzn21pb39jc2i7tlHf39g8O7aPjjo4TRVmbxiJWPZ9oJnjE2sBBsJ5UjIS+YF1/ejPzu49MaR5H95BK5oVkHPGAUwJGGtoVeY2zgX5QkA0kz/OLrJ4P7apTc+bAq8QtSBUVaA3tr8EopknIIqCCaN13HQleRhRwKlheHiSaSUKnZMz6hkYkZNrL5sfn+MwoIxzEylQEeK7+nshIqHUa+qYzJDDRy95M/M/rJxBceRmPZAIsootFQSIwxHiWBB5xxSiI1BBCFTe3YjohilAweZVNCO7yy6ukU6+5Ts29a1SbjSKOEjpBp+gcuegSNdEtaqE2oihFz+gVvVlP1ov1bn0sWtesYqaC/sD6/AHCc5TJ</latexit><latexit sha1_base64="hiHsmoV0/dv1AkAibVM7gbdXTU0=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwVJNSUDwVvHisYD+gDWWz3bRLN8m6OxFCiH/FiwdFvPpDvPlv3LY5aOuDgcd7M8zM86XgGhzn21pb39jc2i7tlHf39g8O7aPjjo4TRVmbxiJWPZ9oJnjE2sBBsJ5UjIS+YF1/ejPzu49MaR5H95BK5oVkHPGAUwJGGtoVeY2zgX5QkA0kz/OLrJ4P7apTc+bAq8QtSBUVaA3tr8EopknIIqCCaN13HQleRhRwKlheHiSaSUKnZMz6hkYkZNrL5sfn+MwoIxzEylQEeK7+nshIqHUa+qYzJDDRy95M/M/rJxBceRmPZAIsootFQSIwxHiWBB5xxSiI1BBCFTe3YjohilAweZVNCO7yy6ukU6+5Ts29a1SbjSKOEjpBp+gcuegSNdEtaqE2oihFz+gVvVlP1ov1bn0sWtesYqaC/sD6/AHCc5TJ</latexit><latexit sha1_base64="hiHsmoV0/dv1AkAibVM7gbdXTU0=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwVJNSUDwVvHisYD+gDWWz3bRLN8m6OxFCiH/FiwdFvPpDvPlv3LY5aOuDgcd7M8zM86XgGhzn21pb39jc2i7tlHf39g8O7aPjjo4TRVmbxiJWPZ9oJnjE2sBBsJ5UjIS+YF1/ejPzu49MaR5H95BK5oVkHPGAUwJGGtoVeY2zgX5QkA0kz/OLrJ4P7apTc+bAq8QtSBUVaA3tr8EopknIIqCCaN13HQleRhRwKlheHiSaSUKnZMz6hkYkZNrL5sfn+MwoIxzEylQEeK7+nshIqHUa+qYzJDDRy95M/M/rJxBceRmPZAIsootFQSIwxHiWBB5xxSiI1BBCFTe3YjohilAweZVNCO7yy6ukU6+5Ts29a1SbjSKOEjpBp+gcuegSNdEtaqE2oihFz+gVvVlP1ov1bn0sWtesYqaC/sD6/AHCc5TJ</latexit><latexit sha1_base64="hiHsmoV0/dv1AkAibVM7gbdXTU0=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwVJNSUDwVvHisYD+gDWWz3bRLN8m6OxFCiH/FiwdFvPpDvPlv3LY5aOuDgcd7M8zM86XgGhzn21pb39jc2i7tlHf39g8O7aPjjo4TRVmbxiJWPZ9oJnjE2sBBsJ5UjIS+YF1/ejPzu49MaR5H95BK5oVkHPGAUwJGGtoVeY2zgX5QkA0kz/OLrJ4P7apTc+bAq8QtSBUVaA3tr8EopknIIqCCaN13HQleRhRwKlheHiSaSUKnZMz6hkYkZNrL5sfn+MwoIxzEylQEeK7+nshIqHUa+qYzJDDRy95M/M/rJxBceRmPZAIsootFQSIwxHiWBB5xxSiI1BBCFTe3YjohilAweZVNCO7yy6ukU6+5Ts29a1SbjSKOEjpBp+gcuegSNdEtaqE2oihFz+gVvVlP1ov1bn0sWtesYqaC/sD6/AHCc5TJ</latexit>

n = 2
<latexit sha1_base64="P6Ezx4DZbOIseUkg7tLDr+TZmjs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQS9CwYvHivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0ikMOi6305hY3Nre6e4W9rbPzg8Kh+ftE2casZbLJax7gbUcCkUb6FAybuJ5jQKJO8Ek9u533ni2ohYPeI04X5ER0qEglG00oO6qQ3KFbfqLkDWiZeTCuRoDspf/WHM0ogrZJIa0/PcBP2MahRM8lmpnxqeUDahI96zVNGIGz9bnDojF1YZkjDWthSShfp7IqORMdMosJ0RxbFZ9ebif14vxfDaz4RKUuSKLReFqSQYk/nfZCg0ZyinllCmhb2VsDHVlKFNp2RD8FZfXiftWtVzq959vdKo53EU4QzO4RI8uIIG3EETWsBgBM/wCm+OdF6cd+dj2Vpw8plT+APn8wfGCY1n</latexit><latexit sha1_base64="P6Ezx4DZbOIseUkg7tLDr+TZmjs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQS9CwYvHivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0ikMOi6305hY3Nre6e4W9rbPzg8Kh+ftE2casZbLJax7gbUcCkUb6FAybuJ5jQKJO8Ek9u533ni2ohYPeI04X5ER0qEglG00oO6qQ3KFbfqLkDWiZeTCuRoDspf/WHM0ogrZJIa0/PcBP2MahRM8lmpnxqeUDahI96zVNGIGz9bnDojF1YZkjDWthSShfp7IqORMdMosJ0RxbFZ9ebif14vxfDaz4RKUuSKLReFqSQYk/nfZCg0ZyinllCmhb2VsDHVlKFNp2RD8FZfXiftWtVzq959vdKo53EU4QzO4RI8uIIG3EETWsBgBM/wCm+OdF6cd+dj2Vpw8plT+APn8wfGCY1n</latexit><latexit sha1_base64="P6Ezx4DZbOIseUkg7tLDr+TZmjs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQS9CwYvHivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0ikMOi6305hY3Nre6e4W9rbPzg8Kh+ftE2casZbLJax7gbUcCkUb6FAybuJ5jQKJO8Ek9u533ni2ohYPeI04X5ER0qEglG00oO6qQ3KFbfqLkDWiZeTCuRoDspf/WHM0ogrZJIa0/PcBP2MahRM8lmpnxqeUDahI96zVNGIGz9bnDojF1YZkjDWthSShfp7IqORMdMosJ0RxbFZ9ebif14vxfDaz4RKUuSKLReFqSQYk/nfZCg0ZyinllCmhb2VsDHVlKFNp2RD8FZfXiftWtVzq959vdKo53EU4QzO4RI8uIIG3EETWsBgBM/wCm+OdF6cd+dj2Vpw8plT+APn8wfGCY1n</latexit><latexit sha1_base64="P6Ezx4DZbOIseUkg7tLDr+TZmjs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQS9CwYvHivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0ikMOi6305hY3Nre6e4W9rbPzg8Kh+ftE2casZbLJax7gbUcCkUb6FAybuJ5jQKJO8Ek9u533ni2ohYPeI04X5ER0qEglG00oO6qQ3KFbfqLkDWiZeTCuRoDspf/WHM0ogrZJIa0/PcBP2MahRM8lmpnxqeUDahI96zVNGIGz9bnDojF1YZkjDWthSShfp7IqORMdMosJ0RxbFZ9ebif14vxfDaz4RKUuSKLReFqSQYk/nfZCg0ZyinllCmhb2VsDHVlKFNp2RD8FZfXiftWtVzq959vdKo53EU4QzO4RI8uIIG3EETWsBgBM/wCm+OdF6cd+dj2Vpw8plT+APn8wfGCY1n</latexit>
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Ideal code states must have a finite energy and must be regularized

�3
p
⇡

<latexit sha1_base64="xbK+oKR3rELVyiv1t/264uwvVdM=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvQiyVRQY8FLx4r2A9oQtlst+3SzWbdnQgl9G948aCIV/+MN/+N2zYHbX0w8Hhvhpl5kRLcoOd9O4W19Y3NreJ2aWd3b/+gfHjUMkmqKWvSRCS6ExHDBJesiRwF6yjNSBwJ1o7GtzO//cS04Yl8wIliYUyGkg84JWil4PwyMI8as0Dxaa9c8WreHO4q8XNSgRyNXvkr6Cc0jZlEKogxXd9TGGZEI6eCTUtBapgidEyGrGupJDEzYTa/eeqeWaXvDhJtS6I7V39PZCQ2ZhJHtjMmODLL3kz8z+umOLgJMy5VikzSxaJBKlxM3FkAbp9rRlFMLCFUc3urS0dEE4o2ppINwV9+eZW0Lmq+V/Pvryr1ah5HEU7gFKrgwzXU4Q4a0AQKCp7hFd6c1Hlx3p2PRWvByWeO4Q+czx/1lpGL</latexit><latexit sha1_base64="xbK+oKR3rELVyiv1t/264uwvVdM=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvQiyVRQY8FLx4r2A9oQtlst+3SzWbdnQgl9G948aCIV/+MN/+N2zYHbX0w8Hhvhpl5kRLcoOd9O4W19Y3NreJ2aWd3b/+gfHjUMkmqKWvSRCS6ExHDBJesiRwF6yjNSBwJ1o7GtzO//cS04Yl8wIliYUyGkg84JWil4PwyMI8as0Dxaa9c8WreHO4q8XNSgRyNXvkr6Cc0jZlEKogxXd9TGGZEI6eCTUtBapgidEyGrGupJDEzYTa/eeqeWaXvDhJtS6I7V39PZCQ2ZhJHtjMmODLL3kz8z+umOLgJMy5VikzSxaJBKlxM3FkAbp9rRlFMLCFUc3urS0dEE4o2ppINwV9+eZW0Lmq+V/Pvryr1ah5HEU7gFKrgwzXU4Q4a0AQKCp7hFd6c1Hlx3p2PRWvByWeO4Q+czx/1lpGL</latexit><latexit sha1_base64="xbK+oKR3rELVyiv1t/264uwvVdM=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvQiyVRQY8FLx4r2A9oQtlst+3SzWbdnQgl9G948aCIV/+MN/+N2zYHbX0w8Hhvhpl5kRLcoOd9O4W19Y3NreJ2aWd3b/+gfHjUMkmqKWvSRCS6ExHDBJesiRwF6yjNSBwJ1o7GtzO//cS04Yl8wIliYUyGkg84JWil4PwyMI8as0Dxaa9c8WreHO4q8XNSgRyNXvkr6Cc0jZlEKogxXd9TGGZEI6eCTUtBapgidEyGrGupJDEzYTa/eeqeWaXvDhJtS6I7V39PZCQ2ZhJHtjMmODLL3kz8z+umOLgJMy5VikzSxaJBKlxM3FkAbp9rRlFMLCFUc3urS0dEE4o2ppINwV9+eZW0Lmq+V/Pvryr1ah5HEU7gFKrgwzXU4Q4a0AQKCp7hFd6c1Hlx3p2PRWvByWeO4Q+czx/1lpGL</latexit><latexit sha1_base64="xbK+oKR3rELVyiv1t/264uwvVdM=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvQiyVRQY8FLx4r2A9oQtlst+3SzWbdnQgl9G948aCIV/+MN/+N2zYHbX0w8Hhvhpl5kRLcoOd9O4W19Y3NreJ2aWd3b/+gfHjUMkmqKWvSRCS6ExHDBJesiRwF6yjNSBwJ1o7GtzO//cS04Yl8wIliYUyGkg84JWil4PwyMI8as0Dxaa9c8WreHO4q8XNSgRyNXvkr6Cc0jZlEKogxXd9TGGZEI6eCTUtBapgidEyGrGupJDEzYTa/eeqeWaXvDhJtS6I7V39PZCQ2ZhJHtjMmODLL3kz8z+umOLgJMy5VikzSxaJBKlxM3FkAbp9rRlFMLCFUc3urS0dEE4o2ppINwV9+eZW0Lmq+V/Pvryr1ah5HEU7gFKrgwzXU4Q4a0AQKCp7hFd6c1Hlx3p2PRWvByWeO4Q+czx/1lpGL</latexit>

3
p
⇡

<latexit sha1_base64="ocLnCCS3NW3YA/H8URO6/dUjzbw=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSL0VBIV9Fjw4rGC/YAmlM120y7dZOPuRCihP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo7bRmWa8RZTUuluSA2XIuEtFCh5N9WcxqHknXB8O/M7T1wboZIHnKQ8iOkwEZFgFK3Uu/TNo8bcT8W0X6m6dXcOskq8glShQLNf+fIHimUxT5BJakzPc1MMcqpRMMmnZT8zPKVsTIe8Z2lCY26CfH7ylJxbZUAipW0lSObq74mcxsZM4tB2xhRHZtmbif95vQyjmyAXSZohT9hiUZRJgorM/icDoTlDObGEMi3srYSNqKYMbUplG4K3/PIqaV/UPbfu3V9VG7UijhKcwhnUwINraMAdNKEFDBQ8wyu8Oei8OO/Ox6J1zSlmTuAPnM8finuRVA==</latexit><latexit sha1_base64="ocLnCCS3NW3YA/H8URO6/dUjzbw=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSL0VBIV9Fjw4rGC/YAmlM120y7dZOPuRCihP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo7bRmWa8RZTUuluSA2XIuEtFCh5N9WcxqHknXB8O/M7T1wboZIHnKQ8iOkwEZFgFK3Uu/TNo8bcT8W0X6m6dXcOskq8glShQLNf+fIHimUxT5BJakzPc1MMcqpRMMmnZT8zPKVsTIe8Z2lCY26CfH7ylJxbZUAipW0lSObq74mcxsZM4tB2xhRHZtmbif95vQyjmyAXSZohT9hiUZRJgorM/icDoTlDObGEMi3srYSNqKYMbUplG4K3/PIqaV/UPbfu3V9VG7UijhKcwhnUwINraMAdNKEFDBQ8wyu8Oei8OO/Ox6J1zSlmTuAPnM8finuRVA==</latexit><latexit sha1_base64="ocLnCCS3NW3YA/H8URO6/dUjzbw=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSL0VBIV9Fjw4rGC/YAmlM120y7dZOPuRCihP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo7bRmWa8RZTUuluSA2XIuEtFCh5N9WcxqHknXB8O/M7T1wboZIHnKQ8iOkwEZFgFK3Uu/TNo8bcT8W0X6m6dXcOskq8glShQLNf+fIHimUxT5BJakzPc1MMcqpRMMmnZT8zPKVsTIe8Z2lCY26CfH7ylJxbZUAipW0lSObq74mcxsZM4tB2xhRHZtmbif95vQyjmyAXSZohT9hiUZRJgorM/icDoTlDObGEMi3srYSNqKYMbUplG4K3/PIqaV/UPbfu3V9VG7UijhKcwhnUwINraMAdNKEFDBQ8wyu8Oei8OO/Ox6J1zSlmTuAPnM8finuRVA==</latexit><latexit sha1_base64="ocLnCCS3NW3YA/H8URO6/dUjzbw=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSL0VBIV9Fjw4rGC/YAmlM120y7dZOPuRCihP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo7bRmWa8RZTUuluSA2XIuEtFCh5N9WcxqHknXB8O/M7T1wboZIHnKQ8iOkwEZFgFK3Uu/TNo8bcT8W0X6m6dXcOskq8glShQLNf+fIHimUxT5BJakzPc1MMcqpRMMmnZT8zPKVsTIe8Z2lCY26CfH7ylJxbZUAipW0lSObq74mcxsZM4tB2xhRHZtmbif95vQyjmyAXSZohT9hiUZRJgorM/icDoTlDObGEMi3srYSNqKYMbUplG4K3/PIqaV/UPbfu3V9VG7UijhKcwhnUwINraMAdNKEFDBQ8wyu8Oei8OO/Ox6J1zSlmTuAPnM8finuRVA==</latexit>

p
⇡

<latexit sha1_base64="FpQmiW128JJRok200oexF19Ix7E=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSL0VBIR9Fjw4rGC/cAmlM120y7dbOLuRCih/8KLB0W8+m+8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo7bJsk04y2WyER3Q2q4FIq3UKDk3VRzGoeSd8LxzczvPHFtRKLucZLyIKZDJSLBKFrpwTePGnM/FdN+perW3TnIKvEKUoUCzX7lyx8kLIu5QiapMT3PTTHIqUbBJJ+W/czwlLIxHfKepYrG3AT5/OIpObfKgESJtqWQzNXfEzmNjZnEoe2MKY7MsjcT//N6GUbXQS5UmiFXbLEoyiTBhMzeJwOhOUM5sYQyLeythI2opgxtSGUbgrf88ippX9Q9t+7dXVYbtSKOEpzCGdTAgytowC00oQUMFDzDK7w5xnlx3p2PReuaU8ycwB84nz8WO5EX</latexit><latexit sha1_base64="FpQmiW128JJRok200oexF19Ix7E=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSL0VBIR9Fjw4rGC/cAmlM120y7dbOLuRCih/8KLB0W8+m+8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo7bJsk04y2WyER3Q2q4FIq3UKDk3VRzGoeSd8LxzczvPHFtRKLucZLyIKZDJSLBKFrpwTePGnM/FdN+perW3TnIKvEKUoUCzX7lyx8kLIu5QiapMT3PTTHIqUbBJJ+W/czwlLIxHfKepYrG3AT5/OIpObfKgESJtqWQzNXfEzmNjZnEoe2MKY7MsjcT//N6GUbXQS5UmiFXbLEoyiTBhMzeJwOhOUM5sYQyLeythI2opgxtSGUbgrf88ippX9Q9t+7dXVYbtSKOEpzCGdTAgytowC00oQUMFDzDK7w5xnlx3p2PReuaU8ycwB84nz8WO5EX</latexit><latexit sha1_base64="FpQmiW128JJRok200oexF19Ix7E=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSL0VBIR9Fjw4rGC/cAmlM120y7dbOLuRCih/8KLB0W8+m+8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo7bJsk04y2WyER3Q2q4FIq3UKDk3VRzGoeSd8LxzczvPHFtRKLucZLyIKZDJSLBKFrpwTePGnM/FdN+perW3TnIKvEKUoUCzX7lyx8kLIu5QiapMT3PTTHIqUbBJJ+W/czwlLIxHfKepYrG3AT5/OIpObfKgESJtqWQzNXfEzmNjZnEoe2MKY7MsjcT//N6GUbXQS5UmiFXbLEoyiTBhMzeJwOhOUM5sYQyLeythI2opgxtSGUbgrf88ippX9Q9t+7dXVYbtSKOEpzCGdTAgytowC00oQUMFDzDK7w5xnlx3p2PReuaU8ycwB84nz8WO5EX</latexit><latexit sha1_base64="FpQmiW128JJRok200oexF19Ix7E=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSL0VBIR9Fjw4rGC/cAmlM120y7dbOLuRCih/8KLB0W8+m+8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo7bJsk04y2WyER3Q2q4FIq3UKDk3VRzGoeSd8LxzczvPHFtRKLucZLyIKZDJSLBKFrpwTePGnM/FdN+perW3TnIKvEKUoUCzX7lyx8kLIu5QiapMT3PTTHIqUbBJJ+W/czwlLIxHfKepYrG3AT5/OIpObfKgESJtqWQzNXfEzmNjZnEoe2MKY7MsjcT//N6GUbXQS5UmiFXbLEoyiTBhMzeJwOhOUM5sYQyLeythI2opgxtSGUbgrf88ippX9Q9t+7dXVYbtSKOEpzCGdTAgytowC00oQUMFDzDK7w5xnlx3p2PReuaU8ycwB84nz8WO5EX</latexit>

�
p
⇡

<latexit sha1_base64="BzfVeXfPsB14KqduI7KYAMqOEOA=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSL0YklE0GPBi8cK9gOSUDbbbbt0k427E6GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSqUw6Lrfztr6xubWdmmnvLu3f3BYOTpuG5VpxltMSaW7ETVcioS3UKDk3VRzGkeSd6Lx7czvPHFthEoecJLyMKbDRAwEo2gl/yIwjxrzIBXTXqXq1t05yCrxClKFAs1e5SvoK5bFPEEmqTG+56YY5lSjYJJPy0FmeErZmA65b2lCY27CfH7ylJxbpU8GSttKkMzV3xM5jY2ZxJHtjCmOzLI3E//z/AwHN2EukjRDnrDFokEmCSoy+5/0heYM5cQSyrSwtxI2opoytCmVbQje8surpH1Z99y6d39VbdSKOEpwCmdQAw+uoQF30IQWMFDwDK/w5qDz4rw7H4vWNaeYOYE/cD5/AIEnkU4=</latexit><latexit sha1_base64="BzfVeXfPsB14KqduI7KYAMqOEOA=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSL0YklE0GPBi8cK9gOSUDbbbbt0k427E6GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSqUw6Lrfztr6xubWdmmnvLu3f3BYOTpuG5VpxltMSaW7ETVcioS3UKDk3VRzGkeSd6Lx7czvPHFthEoecJLyMKbDRAwEo2gl/yIwjxrzIBXTXqXq1t05yCrxClKFAs1e5SvoK5bFPEEmqTG+56YY5lSjYJJPy0FmeErZmA65b2lCY27CfH7ylJxbpU8GSttKkMzV3xM5jY2ZxJHtjCmOzLI3E//z/AwHN2EukjRDnrDFokEmCSoy+5/0heYM5cQSyrSwtxI2opoytCmVbQje8surpH1Z99y6d39VbdSKOEpwCmdQAw+uoQF30IQWMFDwDK/w5qDz4rw7H4vWNaeYOYE/cD5/AIEnkU4=</latexit><latexit sha1_base64="BzfVeXfPsB14KqduI7KYAMqOEOA=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSL0YklE0GPBi8cK9gOSUDbbbbt0k427E6GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSqUw6Lrfztr6xubWdmmnvLu3f3BYOTpuG5VpxltMSaW7ETVcioS3UKDk3VRzGkeSd6Lx7czvPHFthEoecJLyMKbDRAwEo2gl/yIwjxrzIBXTXqXq1t05yCrxClKFAs1e5SvoK5bFPEEmqTG+56YY5lSjYJJPy0FmeErZmA65b2lCY27CfH7ylJxbpU8GSttKkMzV3xM5jY2ZxJHtjCmOzLI3E//z/AwHN2EukjRDnrDFokEmCSoy+5/0heYM5cQSyrSwtxI2opoytCmVbQje8surpH1Z99y6d39VbdSKOEpwCmdQAw+uoQF30IQWMFDwDK/w5qDz4rw7H4vWNaeYOYE/cD5/AIEnkU4=</latexit><latexit sha1_base64="BzfVeXfPsB14KqduI7KYAMqOEOA=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSL0YklE0GPBi8cK9gOSUDbbbbt0k427E6GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSqUw6Lrfztr6xubWdmmnvLu3f3BYOTpuG5VpxltMSaW7ETVcioS3UKDk3VRzGkeSd6Lx7czvPHFthEoecJLyMKbDRAwEo2gl/yIwjxrzIBXTXqXq1t05yCrxClKFAs1e5SvoK5bFPEEmqTG+56YY5lSjYJJPy0FmeErZmA65b2lCY27CfH7ylJxbpU8GSttKkMzV3xM5jY2ZxJHtjCmOzLI3E//z/AwHN2EukjRDnrDFokEmCSoy+5/0heYM5cQSyrSwtxI2opoytCmVbQje8surpH1Z99y6d39VbdSKOEpwCmdQAw+uoQF30IQWMFDwDK/w5qDz4rw7H4vWNaeYOYE/cD5/AIEnkU4=</latexit>2
p
⇡

<latexit sha1_base64="VFu6PoYOlQ6G5OFiw2TRwQMNmtY=">AAAB8nicbVBNS8NAEJ34WetX1aOXYBF6KkkR9Fjw4rGC/YA0lM120y7d7MbdiVBCf4YXD4p49dd489+4bXPQ1gcDj/dmmJkXpYIb9LxvZ2Nza3tnt7RX3j84PDqunJx2jMo0ZW2qhNK9iBgmuGRt5ChYL9WMJJFg3WhyO/e7T0wbruQDTlMWJmQkecwpQSsFjb551Jj3Uz4bVKpe3VvAXSd+QapQoDWofPWHimYJk0gFMSbwvRTDnGjkVLBZuZ8ZlhI6ISMWWCpJwkyYL06euZdWGbqx0rYkugv190ROEmOmSWQ7E4Jjs+rNxf+8IMP4Jsy5TDNkki4XxZlwUbnz/90h14yimFpCqOb2VpeOiSYUbUplG4K/+vI66TTqvlf376+qzVoRRwnO4QJq4MM1NOEOWtAGCgqe4RXeHHRenHfnY9m64RQzZ/AHzucPiO2RUw==</latexit><latexit sha1_base64="VFu6PoYOlQ6G5OFiw2TRwQMNmtY=">AAAB8nicbVBNS8NAEJ34WetX1aOXYBF6KkkR9Fjw4rGC/YA0lM120y7d7MbdiVBCf4YXD4p49dd489+4bXPQ1gcDj/dmmJkXpYIb9LxvZ2Nza3tnt7RX3j84PDqunJx2jMo0ZW2qhNK9iBgmuGRt5ChYL9WMJJFg3WhyO/e7T0wbruQDTlMWJmQkecwpQSsFjb551Jj3Uz4bVKpe3VvAXSd+QapQoDWofPWHimYJk0gFMSbwvRTDnGjkVLBZuZ8ZlhI6ISMWWCpJwkyYL06euZdWGbqx0rYkugv190ROEmOmSWQ7E4Jjs+rNxf+8IMP4Jsy5TDNkki4XxZlwUbnz/90h14yimFpCqOb2VpeOiSYUbUplG4K/+vI66TTqvlf376+qzVoRRwnO4QJq4MM1NOEOWtAGCgqe4RXeHHRenHfnY9m64RQzZ/AHzucPiO2RUw==</latexit><latexit sha1_base64="VFu6PoYOlQ6G5OFiw2TRwQMNmtY=">AAAB8nicbVBNS8NAEJ34WetX1aOXYBF6KkkR9Fjw4rGC/YA0lM120y7d7MbdiVBCf4YXD4p49dd489+4bXPQ1gcDj/dmmJkXpYIb9LxvZ2Nza3tnt7RX3j84PDqunJx2jMo0ZW2qhNK9iBgmuGRt5ChYL9WMJJFg3WhyO/e7T0wbruQDTlMWJmQkecwpQSsFjb551Jj3Uz4bVKpe3VvAXSd+QapQoDWofPWHimYJk0gFMSbwvRTDnGjkVLBZuZ8ZlhI6ISMWWCpJwkyYL06euZdWGbqx0rYkugv190ROEmOmSWQ7E4Jjs+rNxf+8IMP4Jsy5TDNkki4XxZlwUbnz/90h14yimFpCqOb2VpeOiSYUbUplG4K/+vI66TTqvlf376+qzVoRRwnO4QJq4MM1NOEOWtAGCgqe4RXeHHRenHfnY9m64RQzZ/AHzucPiO2RUw==</latexit><latexit sha1_base64="VFu6PoYOlQ6G5OFiw2TRwQMNmtY=">AAAB8nicbVBNS8NAEJ34WetX1aOXYBF6KkkR9Fjw4rGC/YA0lM120y7d7MbdiVBCf4YXD4p49dd489+4bXPQ1gcDj/dmmJkXpYIb9LxvZ2Nza3tnt7RX3j84PDqunJx2jMo0ZW2qhNK9iBgmuGRt5ChYL9WMJJFg3WhyO/e7T0wbruQDTlMWJmQkecwpQSsFjb551Jj3Uz4bVKpe3VvAXSd+QapQoDWofPWHimYJk0gFMSbwvRTDnGjkVLBZuZ8ZlhI6ISMWWCpJwkyYL06euZdWGbqx0rYkugv190ROEmOmSWQ7E4Jjs+rNxf+8IMP4Jsy5TDNkki4XxZlwUbnz/90h14yimFpCqOb2VpeOiSYUbUplG4K/+vI66TTqvlf376+qzVoRRwnO4QJq4MM1NOEOWtAGCgqe4RXeHHRenHfnY9m64RQzZ/AHzucPiO2RUw==</latexit>

4
p
⇡

<latexit sha1_base64="t0qRa77gFXbQZkZu6yFB3nr7Cko=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSL0VBIp6LHgxWMF+wFpKJvtpl262cTdiVBCf4YXD4p49dd489+4bXPQ1gcDj/dmmJkXplIYdN1vZ2Nza3tnt7RX3j84PDqunJx2TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeLaiEQ94DTlQUxHSkSCUbSS3+ibR415PxWzQaXq1t0FyDrxClKFAq1B5as/TFgWc4VMUmN8z00xyKlGwSSflfuZ4SllEzrivqWKxtwE+eLkGbm0ypBEibalkCzU3xM5jY2ZxqHtjCmOzao3F//z/AyjmyAXKs2QK7ZcFGWSYELm/5Oh0JyhnFpCmRb2VsLGVFOGNqWyDcFbfXmddK7qnlv37hvVZq2IowTncAE18OAamnAHLWgDgwSe4RXeHHRenHfnY9m64RQzZ/AHzucPjAmRVQ==</latexit><latexit sha1_base64="t0qRa77gFXbQZkZu6yFB3nr7Cko=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSL0VBIp6LHgxWMF+wFpKJvtpl262cTdiVBCf4YXD4p49dd489+4bXPQ1gcDj/dmmJkXplIYdN1vZ2Nza3tnt7RX3j84PDqunJx2TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeLaiEQ94DTlQUxHSkSCUbSS3+ibR415PxWzQaXq1t0FyDrxClKFAq1B5as/TFgWc4VMUmN8z00xyKlGwSSflfuZ4SllEzrivqWKxtwE+eLkGbm0ypBEibalkCzU3xM5jY2ZxqHtjCmOzao3F//z/AyjmyAXKs2QK7ZcFGWSYELm/5Oh0JyhnFpCmRb2VsLGVFOGNqWyDcFbfXmddK7qnlv37hvVZq2IowTncAE18OAamnAHLWgDgwSe4RXeHHRenHfnY9m64RQzZ/AHzucPjAmRVQ==</latexit><latexit sha1_base64="t0qRa77gFXbQZkZu6yFB3nr7Cko=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSL0VBIp6LHgxWMF+wFpKJvtpl262cTdiVBCf4YXD4p49dd489+4bXPQ1gcDj/dmmJkXplIYdN1vZ2Nza3tnt7RX3j84PDqunJx2TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeLaiEQ94DTlQUxHSkSCUbSS3+ibR415PxWzQaXq1t0FyDrxClKFAq1B5as/TFgWc4VMUmN8z00xyKlGwSSflfuZ4SllEzrivqWKxtwE+eLkGbm0ypBEibalkCzU3xM5jY2ZxqHtjCmOzao3F//z/AyjmyAXKs2QK7ZcFGWSYELm/5Oh0JyhnFpCmRb2VsLGVFOGNqWyDcFbfXmddK7qnlv37hvVZq2IowTncAE18OAamnAHLWgDgwSe4RXeHHRenHfnY9m64RQzZ/AHzucPjAmRVQ==</latexit><latexit sha1_base64="t0qRa77gFXbQZkZu6yFB3nr7Cko=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSL0VBIp6LHgxWMF+wFpKJvtpl262cTdiVBCf4YXD4p49dd489+4bXPQ1gcDj/dmmJkXplIYdN1vZ2Nza3tnt7RX3j84PDqunJx2TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeLaiEQ94DTlQUxHSkSCUbSS3+ibR415PxWzQaXq1t0FyDrxClKFAq1B5as/TFgWc4VMUmN8z00xyKlGwSSflfuZ4SllEzrivqWKxtwE+eLkGbm0ypBEibalkCzU3xM5jY2ZxqHtjCmOzao3F//z/AyjmyAXKs2QK7ZcFGWSYELm/5Oh0JyhnFpCmRb2VsLGVFOGNqWyDcFbfXmddK7qnlv37hvVZq2IowTncAE18OAamnAHLWgDgwSe4RXeHHRenHfnY9m64RQzZ/AHzucPjAmRVQ==</latexit>

�4
p
⇡

<latexit sha1_base64="tbbcCGzxZBLEDi6BWgvfva1larI=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvQiyWRgh4LXjxWsB/QhLLZbtulm826OxFK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzIiW4Qc/7dgobm1vbO8Xd0t7+weFR+fikbZJUU9aiiUh0NyKGCS5ZCzkK1lWakTgSrBNNbud+54lpwxP5gFPFwpiMJB9yStBKwWU9MI8as0DxWb9c8WreAu468XNSgRzNfvkrGCQ0jZlEKogxPd9TGGZEI6eCzUpBapgidEJGrGepJDEzYba4eeZeWGXgDhNtS6K7UH9PZCQ2ZhpHtjMmODar3lz8z+ulOLwJMy5VikzS5aJhKlxM3HkA7oBrRlFMLSFUc3urS8dEE4o2ppINwV99eZ20r2q+V/Pv65VGNY+jCGdwDlXw4RoacAdNaAEFBc/wCm9O6rw4787HsrXg5DOn8AfO5w/3JJGM</latexit><latexit sha1_base64="tbbcCGzxZBLEDi6BWgvfva1larI=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvQiyWRgh4LXjxWsB/QhLLZbtulm826OxFK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzIiW4Qc/7dgobm1vbO8Xd0t7+weFR+fikbZJUU9aiiUh0NyKGCS5ZCzkK1lWakTgSrBNNbud+54lpwxP5gFPFwpiMJB9yStBKwWU9MI8as0DxWb9c8WreAu468XNSgRzNfvkrGCQ0jZlEKogxPd9TGGZEI6eCzUpBapgidEJGrGepJDEzYba4eeZeWGXgDhNtS6K7UH9PZCQ2ZhpHtjMmODar3lz8z+ulOLwJMy5VikzS5aJhKlxM3HkA7oBrRlFMLSFUc3urS8dEE4o2ppINwV99eZ20r2q+V/Pv65VGNY+jCGdwDlXw4RoacAdNaAEFBc/wCm9O6rw4787HsrXg5DOn8AfO5w/3JJGM</latexit><latexit sha1_base64="tbbcCGzxZBLEDi6BWgvfva1larI=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvQiyWRgh4LXjxWsB/QhLLZbtulm826OxFK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzIiW4Qc/7dgobm1vbO8Xd0t7+weFR+fikbZJUU9aiiUh0NyKGCS5ZCzkK1lWakTgSrBNNbud+54lpwxP5gFPFwpiMJB9yStBKwWU9MI8as0DxWb9c8WreAu468XNSgRzNfvkrGCQ0jZlEKogxPd9TGGZEI6eCzUpBapgidEJGrGepJDEzYba4eeZeWGXgDhNtS6K7UH9PZCQ2ZhpHtjMmODar3lz8z+ulOLwJMy5VikzS5aJhKlxM3HkA7oBrRlFMLSFUc3urS8dEE4o2ppINwV99eZ20r2q+V/Pv65VGNY+jCGdwDlXw4RoacAdNaAEFBc/wCm9O6rw4787HsrXg5DOn8AfO5w/3JJGM</latexit><latexit sha1_base64="tbbcCGzxZBLEDi6BWgvfva1larI=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvQiyWRgh4LXjxWsB/QhLLZbtulm826OxFK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzIiW4Qc/7dgobm1vbO8Xd0t7+weFR+fikbZJUU9aiiUh0NyKGCS5ZCzkK1lWakTgSrBNNbud+54lpwxP5gFPFwpiMJB9yStBKwWU9MI8as0DxWb9c8WreAu468XNSgRzNfvkrGCQ0jZlEKogxPd9TGGZEI6eCzUpBapgidEJGrGepJDEzYba4eeZeWGXgDhNtS6K7UH9PZCQ2ZhpHtjMmODar3lz8z+ulOLwJMy5VikzS5aJhKlxM3HkA7oBrRlFMLSFUc3urS8dEE4o2ppINwV99eZ20r2q+V/Pv65VGNY+jCGdwDlXw4RoacAdNaAEFBc/wCm9O6rw4787HsrXg5DOn8AfO5w/3JJGM</latexit>

�2
p
⇡

<latexit sha1_base64="Nh4SPmPOBl0VNExTGHHW8gMWbT0=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvQiyUpgh4LXjxWsB/QhLLZbtulm826OxFK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzIiW4Qc/7dgobm1vbO8Xd0t7+weFR+fikbZJUU9aiiUh0NyKGCS5ZCzkK1lWakTgSrBNNbud+54lpwxP5gFPFwpiMJB9yStBKwWU9MI8as0DxWb9c8WreAu468XNSgRzNfvkrGCQ0jZlEKogxPd9TGGZEI6eCzUpBapgidEJGrGepJDEzYba4eeZeWGXgDhNtS6K7UH9PZCQ2ZhpHtjMmODar3lz8z+ulOLwJMy5VikzS5aJhKlxM3HkA7oBrRlFMLSFUc3urS8dEE4o2ppINwV99eZ206zXfq/n3V5VGNY+jCGdwDlXw4RoacAdNaAEFBc/wCm9O6rw4787HsrXg5DOn8AfO5w/0CJGK</latexit><latexit sha1_base64="Nh4SPmPOBl0VNExTGHHW8gMWbT0=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvQiyUpgh4LXjxWsB/QhLLZbtulm826OxFK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzIiW4Qc/7dgobm1vbO8Xd0t7+weFR+fikbZJUU9aiiUh0NyKGCS5ZCzkK1lWakTgSrBNNbud+54lpwxP5gFPFwpiMJB9yStBKwWU9MI8as0DxWb9c8WreAu468XNSgRzNfvkrGCQ0jZlEKogxPd9TGGZEI6eCzUpBapgidEJGrGepJDEzYba4eeZeWGXgDhNtS6K7UH9PZCQ2ZhpHtjMmODar3lz8z+ulOLwJMy5VikzS5aJhKlxM3HkA7oBrRlFMLSFUc3urS8dEE4o2ppINwV99eZ206zXfq/n3V5VGNY+jCGdwDlXw4RoacAdNaAEFBc/wCm9O6rw4787HsrXg5DOn8AfO5w/0CJGK</latexit><latexit sha1_base64="Nh4SPmPOBl0VNExTGHHW8gMWbT0=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvQiyUpgh4LXjxWsB/QhLLZbtulm826OxFK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzIiW4Qc/7dgobm1vbO8Xd0t7+weFR+fikbZJUU9aiiUh0NyKGCS5ZCzkK1lWakTgSrBNNbud+54lpwxP5gFPFwpiMJB9yStBKwWU9MI8as0DxWb9c8WreAu468XNSgRzNfvkrGCQ0jZlEKogxPd9TGGZEI6eCzUpBapgidEJGrGepJDEzYba4eeZeWGXgDhNtS6K7UH9PZCQ2ZhpHtjMmODar3lz8z+ulOLwJMy5VikzS5aJhKlxM3HkA7oBrRlFMLSFUc3urS8dEE4o2ppINwV99eZ206zXfq/n3V5VGNY+jCGdwDlXw4RoacAdNaAEFBc/wCm9O6rw4787HsrXg5DOn8AfO5w/0CJGK</latexit><latexit sha1_base64="Nh4SPmPOBl0VNExTGHHW8gMWbT0=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvQiyUpgh4LXjxWsB/QhLLZbtulm826OxFK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzIiW4Qc/7dgobm1vbO8Xd0t7+weFR+fikbZJUU9aiiUh0NyKGCS5ZCzkK1lWakTgSrBNNbud+54lpwxP5gFPFwpiMJB9yStBKwWU9MI8as0DxWb9c8WreAu468XNSgRzNfvkrGCQ0jZlEKogxPd9TGGZEI6eCzUpBapgidEJGrGepJDEzYba4eeZeWGXgDhNtS6K7UH9PZCQ2ZhpHtjMmODar3lz8z+ulOLwJMy5VikzS5aJhKlxM3HkA7oBrRlFMLSFUc3urS8dEE4o2ppINwV99eZ206zXfq/n3V5VGNY+jCGdwDlXw4RoacAdNaAEFBc/wCm9O6rw4787HsrXg5DOn8AfO5w/0CJGK</latexit>

0
<latexit sha1_base64="GtPZzOiWyA3oz//C6t/G5jFRh/w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSyx2WK27NXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3Sua55bs1r3VQa1TyOIlzAJVTBgzo04B6a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz9xR4ya</latexit><latexit sha1_base64="GtPZzOiWyA3oz//C6t/G5jFRh/w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSyx2WK27NXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3Sua55bs1r3VQa1TyOIlzAJVTBgzo04B6a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz9xR4ya</latexit><latexit sha1_base64="GtPZzOiWyA3oz//C6t/G5jFRh/w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSyx2WK27NXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3Sua55bs1r3VQa1TyOIlzAJVTBgzo04B6a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz9xR4ya</latexit><latexit sha1_base64="GtPZzOiWyA3oz//C6t/G5jFRh/w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSyx2WK27NXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3Sua55bs1r3VQa1TyOIlzAJVTBgzo04B6a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz9xR4ya</latexit>

D. Gottesman, A. Kitaev, and J. Preskill, Phys. Rev. A 64, 012310 (2001)
Ions: C. Flühmann et al, Nature 566, 513 (2019); 
Microwaves: P. Campagne-Ibarque, Nature 584, 368 (2020); 

                  V. V. Sivak et al, Nature 616, 50 (2023) 
Optics: S. Konno et al, Science 383, 6680 (2024)

|0Δ⟩GKP = e−Δ ̂n |0⟩GKP |1Δ⟩GKP = e−Δ ̂n |1⟩GKP

Kudra et al, PRX Quantum 3, 030301 (2022)
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Error correction with GKP states

Chalmers University of Technology

•Syndrome measurement: non-destructive measure of  and  on the data qubit̂q ̂p

•Correction: displacement back of the measured amount (modulo   )π
D. Gottesman, A. Kitaev, and J. Preskill, Phys. Rev. A 64, 012310 (2001); N. Menicucci, PRL 112, 120504 (2014)

ei2 π ̂p, e−i2 π ̂q

For a pedagogical presentation 
S. Glancy and E. Knill, Phys. Rev. A 73, 012325 (2006) + our course notes

Due to finite squeezing concatenation with qubit QEC is required

mod π
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Break even with the GKP code in microwave systems

    “Real-time quantum error correction beyond break-even”, V. V. Sivak et al, Nature 616, 50 (2023)

Break-even: the quantum coherence using the 
bosonic code is significantly longer than that of all 
the imperfect quantum components

X 2,27



Translationally and rotational symmetric bosonic codes
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Implemented at Chalmers in 
microwave cavities

Kudra et al, PRX Quantum 3, 030301 (2022)
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Photonic implementations: state generation

Bourassa et al. Blueprint for a Scalable Photonic Fault-
Tolerant Quantum Computer, Quantum 5, 392 (2021) Xanadu 

Larsen et al, Nature 642, 587 (2025); 
See also implementation by Furusawa’s group 
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Trapped ion implementations: state generation

Matsos et al, Phys. Rev. Lett. 133, 050602 (2024) 
See also implementation by Home’s group 
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Concatenation of GKP code with surface code

Chalmers University of Technology

Makes us of clever decoding 
exploiting continuous information 
of the syndrome p-measurements 

See also later proposals for photonic implementation: 
- J. Eli Bourassa et al, Quantum 5, 392 (2021) 
- I. Tzitrin et al, Phys. Rev. X Quantum 2, 040353 (2021)
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Summary and conclusions on part 2a



Summary and conclusions part 2a

Giulia Ferrini | WACQT 

•Bosonic codes 
- Allow for encoding a qubit into a oscillator  
- Serve for quantum error correction with possibly easier decoding  

 - Yield reduced code distance when concatenated to the surface code 
 - Codewords have either discrete or rotational symmetry  

Any question?
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Part 2b: Bosonic codes: new research results
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Comparing the performance of RSB and GKP 
codes for realistic detection efficiency and under 
dephasing



Translationally and rotational symmetric bosonic codes
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• Translationally symmetric: GKP codes
Invariant under translation ; 2 π
Gottesman, A. Kitaev, and J. Preskill, Phys. Rev. A 64, 012310 (2001)

Extends lifetime of quantum information (x 2,27)  
Sivak et al, Nature 615, 50 (2023)

• Rotationally symmetric: RSB codes
Invariant under rotations of ;2π/N
A. Grimsmo, J. Combes, B. Baragiola, Phys. Rev. X 10, 011058 (2020)

Extends lifetime of quantum information (x 1,2)  
Ni et al, Nature 615, 56 (2023)
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Comparison with Rotationally Symmetric Bosonic (RSB) codes



Chalmers University of TechnologyChalmers University of Technology

Noise channels: losses and dephasing

Loss channel:

Dephasing channel:



Chalmers University of TechnologyChalmers University of Technology

QEC with the GKP code

Steane QEC

•stabiliser measurement with 
auxiliary system

Knill (teleportation) QEC

Steane, PRL 77, 793 (1996) Knill, Nature 434, 39 (2005) 

•logical information is teleported to 
last mode 

p̂

p̂

| igkp E� N AG � L⌘ p1

|+igkp E� p2

|+igkp R~p ⇢̂out

<latexit sha1_base64="PARqc3JzAg0aYqfYEMPDVQvJ4CA="></latexit>

T. Hillmann, F. Quijandría, A. L. Grimsmo, G. Ferrini, 
PRX Quantum 3, 020334 (2022)

Gottesman et al, PRA 64, 012310 (2001)

mod π

Used to calculate F, tells how 
similar is the recovered state to the 
initial one (good if =1)
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Performance of bosonic codes

T. Hillmann, F. Quijandría, A. L. Grimsmo, 
G. Ferrini, PRX Quantum 3, 020334 (2022)

Bin

Similarity after QEC:   F̄

|0⟩bin =
1

2
( |0⟩ + |2N⟩)

|1⟩bin = |N⟩ N = 4
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Performance of bosonic codes

T. Hillmann, F. Quijandría, A. L. Grimsmo, 
G. Ferrini, PRX Quantum 3, 020334 (2022)

(0.95-efficiency currently unreached)

Bin

Bin

Similarity after QEC:   F̄

|0⟩bin =
1

2
( |0⟩ + |2N⟩)

|1⟩bin = |N⟩ N = 4



Single-mode RSB have limitations
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A. Grimsmo, J. Combes, B. Baragiola, Phys. Rev. X 10, 011058 (2020)

• Loss or gain up to  photons ( )N − 1 dN = N

Tradeoff in the code distance: can detect

• Phase errors up to dθ = π/N

Courtesy of Timo Hillmann

Can we go around this tradeoff?
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Solution: two-mode RSB codes

•Parameterized by two angles  and δ ϕ
•Based on group-theoretic construction A. Denys and A. Leverrier. Phys. Rev. Lett. 133 (2024)

• Example: Dual-rail binomial code 
<latexit sha1_base64="+V6aLxp3LmT7YQ2wAJhblG+mvhQ="></latexit>

|0→L = ÛBS(ω,ε)
1↑
2
(|0→+ |2N→)↓ |N→

|1→L = ÛBS(ω,ε)|N→ ↓ 1↑
2
(|0→+ |2N→)

<latexit sha1_base64="zBieh+ofDNT0fIIiTfVQcaKlKak=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilTi9GEXFD+uWKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqqN3iZ/N7p+TMKgMSxtqWQjJXf09kNDJmEgW2M6I4MsveTPzP66YYXvuZUEmKXLHFojCVBGMye54MhOYM5cQSyrSwtxI2opoytBGVbAje8surpHVR9WrV2v1lpX6Tx1GEEziFc/DgCupwBw1oAgMJz/AKb86j8+K8Ox+L1oKTzxzDHzifP+Haj+I=</latexit>→

<latexit sha1_base64="zBieh+ofDNT0fIIiTfVQcaKlKak=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilTi9GEXFD+uWKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqqN3iZ/N7p+TMKgMSxtqWQjJXf09kNDJmEgW2M6I4MsveTPzP66YYXvuZUEmKXLHFojCVBGMye54MhOYM5cQSyrSwtxI2opoytBGVbAje8surpHVR9WrV2v1lpX6Tx1GEEziFc/DgCupwBw1oAgMJz/AKb86j8+K8Ox+L1oKTzxzDHzifP+Haj+I=</latexit>→

N = 2

R. Galib Ahmed, A. Udupa, G. Ferrini, arXiv:2508.20647 (2025)

|0dual rail⟩ = |01 >
|1dual rail⟩ = |10 >
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Performance against Gaussian dephasing

R. Galib Ahmed, A. Udupa, G. Ferrini, arXiv:2508.20647 (2025)

10°3 10°2 10°1

∞1t = ∞2t = ∑t

10°6

10°4

10°2

1
°

F

(a)
Performance against dephasing channel

N = 2, K = 2
N = 4, K = 2
N = 6, K = 2
N = 8, K = 2
N = 2, K = 2 single-mode
CLY code
Break-even

10°3 10°2 10°1

∑1t = ∑2t = ∑t

1
°

F

(b)
Performance against loss channel

N = 2, K = 2
N = 4, K = 2
N = 2, K = 2 single-mode
CLY code
Break-even

10°3 10°2 10°1

∑t = ∞t

1
°

F

(c)
Performance against combined channel

N = 2, K = 2
N = 4, K = 2
N = 2, K = 2 single-mode
CLY code
Break-even

Similarity after QEC:   F

•For  performance against dephasing increases with increasing N!!!δ = π/4,ϕ = π/(2N)
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Performance against losses

Similarity after QEC:   F

•For  the tradeoff in phase and loss sensitivity is mitigated!δ = π/4,ϕ = π/(2N)

R. Galib Ahmed, A. Udupa, G. Ferrini, arXiv:2508.20647 (2025)
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Performance against random telegraph noise

A. Udupa, T. Hillmann, R. G. Ahmed, A. Smirne and G. Ferrini, Phys. Rev. Research 8, 023007 (2026)

c(t)
t 

+1

−1

Non-Markovian 
dynamics induced by 
coupling to a random 
fluctuator
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Part of a larger family

Generalization of RSB codes to two modes!

R. Galib Ahmed, A. Udupa, G. Ferrini, arXiv:2508.20647 (2025)

Most general codewords:

•Have order N rotational symmetry in modes U†
BSaiUBS

•For arbitrary even N, the Pauli group gates are implemented by linear optics
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Dual rail cat code instance N=1 (DRCC-1)

D. Biswas et al, in preparation

|C±⟩ =
1

N±
( |α⟩ ± | − α⟩)

<latexit sha1_base64="zBieh+ofDNT0fIIiTfVQcaKlKak=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilTi9GEXFD+uWKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqqN3iZ/N7p+TMKgMSxtqWQjJXf09kNDJmEgW2M6I4MsveTPzP66YYXvuZUEmKXLHFojCVBGMye54MhOYM5cQSyrSwtxI2opoytBGVbAje8surpHVR9WrV2v1lpX6Tx1GEEziFc/DgCupwBw1oAgMJz/AKb86j8+K8Ox+L1oKTzxzDHzifP+Haj+I=</latexit>→

N± = 2(1 ± exp(−2 |α |2 ))

|0dual rail⟩ = |01 >
|1dual rail⟩ = |10 >
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Dual rail cat code instance N=2 (DRCC-2) 

<latexit sha1_base64="zBieh+ofDNT0fIIiTfVQcaKlKak=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilTi9GEXFD+uWKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqqN3iZ/N7p+TMKgMSxtqWQjJXf09kNDJmEgW2M6I4MsveTPzP66YYXvuZUEmKXLHFojCVBGMye54MhOYM5cQSyrSwtxI2opoytBGVbAje8surpHVR9WrV2v1lpX6Tx1GEEziFc/DgCupwBw1oAgMJz/AKb86j8+K8Ox+L1oKTzxzDHzifP+Haj+I=</latexit>→

<latexit sha1_base64="zBieh+ofDNT0fIIiTfVQcaKlKak=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilTi9GEXFD+uWKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqqN3iZ/N7p+TMKgMSxtqWQjJXf09kNDJmEgW2M6I4MsveTPzP66YYXvuZUEmKXLHFojCVBGMye54MhOYM5cQSyrSwtxI2opoytBGVbAje8surpHVR9WrV2v1lpX6Tx1GEEziFc/DgCupwBw1oAgMJz/AKb86j8+K8Ox+L1oKTzxzDHzifP+Haj+I=</latexit>→

D. Biswas et al, in preparation



Can encode d-level systems in d modes

• From same group-theoretic construction, Pauli gates still implemented by linear optics 

• Still have N-fold discrete rotational symmetry 

• Performance still to be analysed!

R. Galib Ahmed, A. Udupa, G. Ferrini, arXiv:2508.20647 (2025)
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Summary and conclusions on part 2b
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Conclusions

•Beam-splitted two-mode RSB codes resolve the 
performance tradeoff between performance against 
losses and dephasing! 

10°3 10°2 10°1

∞1t = ∞2t = ∑t

10°6

10°4

10°2

1
°

F

(a)
Performance against dephasing channel

N = 2, K = 2
N = 4, K = 2
N = 6, K = 2
N = 8, K = 2
N = 2, K = 2 single-mode
CLY code
Break-even

10°3 10°2 10°1

∑1t = ∑2t = ∑t

1
°

F

(b)
Performance against loss channel

N = 2, K = 2
N = 4, K = 2
N = 2, K = 2 single-mode
CLY code
Break-even

10°3 10°2 10°1

∑t = ∞t

1
°

F

(c)
Performance against combined channel

N = 2, K = 2
N = 4, K = 2
N = 2, K = 2 single-mode
CLY code
Break-even

•We generalized RSB codes to multi-mode based on group theory 
construction; many qubit and qudit codes to be explored! 

R. Galib Ahmed, A. Udupa, G. Ferrini, arXiv:2508.20647 (2025)
A. Udupa et al, Phys. Rev. Research 8, 023007 (2026)

•Binomial code outperforms GKP codes under error model with 
1.finite measurement efficiencies  
2.number dephasing noise 

T. Hillmann, F. Quijandría, A. L. Grimsmo, G. Ferrini, PRX Quantum 3, 020334 (2022)
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Think about: 
One concept that you have understood; 
One concept that you have not understood; 

2 minutes by yourself; 
2 minutes with your neighbour; 
5 minutes ask me questions!
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Part 3a: Vacuum provides quantum 
advantage



Why classical simulation of quantum computers?

Giulia Ferrini | WACQT 

• Benchmark small-size quantum computers Arute et al, Nature 574, 505 (2019) 

• Understanding which architectures are capable of providing quantum advantage 

“Simulating”: computing or approximating the outcomes probability distribution  



• No exponential quantum advantage with Clifford quantum computation! 

  
    (i) qubits initialised in “easy” states (“Pauli eigenstates”) 
    (ii) “easy” operations (“Clifford group”)  
    (iii) “easy” measurements (computational basis)  

can be simulated efficiently with a classical computer

A restricted simulatable qubit architecture

Giulia Ferrini | WACQT 

Gottesman-Knill theorem

For discrete variables, a QC based on:

What about the simulation of CV system?



We have seen that:

•Wigner negativity is a necessary condition in a bosonic quantum circuit for 
quantum advantage 

•GKP states are highly (infinitely) Wigner-negative

Giulia Ferrini | WACQT 

Are Gaussian circuits with input GKP states classically efficiently simulatable, or 
do they provide quantum advantage?
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Simulatability of GKP circuits / 
vacuum provides quantum advantage



GKP states with Gaussian circuits
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Are these circuits universal or classically simulatable? 
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q̂
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|0→→GKP
<latexit sha1_base64="0eawJ7YR5bxDvngHKxTy3PnFdrA=">AAACBnicbVDLSgNBEJz1GeMr6lGExSB4Crsi0WPQg4KXCOYB2RhmJ73JkNnZZaZXDGtOXvwVLx4U8eo3ePNvnDwOmljQUFR1093lx4JrdJxva25+YXFpObOSXV1b39jMbW1XdZQoBhUWiUjVfapBcAkV5CigHiugoS+g5vfOh37tDpTmkbzBfgzNkHYkDzijaKRWbu/B8RSVHQG3HpcB9luph3CP6cVVeTBo5fJOwRnBniXuhOTJBOVW7strRywJQSITVOuG68TYTKlCzgQMsl6iIaasRzvQMFTSEHQzHb0xsA+M0raDSJmSaI/U3xMpDbXuh77pDCl29bQ3FP/zGgkGp82UyzhBkGy8KEiEjZE9zMRucwUMRd8QyhQ3t9qsSxVlaJLLmhDc6ZdnSfWo4BYLxevjfOlsEkeG7JJ9ckhcckJK5JKUSYUw8kieySt5s56sF+vd+hi3zlmTmR3yB9bnDx1tmY8=</latexit>

|0→→GKP
<latexit sha1_base64="0eawJ7YR5bxDvngHKxTy3PnFdrA=">AAACBnicbVDLSgNBEJz1GeMr6lGExSB4Crsi0WPQg4KXCOYB2RhmJ73JkNnZZaZXDGtOXvwVLx4U8eo3ePNvnDwOmljQUFR1093lx4JrdJxva25+YXFpObOSXV1b39jMbW1XdZQoBhUWiUjVfapBcAkV5CigHiugoS+g5vfOh37tDpTmkbzBfgzNkHYkDzijaKRWbu/B8RSVHQG3HpcB9luph3CP6cVVeTBo5fJOwRnBniXuhOTJBOVW7strRywJQSITVOuG68TYTKlCzgQMsl6iIaasRzvQMFTSEHQzHb0xsA+M0raDSJmSaI/U3xMpDbXuh77pDCl29bQ3FP/zGgkGp82UyzhBkGy8KEiEjZE9zMRucwUMRd8QyhQ3t9qsSxVlaJLLmhDc6ZdnSfWo4BYLxevjfOlsEkeG7JJ9ckhcckJK5JKUSYUw8kieySt5s56sF+vd+hi3zlmTmR3yB9bnDx1tmY8=</latexit>

|0→→GKP

<latexit sha1_base64="0eawJ7YR5bxDvngHKxTy3PnFdrA=">AAACBnicbVDLSgNBEJz1GeMr6lGExSB4Crsi0WPQg4KXCOYB2RhmJ73JkNnZZaZXDGtOXvwVLx4U8eo3ePNvnDwOmljQUFR1093lx4JrdJxva25+YXFpObOSXV1b39jMbW1XdZQoBhUWiUjVfapBcAkV5CigHiugoS+g5vfOh37tDpTmkbzBfgzNkHYkDzijaKRWbu/B8RSVHQG3HpcB9luph3CP6cVVeTBo5fJOwRnBniXuhOTJBOVW7strRywJQSITVOuG68TYTKlCzgQMsl6iIaasRzvQMFTSEHQzHb0xsA+M0raDSJmSaI/U3xMpDbXuh77pDCl29bQ3FP/zGgkGp82UyzhBkGy8KEiEjZE9zMRucwUMRd8QyhQ3t9qsSxVlaJLLmhDc6ZdnSfWo4BYLxevjfOlsEkeG7JJ9ckhcckJK5JKUSYUw8kieySt5s56sF+vd+hi3zlmTmR3yB9bnDx1tmY8=</latexit>

|0→→GKP

Gaussian 
operations

<latexit sha1_base64="ob6/KENUodIJAZijJyXULiAU41U=">AAACIHicbVDLSgNBEJyNrxhfqx69DAYhHgy7EtSLEPTiMYIxgSSG2UknGTL7YKZXDMv+iRd/xYsHBdGbfo2Tx0ETCxqKqu7p6fIiKTQ6zpeVWVhcWl7JrubW1jc2t+ztnVsdxopDlYcyVHWPaZAigCoKlFCPFDDfk1DzBpcjv3YPSoswuMFhBC2f9QLRFZyhkdr2Sb3QRHjA8UuJgk6a6PTwHO6SI0HnHdrsM6RR2rbzTtEZg84Td0ryZIpK2/5sdkIe+xAgl0zrhutE2EqYQsElpLlmrCFifMB60DA0YD7oVjLendIDo3RoN1SmAqRj9fdEwnyth75nOn2GfT3rjcT/vEaM3bNWIoIoRgj4ZFE3lhRDOgqLdoQCjnJoCONKmL9S3meKcTSR5kwI7uzJ86R2XHRLRde9LuXLF9M8smSP7JMCcckpKZMrUiFVwskjeSav5M16sl6sd+tj0pqxpjO75A+s7x+dQaRc</latexit>

X(s) = e�isp̂
<latexit sha1_base64="KRMVp9B0qn+etofxpoqRoKUByK8=">AAACHnicbVDLSgNBEJyNrxhfqx69DAYhXsKuBPQiBL14jGBMMIlhdtJJhsw+nOkVw7I/4sVf8eJBQQRP+jdOHgdNLGgoqrqnp8uLpNDoON9WZmFxaXklu5pbW9/Y3LK3d651GCsOVR7KUNU9pkGKAKooUEI9UsB8T0LNG5yP/No9KC3C4AqHEbR81gtEV3CGRmrbpZtCE+EBxy8lCjppotPDU7hNxLxOm32G9C5t23mn6IxB54k7JXkyRaVtfzY7IY99CJBLpnXDdSJsJUyh4BLSXDPWEDE+YD1oGBowH3QrGe9O6YFROrQbKlMB0rH6eyJhvtZD3zOdPsO+nvVG4n9eI8buSSsRQRQjBHyyqBtLiiEdRUU7QgFHOTSEcSXMXynvM8U4mkBzJgR39uR5UjsquqWi616W8uWzaR5Zskf2SYG45JiUyQWpkCrh5JE8k1fyZj1ZL9a79TFpzVjTmV3yB9bXD8W4o/4=</latexit>

Z(s) = eisq̂

e.g.:

  
First we look at infinite squeezing case:

<latexit sha1_base64="0eawJ7YR5bxDvngHKxTy3PnFdrA=">AAACBnicbVDLSgNBEJz1GeMr6lGExSB4Crsi0WPQg4KXCOYB2RhmJ73JkNnZZaZXDGtOXvwVLx4U8eo3ePNvnDwOmljQUFR1093lx4JrdJxva25+YXFpObOSXV1b39jMbW1XdZQoBhUWiUjVfapBcAkV5CigHiugoS+g5vfOh37tDpTmkbzBfgzNkHYkDzijaKRWbu/B8RSVHQG3HpcB9luph3CP6cVVeTBo5fJOwRnBniXuhOTJBOVW7strRywJQSITVOuG68TYTKlCzgQMsl6iIaasRzvQMFTSEHQzHb0xsA+M0raDSJmSaI/U3xMpDbXuh77pDCl29bQ3FP/zGgkGp82UyzhBkGy8KEiEjZE9zMRucwUMRd8QyhQ3t9qsSxVlaJLLmhDc6ZdnSfWo4BYLxevjfOlsEkeG7JJ9ckhcckJK5JKUSYUw8kieySt5s56sF+vd+hi3zlmTmR3yB9bnDx1tmY8=</latexit>

|0→→GKP

Simulatable = we can compute in polytime the 
probability density function (PDF)

PDF = ∏
j

⟨ ̂qj = xj | Û |0⟩n
GKP

2



A QC based only on:  
    (i) qubits initialised in a Pauli eigenstate 
    (ii) Clifford group operations  
    (iii) Pauli measurements  
can be simulated efficiently with a classical computer

Gottesman-Knill theorem (DV-analog of Mari-Veitch)

Giulia Ferrini | WACQT 

<latexit sha1_base64="UFBB18BqND2qYw3pxdhBSGtDLXg="></latexit>

H =
1p
2

✓
1 1
1 �1

◆ <latexit sha1_base64="rJaiMaMU8/s1/CuZReDxbWqifV4="></latexit>

S =

✓
1 0
0 i

◆

Includes Pauli matrices
<latexit sha1_base64="yDgUyvpUon1EQ5H903oMhmf9ZCI=">AAAB73icbVBNT8JAEJ3iF9Yv1KOXjcTEAyGtweiR6MUjJgJVaMh22cKG7bbubk1Iw5/w4kFjvPp3vPlvXKAHBV8yyct7M5mZFyScKe0431ZhZXVtfaO4aW9t7+zulfYPWipOJaFNEvNYegFWlDNBm5ppTr1EUhwFnLaD0fXUbz9RqVgs7vQ4oX6EB4KFjGBtJM/2Kui+gh56pbJTdWZAy8TNSRlyNHqlr24/JmlEhSYcK9VxnUT7GZaaEU4ndjdVNMFkhAe0Y6jAEVV+Nrt3gk6M0kdhLE0JjWbq74kMR0qNo8B0RlgP1aI3Ff/zOqkOL/2MiSTVVJD5ojDlSMdo+jzqM0mJ5mNDMJHM3IrIEEtMtInINiG4iy8vk9ZZ1T2vOre1cv0qj6MIR3AMp+DCBdThBhrQBAIcnuEV3qxH68V6tz7mrQUrnzmEP7A+fwDDp457</latexit>

X,Y, Z

• A trivial example of a circuit with high Wigner negativity and 
classically efficiently simulatable is a GKP-encoded Clifford circuit!



Wigner function is not sufficient for quantum advantage

Construct a trivial example: encode Clifford operations with GKP states

Encoded Clifford operations

Pauli measurement

Giulia Ferrini | WACQT 

This circuit is simulatable due to the Gottesman-Knill theorem for qubits

Pauli-
eigenstate 
GKP states

H, S, Cz,

<latexit sha1_base64="a9rHGTIVDAwqVOGlim5FPMTn5y8=">AAACA3icbVDLSgMxFM3UVx1fo+50EyxC3ZQZUXQjFN24rGAf2BlKJk3b0EwmTTJiGQpu/BU3LhRx60+4829M21lo64ELh3Pu5d57QsGo0q77beUWFpeWV/Kr9tr6xuaWs71TU3EiManimMWyESJFGOWkqqlmpCEkQVHISD3sX439+j2Risb8Vg8FCSLU5bRDMdJGajl79h28gD55ELBIoa8GUqe+oCM4OGo5BbfkTgDniZeRAshQaTlffjvGSUS4xgwp1fRcoYMUSU0xIyPbTxQRCPdRlzQN5SgiKkgnP4zgoVHasBNLU1zDifp7IkWRUsMoNJ0R0j01643F/7xmojvnQUq5SDTheLqokzCoYzgOBLapJFizoSEIS2puhbiHJMLaxGabELzZl+dJ7bjknZbcm5NC+TKLIw/2wQEoAg+cgTK4BhVQBRg8gmfwCt6sJ+vFerc+pq05K5vZBX9gff4AZSuWGw==</latexit>

Z = exp(i
p
⇡q)

<latexit sha1_base64="6VZT6XlCGJ5gEnGKqibuOc9piSI=">AAACBHicbVDLSsNAFJ34rPEVddnNYBHqwpKIohuh6MZlBfuAJpTJdNIOnUzGmYlYQhdu/BU3LhRx60e482+ctllo64ELh3Pu5d57QsGo0q77bS0sLi2vrBbW7PWNza1tZ2e3oZJUYlLHCUtkK0SKMMpJXVPNSEtIguKQkWY4uBr7zXsiFU34rR4KEsSox2lEMdJG6jhFuwUvoE8eBCwfUeirO6kzX9ARFIcdp+RW3AngPPFyUgI5ah3ny+8mOI0J15ghpdqeK3SQIakpZmRk+6kiAuEB6pG2oRzFRAXZ5IkRPDBKF0aJNMU1nKi/JzIUKzWMQ9MZI91Xs95Y/M9rpzo6DzLKRaoJx9NFUcqgTuA4EdilkmDNhoYgLKm5FeI+kghrk5ttQvBmX54njeOKd1pxb05K1cs8jgIogn1QBh44A1VwDWqgDjB4BM/gFbxZT9aL9W59TFsXrHxmD/yB9fkDz0qWTw==</latexit>

X = exp(�i
p
⇡p)

<latexit sha1_base64="HtKFUNfhceUv79G7Euw438L5PgA=">AAAB/3icbVDLSgNBEJyNrxhfq4IXL4tB8BR2JajHoAcFLxHMA7IhzE46yZDZ2WWmVwybHPwVLx4U8epvePNvnDwOmljQUFR1090VxIJrdN1vK7O0vLK6ll3PbWxube/Yu3tVHSWKQYVFIlL1gGoQXEIFOQqoxwpoGAioBf2rsV97AKV5JO9xEEMzpF3JO5xRNFLLPhi6vqKyK6CV+giPmF7flkejlp13C+4EziLxZiRPZii37C+/HbEkBIlMUK0bnhtjM6UKORMwyvmJhpiyPu1Cw1BJQ9DNdHL/yDk2StvpRMqURGei/p5Iaaj1IAxMZ0ixp+e9sfif10iwc9FMuYwTBMmmizqJcDByxmE4ba6AoRgYQpni5laH9aiiDE1kOROCN//yIqmeFryzQvGumC9dzuLIkkNyRE6IR85JidyQMqkQRobkmbySN+vJerHerY9pa8aazeyTP7A+fwBwMZZj</latexit>

|0iGKP
<latexit sha1_base64="HtKFUNfhceUv79G7Euw438L5PgA=">AAAB/3icbVDLSgNBEJyNrxhfq4IXL4tB8BR2JajHoAcFLxHMA7IhzE46yZDZ2WWmVwybHPwVLx4U8epvePNvnDwOmljQUFR1090VxIJrdN1vK7O0vLK6ll3PbWxube/Yu3tVHSWKQYVFIlL1gGoQXEIFOQqoxwpoGAioBf2rsV97AKV5JO9xEEMzpF3JO5xRNFLLPhi6vqKyK6CV+giPmF7flkejlp13C+4EziLxZiRPZii37C+/HbEkBIlMUK0bnhtjM6UKORMwyvmJhpiyPu1Cw1BJQ9DNdHL/yDk2StvpRMqURGei/p5Iaaj1IAxMZ0ixp+e9sfif10iwc9FMuYwTBMmmizqJcDByxmE4ba6AoRgYQpni5laH9aiiDE1kOROCN//yIqmeFryzQvGumC9dzuLIkkNyRE6IR85JidyQMqkQRobkmbySN+vJerHerY9pa8aazeyTP7A+fwBwMZZj</latexit>

|0iGKP
<latexit sha1_base64="HtKFUNfhceUv79G7Euw438L5PgA=">AAAB/3icbVDLSgNBEJyNrxhfq4IXL4tB8BR2JajHoAcFLxHMA7IhzE46yZDZ2WWmVwybHPwVLx4U8epvePNvnDwOmljQUFR1090VxIJrdN1vK7O0vLK6ll3PbWxube/Yu3tVHSWKQYVFIlL1gGoQXEIFOQqoxwpoGAioBf2rsV97AKV5JO9xEEMzpF3JO5xRNFLLPhi6vqKyK6CV+giPmF7flkejlp13C+4EziLxZiRPZii37C+/HbEkBIlMUK0bnhtjM6UKORMwyvmJhpiyPu1Cw1BJQ9DNdHL/yDk2StvpRMqURGei/p5Iaaj1IAxMZ0ixp+e9sfif10iwc9FMuYwTBMmmizqJcDByxmE4ba6AoRgYQpni5laH9aiiDE1kOROCN//yIqmeFryzQvGumC9dzuLIkkNyRE6IR85JidyQMqkQRobkmbySN+vJerHerY9pa8aazeyTP7A+fwBwMZZj</latexit>

|0iGKP

<latexit sha1_base64="HtKFUNfhceUv79G7Euw438L5PgA=">AAAB/3icbVDLSgNBEJyNrxhfq4IXL4tB8BR2JajHoAcFLxHMA7IhzE46yZDZ2WWmVwybHPwVLx4U8epvePNvnDwOmljQUFR1090VxIJrdN1vK7O0vLK6ll3PbWxube/Yu3tVHSWKQYVFIlL1gGoQXEIFOQqoxwpoGAioBf2rsV97AKV5JO9xEEMzpF3JO5xRNFLLPhi6vqKyK6CV+giPmF7flkejlp13C+4EziLxZiRPZii37C+/HbEkBIlMUK0bnhtjM6UKORMwyvmJhpiyPu1Cw1BJQ9DNdHL/yDk2StvpRMqURGei/p5Iaaj1IAxMZ0ixp+e9sfif10iwc9FMuYwTBMmmizqJcDByxmE4ba6AoRgYQpni5laH9aiiDE1kOROCN//yIqmeFryzQvGumC9dzuLIkkNyRE6IR85JidyQMqkQRobkmbySN+vJerHerY9pa8aazeyTP7A+fwBwMZZj</latexit>

|0iGKP



A non-trivial class of circuits

Is this circuit simulatable or hard to sample?

H, S, Cz,

Displacements do not correspond to encoded Clifford operations

Pauli measurement

<latexit sha1_base64="ob6/KENUodIJAZijJyXULiAU41U=">AAACIHicbVDLSgNBEJyNrxhfqx69DAYhHgy7EtSLEPTiMYIxgSSG2UknGTL7YKZXDMv+iRd/xYsHBdGbfo2Tx0ETCxqKqu7p6fIiKTQ6zpeVWVhcWl7JrubW1jc2t+ztnVsdxopDlYcyVHWPaZAigCoKlFCPFDDfk1DzBpcjv3YPSoswuMFhBC2f9QLRFZyhkdr2Sb3QRHjA8UuJgk6a6PTwHO6SI0HnHdrsM6RR2rbzTtEZg84Td0ryZIpK2/5sdkIe+xAgl0zrhutE2EqYQsElpLlmrCFifMB60DA0YD7oVjLendIDo3RoN1SmAqRj9fdEwnyth75nOn2GfT3rjcT/vEaM3bNWIoIoRgj4ZFE3lhRDOgqLdoQCjnJoCONKmL9S3meKcTSR5kwI7uzJ86R2XHRLRde9LuXLF9M8smSP7JMCcckpKZMrUiFVwskjeSav5M16sl6sd+tj0pqxpjO75A+s7x+dQaRc</latexit>

X(s) = e�isp̂
<latexit sha1_base64="KRMVp9B0qn+etofxpoqRoKUByK8=">AAACHnicbVDLSgNBEJyNrxhfqx69DAYhXsKuBPQiBL14jGBMMIlhdtJJhsw+nOkVw7I/4sVf8eJBQQRP+jdOHgdNLGgoqrqnp8uLpNDoON9WZmFxaXklu5pbW9/Y3LK3d651GCsOVR7KUNU9pkGKAKooUEI9UsB8T0LNG5yP/No9KC3C4AqHEbR81gtEV3CGRmrbpZtCE+EBxy8lCjppotPDU7hNxLxOm32G9C5t23mn6IxB54k7JXkyRaVtfzY7IY99CJBLpnXDdSJsJUyh4BLSXDPWEDE+YD1oGBowH3QrGe9O6YFROrQbKlMB0rH6eyJhvtZD3zOdPsO+nvVG4n9eI8buSSsRQRQjBHyyqBtLiiEdRUU7QgFHOTSEcSXMXynvM8U4mkBzJgR39uR5UjsquqWi616W8uWzaR5Zskf2SYG45JiUyQWpkCrh5JE8k1fyZj1ZL9a79TFpzVjTmV3yB9bXD8W4o/4=</latexit>

Z(s) = eisq̂

• Gottesman-Knill th. not applicable because operations are outside qubit space

Giulia Ferrini | WACQT 

<latexit sha1_base64="RKcQMNAi2XJB+Rx+rXo9KjzNSbE=">AAAB/nicbVBNS8NAEJ34WetXVDx5WSyCp5oURS9C0YvHivYD2rRstpt26WYTdzdCCQX/ihcPinj1d3jz37htc9DWBwOP92aYmefHnCntON/WwuLS8spqbi2/vrG5tW3v7NZUlEhCqyTikWz4WFHOBK1qpjltxJLi0Oe07g+ux379kUrFInGvhzH1QtwTLGAEayN17P07dIloO2Wo1ccaPbRL6KQ06tgFp+hMgOaJm5ECZKh07K9WNyJJSIUmHCvVdJ1YeymWmhFOR/lWomiMyQD3aNNQgUOqvHRy/ggdGaWLgkiaEhpN1N8TKQ6VGoa+6Qyx7qtZbyz+5zUTHVx4KRNxoqkg00VBwpGO0DgL1GWSEs2HhmAimbkVkT6WmGiTWN6E4M6+PE9qpaJ7VnRuTwvlqyyOHBzAIRyDC+dQhhuoQBUIpPAMr/BmPVkv1rv1MW1dsLKZPfgD6/MHXK2T0A==</latexit>

S = eiq̂
2/2

• Mari-Veitch theorem not applicable because Wigner function is negative

Pauli-
eigenstate 
GKP states

<latexit sha1_base64="HtKFUNfhceUv79G7Euw438L5PgA=">AAAB/3icbVDLSgNBEJyNrxhfq4IXL4tB8BR2JajHoAcFLxHMA7IhzE46yZDZ2WWmVwybHPwVLx4U8epvePNvnDwOmljQUFR1090VxIJrdN1vK7O0vLK6ll3PbWxube/Yu3tVHSWKQYVFIlL1gGoQXEIFOQqoxwpoGAioBf2rsV97AKV5JO9xEEMzpF3JO5xRNFLLPhi6vqKyK6CV+giPmF7flkejlp13C+4EziLxZiRPZii37C+/HbEkBIlMUK0bnhtjM6UKORMwyvmJhpiyPu1Cw1BJQ9DNdHL/yDk2StvpRMqURGei/p5Iaaj1IAxMZ0ixp+e9sfif10iwc9FMuYwTBMmmizqJcDByxmE4ba6AoRgYQpni5laH9aiiDE1kOROCN//yIqmeFryzQvGumC9dzuLIkkNyRE6IR85JidyQMqkQRobkmbySN+vJerHerY9pa8aazeyTP7A+fwBwMZZj</latexit>

|0iGKP
<latexit sha1_base64="HtKFUNfhceUv79G7Euw438L5PgA=">AAAB/3icbVDLSgNBEJyNrxhfq4IXL4tB8BR2JajHoAcFLxHMA7IhzE46yZDZ2WWmVwybHPwVLx4U8epvePNvnDwOmljQUFR1090VxIJrdN1vK7O0vLK6ll3PbWxube/Yu3tVHSWKQYVFIlL1gGoQXEIFOQqoxwpoGAioBf2rsV97AKV5JO9xEEMzpF3JO5xRNFLLPhi6vqKyK6CV+giPmF7flkejlp13C+4EziLxZiRPZii37C+/HbEkBIlMUK0bnhtjM6UKORMwyvmJhpiyPu1Cw1BJQ9DNdHL/yDk2StvpRMqURGei/p5Iaaj1IAxMZ0ixp+e9sfif10iwc9FMuYwTBMmmizqJcDByxmE4ba6AoRgYQpni5laH9aiiDE1kOROCN//yIqmeFryzQvGumC9dzuLIkkNyRE6IR85JidyQMqkQRobkmbySN+vJerHerY9pa8aazeyTP7A+fwBwMZZj</latexit>

|0iGKP
<latexit sha1_base64="HtKFUNfhceUv79G7Euw438L5PgA=">AAAB/3icbVDLSgNBEJyNrxhfq4IXL4tB8BR2JajHoAcFLxHMA7IhzE46yZDZ2WWmVwybHPwVLx4U8epvePNvnDwOmljQUFR1090VxIJrdN1vK7O0vLK6ll3PbWxube/Yu3tVHSWKQYVFIlL1gGoQXEIFOQqoxwpoGAioBf2rsV97AKV5JO9xEEMzpF3JO5xRNFLLPhi6vqKyK6CV+giPmF7flkejlp13C+4EziLxZiRPZii37C+/HbEkBIlMUK0bnhtjM6UKORMwyvmJhpiyPu1Cw1BJQ9DNdHL/yDk2StvpRMqURGei/p5Iaaj1IAxMZ0ixp+e9sfif10iwc9FMuYwTBMmmizqJcDByxmE4ba6AoRgYQpni5laH9aiiDE1kOROCN//yIqmeFryzQvGumC9dzuLIkkNyRE6IR85JidyQMqkQRobkmbySN+vJerHerY9pa8aazeyTP7A+fwBwMZZj</latexit>

|0iGKP

<latexit sha1_base64="HtKFUNfhceUv79G7Euw438L5PgA=">AAAB/3icbVDLSgNBEJyNrxhfq4IXL4tB8BR2JajHoAcFLxHMA7IhzE46yZDZ2WWmVwybHPwVLx4U8epvePNvnDwOmljQUFR1090VxIJrdN1vK7O0vLK6ll3PbWxube/Yu3tVHSWKQYVFIlL1gGoQXEIFOQqoxwpoGAioBf2rsV97AKV5JO9xEEMzpF3JO5xRNFLLPhi6vqKyK6CV+giPmF7flkejlp13C+4EziLxZiRPZii37C+/HbEkBIlMUK0bnhtjM6UKORMwyvmJhpiyPu1Cw1BJQ9DNdHL/yDk2StvpRMqURGei/p5Iaaj1IAxMZ0ixp+e9sfif10iwc9FMuYwTBMmmizqJcDByxmE4ba6AoRgYQpni5laH9aiiDE1kOROCN//yIqmeFryzQvGumC9dzuLIkkNyRE6IR85JidyQMqkQRobkmbySN+vJerHerY9pa8aazeyTP7A+fwBwMZZj</latexit>

|0iGKP



A non-trivial class of circuits

Giulia Ferrini | WACQT 

We show that these circuits are classically efficiently simulatable for displacements 
that are an arbitrary fraction of the ones that represent encoded qubit operations 

L. García-Álvarez, C. Calcluth, A. Ferraro, G. Ferrini, Phys. Rev. Research 2, 043322 (2020) 

<latexit sha1_base64="RKcQMNAi2XJB+Rx+rXo9KjzNSbE=">AAAB/nicbVBNS8NAEJ34WetXVDx5WSyCp5oURS9C0YvHivYD2rRstpt26WYTdzdCCQX/ihcPinj1d3jz37htc9DWBwOP92aYmefHnCntON/WwuLS8spqbi2/vrG5tW3v7NZUlEhCqyTikWz4WFHOBK1qpjltxJLi0Oe07g+ux379kUrFInGvhzH1QtwTLGAEayN17P07dIloO2Wo1ccaPbRL6KQ06tgFp+hMgOaJm5ECZKh07K9WNyJJSIUmHCvVdJ1YeymWmhFOR/lWomiMyQD3aNNQgUOqvHRy/ggdGaWLgkiaEhpN1N8TKQ6VGoa+6Qyx7qtZbyz+5zUTHVx4KRNxoqkg00VBwpGO0DgL1GWSEs2HhmAimbkVkT6WmGiTWN6E4M6+PE9qpaJ7VnRuTwvlqyyOHBzAIRyDC+dQhhuoQBUIpPAMr/BmPVkv1rv1MW1dsLKZPfgD6/MHXK2T0A==</latexit>

S = eiq̂
2/2

<latexit sha1_base64="OGai953sXyWzlssAk+r/HBawZ80=">AAACFHicbVDLSgNBEJyNrxhfUY9eBoMgCGFXRL0IQS8eFYwK2RBmJ73JkNmHM71iGPYjvPgrXjwo4tWDN//GyeOgiQUNRVX3THcFqRQaXffbKczMzs0vFBdLS8srq2vl9Y1rnWSKQ50nMlG3AdMgRQx1FCjhNlXAokDCTdA7G/g396C0SOIr7KfQjFgnFqHgDK3UKu/5CA84fMcoaOdG0xPq6zuFxk9FTv1QMW56uWF53ipX3Ko7BJ0m3phUyBgXrfKX3054FkGMXDKtG56bYtMwhYJLyEt+piFlvMc60LA0ZhHophkuk9Mdq7RpmChbMdKh+nvCsEjrfhTYzohhV096A/E/r5FheNw0Ik4zhJiPPgozSTGhg4RoWyjgKPuWMK6E3ZXyLrMxoM2xZEPwJk+eJtf7Ve+w6l0eVGqn4ziKZItsk13ikSNSI+fkgtQJJ4/kmbySN+fJeXHenY9Ra8EZz2ySP3A+fwC6L5/h</latexit>

s =
p
⇡
k

a

Pauli-
eigenstate 
GKP states

H, S, Cz,
<latexit sha1_base64="ob6/KENUodIJAZijJyXULiAU41U=">AAACIHicbVDLSgNBEJyNrxhfqx69DAYhHgy7EtSLEPTiMYIxgSSG2UknGTL7YKZXDMv+iRd/xYsHBdGbfo2Tx0ETCxqKqu7p6fIiKTQ6zpeVWVhcWl7JrubW1jc2t+ztnVsdxopDlYcyVHWPaZAigCoKlFCPFDDfk1DzBpcjv3YPSoswuMFhBC2f9QLRFZyhkdr2Sb3QRHjA8UuJgk6a6PTwHO6SI0HnHdrsM6RR2rbzTtEZg84Td0ryZIpK2/5sdkIe+xAgl0zrhutE2EqYQsElpLlmrCFifMB60DA0YD7oVjLendIDo3RoN1SmAqRj9fdEwnyth75nOn2GfT3rjcT/vEaM3bNWIoIoRgj4ZFE3lhRDOgqLdoQCjnJoCONKmL9S3meKcTSR5kwI7uzJ86R2XHRLRde9LuXLF9M8smSP7JMCcckpKZMrUiFVwskjeSav5M16sl6sd+tj0pqxpjO75A+s7x+dQaRc</latexit>

X(s) = e�isp̂
<latexit sha1_base64="KRMVp9B0qn+etofxpoqRoKUByK8=">AAACHnicbVDLSgNBEJyNrxhfqx69DAYhXsKuBPQiBL14jGBMMIlhdtJJhsw+nOkVw7I/4sVf8eJBQQRP+jdOHgdNLGgoqrqnp8uLpNDoON9WZmFxaXklu5pbW9/Y3LK3d651GCsOVR7KUNU9pkGKAKooUEI9UsB8T0LNG5yP/No9KC3C4AqHEbR81gtEV3CGRmrbpZtCE+EBxy8lCjppotPDU7hNxLxOm32G9C5t23mn6IxB54k7JXkyRaVtfzY7IY99CJBLpnXDdSJsJUyh4BLSXDPWEDE+YD1oGBowH3QrGe9O6YFROrQbKlMB0rH6eyJhvtZD3zOdPsO+nvVG4n9eI8buSSsRQRQjBHyyqBtLiiEdRUU7QgFHOTSEcSXMXynvM8U4mkBzJgR39uR5UjsquqWi616W8uWzaR5Zskf2SYG45JiUyQWpkCrh5JE8k1fyZj1ZL9a79TFpzVjTmV3yB9bXD8W4o/4=</latexit>

Z(s) = eisq̂

<latexit sha1_base64="HtKFUNfhceUv79G7Euw438L5PgA=">AAAB/3icbVDLSgNBEJyNrxhfq4IXL4tB8BR2JajHoAcFLxHMA7IhzE46yZDZ2WWmVwybHPwVLx4U8epvePNvnDwOmljQUFR1090VxIJrdN1vK7O0vLK6ll3PbWxube/Yu3tVHSWKQYVFIlL1gGoQXEIFOQqoxwpoGAioBf2rsV97AKV5JO9xEEMzpF3JO5xRNFLLPhi6vqKyK6CV+giPmF7flkejlp13C+4EziLxZiRPZii37C+/HbEkBIlMUK0bnhtjM6UKORMwyvmJhpiyPu1Cw1BJQ9DNdHL/yDk2StvpRMqURGei/p5Iaaj1IAxMZ0ixp+e9sfif10iwc9FMuYwTBMmmizqJcDByxmE4ba6AoRgYQpni5laH9aiiDE1kOROCN//yIqmeFryzQvGumC9dzuLIkkNyRE6IR85JidyQMqkQRobkmbySN+vJerHerY9pa8aazeyTP7A+fwBwMZZj</latexit>

|0iGKP
<latexit sha1_base64="HtKFUNfhceUv79G7Euw438L5PgA=">AAAB/3icbVDLSgNBEJyNrxhfq4IXL4tB8BR2JajHoAcFLxHMA7IhzE46yZDZ2WWmVwybHPwVLx4U8epvePNvnDwOmljQUFR1090VxIJrdN1vK7O0vLK6ll3PbWxube/Yu3tVHSWKQYVFIlL1gGoQXEIFOQqoxwpoGAioBf2rsV97AKV5JO9xEEMzpF3JO5xRNFLLPhi6vqKyK6CV+giPmF7flkejlp13C+4EziLxZiRPZii37C+/HbEkBIlMUK0bnhtjM6UKORMwyvmJhpiyPu1Cw1BJQ9DNdHL/yDk2StvpRMqURGei/p5Iaaj1IAxMZ0ixp+e9sfif10iwc9FMuYwTBMmmizqJcDByxmE4ba6AoRgYQpni5laH9aiiDE1kOROCN//yIqmeFryzQvGumC9dzuLIkkNyRE6IR85JidyQMqkQRobkmbySN+vJerHerY9pa8aazeyTP7A+fwBwMZZj</latexit>

|0iGKP
<latexit sha1_base64="HtKFUNfhceUv79G7Euw438L5PgA=">AAAB/3icbVDLSgNBEJyNrxhfq4IXL4tB8BR2JajHoAcFLxHMA7IhzE46yZDZ2WWmVwybHPwVLx4U8epvePNvnDwOmljQUFR1090VxIJrdN1vK7O0vLK6ll3PbWxube/Yu3tVHSWKQYVFIlL1gGoQXEIFOQqoxwpoGAioBf2rsV97AKV5JO9xEEMzpF3JO5xRNFLLPhi6vqKyK6CV+giPmF7flkejlp13C+4EziLxZiRPZii37C+/HbEkBIlMUK0bnhtjM6UKORMwyvmJhpiyPu1Cw1BJQ9DNdHL/yDk2StvpRMqURGei/p5Iaaj1IAxMZ0ixp+e9sfif10iwc9FMuYwTBMmmizqJcDByxmE4ba6AoRgYQpni5laH9aiiDE1kOROCN//yIqmeFryzQvGumC9dzuLIkkNyRE6IR85JidyQMqkQRobkmbySN+vJerHerY9pa8aazeyTP7A+fwBwMZZj</latexit>

|0iGKP

<latexit sha1_base64="HtKFUNfhceUv79G7Euw438L5PgA=">AAAB/3icbVDLSgNBEJyNrxhfq4IXL4tB8BR2JajHoAcFLxHMA7IhzE46yZDZ2WWmVwybHPwVLx4U8epvePNvnDwOmljQUFR1090VxIJrdN1vK7O0vLK6ll3PbWxube/Yu3tVHSWKQYVFIlL1gGoQXEIFOQqoxwpoGAioBf2rsV97AKV5JO9xEEMzpF3JO5xRNFLLPhi6vqKyK6CV+giPmF7flkejlp13C+4EziLxZiRPZii37C+/HbEkBIlMUK0bnhtjM6UKORMwyvmJhpiyPu1Cw1BJQ9DNdHL/yDk2StvpRMqURGei/p5Iaaj1IAxMZ0ixp+e9sfif10iwc9FMuYwTBMmmizqJcDByxmE4ba6AoRgYQpni5laH9aiiDE1kOROCN//yIqmeFryzQvGumC9dzuLIkkNyRE6IR85JidyQMqkQRobkmbySN+vJerHerY9pa8aazeyTP7A+fwBwMZZj</latexit>

|0iGKP



q
<latexit sha1_base64="4MA6ccpWeagm54sma+pczmLr8VM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2A9oQ9lsJ+3azSbuboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJb3ZpqgH9GR5CFn1Fip+TgoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXrFXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A12eM5w==</latexit><latexit sha1_base64="4MA6ccpWeagm54sma+pczmLr8VM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2A9oQ9lsJ+3azSbuboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJb3ZpqgH9GR5CFn1Fip+TgoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXrFXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A12eM5w==</latexit><latexit sha1_base64="4MA6ccpWeagm54sma+pczmLr8VM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2A9oQ9lsJ+3azSbuboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJb3ZpqgH9GR5CFn1Fip+TgoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXrFXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A12eM5w==</latexit><latexit sha1_base64="4MA6ccpWeagm54sma+pczmLr8VM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2A9oQ9lsJ+3azSbuboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJb3ZpqgH9GR5CFn1Fip+TgoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXrFXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A12eM5w==</latexit>

0
<latexit sha1_base64="GtPZzOiWyA3oz//C6t/G5jFRh/w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSyx2WK27NXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3Sua55bs1r3VQa1TyOIlzAJVTBgzo04B6a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz9xR4ya</latexit><latexit sha1_base64="GtPZzOiWyA3oz//C6t/G5jFRh/w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSyx2WK27NXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3Sua55bs1r3VQa1TyOIlzAJVTBgzo04B6a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz9xR4ya</latexit><latexit sha1_base64="GtPZzOiWyA3oz//C6t/G5jFRh/w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSyx2WK27NXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3Sua55bs1r3VQa1TyOIlzAJVTBgzo04B6a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz9xR4ya</latexit><latexit sha1_base64="GtPZzOiWyA3oz//C6t/G5jFRh/w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSyx2WK27NXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3Sua55bs1r3VQa1TyOIlzAJVTBgzo04B6a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz9xR4ya</latexit>

|0i3
<latexit sha1_base64="qlMGWlsMwu7zS04RWG6Mhxly1rI=">AAAB9HicdVBNSwMxEJ2tX7V+VT16CRbBU8m2W7W3ghePFWwttEvJpmkbms2uSbZQ1v4OLx4U8eqP8ea/Mf0QVPTBwOO9GWbmBbHg2mD84WRWVtfWN7Kbua3tnd29/P5BU0eJoqxBIxGpVkA0E1yyhuFGsFasGAkDwW6D0eXMvx0zpXkkb8wkZn5IBpL3OSXGSv497igiB4J10/K0my/golsql8+qyBLsetWKJV4FV7CH3CKeowBL1Lv5904voknIpKGCaN12cWz8lCjDqWDTXCfRLCZ0RAasbakkIdN+Oj96ik6s0kP9SNmSBs3V7xMpCbWehIHtDIkZ6t/eTPzLayemf+GnXMaJYZIuFvUTgUyEZgmgHleMGjGxhFDF7a2IDoki1NiccjaEr0/R/6RZsvkU3WuvUPOWcWThCI7hFFw4hxpcQR0aQOEOHuAJnp2x8+i8OK+L1oyznDmEH3DePgEEQJI3</latexit><latexit sha1_base64="qlMGWlsMwu7zS04RWG6Mhxly1rI=">AAAB9HicdVBNSwMxEJ2tX7V+VT16CRbBU8m2W7W3ghePFWwttEvJpmkbms2uSbZQ1v4OLx4U8eqP8ea/Mf0QVPTBwOO9GWbmBbHg2mD84WRWVtfWN7Kbua3tnd29/P5BU0eJoqxBIxGpVkA0E1yyhuFGsFasGAkDwW6D0eXMvx0zpXkkb8wkZn5IBpL3OSXGSv497igiB4J10/K0my/golsql8+qyBLsetWKJV4FV7CH3CKeowBL1Lv5904voknIpKGCaN12cWz8lCjDqWDTXCfRLCZ0RAasbakkIdN+Oj96ik6s0kP9SNmSBs3V7xMpCbWehIHtDIkZ6t/eTPzLayemf+GnXMaJYZIuFvUTgUyEZgmgHleMGjGxhFDF7a2IDoki1NiccjaEr0/R/6RZsvkU3WuvUPOWcWThCI7hFFw4hxpcQR0aQOEOHuAJnp2x8+i8OK+L1oyznDmEH3DePgEEQJI3</latexit><latexit sha1_base64="qlMGWlsMwu7zS04RWG6Mhxly1rI=">AAAB9HicdVBNSwMxEJ2tX7V+VT16CRbBU8m2W7W3ghePFWwttEvJpmkbms2uSbZQ1v4OLx4U8eqP8ea/Mf0QVPTBwOO9GWbmBbHg2mD84WRWVtfWN7Kbua3tnd29/P5BU0eJoqxBIxGpVkA0E1yyhuFGsFasGAkDwW6D0eXMvx0zpXkkb8wkZn5IBpL3OSXGSv497igiB4J10/K0my/golsql8+qyBLsetWKJV4FV7CH3CKeowBL1Lv5904voknIpKGCaN12cWz8lCjDqWDTXCfRLCZ0RAasbakkIdN+Oj96ik6s0kP9SNmSBs3V7xMpCbWehIHtDIkZ6t/eTPzLayemf+GnXMaJYZIuFvUTgUyEZgmgHleMGjGxhFDF7a2IDoki1NiccjaEr0/R/6RZsvkU3WuvUPOWcWThCI7hFFw4hxpcQR0aQOEOHuAJnp2x8+i8OK+L1oyznDmEH3DePgEEQJI3</latexit><latexit sha1_base64="qlMGWlsMwu7zS04RWG6Mhxly1rI=">AAAB9HicdVBNSwMxEJ2tX7V+VT16CRbBU8m2W7W3ghePFWwttEvJpmkbms2uSbZQ1v4OLx4U8eqP8ea/Mf0QVPTBwOO9GWbmBbHg2mD84WRWVtfWN7Kbua3tnd29/P5BU0eJoqxBIxGpVkA0E1yyhuFGsFasGAkDwW6D0eXMvx0zpXkkb8wkZn5IBpL3OSXGSv497igiB4J10/K0my/golsql8+qyBLsetWKJV4FV7CH3CKeowBL1Lv5904voknIpKGCaN12cWz8lCjDqWDTXCfRLCZ0RAasbakkIdN+Oj96ik6s0kP9SNmSBs3V7xMpCbWehIHtDIkZ6t/eTPzLayemf+GnXMaJYZIuFvUTgUyEZgmgHleMGjGxhFDF7a2IDoki1NiccjaEr0/R/6RZsvkU3WuvUPOWcWThCI7hFFw4hxpcQR0aQOEOHuAJnp2x8+i8OK+L1oyznDmEH3DePgEEQJI3</latexit>

p
6⇡

<latexit sha1_base64="vveDXQQxBj+L5GJTVfV43CUr+mc=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSL0VBIR9Vjw4rGC/YAmlM120y7dZOPuRCihP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo7bRmWa8RZTUuluSA2XIuEtFCh5N9WcxqHknXB8O/M7T1wboZIHnKQ8iOkwEZFgFK3U882jxvzKT8W0X6m6dXcOskq8glShQLNf+fIHimUxT5BJakzPc1MMcqpRMMmnZT8zPKVsTIe8Z2lCY26CfH7ylJxbZUAipW0lSObq74mcxsZM4tB2xhRHZtmbif95vQyjmyAXSZohT9hiUZRJgorM/icDoTlDObGEMi3srYSNqKYMbUplG4K3/PIqaV/UPbfu3V9WG7UijhKcwhnUwINraMAdNKEFDBQ8wyu8Oei8OO/Ox6J1zSlmTuAPnM8fkIKRVw==</latexit><latexit sha1_base64="vveDXQQxBj+L5GJTVfV43CUr+mc=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSL0VBIR9Vjw4rGC/YAmlM120y7dZOPuRCihP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo7bRmWa8RZTUuluSA2XIuEtFCh5N9WcxqHknXB8O/M7T1wboZIHnKQ8iOkwEZFgFK3U882jxvzKT8W0X6m6dXcOskq8glShQLNf+fIHimUxT5BJakzPc1MMcqpRMMmnZT8zPKVsTIe8Z2lCY26CfH7ylJxbZUAipW0lSObq74mcxsZM4tB2xhRHZtmbif95vQyjmyAXSZohT9hiUZRJgorM/icDoTlDObGEMi3srYSNqKYMbUplG4K3/PIqaV/UPbfu3V9WG7UijhKcwhnUwINraMAdNKEFDBQ8wyu8Oei8OO/Ox6J1zSlmTuAPnM8fkIKRVw==</latexit><latexit sha1_base64="vveDXQQxBj+L5GJTVfV43CUr+mc=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSL0VBIR9Vjw4rGC/YAmlM120y7dZOPuRCihP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo7bRmWa8RZTUuluSA2XIuEtFCh5N9WcxqHknXB8O/M7T1wboZIHnKQ8iOkwEZFgFK3U882jxvzKT8W0X6m6dXcOskq8glShQLNf+fIHimUxT5BJakzPc1MMcqpRMMmnZT8zPKVsTIe8Z2lCY26CfH7ylJxbZUAipW0lSObq74mcxsZM4tB2xhRHZtmbif95vQyjmyAXSZohT9hiUZRJgorM/icDoTlDObGEMi3srYSNqKYMbUplG4K3/PIqaV/UPbfu3V9WG7UijhKcwhnUwINraMAdNKEFDBQ8wyu8Oei8OO/Ox6J1zSlmTuAPnM8fkIKRVw==</latexit><latexit sha1_base64="vveDXQQxBj+L5GJTVfV43CUr+mc=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSL0VBIR9Vjw4rGC/YAmlM120y7dZOPuRCihP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo7bRmWa8RZTUuluSA2XIuEtFCh5N9WcxqHknXB8O/M7T1wboZIHnKQ8iOkwEZFgFK3U882jxvzKT8W0X6m6dXcOskq8glShQLNf+fIHimUxT5BJakzPc1MMcqpRMMmnZT8zPKVsTIe8Z2lCY26CfH7ylJxbZUAipW0lSObq74mcxsZM4tB2xhRHZtmbif95vQyjmyAXSZohT9hiUZRJgorM/icDoTlDObGEMi3srYSNqKYMbUplG4K3/PIqaV/UPbfu3V9WG7UijhKcwhnUwINraMAdNKEFDBQ8wyu8Oei8OO/Ox6J1zSlmTuAPnM8fkIKRVw==</latexit>

�
p
6⇡

<latexit sha1_base64="z6W5EqkE4e6Sa9so1bAbUa0ck/s=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvQiyURUY8FLx4r2A9oQtlst+3SzWbdnQgl9G948aCIV/+MN/+N2zYHbX0w8Hhvhpl5kRLcoOd9O4W19Y3NreJ2aWd3b/+gfHjUMkmqKWvSRCS6ExHDBJesiRwF6yjNSBwJ1o7GtzO//cS04Yl8wIliYUyGkg84JWil4Dwwjxqzq0Dxaa9c8WreHO4q8XNSgRyNXvkr6Cc0jZlEKogxXd9TGGZEI6eCTUtBapgidEyGrGupJDEzYTa/eeqeWaXvDhJtS6I7V39PZCQ2ZhJHtjMmODLL3kz8z+umOLgJMy5VikzSxaJBKlxM3FkAbp9rRlFMLCFUc3urS0dEE4o2ppINwV9+eZW0Lmq+V/PvLyv1ah5HEU7gFKrgwzXU4Q4a0AQKCp7hFd6c1Hlx3p2PRWvByWeO4Q+czx/7nZGO</latexit><latexit sha1_base64="z6W5EqkE4e6Sa9so1bAbUa0ck/s=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvQiyURUY8FLx4r2A9oQtlst+3SzWbdnQgl9G948aCIV/+MN/+N2zYHbX0w8Hhvhpl5kRLcoOd9O4W19Y3NreJ2aWd3b/+gfHjUMkmqKWvSRCS6ExHDBJesiRwF6yjNSBwJ1o7GtzO//cS04Yl8wIliYUyGkg84JWil4Dwwjxqzq0Dxaa9c8WreHO4q8XNSgRyNXvkr6Cc0jZlEKogxXd9TGGZEI6eCTUtBapgidEyGrGupJDEzYTa/eeqeWaXvDhJtS6I7V39PZCQ2ZhJHtjMmODLL3kz8z+umOLgJMy5VikzSxaJBKlxM3FkAbp9rRlFMLCFUc3urS0dEE4o2ppINwV9+eZW0Lmq+V/PvLyv1ah5HEU7gFKrgwzXU4Q4a0AQKCp7hFd6c1Hlx3p2PRWvByWeO4Q+czx/7nZGO</latexit><latexit sha1_base64="z6W5EqkE4e6Sa9so1bAbUa0ck/s=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvQiyURUY8FLx4r2A9oQtlst+3SzWbdnQgl9G948aCIV/+MN/+N2zYHbX0w8Hhvhpl5kRLcoOd9O4W19Y3NreJ2aWd3b/+gfHjUMkmqKWvSRCS6ExHDBJesiRwF6yjNSBwJ1o7GtzO//cS04Yl8wIliYUyGkg84JWil4Dwwjxqzq0Dxaa9c8WreHO4q8XNSgRyNXvkr6Cc0jZlEKogxXd9TGGZEI6eCTUtBapgidEyGrGupJDEzYTa/eeqeWaXvDhJtS6I7V39PZCQ2ZhJHtjMmODLL3kz8z+umOLgJMy5VikzSxaJBKlxM3FkAbp9rRlFMLCFUc3urS0dEE4o2ppINwV9+eZW0Lmq+V/PvLyv1ah5HEU7gFKrgwzXU4Q4a0AQKCp7hFd6c1Hlx3p2PRWvByWeO4Q+czx/7nZGO</latexit><latexit sha1_base64="z6W5EqkE4e6Sa9so1bAbUa0ck/s=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvQiyURUY8FLx4r2A9oQtlst+3SzWbdnQgl9G948aCIV/+MN/+N2zYHbX0w8Hhvhpl5kRLcoOd9O4W19Y3NreJ2aWd3b/+gfHjUMkmqKWvSRCS6ExHDBJesiRwF6yjNSBwJ1o7GtzO//cS04Yl8wIliYUyGkg84JWil4Dwwjxqzq0Dxaa9c8WreHO4q8XNSgRyNXvkr6Cc0jZlEKogxXd9TGGZEI6eCTUtBapgidEyGrGupJDEzYTa/eeqeWaXvDhJtS6I7V39PZCQ2ZhJHtjMmODLL3kz8z+umOLgJMy5VikzSxaJBKlxM3FkAbp9rRlFMLCFUc3urS0dEE4o2ppINwV9+eZW0Lmq+V/PvLyv1ah5HEU7gFKrgwzXU4Q4a0AQKCp7hFd6c1Hlx3p2PRWvByWeO4Q+czx/7nZGO</latexit>

q
<latexit sha1_base64="4MA6ccpWeagm54sma+pczmLr8VM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2A9oQ9lsJ+3azSbuboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJb3ZpqgH9GR5CFn1Fip+TgoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXrFXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A12eM5w==</latexit><latexit sha1_base64="4MA6ccpWeagm54sma+pczmLr8VM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2A9oQ9lsJ+3azSbuboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJb3ZpqgH9GR5CFn1Fip+TgoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXrFXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A12eM5w==</latexit><latexit sha1_base64="4MA6ccpWeagm54sma+pczmLr8VM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2A9oQ9lsJ+3azSbuboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJb3ZpqgH9GR5CFn1Fip+TgoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXrFXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A12eM5w==</latexit><latexit sha1_base64="4MA6ccpWeagm54sma+pczmLr8VM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2A9oQ9lsJ+3azSbuboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJb3ZpqgH9GR5CFn1Fip+TgoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXrFXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A12eM5w==</latexit>

|1i3
<latexit sha1_base64="e+SzRfmJ0Ehz41tFXrabWxqW7Cg=">AAAB9HicdVDJSgNBEK1xjXGLevTSGARPw0zMNreAF48RzALJEHo6naRJT8/Y3RMIY77DiwdFvPox3vwbO4ugog8KHu9VUVUviDlT2nE+rLX1jc2t7cxOdndv/+Awd3TcVFEiCW2QiEeyHWBFORO0oZnmtB1LisOA01Ywvpr7rQmVikXiVk9j6od4KNiAEayN5N+7XYnFkNNeejnr5fKO7blVr1BGjl0oeZWKY4jrlKplD7m2s0AeVqj3cu/dfkSSkApNOFaq4zqx9lMsNSOczrLdRNEYkzEe0o6hAodU+eni6Bk6N0ofDSJpSmi0UL9PpDhUahoGpjPEeqR+e3PxL6+T6EHVT5mIE00FWS4aJBzpCM0TQH0mKdF8aggmkplbERlhiYk2OWVNCF+fov9Js2Bisd2bYr5WXMWRgVM4gwtwoQI1uIY6NIDAHTzAEzxbE+vRerFel61r1mrmBH7AevsENDeSWA==</latexit><latexit sha1_base64="e+SzRfmJ0Ehz41tFXrabWxqW7Cg=">AAAB9HicdVDJSgNBEK1xjXGLevTSGARPw0zMNreAF48RzALJEHo6naRJT8/Y3RMIY77DiwdFvPox3vwbO4ugog8KHu9VUVUviDlT2nE+rLX1jc2t7cxOdndv/+Awd3TcVFEiCW2QiEeyHWBFORO0oZnmtB1LisOA01Ywvpr7rQmVikXiVk9j6od4KNiAEayN5N+7XYnFkNNeejnr5fKO7blVr1BGjl0oeZWKY4jrlKplD7m2s0AeVqj3cu/dfkSSkApNOFaq4zqx9lMsNSOczrLdRNEYkzEe0o6hAodU+eni6Bk6N0ofDSJpSmi0UL9PpDhUahoGpjPEeqR+e3PxL6+T6EHVT5mIE00FWS4aJBzpCM0TQH0mKdF8aggmkplbERlhiYk2OWVNCF+fov9Js2Bisd2bYr5WXMWRgVM4gwtwoQI1uIY6NIDAHTzAEzxbE+vRerFel61r1mrmBH7AevsENDeSWA==</latexit><latexit sha1_base64="e+SzRfmJ0Ehz41tFXrabWxqW7Cg=">AAAB9HicdVDJSgNBEK1xjXGLevTSGARPw0zMNreAF48RzALJEHo6naRJT8/Y3RMIY77DiwdFvPox3vwbO4ugog8KHu9VUVUviDlT2nE+rLX1jc2t7cxOdndv/+Awd3TcVFEiCW2QiEeyHWBFORO0oZnmtB1LisOA01Ywvpr7rQmVikXiVk9j6od4KNiAEayN5N+7XYnFkNNeejnr5fKO7blVr1BGjl0oeZWKY4jrlKplD7m2s0AeVqj3cu/dfkSSkApNOFaq4zqx9lMsNSOczrLdRNEYkzEe0o6hAodU+eni6Bk6N0ofDSJpSmi0UL9PpDhUahoGpjPEeqR+e3PxL6+T6EHVT5mIE00FWS4aJBzpCM0TQH0mKdF8aggmkplbERlhiYk2OWVNCF+fov9Js2Bisd2bYr5WXMWRgVM4gwtwoQI1uIY6NIDAHTzAEzxbE+vRerFel61r1mrmBH7AevsENDeSWA==</latexit><latexit sha1_base64="e+SzRfmJ0Ehz41tFXrabWxqW7Cg=">AAAB9HicdVDJSgNBEK1xjXGLevTSGARPw0zMNreAF48RzALJEHo6naRJT8/Y3RMIY77DiwdFvPox3vwbO4ugog8KHu9VUVUviDlT2nE+rLX1jc2t7cxOdndv/+Awd3TcVFEiCW2QiEeyHWBFORO0oZnmtB1LisOA01Ywvpr7rQmVikXiVk9j6od4KNiAEayN5N+7XYnFkNNeejnr5fKO7blVr1BGjl0oeZWKY4jrlKplD7m2s0AeVqj3cu/dfkSSkApNOFaq4zqx9lMsNSOczrLdRNEYkzEe0o6hAodU+eni6Bk6N0ofDSJpSmi0UL9PpDhUahoGpjPEeqR+e3PxL6+T6EHVT5mIE00FWS4aJBzpCM0TQH0mKdF8aggmkplbERlhiYk2OWVNCF+fov9Js2Bisd2bYr5WXMWRgVM4gwtwoQI1uIY6NIDAHTzAEzxbE+vRerFel61r1mrmBH7AevsENDeSWA==</latexit>

p
2⇡/3

<latexit sha1_base64="REa4h75uJyeUCNDsjee4LMHlgNg=">AAAB9HicbVBNT8JAEJ3iF+IX6tFLIzHhhC2a6JHEi0dMBExoQ7bLFjZst2V3SkIafocXDxrj1R/jzX/jAj0o+JJJXt6bycy8IBFco+N8W4WNza3tneJuaW//4PCofHzS1nGqKGvRWMTqKSCaCS5ZCzkK9pQoRqJAsE4wupv7nQlTmsfyEacJ8yMykDzklKCRfE+PFWZ1L+GXV7NeueLUnAXsdeLmpAI5mr3yl9ePaRoxiVQQrbuuk6CfEYWcCjYrealmCaEjMmBdQyWJmPazxdEz+8IofTuMlSmJ9kL9PZGRSOtpFJjOiOBQr3pz8T+vm2J462dcJikySZeLwlTYGNvzBOw+V4yimBpCqOLmVpsOiSIUTU4lE4K7+vI6addrrlNzH64rjWoeRxHO4Byq4MINNOAemtACCmN4hld4sybWi/VufSxbC1Y+cwp/YH3+AHGMkck=</latexit><latexit sha1_base64="REa4h75uJyeUCNDsjee4LMHlgNg=">AAAB9HicbVBNT8JAEJ3iF+IX6tFLIzHhhC2a6JHEi0dMBExoQ7bLFjZst2V3SkIafocXDxrj1R/jzX/jAj0o+JJJXt6bycy8IBFco+N8W4WNza3tneJuaW//4PCofHzS1nGqKGvRWMTqKSCaCS5ZCzkK9pQoRqJAsE4wupv7nQlTmsfyEacJ8yMykDzklKCRfE+PFWZ1L+GXV7NeueLUnAXsdeLmpAI5mr3yl9ePaRoxiVQQrbuuk6CfEYWcCjYrealmCaEjMmBdQyWJmPazxdEz+8IofTuMlSmJ9kL9PZGRSOtpFJjOiOBQr3pz8T+vm2J462dcJikySZeLwlTYGNvzBOw+V4yimBpCqOLmVpsOiSIUTU4lE4K7+vI6addrrlNzH64rjWoeRxHO4Byq4MINNOAemtACCmN4hld4sybWi/VufSxbC1Y+cwp/YH3+AHGMkck=</latexit><latexit sha1_base64="REa4h75uJyeUCNDsjee4LMHlgNg=">AAAB9HicbVBNT8JAEJ3iF+IX6tFLIzHhhC2a6JHEi0dMBExoQ7bLFjZst2V3SkIafocXDxrj1R/jzX/jAj0o+JJJXt6bycy8IBFco+N8W4WNza3tneJuaW//4PCofHzS1nGqKGvRWMTqKSCaCS5ZCzkK9pQoRqJAsE4wupv7nQlTmsfyEacJ8yMykDzklKCRfE+PFWZ1L+GXV7NeueLUnAXsdeLmpAI5mr3yl9ePaRoxiVQQrbuuk6CfEYWcCjYrealmCaEjMmBdQyWJmPazxdEz+8IofTuMlSmJ9kL9PZGRSOtpFJjOiOBQr3pz8T+vm2J462dcJikySZeLwlTYGNvzBOw+V4yimBpCqOLmVpsOiSIUTU4lE4K7+vI6addrrlNzH64rjWoeRxHO4Byq4MINNOAemtACCmN4hld4sybWi/VufSxbC1Y+cwp/YH3+AHGMkck=</latexit><latexit sha1_base64="REa4h75uJyeUCNDsjee4LMHlgNg=">AAAB9HicbVBNT8JAEJ3iF+IX6tFLIzHhhC2a6JHEi0dMBExoQ7bLFjZst2V3SkIafocXDxrj1R/jzX/jAj0o+JJJXt6bycy8IBFco+N8W4WNza3tneJuaW//4PCofHzS1nGqKGvRWMTqKSCaCS5ZCzkK9pQoRqJAsE4wupv7nQlTmsfyEacJ8yMykDzklKCRfE+PFWZ1L+GXV7NeueLUnAXsdeLmpAI5mr3yl9ePaRoxiVQQrbuuk6CfEYWcCjYrealmCaEjMmBdQyWJmPazxdEz+8IofTuMlSmJ9kL9PZGRSOtpFJjOiOBQr3pz8T+vm2J462dcJikySZeLwlTYGNvzBOw+V4yimBpCqOLmVpsOiSIUTU4lE4K7+vI6addrrlNzH64rjWoeRxHO4Byq4MINNOAemtACCmN4hld4sybWi/VufSxbC1Y+cwp/YH3+AHGMkck=</latexit>

4
p

2⇡/3
<latexit sha1_base64="N1kQIfK3n9pkgG5jDJA0L6MzorQ=">AAAB9XicbVBNT8JAEJ3iF+IX6tFLIzHhhC2S6JHEi0dM5COBSrbLFjZst3V3qiEN/8OLB43x6n/x5r9xgR4UfMkkL+/NZGaeHwuu0XG+rdza+sbmVn67sLO7t39QPDxq6ShRlDVpJCLV8YlmgkvWRI6CdWLFSOgL1vbH1zO//ciU5pG8w0nMvJAMJQ84JWik+1pPPyhMq72Yn19M+8WSU3HmsFeJm5ESZGj0i1+9QUSTkEmkgmjddZ0YvZQo5FSwaaGXaBYTOiZD1jVUkpBpL51fPbXPjDKwg0iZkmjP1d8TKQm1noS+6QwJjvSyNxP/87oJBldeymWcIJN0sShIhI2RPYvAHnDFKIqJIYQqbm616YgoQtEEVTAhuMsvr5JWteI6Ffe2VqqXszjycAKnUAYXLqEON9CAJlBQ8Ayv8GY9WS/Wu/WxaM1Z2cwx/IH1+QPn/JIH</latexit><latexit sha1_base64="N1kQIfK3n9pkgG5jDJA0L6MzorQ=">AAAB9XicbVBNT8JAEJ3iF+IX6tFLIzHhhC2S6JHEi0dM5COBSrbLFjZst3V3qiEN/8OLB43x6n/x5r9xgR4UfMkkL+/NZGaeHwuu0XG+rdza+sbmVn67sLO7t39QPDxq6ShRlDVpJCLV8YlmgkvWRI6CdWLFSOgL1vbH1zO//ciU5pG8w0nMvJAMJQ84JWik+1pPPyhMq72Yn19M+8WSU3HmsFeJm5ESZGj0i1+9QUSTkEmkgmjddZ0YvZQo5FSwaaGXaBYTOiZD1jVUkpBpL51fPbXPjDKwg0iZkmjP1d8TKQm1noS+6QwJjvSyNxP/87oJBldeymWcIJN0sShIhI2RPYvAHnDFKIqJIYQqbm616YgoQtEEVTAhuMsvr5JWteI6Ffe2VqqXszjycAKnUAYXLqEON9CAJlBQ8Ayv8GY9WS/Wu/WxaM1Z2cwx/IH1+QPn/JIH</latexit><latexit sha1_base64="N1kQIfK3n9pkgG5jDJA0L6MzorQ=">AAAB9XicbVBNT8JAEJ3iF+IX6tFLIzHhhC2S6JHEi0dM5COBSrbLFjZst3V3qiEN/8OLB43x6n/x5r9xgR4UfMkkL+/NZGaeHwuu0XG+rdza+sbmVn67sLO7t39QPDxq6ShRlDVpJCLV8YlmgkvWRI6CdWLFSOgL1vbH1zO//ciU5pG8w0nMvJAMJQ84JWik+1pPPyhMq72Yn19M+8WSU3HmsFeJm5ESZGj0i1+9QUSTkEmkgmjddZ0YvZQo5FSwaaGXaBYTOiZD1jVUkpBpL51fPbXPjDKwg0iZkmjP1d8TKQm1noS+6QwJjvSyNxP/87oJBldeymWcIJN0sShIhI2RPYvAHnDFKIqJIYQqbm616YgoQtEEVTAhuMsvr5JWteI6Ffe2VqqXszjycAKnUAYXLqEON9CAJlBQ8Ayv8GY9WS/Wu/WxaM1Z2cwx/IH1+QPn/JIH</latexit><latexit sha1_base64="N1kQIfK3n9pkgG5jDJA0L6MzorQ=">AAAB9XicbVBNT8JAEJ3iF+IX6tFLIzHhhC2S6JHEi0dM5COBSrbLFjZst3V3qiEN/8OLB43x6n/x5r9xgR4UfMkkL+/NZGaeHwuu0XG+rdza+sbmVn67sLO7t39QPDxq6ShRlDVpJCLV8YlmgkvWRI6CdWLFSOgL1vbH1zO//ciU5pG8w0nMvJAMJQ84JWik+1pPPyhMq72Yn19M+8WSU3HmsFeJm5ESZGj0i1+9QUSTkEmkgmjddZ0YvZQo5FSwaaGXaBYTOiZD1jVUkpBpL51fPbXPjDKwg0iZkmjP1d8TKQm1noS+6QwJjvSyNxP/87oJBldeymWcIJN0sShIhI2RPYvAHnDFKIqJIYQqbm616YgoQtEEVTAhuMsvr5JWteI6Ffe2VqqXszjycAKnUAYXLqEON9CAJlBQ8Ayv8GY9WS/Wu/WxaM1Z2cwx/IH1+QPn/JIH</latexit>

q
<latexit sha1_base64="4MA6ccpWeagm54sma+pczmLr8VM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2A9oQ9lsJ+3azSbuboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJb3ZpqgH9GR5CFn1Fip+TgoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXrFXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A12eM5w==</latexit><latexit sha1_base64="4MA6ccpWeagm54sma+pczmLr8VM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2A9oQ9lsJ+3azSbuboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJb3ZpqgH9GR5CFn1Fip+TgoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXrFXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A12eM5w==</latexit><latexit sha1_base64="4MA6ccpWeagm54sma+pczmLr8VM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2A9oQ9lsJ+3azSbuboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJb3ZpqgH9GR5CFn1Fip+TgoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXrFXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A12eM5w==</latexit><latexit sha1_base64="4MA6ccpWeagm54sma+pczmLr8VM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2A9oQ9lsJ+3azSbuboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJb3ZpqgH9GR5CFn1Fip+TgoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXrFXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A12eM5w==</latexit>

|2i3
<latexit sha1_base64="UZFOMY8rzoQsf1W3I5Rv5rUOTCc=">AAAB9HicdVDJSgNBEK2JW4xb1KOXxiB4GmYJMd4CXjxGMAskQ+jpdJImPT1jd08gjPkOLx4U8erHePNv7CyCij4oeLxXRVW9MOFMacf5sHJr6xubW/ntws7u3v5B8fCoqeJUEtogMY9lO8SKciZoQzPNaTuRFEchp61wfDX3WxMqFYvFrZ4mNIjwULABI1gbKbj3uhKLIae9zJ/1iiXH9i69SrWCHNuvuK7vG1J2fM/3kGs7C5RghXqv+N7txySNqNCEY6U6rpPoIMNSM8LprNBNFU0wGeMh7RgqcERVkC2OnqEzo/TRIJamhEYL9ftEhiOlplFoOiOsR+q3Nxf/8jqpHlSDjIkk1VSQ5aJBypGO0TwB1GeSEs2nhmAimbkVkRGWmGiTU8GE8PUp+p80Pdt1bPemXKqVV3Hk4QRO4RxcuIAaXEMdGkDgDh7gCZ6tifVovVivy9actZo5hh+w3j4BCuGSOw==</latexit><latexit sha1_base64="UZFOMY8rzoQsf1W3I5Rv5rUOTCc=">AAAB9HicdVDJSgNBEK2JW4xb1KOXxiB4GmYJMd4CXjxGMAskQ+jpdJImPT1jd08gjPkOLx4U8erHePNv7CyCij4oeLxXRVW9MOFMacf5sHJr6xubW/ntws7u3v5B8fCoqeJUEtogMY9lO8SKciZoQzPNaTuRFEchp61wfDX3WxMqFYvFrZ4mNIjwULABI1gbKbj3uhKLIae9zJ/1iiXH9i69SrWCHNuvuK7vG1J2fM/3kGs7C5RghXqv+N7txySNqNCEY6U6rpPoIMNSM8LprNBNFU0wGeMh7RgqcERVkC2OnqEzo/TRIJamhEYL9ftEhiOlplFoOiOsR+q3Nxf/8jqpHlSDjIkk1VSQ5aJBypGO0TwB1GeSEs2nhmAimbkVkRGWmGiTU8GE8PUp+p80Pdt1bPemXKqVV3Hk4QRO4RxcuIAaXEMdGkDgDh7gCZ6tifVovVivy9actZo5hh+w3j4BCuGSOw==</latexit><latexit sha1_base64="UZFOMY8rzoQsf1W3I5Rv5rUOTCc=">AAAB9HicdVDJSgNBEK2JW4xb1KOXxiB4GmYJMd4CXjxGMAskQ+jpdJImPT1jd08gjPkOLx4U8erHePNv7CyCij4oeLxXRVW9MOFMacf5sHJr6xubW/ntws7u3v5B8fCoqeJUEtogMY9lO8SKciZoQzPNaTuRFEchp61wfDX3WxMqFYvFrZ4mNIjwULABI1gbKbj3uhKLIae9zJ/1iiXH9i69SrWCHNuvuK7vG1J2fM/3kGs7C5RghXqv+N7txySNqNCEY6U6rpPoIMNSM8LprNBNFU0wGeMh7RgqcERVkC2OnqEzo/TRIJamhEYL9ftEhiOlplFoOiOsR+q3Nxf/8jqpHlSDjIkk1VSQ5aJBypGO0TwB1GeSEs2nhmAimbkVkRGWmGiTU8GE8PUp+p80Pdt1bPemXKqVV3Hk4QRO4RxcuIAaXEMdGkDgDh7gCZ6tifVovVivy9actZo5hh+w3j4BCuGSOw==</latexit><latexit sha1_base64="UZFOMY8rzoQsf1W3I5Rv5rUOTCc=">AAAB9HicdVDJSgNBEK2JW4xb1KOXxiB4GmYJMd4CXjxGMAskQ+jpdJImPT1jd08gjPkOLx4U8erHePNv7CyCij4oeLxXRVW9MOFMacf5sHJr6xubW/ntws7u3v5B8fCoqeJUEtogMY9lO8SKciZoQzPNaTuRFEchp61wfDX3WxMqFYvFrZ4mNIjwULABI1gbKbj3uhKLIae9zJ/1iiXH9i69SrWCHNuvuK7vG1J2fM/3kGs7C5RghXqv+N7txySNqNCEY6U6rpPoIMNSM8LprNBNFU0wGeMh7RgqcERVkC2OnqEzo/TRIJamhEYL9ftEhiOlplFoOiOsR+q3Nxf/8jqpHlSDjIkk1VSQ5aJBypGO0TwB1GeSEs2nhmAimbkVkRGWmGiTU8GE8PUp+p80Pdt1bPemXKqVV3Hk4QRO4RxcuIAaXEMdGkDgDh7gCZ6tifVovVivy9actZo5hh+w3j4BCuGSOw==</latexit>

2
p

2⇡/3
<latexit sha1_base64="JevmNoRSRuNI93PNWgQ/XpCffs8=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBF6qkkV9Fjw4rGC/YAmls120y7dbOLuRCmh/8OLB0W8+l+8+W/ctjlo64OBx3szzMwLEsE1Os63tbK6tr6xWdgqbu/s7u2XDg5bOk4VZU0ai1h1AqKZ4JI1kaNgnUQxEgWCtYPR9dRvPzKleSzvcJwwPyIDyUNOCRrpvubpB4VZzUv42fmkVyo7VWcGe5m4OSlDjkav9OX1Y5pGTCIVROuu6yToZ0Qhp4JNil6qWULoiAxY11BJIqb9bHb1xD41St8OY2VKoj1Tf09kJNJ6HAWmMyI41IveVPzP66YYXvkZl0mKTNL5ojAVNsb2NAK7zxWjKMaGEKq4udWmQ6IIRRNU0YTgLr68TFq1qutU3duLcr2Sx1GAYziBCrhwCXW4gQY0gYKCZ3iFN+vJerHerY9564qVzxzBH1ifP+TakgU=</latexit><latexit sha1_base64="JevmNoRSRuNI93PNWgQ/XpCffs8=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBF6qkkV9Fjw4rGC/YAmls120y7dbOLuRCmh/8OLB0W8+l+8+W/ctjlo64OBx3szzMwLEsE1Os63tbK6tr6xWdgqbu/s7u2XDg5bOk4VZU0ai1h1AqKZ4JI1kaNgnUQxEgWCtYPR9dRvPzKleSzvcJwwPyIDyUNOCRrpvubpB4VZzUv42fmkVyo7VWcGe5m4OSlDjkav9OX1Y5pGTCIVROuu6yToZ0Qhp4JNil6qWULoiAxY11BJIqb9bHb1xD41St8OY2VKoj1Tf09kJNJ6HAWmMyI41IveVPzP66YYXvkZl0mKTNL5ojAVNsb2NAK7zxWjKMaGEKq4udWmQ6IIRRNU0YTgLr68TFq1qutU3duLcr2Sx1GAYziBCrhwCXW4gQY0gYKCZ3iFN+vJerHerY9564qVzxzBH1ifP+TakgU=</latexit><latexit sha1_base64="JevmNoRSRuNI93PNWgQ/XpCffs8=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBF6qkkV9Fjw4rGC/YAmls120y7dbOLuRCmh/8OLB0W8+l+8+W/ctjlo64OBx3szzMwLEsE1Os63tbK6tr6xWdgqbu/s7u2XDg5bOk4VZU0ai1h1AqKZ4JI1kaNgnUQxEgWCtYPR9dRvPzKleSzvcJwwPyIDyUNOCRrpvubpB4VZzUv42fmkVyo7VWcGe5m4OSlDjkav9OX1Y5pGTCIVROuu6yToZ0Qhp4JNil6qWULoiAxY11BJIqb9bHb1xD41St8OY2VKoj1Tf09kJNJ6HAWmMyI41IveVPzP66YYXvkZl0mKTNL5ojAVNsb2NAK7zxWjKMaGEKq4udWmQ6IIRRNU0YTgLr68TFq1qutU3duLcr2Sx1GAYziBCrhwCXW4gQY0gYKCZ3iFN+vJerHerY9564qVzxzBH1ifP+TakgU=</latexit><latexit sha1_base64="JevmNoRSRuNI93PNWgQ/XpCffs8=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBF6qkkV9Fjw4rGC/YAmls120y7dbOLuRCmh/8OLB0W8+l+8+W/ctjlo64OBx3szzMwLEsE1Os63tbK6tr6xWdgqbu/s7u2XDg5bOk4VZU0ai1h1AqKZ4JI1kaNgnUQxEgWCtYPR9dRvPzKleSzvcJwwPyIDyUNOCRrpvubpB4VZzUv42fmkVyo7VWcGe5m4OSlDjkav9OX1Y5pGTCIVROuu6yToZ0Qhp4JNil6qWULoiAxY11BJIqb9bHb1xD41St8OY2VKoj1Tf09kJNJ6HAWmMyI41IveVPzP66YYXvkZl0mKTNL5ojAVNsb2NAK7zxWjKMaGEKq4udWmQ6IIRRNU0YTgLr68TFq1qutU3duLcr2Sx1GAYziBCrhwCXW4gQY0gYKCZ3iFN+vJerHerY9564qVzxzBH1ifP+TakgU=</latexit>

5
p

2⇡/3
<latexit sha1_base64="0RMrCRy8vbWAvdYOC1fJuB82lKg=">AAAB9XicbVBNT8JAEJ3iF+IX6tFLIzHhhC1q9EjixSMm8pFAJdtlCxu227o71ZCG/+HFg8Z49b9489+4QA8KvmSSl/dmMjPPjwXX6DjfVm5ldW19I79Z2Nre2d0r7h80dZQoyho0EpFq+0QzwSVrIEfB2rFiJPQFa/mj66nfemRK80je4ThmXkgGkgecEjTS/UVXPyhMq92Yn55NesWSU3FmsJeJm5ESZKj3il/dfkSTkEmkgmjdcZ0YvZQo5FSwSaGbaBYTOiID1jFUkpBpL51dPbFPjNK3g0iZkmjP1N8TKQm1Hoe+6QwJDvWiNxX/8zoJBldeymWcIJN0vihIhI2RPY3A7nPFKIqxIYQqbm616ZAoQtEEVTAhuIsvL5NmteI6Fff2vFQrZ3Hk4QiOoQwuXEINbqAODaCg4Ble4c16sl6sd+tj3pqzsplD+APr8wfpjZII</latexit><latexit sha1_base64="0RMrCRy8vbWAvdYOC1fJuB82lKg=">AAAB9XicbVBNT8JAEJ3iF+IX6tFLIzHhhC1q9EjixSMm8pFAJdtlCxu227o71ZCG/+HFg8Z49b9489+4QA8KvmSSl/dmMjPPjwXX6DjfVm5ldW19I79Z2Nre2d0r7h80dZQoyho0EpFq+0QzwSVrIEfB2rFiJPQFa/mj66nfemRK80je4ThmXkgGkgecEjTS/UVXPyhMq92Yn55NesWSU3FmsJeJm5ESZKj3il/dfkSTkEmkgmjdcZ0YvZQo5FSwSaGbaBYTOiID1jFUkpBpL51dPbFPjNK3g0iZkmjP1N8TKQm1Hoe+6QwJDvWiNxX/8zoJBldeymWcIJN0vihIhI2RPY3A7nPFKIqxIYQqbm616ZAoQtEEVTAhuIsvL5NmteI6Fff2vFQrZ3Hk4QiOoQwuXEINbqAODaCg4Ble4c16sl6sd+tj3pqzsplD+APr8wfpjZII</latexit><latexit sha1_base64="0RMrCRy8vbWAvdYOC1fJuB82lKg=">AAAB9XicbVBNT8JAEJ3iF+IX6tFLIzHhhC1q9EjixSMm8pFAJdtlCxu227o71ZCG/+HFg8Z49b9489+4QA8KvmSSl/dmMjPPjwXX6DjfVm5ldW19I79Z2Nre2d0r7h80dZQoyho0EpFq+0QzwSVrIEfB2rFiJPQFa/mj66nfemRK80je4ThmXkgGkgecEjTS/UVXPyhMq92Yn55NesWSU3FmsJeJm5ESZKj3il/dfkSTkEmkgmjdcZ0YvZQo5FSwSaGbaBYTOiID1jFUkpBpL51dPbFPjNK3g0iZkmjP1N8TKQm1Hoe+6QwJDvWiNxX/8zoJBldeymWcIJN0vihIhI2RPY3A7nPFKIqxIYQqbm616ZAoQtEEVTAhuIsvL5NmteI6Fff2vFQrZ3Hk4QiOoQwuXEINbqAODaCg4Ble4c16sl6sd+tj3pqzsplD+APr8wfpjZII</latexit><latexit sha1_base64="0RMrCRy8vbWAvdYOC1fJuB82lKg=">AAAB9XicbVBNT8JAEJ3iF+IX6tFLIzHhhC1q9EjixSMm8pFAJdtlCxu227o71ZCG/+HFg8Z49b9489+4QA8KvmSSl/dmMjPPjwXX6DjfVm5ldW19I79Z2Nre2d0r7h80dZQoyho0EpFq+0QzwSVrIEfB2rFiJPQFa/mj66nfemRK80je4ThmXkgGkgecEjTS/UVXPyhMq92Yn55NesWSU3FmsJeJm5ESZKj3il/dfkSTkEmkgmjdcZ0YvZQo5FSwSaGbaBYTOiID1jFUkpBpL51dPbFPjNK3g0iZkmjP1N8TKQm1Hoe+6QwJDvWiNxX/8zoJBldeymWcIJN0vihIhI2RPY3A7nPFKIqxIYQqbm616ZAoQtEEVTAhuIsvL5NmteI6Fff2vFQrZ3Hk4QiOoQwuXEINbqAODaCg4Ble4c16sl6sd+tj3pqzsplD+APr8wfpjZII</latexit>

Our idea: interpret displacements outside the qubit subspace as Clifford 
displacements onto a higher-dimensional GKP code space 

How to assess these circuits?

Giulia Ferrini | WACQT 
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<latexit sha1_base64="2F2SKyHPuJjGshS2retA5heSOQU=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgxWMF+wFJKZvtpl272Y27E6GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmltfWNzq7xd2dnd2z+oHh61jco0ZS2qhNLdiBgmuGQt5ChYN9WMJJFgnWh8M/M7T0wbruQ9TlLWS8hQ8phTglYKHkLzqDEPUz7tV2te3ZvDXSV+QWpQoNmvfoUDRbOESaSCGBP4Xoq9nGjkVLBpJcwMSwkdkyELLJUkYaaXz0+eumdWGbix0rYkunP190ROEmMmSWQ7E4Ijs+zNxP+8IMP4updzmWbIJF0sijPhonJn/7sDrhlFMbGEUM3trS4dEU0o2pQqNgR/+eVV0r6o+17dv7usNbwijjKcwCmcgw9X0IBbaEILKCh4hld4c9B5cd6dj0VrySlmjuEPnM8f4mWRkw==</latexit><latexit sha1_base64="2F2SKyHPuJjGshS2retA5heSOQU=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgxWMF+wFJKZvtpl272Y27E6GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmltfWNzq7xd2dnd2z+oHh61jco0ZS2qhNLdiBgmuGQt5ChYN9WMJJFgnWh8M/M7T0wbruQ9TlLWS8hQ8phTglYKHkLzqDEPUz7tV2te3ZvDXSV+QWpQoNmvfoUDRbOESaSCGBP4Xoq9nGjkVLBpJcwMSwkdkyELLJUkYaaXz0+eumdWGbix0rYkunP190ROEmMmSWQ7E4Ijs+zNxP+8IMP4updzmWbIJF0sijPhonJn/7sDrhlFMbGEUM3trS4dEU0o2pQqNgR/+eVV0r6o+17dv7usNbwijjKcwCmcgw9X0IBbaEILKCh4hld4c9B5cd6dj0VrySlmjuEPnM8f4mWRkw==</latexit><latexit sha1_base64="2F2SKyHPuJjGshS2retA5heSOQU=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgxWMF+wFJKZvtpl272Y27E6GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmltfWNzq7xd2dnd2z+oHh61jco0ZS2qhNLdiBgmuGQt5ChYN9WMJJFgnWh8M/M7T0wbruQ9TlLWS8hQ8phTglYKHkLzqDEPUz7tV2te3ZvDXSV+QWpQoNmvfoUDRbOESaSCGBP4Xoq9nGjkVLBpJcwMSwkdkyELLJUkYaaXz0+eumdWGbix0rYkunP190ROEmMmSWQ7E4Ijs+zNxP+8IMP4updzmWbIJF0sijPhonJn/7sDrhlFMbGEUM3trS4dEU0o2pQqNgR/+eVV0r6o+17dv7usNbwijjKcwCmcgw9X0IBbaEILKCh4hld4c9B5cd6dj0VrySlmjuEPnM8f4mWRkw==</latexit><latexit sha1_base64="2F2SKyHPuJjGshS2retA5heSOQU=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgxWMF+wFJKZvtpl272Y27E6GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmltfWNzq7xd2dnd2z+oHh61jco0ZS2qhNLdiBgmuGQt5ChYN9WMJJFgnWh8M/M7T0wbruQ9TlLWS8hQ8phTglYKHkLzqDEPUz7tV2te3ZvDXSV+QWpQoNmvfoUDRbOESaSCGBP4Xoq9nGjkVLBpJcwMSwkdkyELLJUkYaaXz0+eumdWGbix0rYkunP190ROEmMmSWQ7E4Ijs+zNxP+8IMP4updzmWbIJF0sijPhonJn/7sDrhlFMbGEUM3trS4dEU0o2pQqNgR/+eVV0r6o+17dv7usNbwijjKcwCmcgw9X0IBbaEILKCh4hld4c9B5cd6dj0VrySlmjuEPnM8f4mWRkw==</latexit>Identifying a GKP qubit with a GKP qudit
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· · ·<latexit sha1_base64="ggNYy28tHbW2zILQMm4kk1oYvY8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Ae0oWw2m3btJht2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pGJVpxttMSaV7ATVcioS3UaDkvVRzGgeSd4PJ7dzvPnFthEoecJpyP6ajRESCUbRSZ8BChWZYrbl1dwGyTryC1KBAa1j9GoSKZTFPkElqTN9zU/RzqlEwyWeVQWZ4StmEjnjf0oTG3Pj54toZubBKSCKlbSVIFurviZzGxkzjwHbGFMdm1ZuL/3n9DKMbPxdJmiFP2HJRlEmCisxfJ6HQnKGcWkKZFvZWwsZUU4Y2oIoNwVt9eZ10ruqeW/fuG7Vmo4ijDGdwDpfgwTU04Q5a0AYGj/AMr/DmKOfFeXc+lq0lp5g5hT9wPn8AqiGPIQ==</latexit><latexit sha1_base64="ggNYy28tHbW2zILQMm4kk1oYvY8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Ae0oWw2m3btJht2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pGJVpxttMSaV7ATVcioS3UaDkvVRzGgeSd4PJ7dzvPnFthEoecJpyP6ajRESCUbRSZ8BChWZYrbl1dwGyTryC1KBAa1j9GoSKZTFPkElqTN9zU/RzqlEwyWeVQWZ4StmEjnjf0oTG3Pj54toZubBKSCKlbSVIFurviZzGxkzjwHbGFMdm1ZuL/3n9DKMbPxdJmiFP2HJRlEmCisxfJ6HQnKGcWkKZFvZWwsZUU4Y2oIoNwVt9eZ10ruqeW/fuG7Vmo4ijDGdwDpfgwTU04Q5a0AYGj/AMr/DmKOfFeXc+lq0lp5g5hT9wPn8AqiGPIQ==</latexit><latexit sha1_base64="ggNYy28tHbW2zILQMm4kk1oYvY8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Ae0oWw2m3btJht2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pGJVpxttMSaV7ATVcioS3UaDkvVRzGgeSd4PJ7dzvPnFthEoecJpyP6ajRESCUbRSZ8BChWZYrbl1dwGyTryC1KBAa1j9GoSKZTFPkElqTN9zU/RzqlEwyWeVQWZ4StmEjnjf0oTG3Pj54toZubBKSCKlbSVIFurviZzGxkzjwHbGFMdm1ZuL/3n9DKMbPxdJmiFP2HJRlEmCisxfJ6HQnKGcWkKZFvZWwsZUU4Y2oIoNwVt9eZ10ruqeW/fuG7Vmo4ijDGdwDpfgwTU04Q5a0AYGj/AMr/DmKOfFeXc+lq0lp5g5hT9wPn8AqiGPIQ==</latexit><latexit sha1_base64="ggNYy28tHbW2zILQMm4kk1oYvY8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Ae0oWw2m3btJht2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pGJVpxttMSaV7ATVcioS3UaDkvVRzGgeSd4PJ7dzvPnFthEoecJpyP6ajRESCUbRSZ8BChWZYrbl1dwGyTryC1KBAa1j9GoSKZTFPkElqTN9zU/RzqlEwyWeVQWZ4StmEjnjf0oTG3Pj54toZubBKSCKlbSVIFurviZzGxkzjwHbGFMdm1ZuL/3n9DKMbPxdJmiFP2HJRlEmCisxfJ6HQnKGcWkKZFvZWwsZUU4Y2oIoNwVt9eZ10ruqeW/fuG7Vmo4ijDGdwDpfgwTU04Q5a0AYGj/AMr/DmKOfFeXc+lq0lp5g5hT9wPn8AqiGPIQ==</latexit> · · ·<latexit sha1_base64="ggNYy28tHbW2zILQMm4kk1oYvY8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Ae0oWw2m3btJht2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pGJVpxttMSaV7ATVcioS3UaDkvVRzGgeSd4PJ7dzvPnFthEoecJpyP6ajRESCUbRSZ8BChWZYrbl1dwGyTryC1KBAa1j9GoSKZTFPkElqTN9zU/RzqlEwyWeVQWZ4StmEjnjf0oTG3Pj54toZubBKSCKlbSVIFurviZzGxkzjwHbGFMdm1ZuL/3n9DKMbPxdJmiFP2HJRlEmCisxfJ6HQnKGcWkKZFvZWwsZUU4Y2oIoNwVt9eZ10ruqeW/fuG7Vmo4ijDGdwDpfgwTU04Q5a0AYGj/AMr/DmKOfFeXc+lq0lp5g5hT9wPn8AqiGPIQ==</latexit><latexit sha1_base64="ggNYy28tHbW2zILQMm4kk1oYvY8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Ae0oWw2m3btJht2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pGJVpxttMSaV7ATVcioS3UaDkvVRzGgeSd4PJ7dzvPnFthEoecJpyP6ajRESCUbRSZ8BChWZYrbl1dwGyTryC1KBAa1j9GoSKZTFPkElqTN9zU/RzqlEwyWeVQWZ4StmEjnjf0oTG3Pj54toZubBKSCKlbSVIFurviZzGxkzjwHbGFMdm1ZuL/3n9DKMbPxdJmiFP2HJRlEmCisxfJ6HQnKGcWkKZFvZWwsZUU4Y2oIoNwVt9eZ10ruqeW/fuG7Vmo4ijDGdwDpfgwTU04Q5a0AYGj/AMr/DmKOfFeXc+lq0lp5g5hT9wPn8AqiGPIQ==</latexit><latexit sha1_base64="ggNYy28tHbW2zILQMm4kk1oYvY8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Ae0oWw2m3btJht2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pGJVpxttMSaV7ATVcioS3UaDkvVRzGgeSd4PJ7dzvPnFthEoecJpyP6ajRESCUbRSZ8BChWZYrbl1dwGyTryC1KBAa1j9GoSKZTFPkElqTN9zU/RzqlEwyWeVQWZ4StmEjnjf0oTG3Pj54toZubBKSCKlbSVIFurviZzGxkzjwHbGFMdm1ZuL/3n9DKMbPxdJmiFP2HJRlEmCisxfJ6HQnKGcWkKZFvZWwsZUU4Y2oIoNwVt9eZ10ruqeW/fuG7Vmo4ijDGdwDpfgwTU04Q5a0AYGj/AMr/DmKOfFeXc+lq0lp5g5hT9wPn8AqiGPIQ==</latexit><latexit sha1_base64="ggNYy28tHbW2zILQMm4kk1oYvY8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Ae0oWw2m3btJht2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pGJVpxttMSaV7ATVcioS3UaDkvVRzGgeSd4PJ7dzvPnFthEoecJpyP6ajRESCUbRSZ8BChWZYrbl1dwGyTryC1KBAa1j9GoSKZTFPkElqTN9zU/RzqlEwyWeVQWZ4StmEjnjf0oTG3Pj54toZubBKSCKlbSVIFurviZzGxkzjwHbGFMdm1ZuL/3n9DKMbPxdJmiFP2HJRlEmCisxfJ6HQnKGcWkKZFvZWwsZUU4Y2oIoNwVt9eZ10ruqeW/fuG7Vmo4ijDGdwDpfgwTU04Q5a0AYGj/AMr/DmKOfFeXc+lq0lp5g5hT9wPn8AqiGPIQ==</latexit> q
<latexit sha1_base64="4MA6ccpWeagm54sma+pczmLr8VM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2A9oQ9lsJ+3azSbuboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJb3ZpqgH9GR5CFn1Fip+TgoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXrFXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A12eM5w==</latexit><latexit sha1_base64="4MA6ccpWeagm54sma+pczmLr8VM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2A9oQ9lsJ+3azSbuboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJb3ZpqgH9GR5CFn1Fip+TgoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXrFXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A12eM5w==</latexit><latexit sha1_base64="4MA6ccpWeagm54sma+pczmLr8VM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2A9oQ9lsJ+3azSbuboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJb3ZpqgH9GR5CFn1Fip+TgoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXrFXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A12eM5w==</latexit><latexit sha1_base64="4MA6ccpWeagm54sma+pczmLr8VM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2A9oQ9lsJ+3azSbuboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJb3ZpqgH9GR5CFn1Fip+TgoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXrFXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A12eM5w==</latexit>

2
p
⇡

<latexit sha1_base64="VFu6PoYOlQ6G5OFiw2TRwQMNmtY=">AAAB8nicbVBNS8NAEJ34WetX1aOXYBF6KkkR9Fjw4rGC/YA0lM120y7d7MbdiVBCf4YXD4p49dd489+4bXPQ1gcDj/dmmJkXpYIb9LxvZ2Nza3tnt7RX3j84PDqunJx2jMo0ZW2qhNK9iBgmuGRt5ChYL9WMJJFg3WhyO/e7T0wbruQDTlMWJmQkecwpQSsFjb551Jj3Uz4bVKpe3VvAXSd+QapQoDWofPWHimYJk0gFMSbwvRTDnGjkVLBZuZ8ZlhI6ISMWWCpJwkyYL06euZdWGbqx0rYkugv190ROEmOmSWQ7E4Jjs+rNxf+8IMP4Jsy5TDNkki4XxZlwUbnz/90h14yimFpCqOb2VpeOiSYUbUplG4K/+vI66TTqvlf376+qzVoRRwnO4QJq4MM1NOEOWtAGCgqe4RXeHHRenHfnY9m64RQzZ/AHzucPiO2RUw==</latexit><latexit sha1_base64="VFu6PoYOlQ6G5OFiw2TRwQMNmtY=">AAAB8nicbVBNS8NAEJ34WetX1aOXYBF6KkkR9Fjw4rGC/YA0lM120y7d7MbdiVBCf4YXD4p49dd489+4bXPQ1gcDj/dmmJkXpYIb9LxvZ2Nza3tnt7RX3j84PDqunJx2jMo0ZW2qhNK9iBgmuGRt5ChYL9WMJJFg3WhyO/e7T0wbruQDTlMWJmQkecwpQSsFjb551Jj3Uz4bVKpe3VvAXSd+QapQoDWofPWHimYJk0gFMSbwvRTDnGjkVLBZuZ8ZlhI6ISMWWCpJwkyYL06euZdWGbqx0rYkugv190ROEmOmSWQ7E4Jjs+rNxf+8IMP4Jsy5TDNkki4XxZlwUbnz/90h14yimFpCqOb2VpeOiSYUbUplG4K/+vI66TTqvlf376+qzVoRRwnO4QJq4MM1NOEOWtAGCgqe4RXeHHRenHfnY9m64RQzZ/AHzucPiO2RUw==</latexit><latexit sha1_base64="VFu6PoYOlQ6G5OFiw2TRwQMNmtY=">AAAB8nicbVBNS8NAEJ34WetX1aOXYBF6KkkR9Fjw4rGC/YA0lM120y7d7MbdiVBCf4YXD4p49dd489+4bXPQ1gcDj/dmmJkXpYIb9LxvZ2Nza3tnt7RX3j84PDqunJx2jMo0ZW2qhNK9iBgmuGRt5ChYL9WMJJFg3WhyO/e7T0wbruQDTlMWJmQkecwpQSsFjb551Jj3Uz4bVKpe3VvAXSd+QapQoDWofPWHimYJk0gFMSbwvRTDnGjkVLBZuZ8ZlhI6ISMWWCpJwkyYL06euZdWGbqx0rYkugv190ROEmOmSWQ7E4Jjs+rNxf+8IMP4Jsy5TDNkki4XxZlwUbnz/90h14yimFpCqOb2VpeOiSYUbUplG4K/+vI66TTqvlf376+qzVoRRwnO4QJq4MM1NOEOWtAGCgqe4RXeHHRenHfnY9m64RQzZ/AHzucPiO2RUw==</latexit><latexit sha1_base64="VFu6PoYOlQ6G5OFiw2TRwQMNmtY=">AAAB8nicbVBNS8NAEJ34WetX1aOXYBF6KkkR9Fjw4rGC/YA0lM120y7d7MbdiVBCf4YXD4p49dd489+4bXPQ1gcDj/dmmJkXpYIb9LxvZ2Nza3tnt7RX3j84PDqunJx2jMo0ZW2qhNK9iBgmuGRt5ChYL9WMJJFg3WhyO/e7T0wbruQDTlMWJmQkecwpQSsFjb551Jj3Uz4bVKpe3VvAXSd+QapQoDWofPWHimYJk0gFMSbwvRTDnGjkVLBZuZ8ZlhI6ISMWWCpJwkyYL06euZdWGbqx0rYkugv190ROEmOmSWQ7E4Jjs+rNxf+8IMP4Jsy5TDNkki4XxZlwUbnz/90h14yimFpCqOb2VpeOiSYUbUplG4K/+vI66TTqvlf376+qzVoRRwnO4QJq4MM1NOEOWtAGCgqe4RXeHHRenHfnY9m64RQzZ/AHzucPiO2RUw==</latexit>
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p
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<latexit sha1_base64="t0qRa77gFXbQZkZu6yFB3nr7Cko=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSL0VBIp6LHgxWMF+wFpKJvtpl262cTdiVBCf4YXD4p49dd489+4bXPQ1gcDj/dmmJkXplIYdN1vZ2Nza3tnt7RX3j84PDqunJx2TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeLaiEQ94DTlQUxHSkSCUbSS3+ibR415PxWzQaXq1t0FyDrxClKFAq1B5as/TFgWc4VMUmN8z00xyKlGwSSflfuZ4SllEzrivqWKxtwE+eLkGbm0ypBEibalkCzU3xM5jY2ZxqHtjCmOzao3F//z/AyjmyAXKs2QK7ZcFGWSYELm/5Oh0JyhnFpCmRb2VsLGVFOGNqWyDcFbfXmddK7qnlv37hvVZq2IowTncAE18OAamnAHLWgDgwSe4RXeHHRenHfnY9m64RQzZ/AHzucPjAmRVQ==</latexit><latexit sha1_base64="t0qRa77gFXbQZkZu6yFB3nr7Cko=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSL0VBIp6LHgxWMF+wFpKJvtpl262cTdiVBCf4YXD4p49dd489+4bXPQ1gcDj/dmmJkXplIYdN1vZ2Nza3tnt7RX3j84PDqunJx2TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeLaiEQ94DTlQUxHSkSCUbSS3+ibR415PxWzQaXq1t0FyDrxClKFAq1B5as/TFgWc4VMUmN8z00xyKlGwSSflfuZ4SllEzrivqWKxtwE+eLkGbm0ypBEibalkCzU3xM5jY2ZxqHtjCmOzao3F//z/AyjmyAXKs2QK7ZcFGWSYELm/5Oh0JyhnFpCmRb2VsLGVFOGNqWyDcFbfXmddK7qnlv37hvVZq2IowTncAE18OAamnAHLWgDgwSe4RXeHHRenHfnY9m64RQzZ/AHzucPjAmRVQ==</latexit><latexit sha1_base64="t0qRa77gFXbQZkZu6yFB3nr7Cko=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSL0VBIp6LHgxWMF+wFpKJvtpl262cTdiVBCf4YXD4p49dd489+4bXPQ1gcDj/dmmJkXplIYdN1vZ2Nza3tnt7RX3j84PDqunJx2TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeLaiEQ94DTlQUxHSkSCUbSS3+ibR415PxWzQaXq1t0FyDrxClKFAq1B5as/TFgWc4VMUmN8z00xyKlGwSSflfuZ4SllEzrivqWKxtwE+eLkGbm0ypBEibalkCzU3xM5jY2ZxqHtjCmOzao3F//z/AyjmyAXKs2QK7ZcFGWSYELm/5Oh0JyhnFpCmRb2VsLGVFOGNqWyDcFbfXmddK7qnlv37hvVZq2IowTncAE18OAamnAHLWgDgwSe4RXeHHRenHfnY9m64RQzZ/AHzucPjAmRVQ==</latexit><latexit sha1_base64="t0qRa77gFXbQZkZu6yFB3nr7Cko=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSL0VBIp6LHgxWMF+wFpKJvtpl262cTdiVBCf4YXD4p49dd489+4bXPQ1gcDj/dmmJkXplIYdN1vZ2Nza3tnt7RX3j84PDqunJx2TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeLaiEQ94DTlQUxHSkSCUbSS3+ibR415PxWzQaXq1t0FyDrxClKFAq1B5as/TFgWc4VMUmN8z00xyKlGwSSflfuZ4SllEzrivqWKxtwE+eLkGbm0ypBEibalkCzU3xM5jY2ZxqHtjCmOzao3F//z/AyjmyAXKs2QK7ZcFGWSYELm/5Oh0JyhnFpCmRb2VsLGVFOGNqWyDcFbfXmddK7qnlv37hvVZq2IowTncAE18OAamnAHLWgDgwSe4RXeHHRenHfnY9m64RQzZ/AHzucPjAmRVQ==</latexit>

�4
p
⇡

<latexit sha1_base64="tbbcCGzxZBLEDi6BWgvfva1larI=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvQiyWRgh4LXjxWsB/QhLLZbtulm826OxFK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzIiW4Qc/7dgobm1vbO8Xd0t7+weFR+fikbZJUU9aiiUh0NyKGCS5ZCzkK1lWakTgSrBNNbud+54lpwxP5gFPFwpiMJB9yStBKwWU9MI8as0DxWb9c8WreAu468XNSgRzNfvkrGCQ0jZlEKogxPd9TGGZEI6eCzUpBapgidEJGrGepJDEzYba4eeZeWGXgDhNtS6K7UH9PZCQ2ZhpHtjMmODar3lz8z+ulOLwJMy5VikzS5aJhKlxM3HkA7oBrRlFMLSFUc3urS8dEE4o2ppINwV99eZ20r2q+V/Pv65VGNY+jCGdwDlXw4RoacAdNaAEFBc/wCm9O6rw4787HsrXg5DOn8AfO5w/3JJGM</latexit><latexit sha1_base64="tbbcCGzxZBLEDi6BWgvfva1larI=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvQiyWRgh4LXjxWsB/QhLLZbtulm826OxFK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzIiW4Qc/7dgobm1vbO8Xd0t7+weFR+fikbZJUU9aiiUh0NyKGCS5ZCzkK1lWakTgSrBNNbud+54lpwxP5gFPFwpiMJB9yStBKwWU9MI8as0DxWb9c8WreAu468XNSgRzNfvkrGCQ0jZlEKogxPd9TGGZEI6eCzUpBapgidEJGrGepJDEzYba4eeZeWGXgDhNtS6K7UH9PZCQ2ZhpHtjMmODar3lz8z+ulOLwJMy5VikzS5aJhKlxM3HkA7oBrRlFMLSFUc3urS8dEE4o2ppINwV99eZ20r2q+V/Pv65VGNY+jCGdwDlXw4RoacAdNaAEFBc/wCm9O6rw4787HsrXg5DOn8AfO5w/3JJGM</latexit><latexit sha1_base64="tbbcCGzxZBLEDi6BWgvfva1larI=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvQiyWRgh4LXjxWsB/QhLLZbtulm826OxFK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzIiW4Qc/7dgobm1vbO8Xd0t7+weFR+fikbZJUU9aiiUh0NyKGCS5ZCzkK1lWakTgSrBNNbud+54lpwxP5gFPFwpiMJB9yStBKwWU9MI8as0DxWb9c8WreAu468XNSgRzNfvkrGCQ0jZlEKogxPd9TGGZEI6eCzUpBapgidEJGrGepJDEzYba4eeZeWGXgDhNtS6K7UH9PZCQ2ZhpHtjMmODar3lz8z+ulOLwJMy5VikzS5aJhKlxM3HkA7oBrRlFMLSFUc3urS8dEE4o2ppINwV99eZ20r2q+V/Pv65VGNY+jCGdwDlXw4RoacAdNaAEFBc/wCm9O6rw4787HsrXg5DOn8AfO5w/3JJGM</latexit><latexit sha1_base64="tbbcCGzxZBLEDi6BWgvfva1larI=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvQiyWRgh4LXjxWsB/QhLLZbtulm826OxFK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzIiW4Qc/7dgobm1vbO8Xd0t7+weFR+fikbZJUU9aiiUh0NyKGCS5ZCzkK1lWakTgSrBNNbud+54lpwxP5gFPFwpiMJB9yStBKwWU9MI8as0DxWb9c8WreAu468XNSgRzNfvkrGCQ0jZlEKogxPd9TGGZEI6eCzUpBapgidEJGrGepJDEzYba4eeZeWGXgDhNtS6K7UH9PZCQ2ZhpHtjMmODar3lz8z+ulOLwJMy5VikzS5aJhKlxM3HkA7oBrRlFMLSFUc3urS8dEE4o2ppINwV99eZ20r2q+V/Pv65VGNY+jCGdwDlXw4RoacAdNaAEFBc/wCm9O6rw4787HsrXg5DOn8AfO5w/3JJGM</latexit>

�2
p
⇡

<latexit sha1_base64="Nh4SPmPOBl0VNExTGHHW8gMWbT0=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvQiyUpgh4LXjxWsB/QhLLZbtulm826OxFK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzIiW4Qc/7dgobm1vbO8Xd0t7+weFR+fikbZJUU9aiiUh0NyKGCS5ZCzkK1lWakTgSrBNNbud+54lpwxP5gFPFwpiMJB9yStBKwWU9MI8as0DxWb9c8WreAu468XNSgRzNfvkrGCQ0jZlEKogxPd9TGGZEI6eCzUpBapgidEJGrGepJDEzYba4eeZeWGXgDhNtS6K7UH9PZCQ2ZhpHtjMmODar3lz8z+ulOLwJMy5VikzS5aJhKlxM3HkA7oBrRlFMLSFUc3urS8dEE4o2ppINwV99eZ206zXfq/n3V5VGNY+jCGdwDlXw4RoacAdNaAEFBc/wCm9O6rw4787HsrXg5DOn8AfO5w/0CJGK</latexit><latexit sha1_base64="Nh4SPmPOBl0VNExTGHHW8gMWbT0=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvQiyUpgh4LXjxWsB/QhLLZbtulm826OxFK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzIiW4Qc/7dgobm1vbO8Xd0t7+weFR+fikbZJUU9aiiUh0NyKGCS5ZCzkK1lWakTgSrBNNbud+54lpwxP5gFPFwpiMJB9yStBKwWU9MI8as0DxWb9c8WreAu468XNSgRzNfvkrGCQ0jZlEKogxPd9TGGZEI6eCzUpBapgidEJGrGepJDEzYba4eeZeWGXgDhNtS6K7UH9PZCQ2ZhpHtjMmODar3lz8z+ulOLwJMy5VikzS5aJhKlxM3HkA7oBrRlFMLSFUc3urS8dEE4o2ppINwV99eZ206zXfq/n3V5VGNY+jCGdwDlXw4RoacAdNaAEFBc/wCm9O6rw4787HsrXg5DOn8AfO5w/0CJGK</latexit><latexit sha1_base64="Nh4SPmPOBl0VNExTGHHW8gMWbT0=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvQiyUpgh4LXjxWsB/QhLLZbtulm826OxFK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzIiW4Qc/7dgobm1vbO8Xd0t7+weFR+fikbZJUU9aiiUh0NyKGCS5ZCzkK1lWakTgSrBNNbud+54lpwxP5gFPFwpiMJB9yStBKwWU9MI8as0DxWb9c8WreAu468XNSgRzNfvkrGCQ0jZlEKogxPd9TGGZEI6eCzUpBapgidEJGrGepJDEzYba4eeZeWGXgDhNtS6K7UH9PZCQ2ZhpHtjMmODar3lz8z+ulOLwJMy5VikzS5aJhKlxM3HkA7oBrRlFMLSFUc3urS8dEE4o2ppINwV99eZ206zXfq/n3V5VGNY+jCGdwDlXw4RoacAdNaAEFBc/wCm9O6rw4787HsrXg5DOn8AfO5w/0CJGK</latexit><latexit sha1_base64="Nh4SPmPOBl0VNExTGHHW8gMWbT0=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvQiyUpgh4LXjxWsB/QhLLZbtulm826OxFK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzIiW4Qc/7dgobm1vbO8Xd0t7+weFR+fikbZJUU9aiiUh0NyKGCS5ZCzkK1lWakTgSrBNNbud+54lpwxP5gFPFwpiMJB9yStBKwWU9MI8as0DxWb9c8WreAu468XNSgRzNfvkrGCQ0jZlEKogxPd9TGGZEI6eCzUpBapgidEJGrGepJDEzYba4eeZeWGXgDhNtS6K7UH9PZCQ2ZhpHtjMmODar3lz8z+ulOLwJMy5VikzS5aJhKlxM3HkA7oBrRlFMLSFUc3urS8dEE4o2ppINwV99eZ206zXfq/n3V5VGNY+jCGdwDlXw4RoacAdNaAEFBc/wCm9O6rw4787HsrXg5DOn8AfO5w/0CJGK</latexit>

0
<latexit sha1_base64="GtPZzOiWyA3oz//C6t/G5jFRh/w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSyx2WK27NXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3Sua55bs1r3VQa1TyOIlzAJVTBgzo04B6a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz9xR4ya</latexit><latexit sha1_base64="GtPZzOiWyA3oz//C6t/G5jFRh/w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSyx2WK27NXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3Sua55bs1r3VQa1TyOIlzAJVTBgzo04B6a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz9xR4ya</latexit><latexit sha1_base64="GtPZzOiWyA3oz//C6t/G5jFRh/w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSyx2WK27NXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3Sua55bs1r3VQa1TyOIlzAJVTBgzo04B6a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz9xR4ya</latexit><latexit sha1_base64="GtPZzOiWyA3oz//C6t/G5jFRh/w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSyx2WK27NXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3Sua55bs1r3VQa1TyOIlzAJVTBgzo04B6a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz9xR4ya</latexit>

|0i2
<latexit sha1_base64="s4OEl0MUP6O3iWQrMoM6iL9yoqg=">AAAB9HicdVBNSwMxEJ2tX7V+VT16CRbBU8m2W7W3ghePFWwttEvJpmkbms2uSbZQ1v4OLx4U8eqP8ea/Mf0QVPTBwOO9GWbmBbHg2mD84WRWVtfWN7Kbua3tnd29/P5BU0eJoqxBIxGpVkA0E1yyhuFGsFasGAkDwW6D0eXMvx0zpXkkb8wkZn5IBpL3OSXGSv497igiB4J109K0my/golsql8+qyBLsetWKJV4FV7CH3CKeowBL1Lv5904voknIpKGCaN12cWz8lCjDqWDTXCfRLCZ0RAasbakkIdN+Oj96ik6s0kP9SNmSBs3V7xMpCbWehIHtDIkZ6t/eTPzLayemf+GnXMaJYZIuFvUTgUyEZgmgHleMGjGxhFDF7a2IDoki1NiccjaEr0/R/6RZsvkU3WuvUPOWcWThCI7hFFw4hxpcQR0aQOEOHuAJnp2x8+i8OK+L1oyznDmEH3DePgECu5I2</latexit><latexit sha1_base64="s4OEl0MUP6O3iWQrMoM6iL9yoqg=">AAAB9HicdVBNSwMxEJ2tX7V+VT16CRbBU8m2W7W3ghePFWwttEvJpmkbms2uSbZQ1v4OLx4U8eqP8ea/Mf0QVPTBwOO9GWbmBbHg2mD84WRWVtfWN7Kbua3tnd29/P5BU0eJoqxBIxGpVkA0E1yyhuFGsFasGAkDwW6D0eXMvx0zpXkkb8wkZn5IBpL3OSXGSv497igiB4J109K0my/golsql8+qyBLsetWKJV4FV7CH3CKeowBL1Lv5904voknIpKGCaN12cWz8lCjDqWDTXCfRLCZ0RAasbakkIdN+Oj96ik6s0kP9SNmSBs3V7xMpCbWehIHtDIkZ6t/eTPzLayemf+GnXMaJYZIuFvUTgUyEZgmgHleMGjGxhFDF7a2IDoki1NiccjaEr0/R/6RZsvkU3WuvUPOWcWThCI7hFFw4hxpcQR0aQOEOHuAJnp2x8+i8OK+L1oyznDmEH3DePgECu5I2</latexit><latexit sha1_base64="s4OEl0MUP6O3iWQrMoM6iL9yoqg=">AAAB9HicdVBNSwMxEJ2tX7V+VT16CRbBU8m2W7W3ghePFWwttEvJpmkbms2uSbZQ1v4OLx4U8eqP8ea/Mf0QVPTBwOO9GWbmBbHg2mD84WRWVtfWN7Kbua3tnd29/P5BU0eJoqxBIxGpVkA0E1yyhuFGsFasGAkDwW6D0eXMvx0zpXkkb8wkZn5IBpL3OSXGSv497igiB4J109K0my/golsql8+qyBLsetWKJV4FV7CH3CKeowBL1Lv5904voknIpKGCaN12cWz8lCjDqWDTXCfRLCZ0RAasbakkIdN+Oj96ik6s0kP9SNmSBs3V7xMpCbWehIHtDIkZ6t/eTPzLayemf+GnXMaJYZIuFvUTgUyEZgmgHleMGjGxhFDF7a2IDoki1NiccjaEr0/R/6RZsvkU3WuvUPOWcWThCI7hFFw4hxpcQR0aQOEOHuAJnp2x8+i8OK+L1oyznDmEH3DePgECu5I2</latexit><latexit sha1_base64="s4OEl0MUP6O3iWQrMoM6iL9yoqg=">AAAB9HicdVBNSwMxEJ2tX7V+VT16CRbBU8m2W7W3ghePFWwttEvJpmkbms2uSbZQ1v4OLx4U8eqP8ea/Mf0QVPTBwOO9GWbmBbHg2mD84WRWVtfWN7Kbua3tnd29/P5BU0eJoqxBIxGpVkA0E1yyhuFGsFasGAkDwW6D0eXMvx0zpXkkb8wkZn5IBpL3OSXGSv497igiB4J109K0my/golsql8+qyBLsetWKJV4FV7CH3CKeowBL1Lv5904voknIpKGCaN12cWz8lCjDqWDTXCfRLCZ0RAasbakkIdN+Oj96ik6s0kP9SNmSBs3V7xMpCbWehIHtDIkZ6t/eTPzLayemf+GnXMaJYZIuFvUTgUyEZgmgHleMGjGxhFDF7a2IDoki1NiccjaEr0/R/6RZsvkU3WuvUPOWcWThCI7hFFw4hxpcQR0aQOEOHuAJnp2x8+i8OK+L1oyznDmEH3DePgECu5I2</latexit>

q
<latexit sha1_base64="4MA6ccpWeagm54sma+pczmLr8VM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2A9oQ9lsJ+3azSbuboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJb3ZpqgH9GR5CFn1Fip+TgoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXrFXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A12eM5w==</latexit><latexit sha1_base64="4MA6ccpWeagm54sma+pczmLr8VM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2A9oQ9lsJ+3azSbuboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJb3ZpqgH9GR5CFn1Fip+TgoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXrFXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A12eM5w==</latexit><latexit sha1_base64="4MA6ccpWeagm54sma+pczmLr8VM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2A9oQ9lsJ+3azSbuboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJb3ZpqgH9GR5CFn1Fip+TgoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXrFXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A12eM5w==</latexit><latexit sha1_base64="4MA6ccpWeagm54sma+pczmLr8VM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2A9oQ9lsJ+3azSbuboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJb3ZpqgH9GR5CFn1Fip+TgoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXrFXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A12eM5w==</latexit>

|0i8
<latexit sha1_base64="kHmgCw+uXqlTe9XjUYVJt9XMJYE=">AAAB9HicdVDLSgMxFM3UV62vqks3wSK4GjKlj5ldwY3LCvYB7VAyaaYNzWTGJFMoY7/DjQtF3Pox7vwb04egogcuHM65l3vvCRLOlEbow8ptbG5t7+R3C3v7B4dHxeOTtopTSWiLxDyW3QArypmgLc00p91EUhwFnHaCydXC70ypVCwWt3qWUD/CI8FCRrA2kn+P+hKLEaeDzJ0PiiVke47rlWsQ2eWqV68jQxxUdWsedGy0RAms0RwU3/vDmKQRFZpwrFTPQYn2Myw1I5zOC/1U0QSTCR7RnqECR1T52fLoObwwyhCGsTQlNFyq3ycyHCk1iwLTGWE9Vr+9hfiX10t16PoZE0mqqSCrRWHKoY7hIgE4ZJISzWeGYCKZuRWSMZaYaJNTwYTw9Sn8n7TLJhbbuamUGpV1HHlwBs7BJXBAHTTANWiCFiDgDjyAJ/BsTa1H68V6XbXmrPXMKfgB6+0TOkGSXA==</latexit><latexit sha1_base64="kHmgCw+uXqlTe9XjUYVJt9XMJYE=">AAAB9HicdVDLSgMxFM3UV62vqks3wSK4GjKlj5ldwY3LCvYB7VAyaaYNzWTGJFMoY7/DjQtF3Pox7vwb04egogcuHM65l3vvCRLOlEbow8ptbG5t7+R3C3v7B4dHxeOTtopTSWiLxDyW3QArypmgLc00p91EUhwFnHaCydXC70ypVCwWt3qWUD/CI8FCRrA2kn+P+hKLEaeDzJ0PiiVke47rlWsQ2eWqV68jQxxUdWsedGy0RAms0RwU3/vDmKQRFZpwrFTPQYn2Myw1I5zOC/1U0QSTCR7RnqECR1T52fLoObwwyhCGsTQlNFyq3ycyHCk1iwLTGWE9Vr+9hfiX10t16PoZE0mqqSCrRWHKoY7hIgE4ZJISzWeGYCKZuRWSMZaYaJNTwYTw9Sn8n7TLJhbbuamUGpV1HHlwBs7BJXBAHTTANWiCFiDgDjyAJ/BsTa1H68V6XbXmrPXMKfgB6+0TOkGSXA==</latexit><latexit sha1_base64="kHmgCw+uXqlTe9XjUYVJt9XMJYE=">AAAB9HicdVDLSgMxFM3UV62vqks3wSK4GjKlj5ldwY3LCvYB7VAyaaYNzWTGJFMoY7/DjQtF3Pox7vwb04egogcuHM65l3vvCRLOlEbow8ptbG5t7+R3C3v7B4dHxeOTtopTSWiLxDyW3QArypmgLc00p91EUhwFnHaCydXC70ypVCwWt3qWUD/CI8FCRrA2kn+P+hKLEaeDzJ0PiiVke47rlWsQ2eWqV68jQxxUdWsedGy0RAms0RwU3/vDmKQRFZpwrFTPQYn2Myw1I5zOC/1U0QSTCR7RnqECR1T52fLoObwwyhCGsTQlNFyq3ycyHCk1iwLTGWE9Vr+9hfiX10t16PoZE0mqqSCrRWHKoY7hIgE4ZJISzWeGYCKZuRWSMZaYaJNTwYTw9Sn8n7TLJhbbuamUGpV1HHlwBs7BJXBAHTTANWiCFiDgDjyAJ/BsTa1H68V6XbXmrPXMKfgB6+0TOkGSXA==</latexit><latexit sha1_base64="kHmgCw+uXqlTe9XjUYVJt9XMJYE=">AAAB9HicdVDLSgMxFM3UV62vqks3wSK4GjKlj5ldwY3LCvYB7VAyaaYNzWTGJFMoY7/DjQtF3Pox7vwb04egogcuHM65l3vvCRLOlEbow8ptbG5t7+R3C3v7B4dHxeOTtopTSWiLxDyW3QArypmgLc00p91EUhwFnHaCydXC70ypVCwWt3qWUD/CI8FCRrA2kn+P+hKLEaeDzJ0PiiVke47rlWsQ2eWqV68jQxxUdWsedGy0RAms0RwU3/vDmKQRFZpwrFTPQYn2Myw1I5zOC/1U0QSTCR7RnqECR1T52fLoObwwyhCGsTQlNFyq3ycyHCk1iwLTGWE9Vr+9hfiX10t16PoZE0mqqSCrRWHKoY7hIgE4ZJISzWeGYCKZuRWSMZaYaJNTwYTw9Sn8n7TLJhbbuamUGpV1HHlwBs7BJXBAHTTANWiCFiDgDjyAJ/BsTa1H68V6XbXmrPXMKfgB6+0TOkGSXA==</latexit>

q
<latexit sha1_base64="4MA6ccpWeagm54sma+pczmLr8VM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2A9oQ9lsJ+3azSbuboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJb3ZpqgH9GR5CFn1Fip+TgoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXrFXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A12eM5w==</latexit><latexit sha1_base64="4MA6ccpWeagm54sma+pczmLr8VM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2A9oQ9lsJ+3azSbuboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJb3ZpqgH9GR5CFn1Fip+TgoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXrFXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A12eM5w==</latexit><latexit sha1_base64="4MA6ccpWeagm54sma+pczmLr8VM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2A9oQ9lsJ+3azSbuboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJb3ZpqgH9GR5CFn1Fip+TgoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXrFXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A12eM5w==</latexit><latexit sha1_base64="4MA6ccpWeagm54sma+pczmLr8VM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2A9oQ9lsJ+3azSbuboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJb3ZpqgH9GR5CFn1Fip+TgoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXrFXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A12eM5w==</latexit>

|4i8
<latexit sha1_base64="OMpqRuDR9LHWmdkmNuUt+yz96J4=">AAAB9HicdVDLSgMxFM3UV62vqks3wSK4GjIPat0V3LisYB/QDiWTZtrQTGZMMoUy9jvcuFDErR/jzr8xfQgqeuDC4Zx7ufeeMOVMaYQ+rMLa+sbmVnG7tLO7t39QPjxqqSSThDZJwhPZCbGinAna1Exz2kklxXHIaTscX8399oRKxRJxq6cpDWI8FCxiBGsjBfd+T2Ix5LSf12b9cgXZ7qVbrVUhsr2q43ieIT7yXM+Fjo0WqIAVGv3ye2+QkCymQhOOleo6KNVBjqVmhNNZqZcpmmIyxkPaNVTgmKogXxw9g2dGGcAokaaEhgv1+0SOY6WmcWg6Y6xH6rc3F//yupmOakHORJppKshyUZRxqBM4TwAOmKRE86khmEhmboVkhCUm2uRUMiF8fQr/Jy3XdpDt3PiVur+KowhOwCk4Bw64AHVwDRqgCQi4Aw/gCTxbE+vRerFel60FazVzDH7AevsEFZiSQg==</latexit><latexit sha1_base64="OMpqRuDR9LHWmdkmNuUt+yz96J4=">AAAB9HicdVDLSgMxFM3UV62vqks3wSK4GjIPat0V3LisYB/QDiWTZtrQTGZMMoUy9jvcuFDErR/jzr8xfQgqeuDC4Zx7ufeeMOVMaYQ+rMLa+sbmVnG7tLO7t39QPjxqqSSThDZJwhPZCbGinAna1Exz2kklxXHIaTscX8399oRKxRJxq6cpDWI8FCxiBGsjBfd+T2Ix5LSf12b9cgXZ7qVbrVUhsr2q43ieIT7yXM+Fjo0WqIAVGv3ye2+QkCymQhOOleo6KNVBjqVmhNNZqZcpmmIyxkPaNVTgmKogXxw9g2dGGcAokaaEhgv1+0SOY6WmcWg6Y6xH6rc3F//yupmOakHORJppKshyUZRxqBM4TwAOmKRE86khmEhmboVkhCUm2uRUMiF8fQr/Jy3XdpDt3PiVur+KowhOwCk4Bw64AHVwDRqgCQi4Aw/gCTxbE+vRerFel60FazVzDH7AevsEFZiSQg==</latexit><latexit sha1_base64="OMpqRuDR9LHWmdkmNuUt+yz96J4=">AAAB9HicdVDLSgMxFM3UV62vqks3wSK4GjIPat0V3LisYB/QDiWTZtrQTGZMMoUy9jvcuFDErR/jzr8xfQgqeuDC4Zx7ufeeMOVMaYQ+rMLa+sbmVnG7tLO7t39QPjxqqSSThDZJwhPZCbGinAna1Exz2kklxXHIaTscX8399oRKxRJxq6cpDWI8FCxiBGsjBfd+T2Ix5LSf12b9cgXZ7qVbrVUhsr2q43ieIT7yXM+Fjo0WqIAVGv3ye2+QkCymQhOOleo6KNVBjqVmhNNZqZcpmmIyxkPaNVTgmKogXxw9g2dGGcAokaaEhgv1+0SOY6WmcWg6Y6xH6rc3F//yupmOakHORJppKshyUZRxqBM4TwAOmKRE86khmEhmboVkhCUm2uRUMiF8fQr/Jy3XdpDt3PiVur+KowhOwCk4Bw64AHVwDRqgCQi4Aw/gCTxbE+vRerFel60FazVzDH7AevsEFZiSQg==</latexit><latexit sha1_base64="OMpqRuDR9LHWmdkmNuUt+yz96J4=">AAAB9HicdVDLSgMxFM3UV62vqks3wSK4GjIPat0V3LisYB/QDiWTZtrQTGZMMoUy9jvcuFDErR/jzr8xfQgqeuDC4Zx7ufeeMOVMaYQ+rMLa+sbmVnG7tLO7t39QPjxqqSSThDZJwhPZCbGinAna1Exz2kklxXHIaTscX8399oRKxRJxq6cpDWI8FCxiBGsjBfd+T2Ix5LSf12b9cgXZ7qVbrVUhsr2q43ieIT7yXM+Fjo0WqIAVGv3ye2+QkCymQhOOleo6KNVBjqVmhNNZqZcpmmIyxkPaNVTgmKogXxw9g2dGGcAokaaEhgv1+0SOY6WmcWg6Y6xH6rc3F//yupmOakHORJppKshyUZRxqBM4TwAOmKRE86khmEhmboVkhCUm2uRUMiF8fQr/Jy3XdpDt3PiVur+KowhOwCk4Bw64AHVwDRqgCQi4Aw/gCTxbE+vRerFel60FazVzDH7AevsEFZiSQg==</latexit>

4
p
⇡

<latexit sha1_base64="t0qRa77gFXbQZkZu6yFB3nr7Cko=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSL0VBIp6LHgxWMF+wFpKJvtpl262cTdiVBCf4YXD4p49dd489+4bXPQ1gcDj/dmmJkXplIYdN1vZ2Nza3tnt7RX3j84PDqunJx2TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeLaiEQ94DTlQUxHSkSCUbSS3+ibR415PxWzQaXq1t0FyDrxClKFAq1B5as/TFgWc4VMUmN8z00xyKlGwSSflfuZ4SllEzrivqWKxtwE+eLkGbm0ypBEibalkCzU3xM5jY2ZxqHtjCmOzao3F//z/AyjmyAXKs2QK7ZcFGWSYELm/5Oh0JyhnFpCmRb2VsLGVFOGNqWyDcFbfXmddK7qnlv37hvVZq2IowTncAE18OAamnAHLWgDgwSe4RXeHHRenHfnY9m64RQzZ/AHzucPjAmRVQ==</latexit><latexit sha1_base64="t0qRa77gFXbQZkZu6yFB3nr7Cko=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSL0VBIp6LHgxWMF+wFpKJvtpl262cTdiVBCf4YXD4p49dd489+4bXPQ1gcDj/dmmJkXplIYdN1vZ2Nza3tnt7RX3j84PDqunJx2TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeLaiEQ94DTlQUxHSkSCUbSS3+ibR415PxWzQaXq1t0FyDrxClKFAq1B5as/TFgWc4VMUmN8z00xyKlGwSSflfuZ4SllEzrivqWKxtwE+eLkGbm0ypBEibalkCzU3xM5jY2ZxqHtjCmOzao3F//z/AyjmyAXKs2QK7ZcFGWSYELm/5Oh0JyhnFpCmRb2VsLGVFOGNqWyDcFbfXmddK7qnlv37hvVZq2IowTncAE18OAamnAHLWgDgwSe4RXeHHRenHfnY9m64RQzZ/AHzucPjAmRVQ==</latexit><latexit sha1_base64="t0qRa77gFXbQZkZu6yFB3nr7Cko=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSL0VBIp6LHgxWMF+wFpKJvtpl262cTdiVBCf4YXD4p49dd489+4bXPQ1gcDj/dmmJkXplIYdN1vZ2Nza3tnt7RX3j84PDqunJx2TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeLaiEQ94DTlQUxHSkSCUbSS3+ibR415PxWzQaXq1t0FyDrxClKFAq1B5as/TFgWc4VMUmN8z00xyKlGwSSflfuZ4SllEzrivqWKxtwE+eLkGbm0ypBEibalkCzU3xM5jY2ZxqHtjCmOzao3F//z/AyjmyAXKs2QK7ZcFGWSYELm/5Oh0JyhnFpCmRb2VsLGVFOGNqWyDcFbfXmddK7qnlv37hvVZq2IowTncAE18OAamnAHLWgDgwSe4RXeHHRenHfnY9m64RQzZ/AHzucPjAmRVQ==</latexit><latexit sha1_base64="t0qRa77gFXbQZkZu6yFB3nr7Cko=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSL0VBIp6LHgxWMF+wFpKJvtpl262cTdiVBCf4YXD4p49dd489+4bXPQ1gcDj/dmmJkXplIYdN1vZ2Nza3tnt7RX3j84PDqunJx2TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeLaiEQ94DTlQUxHSkSCUbSS3+ibR415PxWzQaXq1t0FyDrxClKFAq1B5as/TFgWc4VMUmN8z00xyKlGwSSflfuZ4SllEzrivqWKxtwE+eLkGbm0ypBEibalkCzU3xM5jY2ZxqHtjCmOzao3F//z/AyjmyAXKs2QK7ZcFGWSYELm/5Oh0JyhnFpCmRb2VsLGVFOGNqWyDcFbfXmddK7qnlv37hvVZq2IowTncAE18OAamnAHLWgDgwSe4RXeHHRenHfnY9m64RQzZ/AHzucPjAmRVQ==</latexit>

�4
p
⇡

<latexit sha1_base64="tbbcCGzxZBLEDi6BWgvfva1larI=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvQiyWRgh4LXjxWsB/QhLLZbtulm826OxFK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzIiW4Qc/7dgobm1vbO8Xd0t7+weFR+fikbZJUU9aiiUh0NyKGCS5ZCzkK1lWakTgSrBNNbud+54lpwxP5gFPFwpiMJB9yStBKwWU9MI8as0DxWb9c8WreAu468XNSgRzNfvkrGCQ0jZlEKogxPd9TGGZEI6eCzUpBapgidEJGrGepJDEzYba4eeZeWGXgDhNtS6K7UH9PZCQ2ZhpHtjMmODar3lz8z+ulOLwJMy5VikzS5aJhKlxM3HkA7oBrRlFMLSFUc3urS8dEE4o2ppINwV99eZ20r2q+V/Pv65VGNY+jCGdwDlXw4RoacAdNaAEFBc/wCm9O6rw4787HsrXg5DOn8AfO5w/3JJGM</latexit><latexit sha1_base64="tbbcCGzxZBLEDi6BWgvfva1larI=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvQiyWRgh4LXjxWsB/QhLLZbtulm826OxFK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzIiW4Qc/7dgobm1vbO8Xd0t7+weFR+fikbZJUU9aiiUh0NyKGCS5ZCzkK1lWakTgSrBNNbud+54lpwxP5gFPFwpiMJB9yStBKwWU9MI8as0DxWb9c8WreAu468XNSgRzNfvkrGCQ0jZlEKogxPd9TGGZEI6eCzUpBapgidEJGrGepJDEzYba4eeZeWGXgDhNtS6K7UH9PZCQ2ZhpHtjMmODar3lz8z+ulOLwJMy5VikzS5aJhKlxM3HkA7oBrRlFMLSFUc3urS8dEE4o2ppINwV99eZ20r2q+V/Pv65VGNY+jCGdwDlXw4RoacAdNaAEFBc/wCm9O6rw4787HsrXg5DOn8AfO5w/3JJGM</latexit><latexit sha1_base64="tbbcCGzxZBLEDi6BWgvfva1larI=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvQiyWRgh4LXjxWsB/QhLLZbtulm826OxFK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzIiW4Qc/7dgobm1vbO8Xd0t7+weFR+fikbZJUU9aiiUh0NyKGCS5ZCzkK1lWakTgSrBNNbud+54lpwxP5gFPFwpiMJB9yStBKwWU9MI8as0DxWb9c8WreAu468XNSgRzNfvkrGCQ0jZlEKogxPd9TGGZEI6eCzUpBapgidEJGrGepJDEzYba4eeZeWGXgDhNtS6K7UH9PZCQ2ZhpHtjMmODar3lz8z+ulOLwJMy5VikzS5aJhKlxM3HkA7oBrRlFMLSFUc3urS8dEE4o2ppINwV99eZ20r2q+V/Pv65VGNY+jCGdwDlXw4RoacAdNaAEFBc/wCm9O6rw4787HsrXg5DOn8AfO5w/3JJGM</latexit><latexit sha1_base64="tbbcCGzxZBLEDi6BWgvfva1larI=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvQiyWRgh4LXjxWsB/QhLLZbtulm826OxFK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzIiW4Qc/7dgobm1vbO8Xd0t7+weFR+fikbZJUU9aiiUh0NyKGCS5ZCzkK1lWakTgSrBNNbud+54lpwxP5gFPFwpiMJB9yStBKwWU9MI8as0DxWb9c8WreAu468XNSgRzNfvkrGCQ0jZlEKogxPd9TGGZEI6eCzUpBapgidEJGrGepJDEzYba4eeZeWGXgDhNtS6K7UH9PZCQ2ZhpHtjMmODar3lz8z+ulOLwJMy5VikzS5aJhKlxM3HkA7oBrRlFMLSFUc3urS8dEE4o2ppINwV99eZ20r2q+V/Pv65VGNY+jCGdwDlXw4RoacAdNaAEFBc/wCm9O6rw4787HsrXg5DOn8AfO5w/3JJGM</latexit>

0
<latexit sha1_base64="GtPZzOiWyA3oz//C6t/G5jFRh/w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSyx2WK27NXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3Sua55bs1r3VQa1TyOIlzAJVTBgzo04B6a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz9xR4ya</latexit><latexit sha1_base64="GtPZzOiWyA3oz//C6t/G5jFRh/w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSyx2WK27NXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3Sua55bs1r3VQa1TyOIlzAJVTBgzo04B6a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz9xR4ya</latexit><latexit sha1_base64="GtPZzOiWyA3oz//C6t/G5jFRh/w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSyx2WK27NXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3Sua55bs1r3VQa1TyOIlzAJVTBgzo04B6a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz9xR4ya</latexit><latexit sha1_base64="GtPZzOiWyA3oz//C6t/G5jFRh/w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSyx2WK27NXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3Sua55bs1r3VQa1TyOIlzAJVTBgzo04B6a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz9xR4ya</latexit>· · ·<latexit sha1_base64="ggNYy28tHbW2zILQMm4kk1oYvY8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Ae0oWw2m3btJht2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pGJVpxttMSaV7ATVcioS3UaDkvVRzGgeSd4PJ7dzvPnFthEoecJpyP6ajRESCUbRSZ8BChWZYrbl1dwGyTryC1KBAa1j9GoSKZTFPkElqTN9zU/RzqlEwyWeVQWZ4StmEjnjf0oTG3Pj54toZubBKSCKlbSVIFurviZzGxkzjwHbGFMdm1ZuL/3n9DKMbPxdJmiFP2HJRlEmCisxfJ6HQnKGcWkKZFvZWwsZUU4Y2oIoNwVt9eZ10ruqeW/fuG7Vmo4ijDGdwDpfgwTU04Q5a0AYGj/AMr/DmKOfFeXc+lq0lp5g5hT9wPn8AqiGPIQ==</latexit><latexit sha1_base64="ggNYy28tHbW2zILQMm4kk1oYvY8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Ae0oWw2m3btJht2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pGJVpxttMSaV7ATVcioS3UaDkvVRzGgeSd4PJ7dzvPnFthEoecJpyP6ajRESCUbRSZ8BChWZYrbl1dwGyTryC1KBAa1j9GoSKZTFPkElqTN9zU/RzqlEwyWeVQWZ4StmEjnjf0oTG3Pj54toZubBKSCKlbSVIFurviZzGxkzjwHbGFMdm1ZuL/3n9DKMbPxdJmiFP2HJRlEmCisxfJ6HQnKGcWkKZFvZWwsZUU4Y2oIoNwVt9eZ10ruqeW/fuG7Vmo4ijDGdwDpfgwTU04Q5a0AYGj/AMr/DmKOfFeXc+lq0lp5g5hT9wPn8AqiGPIQ==</latexit><latexit sha1_base64="ggNYy28tHbW2zILQMm4kk1oYvY8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Ae0oWw2m3btJht2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pGJVpxttMSaV7ATVcioS3UaDkvVRzGgeSd4PJ7dzvPnFthEoecJpyP6ajRESCUbRSZ8BChWZYrbl1dwGyTryC1KBAa1j9GoSKZTFPkElqTN9zU/RzqlEwyWeVQWZ4StmEjnjf0oTG3Pj54toZubBKSCKlbSVIFurviZzGxkzjwHbGFMdm1ZuL/3n9DKMbPxdJmiFP2HJRlEmCisxfJ6HQnKGcWkKZFvZWwsZUU4Y2oIoNwVt9eZ10ruqeW/fuG7Vmo4ijDGdwDpfgwTU04Q5a0AYGj/AMr/DmKOfFeXc+lq0lp5g5hT9wPn8AqiGPIQ==</latexit><latexit sha1_base64="ggNYy28tHbW2zILQMm4kk1oYvY8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Ae0oWw2m3btJht2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pGJVpxttMSaV7ATVcioS3UaDkvVRzGgeSd4PJ7dzvPnFthEoecJpyP6ajRESCUbRSZ8BChWZYrbl1dwGyTryC1KBAa1j9GoSKZTFPkElqTN9zU/RzqlEwyWeVQWZ4StmEjnjf0oTG3Pj54toZubBKSCKlbSVIFurviZzGxkzjwHbGFMdm1ZuL/3n9DKMbPxdJmiFP2HJRlEmCisxfJ6HQnKGcWkKZFvZWwsZUU4Y2oIoNwVt9eZ10ruqeW/fuG7Vmo4ijDGdwDpfgwTU04Q5a0AYGj/AMr/DmKOfFeXc+lq0lp5g5hT9wPn8AqiGPIQ==</latexit> · · ·<latexit sha1_base64="ggNYy28tHbW2zILQMm4kk1oYvY8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Ae0oWw2m3btJht2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pGJVpxttMSaV7ATVcioS3UaDkvVRzGgeSd4PJ7dzvPnFthEoecJpyP6ajRESCUbRSZ8BChWZYrbl1dwGyTryC1KBAa1j9GoSKZTFPkElqTN9zU/RzqlEwyWeVQWZ4StmEjnjf0oTG3Pj54toZubBKSCKlbSVIFurviZzGxkzjwHbGFMdm1ZuL/3n9DKMbPxdJmiFP2HJRlEmCisxfJ6HQnKGcWkKZFvZWwsZUU4Y2oIoNwVt9eZ10ruqeW/fuG7Vmo4ijDGdwDpfgwTU04Q5a0AYGj/AMr/DmKOfFeXc+lq0lp5g5hT9wPn8AqiGPIQ==</latexit><latexit sha1_base64="ggNYy28tHbW2zILQMm4kk1oYvY8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Ae0oWw2m3btJht2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pGJVpxttMSaV7ATVcioS3UaDkvVRzGgeSd4PJ7dzvPnFthEoecJpyP6ajRESCUbRSZ8BChWZYrbl1dwGyTryC1KBAa1j9GoSKZTFPkElqTN9zU/RzqlEwyWeVQWZ4StmEjnjf0oTG3Pj54toZubBKSCKlbSVIFurviZzGxkzjwHbGFMdm1ZuL/3n9DKMbPxdJmiFP2HJRlEmCisxfJ6HQnKGcWkKZFvZWwsZUU4Y2oIoNwVt9eZ10ruqeW/fuG7Vmo4ijDGdwDpfgwTU04Q5a0AYGj/AMr/DmKOfFeXc+lq0lp5g5hT9wPn8AqiGPIQ==</latexit><latexit sha1_base64="ggNYy28tHbW2zILQMm4kk1oYvY8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Ae0oWw2m3btJht2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pGJVpxttMSaV7ATVcioS3UaDkvVRzGgeSd4PJ7dzvPnFthEoecJpyP6ajRESCUbRSZ8BChWZYrbl1dwGyTryC1KBAa1j9GoSKZTFPkElqTN9zU/RzqlEwyWeVQWZ4StmEjnjf0oTG3Pj54toZubBKSCKlbSVIFurviZzGxkzjwHbGFMdm1ZuL/3n9DKMbPxdJmiFP2HJRlEmCisxfJ6HQnKGcWkKZFvZWwsZUU4Y2oIoNwVt9eZ10ruqeW/fuG7Vmo4ijDGdwDpfgwTU04Q5a0AYGj/AMr/DmKOfFeXc+lq0lp5g5hT9wPn8AqiGPIQ==</latexit><latexit sha1_base64="ggNYy28tHbW2zILQMm4kk1oYvY8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Ae0oWw2m3btJht2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pGJVpxttMSaV7ATVcioS3UaDkvVRzGgeSd4PJ7dzvPnFthEoecJpyP6ajRESCUbRSZ8BChWZYrbl1dwGyTryC1KBAa1j9GoSKZTFPkElqTN9zU/RzqlEwyWeVQWZ4StmEjnjf0oTG3Pj54toZubBKSCKlbSVIFurviZzGxkzjwHbGFMdm1ZuL/3n9DKMbPxdJmiFP2HJRlEmCisxfJ6HQnKGcWkKZFvZWwsZUU4Y2oIoNwVt9eZ10ruqeW/fuG7Vmo4ijDGdwDpfgwTU04Q5a0AYGj/AMr/DmKOfFeXc+lq0lp5g5hT9wPn8AqiGPIQ==</latexit>

2
p
⇡

<latexit sha1_base64="VFu6PoYOlQ6G5OFiw2TRwQMNmtY=">AAAB8nicbVBNS8NAEJ34WetX1aOXYBF6KkkR9Fjw4rGC/YA0lM120y7d7MbdiVBCf4YXD4p49dd489+4bXPQ1gcDj/dmmJkXpYIb9LxvZ2Nza3tnt7RX3j84PDqunJx2jMo0ZW2qhNK9iBgmuGRt5ChYL9WMJJFg3WhyO/e7T0wbruQDTlMWJmQkecwpQSsFjb551Jj3Uz4bVKpe3VvAXSd+QapQoDWofPWHimYJk0gFMSbwvRTDnGjkVLBZuZ8ZlhI6ISMWWCpJwkyYL06euZdWGbqx0rYkugv190ROEmOmSWQ7E4Jjs+rNxf+8IMP4Jsy5TDNkki4XxZlwUbnz/90h14yimFpCqOb2VpeOiSYUbUplG4K/+vI66TTqvlf376+qzVoRRwnO4QJq4MM1NOEOWtAGCgqe4RXeHHRenHfnY9m64RQzZ/AHzucPiO2RUw==</latexit><latexit sha1_base64="VFu6PoYOlQ6G5OFiw2TRwQMNmtY=">AAAB8nicbVBNS8NAEJ34WetX1aOXYBF6KkkR9Fjw4rGC/YA0lM120y7d7MbdiVBCf4YXD4p49dd489+4bXPQ1gcDj/dmmJkXpYIb9LxvZ2Nza3tnt7RX3j84PDqunJx2jMo0ZW2qhNK9iBgmuGRt5ChYL9WMJJFg3WhyO/e7T0wbruQDTlMWJmQkecwpQSsFjb551Jj3Uz4bVKpe3VvAXSd+QapQoDWofPWHimYJk0gFMSbwvRTDnGjkVLBZuZ8ZlhI6ISMWWCpJwkyYL06euZdWGbqx0rYkugv190ROEmOmSWQ7E4Jjs+rNxf+8IMP4Jsy5TDNkki4XxZlwUbnz/90h14yimFpCqOb2VpeOiSYUbUplG4K/+vI66TTqvlf376+qzVoRRwnO4QJq4MM1NOEOWtAGCgqe4RXeHHRenHfnY9m64RQzZ/AHzucPiO2RUw==</latexit><latexit sha1_base64="VFu6PoYOlQ6G5OFiw2TRwQMNmtY=">AAAB8nicbVBNS8NAEJ34WetX1aOXYBF6KkkR9Fjw4rGC/YA0lM120y7d7MbdiVBCf4YXD4p49dd489+4bXPQ1gcDj/dmmJkXpYIb9LxvZ2Nza3tnt7RX3j84PDqunJx2jMo0ZW2qhNK9iBgmuGRt5ChYL9WMJJFg3WhyO/e7T0wbruQDTlMWJmQkecwpQSsFjb551Jj3Uz4bVKpe3VvAXSd+QapQoDWofPWHimYJk0gFMSbwvRTDnGjkVLBZuZ8ZlhI6ISMWWCpJwkyYL06euZdWGbqx0rYkugv190ROEmOmSWQ7E4Jjs+rNxf+8IMP4Jsy5TDNkki4XxZlwUbnz/90h14yimFpCqOb2VpeOiSYUbUplG4K/+vI66TTqvlf376+qzVoRRwnO4QJq4MM1NOEOWtAGCgqe4RXeHHRenHfnY9m64RQzZ/AHzucPiO2RUw==</latexit><latexit sha1_base64="VFu6PoYOlQ6G5OFiw2TRwQMNmtY=">AAAB8nicbVBNS8NAEJ34WetX1aOXYBF6KkkR9Fjw4rGC/YA0lM120y7d7MbdiVBCf4YXD4p49dd489+4bXPQ1gcDj/dmmJkXpYIb9LxvZ2Nza3tnt7RX3j84PDqunJx2jMo0ZW2qhNK9iBgmuGRt5ChYL9WMJJFg3WhyO/e7T0wbruQDTlMWJmQkecwpQSsFjb551Jj3Uz4bVKpe3VvAXSd+QapQoDWofPWHimYJk0gFMSbwvRTDnGjkVLBZuZ8ZlhI6ISMWWCpJwkyYL06euZdWGbqx0rYkugv190ROEmOmSWQ7E4Jjs+rNxf+8IMP4Jsy5TDNkki4XxZlwUbnz/90h14yimFpCqOb2VpeOiSYUbUplG4K/+vI66TTqvlf376+qzVoRRwnO4QJq4MM1NOEOWtAGCgqe4RXeHHRenHfnY9m64RQzZ/AHzucPiO2RUw==</latexit>

�2
p
⇡

<latexit sha1_base64="Nh4SPmPOBl0VNExTGHHW8gMWbT0=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvQiyUpgh4LXjxWsB/QhLLZbtulm826OxFK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzIiW4Qc/7dgobm1vbO8Xd0t7+weFR+fikbZJUU9aiiUh0NyKGCS5ZCzkK1lWakTgSrBNNbud+54lpwxP5gFPFwpiMJB9yStBKwWU9MI8as0DxWb9c8WreAu468XNSgRzNfvkrGCQ0jZlEKogxPd9TGGZEI6eCzUpBapgidEJGrGepJDEzYba4eeZeWGXgDhNtS6K7UH9PZCQ2ZhpHtjMmODar3lz8z+ulOLwJMy5VikzS5aJhKlxM3HkA7oBrRlFMLSFUc3urS8dEE4o2ppINwV99eZ206zXfq/n3V5VGNY+jCGdwDlXw4RoacAdNaAEFBc/wCm9O6rw4787HsrXg5DOn8AfO5w/0CJGK</latexit><latexit sha1_base64="Nh4SPmPOBl0VNExTGHHW8gMWbT0=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvQiyUpgh4LXjxWsB/QhLLZbtulm826OxFK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzIiW4Qc/7dgobm1vbO8Xd0t7+weFR+fikbZJUU9aiiUh0NyKGCS5ZCzkK1lWakTgSrBNNbud+54lpwxP5gFPFwpiMJB9yStBKwWU9MI8as0DxWb9c8WreAu468XNSgRzNfvkrGCQ0jZlEKogxPd9TGGZEI6eCzUpBapgidEJGrGepJDEzYba4eeZeWGXgDhNtS6K7UH9PZCQ2ZhpHtjMmODar3lz8z+ulOLwJMy5VikzS5aJhKlxM3HkA7oBrRlFMLSFUc3urS8dEE4o2ppINwV99eZ206zXfq/n3V5VGNY+jCGdwDlXw4RoacAdNaAEFBc/wCm9O6rw4787HsrXg5DOn8AfO5w/0CJGK</latexit><latexit sha1_base64="Nh4SPmPOBl0VNExTGHHW8gMWbT0=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvQiyUpgh4LXjxWsB/QhLLZbtulm826OxFK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzIiW4Qc/7dgobm1vbO8Xd0t7+weFR+fikbZJUU9aiiUh0NyKGCS5ZCzkK1lWakTgSrBNNbud+54lpwxP5gFPFwpiMJB9yStBKwWU9MI8as0DxWb9c8WreAu468XNSgRzNfvkrGCQ0jZlEKogxPd9TGGZEI6eCzUpBapgidEJGrGepJDEzYba4eeZeWGXgDhNtS6K7UH9PZCQ2ZhpHtjMmODar3lz8z+ulOLwJMy5VikzS5aJhKlxM3HkA7oBrRlFMLSFUc3urS8dEE4o2ppINwV99eZ206zXfq/n3V5VGNY+jCGdwDlXw4RoacAdNaAEFBc/wCm9O6rw4787HsrXg5DOn8AfO5w/0CJGK</latexit><latexit sha1_base64="Nh4SPmPOBl0VNExTGHHW8gMWbT0=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvQiyUpgh4LXjxWsB/QhLLZbtulm826OxFK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzIiW4Qc/7dgobm1vbO8Xd0t7+weFR+fikbZJUU9aiiUh0NyKGCS5ZCzkK1lWakTgSrBNNbud+54lpwxP5gFPFwpiMJB9yStBKwWU9MI8as0DxWb9c8WreAu468XNSgRzNfvkrGCQ0jZlEKogxPd9TGGZEI6eCzUpBapgidEJGrGepJDEzYba4eeZeWGXgDhNtS6K7UH9PZCQ2ZhpHtjMmODar3lz8z+ulOLwJMy5VikzS5aJhKlxM3HkA7oBrRlFMLSFUc3urS8dEE4o2ppINwV99eZ206zXfq/n3V5VGNY+jCGdwDlXw4RoacAdNaAEFBc/wCm9O6rw4787HsrXg5DOn8AfO5w/0CJGK</latexit>

· · ·<latexit sha1_base64="ggNYy28tHbW2zILQMm4kk1oYvY8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Ae0oWw2m3btJht2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pGJVpxttMSaV7ATVcioS3UaDkvVRzGgeSd4PJ7dzvPnFthEoecJpyP6ajRESCUbRSZ8BChWZYrbl1dwGyTryC1KBAa1j9GoSKZTFPkElqTN9zU/RzqlEwyWeVQWZ4StmEjnjf0oTG3Pj54toZubBKSCKlbSVIFurviZzGxkzjwHbGFMdm1ZuL/3n9DKMbPxdJmiFP2HJRlEmCisxfJ6HQnKGcWkKZFvZWwsZUU4Y2oIoNwVt9eZ10ruqeW/fuG7Vmo4ijDGdwDpfgwTU04Q5a0AYGj/AMr/DmKOfFeXc+lq0lp5g5hT9wPn8AqiGPIQ==</latexit><latexit sha1_base64="ggNYy28tHbW2zILQMm4kk1oYvY8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Ae0oWw2m3btJht2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pGJVpxttMSaV7ATVcioS3UaDkvVRzGgeSd4PJ7dzvPnFthEoecJpyP6ajRESCUbRSZ8BChWZYrbl1dwGyTryC1KBAa1j9GoSKZTFPkElqTN9zU/RzqlEwyWeVQWZ4StmEjnjf0oTG3Pj54toZubBKSCKlbSVIFurviZzGxkzjwHbGFMdm1ZuL/3n9DKMbPxdJmiFP2HJRlEmCisxfJ6HQnKGcWkKZFvZWwsZUU4Y2oIoNwVt9eZ10ruqeW/fuG7Vmo4ijDGdwDpfgwTU04Q5a0AYGj/AMr/DmKOfFeXc+lq0lp5g5hT9wPn8AqiGPIQ==</latexit><latexit sha1_base64="ggNYy28tHbW2zILQMm4kk1oYvY8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Ae0oWw2m3btJht2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pGJVpxttMSaV7ATVcioS3UaDkvVRzGgeSd4PJ7dzvPnFthEoecJpyP6ajRESCUbRSZ8BChWZYrbl1dwGyTryC1KBAa1j9GoSKZTFPkElqTN9zU/RzqlEwyWeVQWZ4StmEjnjf0oTG3Pj54toZubBKSCKlbSVIFurviZzGxkzjwHbGFMdm1ZuL/3n9DKMbPxdJmiFP2HJRlEmCisxfJ6HQnKGcWkKZFvZWwsZUU4Y2oIoNwVt9eZ10ruqeW/fuG7Vmo4ijDGdwDpfgwTU04Q5a0AYGj/AMr/DmKOfFeXc+lq0lp5g5hT9wPn8AqiGPIQ==</latexit><latexit sha1_base64="ggNYy28tHbW2zILQMm4kk1oYvY8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Ae0oWw2m3btJht2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pGJVpxttMSaV7ATVcioS3UaDkvVRzGgeSd4PJ7dzvPnFthEoecJpyP6ajRESCUbRSZ8BChWZYrbl1dwGyTryC1KBAa1j9GoSKZTFPkElqTN9zU/RzqlEwyWeVQWZ4StmEjnjf0oTG3Pj54toZubBKSCKlbSVIFurviZzGxkzjwHbGFMdm1ZuL/3n9DKMbPxdJmiFP2HJRlEmCisxfJ6HQnKGcWkKZFvZWwsZUU4Y2oIoNwVt9eZ10ruqeW/fuG7Vmo4ijDGdwDpfgwTU04Q5a0AYGj/AMr/DmKOfFeXc+lq0lp5g5hT9wPn8AqiGPIQ==</latexit> · · ·<latexit sha1_base64="ggNYy28tHbW2zILQMm4kk1oYvY8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Ae0oWw2m3btJht2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pGJVpxttMSaV7ATVcioS3UaDkvVRzGgeSd4PJ7dzvPnFthEoecJpyP6ajRESCUbRSZ8BChWZYrbl1dwGyTryC1KBAa1j9GoSKZTFPkElqTN9zU/RzqlEwyWeVQWZ4StmEjnjf0oTG3Pj54toZubBKSCKlbSVIFurviZzGxkzjwHbGFMdm1ZuL/3n9DKMbPxdJmiFP2HJRlEmCisxfJ6HQnKGcWkKZFvZWwsZUU4Y2oIoNwVt9eZ10ruqeW/fuG7Vmo4ijDGdwDpfgwTU04Q5a0AYGj/AMr/DmKOfFeXc+lq0lp5g5hT9wPn8AqiGPIQ==</latexit><latexit sha1_base64="ggNYy28tHbW2zILQMm4kk1oYvY8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Ae0oWw2m3btJht2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pGJVpxttMSaV7ATVcioS3UaDkvVRzGgeSd4PJ7dzvPnFthEoecJpyP6ajRESCUbRSZ8BChWZYrbl1dwGyTryC1KBAa1j9GoSKZTFPkElqTN9zU/RzqlEwyWeVQWZ4StmEjnjf0oTG3Pj54toZubBKSCKlbSVIFurviZzGxkzjwHbGFMdm1ZuL/3n9DKMbPxdJmiFP2HJRlEmCisxfJ6HQnKGcWkKZFvZWwsZUU4Y2oIoNwVt9eZ10ruqeW/fuG7Vmo4ijDGdwDpfgwTU04Q5a0AYGj/AMr/DmKOfFeXc+lq0lp5g5hT9wPn8AqiGPIQ==</latexit><latexit sha1_base64="ggNYy28tHbW2zILQMm4kk1oYvY8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Ae0oWw2m3btJht2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pGJVpxttMSaV7ATVcioS3UaDkvVRzGgeSd4PJ7dzvPnFthEoecJpyP6ajRESCUbRSZ8BChWZYrbl1dwGyTryC1KBAa1j9GoSKZTFPkElqTN9zU/RzqlEwyWeVQWZ4StmEjnjf0oTG3Pj54toZubBKSCKlbSVIFurviZzGxkzjwHbGFMdm1ZuL/3n9DKMbPxdJmiFP2HJRlEmCisxfJ6HQnKGcWkKZFvZWwsZUU4Y2oIoNwVt9eZ10ruqeW/fuG7Vmo4ijDGdwDpfgwTU04Q5a0AYGj/AMr/DmKOfFeXc+lq0lp5g5hT9wPn8AqiGPIQ==</latexit><latexit sha1_base64="ggNYy28tHbW2zILQMm4kk1oYvY8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Ae0oWw2m3btJht2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pGJVpxttMSaV7ATVcioS3UaDkvVRzGgeSd4PJ7dzvPnFthEoecJpyP6ajRESCUbRSZ8BChWZYrbl1dwGyTryC1KBAa1j9GoSKZTFPkElqTN9zU/RzqlEwyWeVQWZ4StmEjnjf0oTG3Pj54toZubBKSCKlbSVIFurviZzGxkzjwHbGFMdm1ZuL/3n9DKMbPxdJmiFP2HJRlEmCisxfJ6HQnKGcWkKZFvZWwsZUU4Y2oIoNwVt9eZ10ruqeW/fuG7Vmo4ijDGdwDpfgwTU04Q5a0AYGj/AMr/DmKOfFeXc+lq0lp5g5hT9wPn8AqiGPIQ==</latexit>
|0i2 = |0i8 + |4i8

<latexit sha1_base64="yovBbezM+Cf0OoIqxKIR1jgauxw=">AAACEnicbVDLSsNAFL3xWesrPnZugkVQhJKUgt0IBTcuK9gHtCFOppN26GQSZiZCSfMNbvwVNy4UcevKnX/j9LGorQcGzj3nXu7c48eMSmXbP8bK6tr6xmZuK7+9s7u3bx4cNmSUCEzqOGKRaPlIEkY5qSuqGGnFgqDQZ6TpD27GfvORCEkjfq+GMXFD1OM0oBgpLXnmxcjuCMR7jHhpKbueqyrZ5ag8V3lmwS7aE1jLxJmRQvU4CB4AoOaZ351uhJOQcIUZkrLt2LFyUyQUxYxk+U4iSYzwAPVIW1OOQiLddHJSZp1ppWsFkdCPK2uizk+kKJRyGPq6M0SqLxe9sfif105UUHFTyuNEEY6ni4KEWSqyxvlYXSoIVmyoCcKC6r9auI8EwkqnmNchOIsnL5NGqejYRefOKVTLMEUOTuAUzsGBK6jCLdSgDhie4AXe4N14Nl6ND+Nz2rpizGaO4A+Mr19N8p9K</latexit><latexit sha1_base64="8BR+mOYHDhlEgZqVAxtx7CW0Xi0=">AAACEnicbVDLSsNAFL2pr1pf8bFzEyyCIpSkFOxGKLhxWcE+oA1hMp20QyeTMDMRStpvcOOvuHGhiFtX7vwbp2kXtfXAwLnn3Mude/yYUals+8fIra1vbG7ltws7u3v7B+bhUVNGicCkgSMWibaPJGGUk4aiipF2LAgKfUZa/vB26rceiZA04g9qFBM3RH1OA4qR0pJnXo7trkC8z4iXlic3C1V1cjWuLFSeWbRLdgZrlThzUqydBBnqnvnd7UU4CQlXmCEpO44dKzdFQlHMyKTQTSSJER6iPuloylFIpJtmJ02sc630rCAS+nFlZeriRIpCKUehrztDpAZy2ZuK/3mdRAVVN6U8ThTheLYoSJilImuaj9WjgmDFRpogLKj+q4UHSCCsdIoFHYKzfPIqaZZLjl1y7p1irQIz5OEUzuACHLiGGtxBHRqA4Qle4A3ejWfj1fgwPmetOWM+cwx/YHz9Au7doII=</latexit><latexit sha1_base64="8BR+mOYHDhlEgZqVAxtx7CW0Xi0=">AAACEnicbVDLSsNAFL2pr1pf8bFzEyyCIpSkFOxGKLhxWcE+oA1hMp20QyeTMDMRStpvcOOvuHGhiFtX7vwbp2kXtfXAwLnn3Mude/yYUals+8fIra1vbG7ltws7u3v7B+bhUVNGicCkgSMWibaPJGGUk4aiipF2LAgKfUZa/vB26rceiZA04g9qFBM3RH1OA4qR0pJnXo7trkC8z4iXlic3C1V1cjWuLFSeWbRLdgZrlThzUqydBBnqnvnd7UU4CQlXmCEpO44dKzdFQlHMyKTQTSSJER6iPuloylFIpJtmJ02sc630rCAS+nFlZeriRIpCKUehrztDpAZy2ZuK/3mdRAVVN6U8ThTheLYoSJilImuaj9WjgmDFRpogLKj+q4UHSCCsdIoFHYKzfPIqaZZLjl1y7p1irQIz5OEUzuACHLiGGtxBHRqA4Qle4A3ejWfj1fgwPmetOWM+cwx/YHz9Au7doII=</latexit><latexit sha1_base64="eM/ZNgBgCuKGhiF2h3yxGfLtc1Q=">AAACEnicbVDLSsNAFL3xWesr6tJNsAiKUJJSsBuh4MZlBfuANoTJdNIOnUzCzEQoab7Bjb/ixoUibl2582+ctlnU1gMD555zL3fu8WNGpbLtH2NtfWNza7uwU9zd2z84NI+OWzJKBCZNHLFIdHwkCaOcNBVVjHRiQVDoM9L2R7dTv/1IhKQRf1DjmLghGnAaUIyUljzzcmL3BOIDRry0kt0sVLXsalJdqDyzZJftGaxV4uSkBDkanvnd60c4CQlXmCEpu44dKzdFQlHMSFbsJZLECI/QgHQ15Sgk0k1nJ2XWuVb6VhAJ/biyZuriRIpCKcehrztDpIZy2ZuK/3ndRAU1N6U8ThTheL4oSJilImuaj9WngmDFxpogLKj+q4WHSCCsdIpFHYKzfPIqaVXKjl127p1SvZrHUYBTOIMLcOAa6nAHDWgChid4gTd4N56NV+PD+Jy3rhn5zAn8gfH1C0dmnco=</latexit> Works for any qudit dimension
<latexit sha1_base64="2R8QvR7EE5VZQDeGnAj+zQgXqBM=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9ktol6EohePFeyHtGvJZrNtaJJdkqxQlv4KLx4U8erP8ea/MW33oK0PBh7vzTAzL0g408Z1v53Cyura+kZxs7S1vbO7V94/aOk4VYQ2Scxj1QmwppxJ2jTMcNpJFMUi4LQdjG6mfvuJKs1ieW/GCfUFHkgWMYKNlR5CdIVqCD/W+uWKW3VnQMvEy0kFcjT65a9eGJNUUGkIx1p3PTcxfoaVYYTTSamXappgMsID2rVUYkG1n80OnqATq4QoipUtadBM/T2RYaH1WAS2U2Az1IveVPzP66YmuvQzJpPUUEnmi6KUIxOj6fcoZIoSw8eWYKKYvRWRIVaYGJtRyYbgLb68TFq1qnde9e7OKvXrPI4iHMExnIIHF1CHW2hAEwgIeIZXeHOU8+K8Ox/z1oKTzxzCHzifP6DLjv4=</latexit>

d = 2a2
<latexit sha1_base64="0yQeUaFvuYXuTqqEa+CIMJVsHpw=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GXRjSupYB/QhDKZTtqhk0mYmSgl9lPcuFDErV/izr9x0mahrQcGDufcyz1zgoQzpR3n2yqtrK6tb5Q3K1vbO7t7dnW/reJUEtoiMY9lN8CKciZoSzPNaTeRFEcBp51gfJ37nQcqFYvFvZ4k1I/wULCQEayN1LerGHlMIC/CekQwz26nfbvm1J0Z0DJxC1KDAs2+/eUNYpJGVGjCsVI910m0n2GpGeF0WvFSRRNMxnhIe4YKHFHlZ7PoU3RslAEKY2me0Gim/t7IcKTUJArMZB5RLXq5+J/XS3V46WdMJKmmgswPhSlHOkZ5D2jAJCWaTwzBRDKTFZERlpho01bFlOAufnmZtE/r7nndvTurNa6KOspwCEdwAi5cQANuoAktIPAIz/AKb9aT9WK9Wx/z0ZJV7BzAH1ifP7pJk6s=</latexit>

a 2 N

<latexit sha1_base64="blYQGXataHWkOQIsIQQp3uPVbJk=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4GpJa27orunFZwT5gOpRMmmlDM5khyQhl7Ge4caGIW7/GnX9j+hBU9MCFwzn3cu89QSK4Ngh9OLmV1bX1jfxmYWt7Z3evuH/Q1nGqKGvRWMSqGxDNBJesZbgRrJsoRqJAsE4wvpr5nTumNI/lrZkkzI/IUPKQU2Ks5N3jniJyKFi/3i+WkIuqFVzGELnnCNfLaEEuamcQu2iOElii2S++9wYxTSMmDRVEaw+jxPgZUYZTwaaFXqpZQuiYDJlnqSQR0342P3kKT6wygGGsbEkD5+r3iYxEWk+iwHZGxIz0b28m/uV5qQnrfsZlkhom6WJRmApoYjj7Hw64YtSIiSWEKm5vhXREFKHGplSwIXx9Cv8n7bKLqy6+qZQal8s48uAIHINTgEENNMA1aIIWoCAGD+AJPDvGeXRenNdFa85ZzhyCH3DePgE+K5E+</latexit>

|1i8
<latexit sha1_base64="p+KA1XiRbzqitzT0KjYiBzIIcxY=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4GjK1z13RjcsK9gHToWTSTBuaSYYkI5Taz3DjQhG3fo07/8b0IajogQuHc+7l3nvChDNtEPpwMmvrG5tb2e3czu7e/kH+8KitZaoIbRHJpeqGWFPOBG0ZZjjtJoriOOS0E46v5n7njirNpLg1k4QGMR4KFjGCjZX8+2JPYTHktF/r5wvILSOvXq7DJblAliCvVC1XoOeiBQpghWY//94bSJLGVBjCsda+hxITTLEyjHA6y/VSTRNMxnhIfUsFjqkOpouTZ/DMKgMYSWVLGLhQv09Mcaz1JA5tZ4zNSP/25uJfnp+aqBZMmUhSQwVZLopSDo2E8//hgClKDJ9Ygoli9lZIRlhhYmxKORvC16fwf9Iuul7F9W5KhcblKo4sOAGn4Bx4oAoa4Bo0QQsQIMEDeALPjnEenRfnddmacVYzx+AHnLdPVd2RTg==</latexit>

|2i8<latexit sha1_base64="eltwtx3E3ijJ5L+10mjBfLdiHmA=">AAAB8nicdVBNS8NAEN3Ur1q/qh69LBbBU8i21aa3ohePFawtpKFstpt26WYTdjdCif0ZXjwo4tVf481/46atoKIPBh7vzTAzL0g4U9pxPqzCyura+kZxs7S1vbO7V94/uFVxKgntkJjHshdgRTkTtKOZ5rSXSIqjgNNuMLnM/e4dlYrF4kZPE+pHeCRYyAjWRvLua32JxYjTgTsoVxy76TYdhKBj12tnjVpOXIQa9SpEtjNHBSzRHpTf+8OYpBEVmnCslIecRPsZlpoRTmelfqpogskEj6hnqMARVX42P3kGT4wyhGEsTQkN5+r3iQxHSk2jwHRGWI/Vby8X//K8VIeunzGRpJoKslgUphzqGOb/wyGTlGg+NQQTycytkIyxxESblEomhK9P4f/ktmqjcxtd1yuti2UcRXAEjsEpQKABWuAKtEEHEBCDB/AEni1tPVov1uuitWAtZw7BD1hvn12EkVM=</latexit>
|3i8

Arbitrarily small displacements can be interpreted as Clifford operations on qudits

<latexit sha1_base64="ZCuzFJi3N9UgWWznKkYrZ5qgl3M=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KkkR7bHoxWMF+wFpKJvtpF262YTdiVBqf4YXD4p49dd489+4bXPQ1gcDj/dmmJkXplIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJJpDk2eyER3QmZACgVNFCihk2pgcSihHY5uZ377EbQRiXrAcQpBzAZKRIIztJL/5HY1UwMJvVqvVHYr7hx0lXg5KZMcjV7pq9tPeBaDQi6ZMb7nphhMmEbBJUyL3cxAyviIDcC3VLEYTDCZnzyl51bp0yjRthTSufp7YsJiY8ZxaDtjhkOz7M3E/zw/w6gWTIRKMwTFF4uiTFJM6Ox/2hcaOMqxJYxrYW+lfMg042hTKtoQvOWXV0mrWvGuKtX7y3L9Jo+jQE7JGbkgHrkmdXJHGqRJOEnIM3klbw46L86787FoXXPymRPyB87nD+2pkQc=</latexit>

|0i8
<latexit sha1_base64="BIk3iXT4NKIgZe0jgG5gRl+NZck=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRbBU9ktRXssevFYwX7AdinZNNuGZpMlyQpl7c/w4kERr/4ab/4b03YP2vpg4PHeDDPzwoQzbVz32ylsbG5t7xR3S3v7B4dH5eOTjpapIrRNJJeqF2JNORO0bZjhtJcoiuOQ0244uZ373UeqNJPiwUwTGsR4JFjECDZW8p/qfYXFiNNBY1CuuFV3AbROvJxUIEdrUP7qDyVJYyoM4Vhr33MTE2RYGUY4nZX6qaYJJhM8or6lAsdUB9ni5Bm6sMoQRVLZEgYt1N8TGY61nsah7YyxGetVby7+5/mpiRpBxkSSGirIclGUcmQkmv+PhkxRYvjUEkwUs7ciMsYKE2NTKtkQvNWX10mnVvWuqrX7eqV5k8dRhDM4h0vw4BqacActaAMBCc/wCm+OcV6cd+dj2Vpw8plT+APn8wfz3ZEL</latexit>

|4i8



Result

Giulia Ferrini | WACQT 

Input GKP states

These circuits are classically efficiently simulatable due to the extensions of the 
Gottesman-Knill theorem to qudits

L. García-Álvarez, C. Calcluth, A. Ferraro, G. Ferrini, Phys. Rev. Research 2, 043322 (2020) 

<latexit sha1_base64="ZNjf8hSqCtS2Bpwyo2VZlW+Qf6M=">AAACBHicbVBNS8NAEN3Ur1q/ot70slgETyWRgl6EohePFawtNKFstpt26WYTdydCCQEv/hUvHhTEqz/Cm//GbZuDtj4YeLw3w8y8IBFcg+N8W6Wl5ZXVtfJ6ZWNza3vH3t2703GqKGvRWMSqExDNBJesBRwE6ySKkSgQrB2MriZ++4EpzWN5C+OE+REZSB5ySsBIPftA4wvs6XsFmZfwHHuhIjQb5ZnMe3bVqTlT4EXiFqSKCjR79pfXj2kaMQlUEK27rpOAnxEFnAqWV7xUs4TQERmwrqGSREz72fSHHB8bpY/DWJmSgKfq74mMRFqPo8B0RgSGet6biP953RTCcz/jMkmBSTpbFKYCQ4wngeA+V4yCGBtCqOLmVkyHxKQAJraKCcGdf3mRtE9rbr3mujf1auOyyKOMDtEROkEuOkMNdI2aqIUoekTP6BW9WU/Wi/VufcxaS1Yxs4/+wPr8AbszmAw=</latexit>

s =
p
⇡
k

n

<latexit sha1_base64="S2fW5IQZENTivyn/moO5YMMZkdw=">AAAB/XicbVBNS8NAEN3Ur1q/oj16WSxCPVgSKehFKHrxWMHaQhvLZrtpl242YXcihFD/ihcPCuLV/+HNf+O2zUFbHww83pthZp4fC67Bcb6twsrq2vpGcbO0tb2zu2fvH9zrKFGUtWgkItXxiWaCS9YCDoJ1YsVI6AvW9sfXU7/9yJTmkbyDNGZeSIaSB5wSMFLfLneq+uSSPWSnXOPeiACOJ3274tScGfAycXNSQTmaffurN4hoEjIJVBCtu64Tg5cRBZwKNin1Es1iQsdkyLqGShIy7WWz4yf42CgDHETKlAQ8U39PZCTUOg190xkSGOlFbyr+53UTCC68jMs4ASbpfFGQCAwRniaBB1wxCiI1hFDFza2YjogiFExeJROCu/jyMmmf1dx6zXVv65XGVZ5HER2iI1RFLjpHDXSDmqiFKErRM3pFb9aT9WK9Wx/z1oKVz5TRH1ifP8eRlAg=</latexit>

X(s) = e�isp̂

N. de Beaudrap, Quantum Information & Computation 13, 73 (2013)

CZ = exp (iq1q2)
<latexit sha1_base64="uKYde8X6ZRqLotFF0IOeD0BieGk=">AAACC3icbVDJSgNBEK1xN25xuXlpFEEvYSYIehEELx4VTCJmwtjTqUkaexa7a8Qw5O7FX/HiQRGv/oA3/8ZO4sHtQcHjvSqq6oWZkoZc98MZG5+YnJqemS3NzS8sLpWXV+omzbXAmkhVqs9DblDJBGskSeF5ppHHocJGeHU08Bs3qI1MkzPqZdiKeSeRkRScrBSUN46C4qJ/4ONt5iuMaJtJdh14tqrM17LTpZ2gvOlW3CHYX+J9kc3DtSi6BICToPzut1ORx5iQUNyYpudm1Cq4JikU9kt+bjDj4op3sGlpwmM0rWL4S59tWaXNolTbSogN1e8TBY+N6cWh7Yw5dc1vbyD+5zVzivZbhUyynDARo0VRrhilbBAMa0uNglTPEi60tLcy0eWaC7LxlWwI3u+X/5J6teK5Fe/UprELI8zAOmzANniwB4dwDCdQAwF38ABP8OzcO4/Oi/M6ah1zvmZW4Qect0/Ky5sF</latexit><latexit sha1_base64="Hwa8CqEM8+mapqzZ2DjtdzZon6k=">AAACC3icbVDJSgNBEO2Je9zicvPSJAjxEmaCoBch4MWjgjHBTBh6OjVJk57F7hoxDLl78Ve8eFDEqz/gzb+xsxw08UHB470qqur5iRQabfvbyi0sLi2vrK7l1zc2t7YLO7s3Ok4VhzqPZayaPtMgRQR1FCihmShgoS+h4ffPR37jHpQWcXSNgwTaIetGIhCcoZG8QvHcy26HZy48JK6EAMtU0DvPMVWlrhLdHh55hZJdsceg88SZklJtPxjj0it8uZ2YpyFEyCXTuuXYCbYzplBwCcO8m2pIGO+zLrQMjVgIup2NfxnSQ6N0aBArUxHSsfp7ImOh1oPQN50hw56e9Ubif14rxeC0nYkoSREiPlkUpJJiTEfB0I5QwFEODGFcCXMr5T2mGEcTX96E4My+PE9uqhXHrjhXJo1jMsEqOSBFUiYOOSE1ckEuSZ1w8kieySt5s56sF+vd+pi05qzpzB75A+vzB2vFnD0=</latexit><latexit sha1_base64="Hwa8CqEM8+mapqzZ2DjtdzZon6k=">AAACC3icbVDJSgNBEO2Je9zicvPSJAjxEmaCoBch4MWjgjHBTBh6OjVJk57F7hoxDLl78Ve8eFDEqz/gzb+xsxw08UHB470qqur5iRQabfvbyi0sLi2vrK7l1zc2t7YLO7s3Ok4VhzqPZayaPtMgRQR1FCihmShgoS+h4ffPR37jHpQWcXSNgwTaIetGIhCcoZG8QvHcy26HZy48JK6EAMtU0DvPMVWlrhLdHh55hZJdsceg88SZklJtPxjj0it8uZ2YpyFEyCXTuuXYCbYzplBwCcO8m2pIGO+zLrQMjVgIup2NfxnSQ6N0aBArUxHSsfp7ImOh1oPQN50hw56e9Ubif14rxeC0nYkoSREiPlkUpJJiTEfB0I5QwFEODGFcCXMr5T2mGEcTX96E4My+PE9uqhXHrjhXJo1jMsEqOSBFUiYOOSE1ckEuSZ1w8kieySt5s56sF+vd+pi05qzpzB75A+vzB2vFnD0=</latexit><latexit sha1_base64="MPR5wJ/xUtfuOjaV/Ow+sm7g19E=">AAACC3icbVA9SwNBEN3zM8avqKXNYhC0CXdB0EYIpLGMYBIxdxx7m7lkyd6Hu3NiONLb+FdsLBSx9Q/Y+W/cxCv8ejDweG+GmXlBKoVG2/6w5uYXFpeWSyvl1bX1jc3K1nZHJ5ni0OaJTNRlwDRIEUMbBUq4TBWwKJDQDUbNqd+9AaVFEl/gOAUvYoNYhIIzNJJf2Wv6+dXk1IXb1JUQ4gEV9Np3TNWpq8RgiId+pWrX7BnoX+IUpEoKtPzKu9tPeBZBjFwyrXuOnaKXM4WCS5iU3UxDyviIDaBnaMwi0F4++2VC943Sp2GiTMVIZ+r3iZxFWo+jwHRGDIf6tzcV//N6GYYnXi7iNEOI+deiMJMUEzoNhvaFAo5ybAjjSphbKR8yxTia+MomBOf3y39Jp15z7JpzblcbR0UcJbJL9sgBccgxaZAz0iJtwskdeSBP5Nm6tx6tF+v1q3XOKmZ2yA9Yb5/EP5mF</latexit>

<latexit sha1_base64="gQR/461XLEdbZPrS1OBVwG3gu0Q=">AAACD3icbVDLSsNAFJ3UV42vqks3g0VpEUoSFN0IRTddVrAPaNIymU7aoZNknJmIJfQP3Pgrblwo4tatO//G6WOhrQcuHM65l3vv8TmjUlnWt5FZWl5ZXcuumxubW9s7ud29uowTgUkNxywWTR9JwmhEaooqRppcEBT6jDT8wfXYb9wTIWkc3aohJ16IehENKEZKS53csVmBl9AlDxwWKHQDgXDqcjpKnVHhru3AE8jbTrHYyeWtkjUBXCT2jOTBDNVO7svtxjgJSaQwQ1K2bIsrL0VCUczIyHQTSTjCA9QjLU0jFBLppZN/RvBIK10YxEJXpOBE/T2RolDKYejrzhCpvpz3xuJ/XitRwYWX0ognikR4uihIGFQxHIcDu1QQrNhQE4QF1bdC3Ec6E6UjNHUI9vzLi6TulOyzknVzmi9fzeLIggNwCArABuegDCqgCmoAg0fwDF7Bm/FkvBjvxse0NWPMZvbBHxifP0cWmak=</latexit>

H = exp(i
⇡

2
(q2 + p

2))
<latexit sha1_base64="XXJtxeo6GCmE1KUuhlT2/5P3mZ8=">AAAB/nicbVDLSgNBEJyNr7i+VsWTl8EgxEvcDYpehKAXjxHNA5I1zE56kyGzD2dmxbAE/BUvHhTx6nd482+cJHvQaEFDUdVNd5cXcyaVbX8Zubn5hcWl/LK5srq2vmFtbtVllAgKNRrxSDQ9IoGzEGqKKQ7NWAAJPA4Nb3Ax9hv3ICSLwhs1jMENSC9kPqNEaalj7ZjX+Ay34SFOiwzf3ZbxYflg1LEKdsmeAP8lTkYKKEO1Y322uxFNAggV5UTKlmPHyk2JUIxyGJntREJM6ID0oKVpSAKQbjo5f4T3tdLFfiR0hQpP1J8TKQmkHAae7gyI6stZbyz+57US5Z+6KQvjREFIp4v8hGMV4XEWuMsEUMWHmhAqmL4V0z4RhCqdmKlDcGZf/kvq5ZJzXLKvjgqV8yyOPNpFe6iIHHSCKugSVVENUZSiJ/SCXo1H49l4M96nrTkjm9lGv2B8fAOg35NY</latexit>

S = exp (iq2/2)

<latexit sha1_base64="pApRYGRTmr/RoHby5QDqn65k8Qg=">AAAB/3icbVBNS8NAEN34WeNXVPDiZbEI9VISUfQiFL14rGA/sI1ls522SzebuLsRSuzBv+LFgyJe/Rve/Ddu2xy09cHA470ZZuYFMWdKu+63NTe/sLi0nFuxV9fWNzadre2qihJJoUIjHsl6QBRwJqCimeZQjyWQMOBQC/qXI7/2AFKxSNzoQQx+SLqCdRgl2kgtZ9e+LahDfI7hLmVY4WaPaHw/bDl5t+iOgWeJl5E8ylBuOV/NdkSTEISmnCjV8NxY+ymRmlEOQ7uZKIgJ7ZMuNAwVJATlp+P7h/jAKG3ciaQpofFY/T2RklCpQRiYzpDonpr2RuJ/XiPRnTM/ZSJONAg6WdRJONYRHoWB20wC1XxgCKGSmVsx7RFJqDaR2SYEb/rlWVI9KnonRff6OF+6yOLIoT20jwrIQ6eohK5QGVUQRY/oGb2iN+vJerHerY9J65yVzeygP7A+fwAENJQx</latexit>

Z(s) = eisq̂

H, S, Cz,
<latexit sha1_base64="ob6/KENUodIJAZijJyXULiAU41U=">AAACIHicbVDLSgNBEJyNrxhfqx69DAYhHgy7EtSLEPTiMYIxgSSG2UknGTL7YKZXDMv+iRd/xYsHBdGbfo2Tx0ETCxqKqu7p6fIiKTQ6zpeVWVhcWl7JrubW1jc2t+ztnVsdxopDlYcyVHWPaZAigCoKlFCPFDDfk1DzBpcjv3YPSoswuMFhBC2f9QLRFZyhkdr2Sb3QRHjA8UuJgk6a6PTwHO6SI0HnHdrsM6RR2rbzTtEZg84Td0ryZIpK2/5sdkIe+xAgl0zrhutE2EqYQsElpLlmrCFifMB60DA0YD7oVjLendIDo3RoN1SmAqRj9fdEwnyth75nOn2GfT3rjcT/vEaM3bNWIoIoRgj4ZFE3lhRDOgqLdoQCjnJoCONKmL9S3meKcTSR5kwI7uzJ86R2XHRLRde9LuXLF9M8smSP7JMCcckpKZMrUiFVwskjeSav5M16sl6sd+tj0pqxpjO75A+s7x+dQaRc</latexit>

X(s) = e�isp̂
<latexit sha1_base64="KRMVp9B0qn+etofxpoqRoKUByK8=">AAACHnicbVDLSgNBEJyNrxhfqx69DAYhXsKuBPQiBL14jGBMMIlhdtJJhsw+nOkVw7I/4sVf8eJBQQRP+jdOHgdNLGgoqrqnp8uLpNDoON9WZmFxaXklu5pbW9/Y3LK3d651GCsOVR7KUNU9pkGKAKooUEI9UsB8T0LNG5yP/No9KC3C4AqHEbR81gtEV3CGRmrbpZtCE+EBxy8lCjppotPDU7hNxLxOm32G9C5t23mn6IxB54k7JXkyRaVtfzY7IY99CJBLpnXDdSJsJUyh4BLSXDPWEDE+YD1oGBowH3QrGe9O6YFROrQbKlMB0rH6eyJhvtZD3zOdPsO+nvVG4n9eI8buSSsRQRQjBHyyqBtLiiEdRUU7QgFHOTSEcSXMXynvM8U4mkBzJgR39uR5UjsquqWi616W8uWzaR5Zskf2SYG45JiUyQWpkCrh5JE8k1fyZj1ZL9a79TFpzVjTmV3yB9bXD8W4o/4=</latexit>

Z(s) = eisq̂

<latexit sha1_base64="HtKFUNfhceUv79G7Euw438L5PgA=">AAAB/3icbVDLSgNBEJyNrxhfq4IXL4tB8BR2JajHoAcFLxHMA7IhzE46yZDZ2WWmVwybHPwVLx4U8epvePNvnDwOmljQUFR1090VxIJrdN1vK7O0vLK6ll3PbWxube/Yu3tVHSWKQYVFIlL1gGoQXEIFOQqoxwpoGAioBf2rsV97AKV5JO9xEEMzpF3JO5xRNFLLPhi6vqKyK6CV+giPmF7flkejlp13C+4EziLxZiRPZii37C+/HbEkBIlMUK0bnhtjM6UKORMwyvmJhpiyPu1Cw1BJQ9DNdHL/yDk2StvpRMqURGei/p5Iaaj1IAxMZ0ixp+e9sfif10iwc9FMuYwTBMmmizqJcDByxmE4ba6AoRgYQpni5laH9aiiDE1kOROCN//yIqmeFryzQvGumC9dzuLIkkNyRE6IR85JidyQMqkQRobkmbySN+vJerHerY9pa8aazeyTP7A+fwBwMZZj</latexit>

|0iGKP
<latexit sha1_base64="HtKFUNfhceUv79G7Euw438L5PgA=">AAAB/3icbVDLSgNBEJyNrxhfq4IXL4tB8BR2JajHoAcFLxHMA7IhzE46yZDZ2WWmVwybHPwVLx4U8epvePNvnDwOmljQUFR1090VxIJrdN1vK7O0vLK6ll3PbWxube/Yu3tVHSWKQYVFIlL1gGoQXEIFOQqoxwpoGAioBf2rsV97AKV5JO9xEEMzpF3JO5xRNFLLPhi6vqKyK6CV+giPmF7flkejlp13C+4EziLxZiRPZii37C+/HbEkBIlMUK0bnhtjM6UKORMwyvmJhpiyPu1Cw1BJQ9DNdHL/yDk2StvpRMqURGei/p5Iaaj1IAxMZ0ixp+e9sfif10iwc9FMuYwTBMmmizqJcDByxmE4ba6AoRgYQpni5laH9aiiDE1kOROCN//yIqmeFryzQvGumC9dzuLIkkNyRE6IR85JidyQMqkQRobkmbySN+vJerHerY9pa8aazeyTP7A+fwBwMZZj</latexit>

|0iGKP
<latexit sha1_base64="HtKFUNfhceUv79G7Euw438L5PgA=">AAAB/3icbVDLSgNBEJyNrxhfq4IXL4tB8BR2JajHoAcFLxHMA7IhzE46yZDZ2WWmVwybHPwVLx4U8epvePNvnDwOmljQUFR1090VxIJrdN1vK7O0vLK6ll3PbWxube/Yu3tVHSWKQYVFIlL1gGoQXEIFOQqoxwpoGAioBf2rsV97AKV5JO9xEEMzpF3JO5xRNFLLPhi6vqKyK6CV+giPmF7flkejlp13C+4EziLxZiRPZii37C+/HbEkBIlMUK0bnhtjM6UKORMwyvmJhpiyPu1Cw1BJQ9DNdHL/yDk2StvpRMqURGei/p5Iaaj1IAxMZ0ixp+e9sfif10iwc9FMuYwTBMmmizqJcDByxmE4ba6AoRgYQpni5laH9aiiDE1kOROCN//yIqmeFryzQvGumC9dzuLIkkNyRE6IR85JidyQMqkQRobkmbySN+vJerHerY9pa8aazeyTP7A+fwBwMZZj</latexit>

|0iGKP

<latexit sha1_base64="HtKFUNfhceUv79G7Euw438L5PgA=">AAAB/3icbVDLSgNBEJyNrxhfq4IXL4tB8BR2JajHoAcFLxHMA7IhzE46yZDZ2WWmVwybHPwVLx4U8epvePNvnDwOmljQUFR1090VxIJrdN1vK7O0vLK6ll3PbWxube/Yu3tVHSWKQYVFIlL1gGoQXEIFOQqoxwpoGAioBf2rsV97AKV5JO9xEEMzpF3JO5xRNFLLPhi6vqKyK6CV+giPmF7flkejlp13C+4EziLxZiRPZii37C+/HbEkBIlMUK0bnhtjM6UKORMwyvmJhpiyPu1Cw1BJQ9DNdHL/yDk2StvpRMqURGei/p5Iaaj1IAxMZ0ixp+e9sfif10iwc9FMuYwTBMmmizqJcDByxmE4ba6AoRgYQpni5laH9aiiDE1kOROCN//yIqmeFryzQvGumC9dzuLIkkNyRE6IR85JidyQMqkQRobkmbySN+vJerHerY9pa8aazeyTP7A+fwBwMZZj</latexit>

|0iGKP



Consequences

Giulia Ferrini | WACQT 

• It doesn’t mean that fault-tolerant QC with GKP states is simulatable: the data qubit is most probably not in a 
stabiliser state

Qubit encoded 
Clifford operations

“Quantum advantage of unitary Clifford 
circuits with magic state inputs” 
 
M. Yoganathan, R. Jozsa, and S. Strelchuk, Proc. R. 
Soc. A 475 (2019)

CZ = exp (iq1q2)
<latexit sha1_base64="uKYde8X6ZRqLotFF0IOeD0BieGk=">AAACC3icbVDJSgNBEK1xN25xuXlpFEEvYSYIehEELx4VTCJmwtjTqUkaexa7a8Qw5O7FX/HiQRGv/oA3/8ZO4sHtQcHjvSqq6oWZkoZc98MZG5+YnJqemS3NzS8sLpWXV+omzbXAmkhVqs9DblDJBGskSeF5ppHHocJGeHU08Bs3qI1MkzPqZdiKeSeRkRScrBSUN46C4qJ/4ONt5iuMaJtJdh14tqrM17LTpZ2gvOlW3CHYX+J9kc3DtSi6BICToPzut1ORx5iQUNyYpudm1Cq4JikU9kt+bjDj4op3sGlpwmM0rWL4S59tWaXNolTbSogN1e8TBY+N6cWh7Yw5dc1vbyD+5zVzivZbhUyynDARo0VRrhilbBAMa0uNglTPEi60tLcy0eWaC7LxlWwI3u+X/5J6teK5Fe/UprELI8zAOmzANniwB4dwDCdQAwF38ABP8OzcO4/Oi/M6ah1zvmZW4Qect0/Ky5sF</latexit><latexit sha1_base64="Hwa8CqEM8+mapqzZ2DjtdzZon6k=">AAACC3icbVDJSgNBEO2Je9zicvPSJAjxEmaCoBch4MWjgjHBTBh6OjVJk57F7hoxDLl78Ve8eFDEqz/gzb+xsxw08UHB470qqur5iRQabfvbyi0sLi2vrK7l1zc2t7YLO7s3Ok4VhzqPZayaPtMgRQR1FCihmShgoS+h4ffPR37jHpQWcXSNgwTaIetGIhCcoZG8QvHcy26HZy48JK6EAMtU0DvPMVWlrhLdHh55hZJdsceg88SZklJtPxjj0it8uZ2YpyFEyCXTuuXYCbYzplBwCcO8m2pIGO+zLrQMjVgIup2NfxnSQ6N0aBArUxHSsfp7ImOh1oPQN50hw56e9Ubif14rxeC0nYkoSREiPlkUpJJiTEfB0I5QwFEODGFcCXMr5T2mGEcTX96E4My+PE9uqhXHrjhXJo1jMsEqOSBFUiYOOSE1ckEuSZ1w8kieySt5s56sF+vd+pi05qzpzB75A+vzB2vFnD0=</latexit><latexit sha1_base64="Hwa8CqEM8+mapqzZ2DjtdzZon6k=">AAACC3icbVDJSgNBEO2Je9zicvPSJAjxEmaCoBch4MWjgjHBTBh6OjVJk57F7hoxDLl78Ve8eFDEqz/gzb+xsxw08UHB470qqur5iRQabfvbyi0sLi2vrK7l1zc2t7YLO7s3Ok4VhzqPZayaPtMgRQR1FCihmShgoS+h4ffPR37jHpQWcXSNgwTaIetGIhCcoZG8QvHcy26HZy48JK6EAMtU0DvPMVWlrhLdHh55hZJdsceg88SZklJtPxjj0it8uZ2YpyFEyCXTuuXYCbYzplBwCcO8m2pIGO+zLrQMjVgIup2NfxnSQ6N0aBArUxHSsfp7ImOh1oPQN50hw56e9Ubif14rxeC0nYkoSREiPlkUpJJiTEfB0I5QwFEODGFcCXMr5T2mGEcTX96E4My+PE9uqhXHrjhXJo1jMsEqOSBFUiYOOSE1ckEuSZ1w8kieySt5s56sF+vd+pi05qzpzB75A+vzB2vFnD0=</latexit><latexit sha1_base64="MPR5wJ/xUtfuOjaV/Ow+sm7g19E=">AAACC3icbVA9SwNBEN3zM8avqKXNYhC0CXdB0EYIpLGMYBIxdxx7m7lkyd6Hu3NiONLb+FdsLBSx9Q/Y+W/cxCv8ejDweG+GmXlBKoVG2/6w5uYXFpeWSyvl1bX1jc3K1nZHJ5ni0OaJTNRlwDRIEUMbBUq4TBWwKJDQDUbNqd+9AaVFEl/gOAUvYoNYhIIzNJJf2Wv6+dXk1IXb1JUQ4gEV9Np3TNWpq8RgiId+pWrX7BnoX+IUpEoKtPzKu9tPeBZBjFwyrXuOnaKXM4WCS5iU3UxDyviIDaBnaMwi0F4++2VC943Sp2GiTMVIZ+r3iZxFWo+jwHRGDIf6tzcV//N6GYYnXi7iNEOI+deiMJMUEzoNhvaFAo5ybAjjSphbKR8yxTia+MomBOf3y39Jp15z7JpzblcbR0UcJbJL9sgBccgxaZAz0iJtwskdeSBP5Nm6tx6tF+v1q3XOKmZ2yA9Yb5/EP5mF</latexit>

<latexit sha1_base64="gQR/461XLEdbZPrS1OBVwG3gu0Q=">AAACD3icbVDLSsNAFJ3UV42vqks3g0VpEUoSFN0IRTddVrAPaNIymU7aoZNknJmIJfQP3Pgrblwo4tatO//G6WOhrQcuHM65l3vv8TmjUlnWt5FZWl5ZXcuumxubW9s7ud29uowTgUkNxywWTR9JwmhEaooqRppcEBT6jDT8wfXYb9wTIWkc3aohJ16IehENKEZKS53csVmBl9AlDxwWKHQDgXDqcjpKnVHhru3AE8jbTrHYyeWtkjUBXCT2jOTBDNVO7svtxjgJSaQwQ1K2bIsrL0VCUczIyHQTSTjCA9QjLU0jFBLppZN/RvBIK10YxEJXpOBE/T2RolDKYejrzhCpvpz3xuJ/XitRwYWX0ognikR4uihIGFQxHIcDu1QQrNhQE4QF1bdC3Ec6E6UjNHUI9vzLi6TulOyzknVzmi9fzeLIggNwCArABuegDCqgCmoAg0fwDF7Bm/FkvBjvxse0NWPMZvbBHxifP0cWmak=</latexit>

H = exp(i
⇡

2
(q2 + p

2))
<latexit sha1_base64="XXJtxeo6GCmE1KUuhlT2/5P3mZ8=">AAAB/nicbVDLSgNBEJyNr7i+VsWTl8EgxEvcDYpehKAXjxHNA5I1zE56kyGzD2dmxbAE/BUvHhTx6nd482+cJHvQaEFDUdVNd5cXcyaVbX8Zubn5hcWl/LK5srq2vmFtbtVllAgKNRrxSDQ9IoGzEGqKKQ7NWAAJPA4Nb3Ax9hv3ICSLwhs1jMENSC9kPqNEaalj7ZjX+Ay34SFOiwzf3ZbxYflg1LEKdsmeAP8lTkYKKEO1Y322uxFNAggV5UTKlmPHyk2JUIxyGJntREJM6ID0oKVpSAKQbjo5f4T3tdLFfiR0hQpP1J8TKQmkHAae7gyI6stZbyz+57US5Z+6KQvjREFIp4v8hGMV4XEWuMsEUMWHmhAqmL4V0z4RhCqdmKlDcGZf/kvq5ZJzXLKvjgqV8yyOPNpFe6iIHHSCKugSVVENUZSiJ/SCXo1H49l4M96nrTkjm9lGv2B8fAOg35NY</latexit>

S = exp (iq2/2)

• You can still do quantum-primacy type of experiments by injecting GKP magic states

<latexit sha1_base64="JMJKig6n05wiT4gOpjr1eaZGfPE=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rFCvyANZbPdtEs3m7A7EUrtz/DiQRGv/hpv/hu3bQ7a+mDg8d4MM/PCVAqDrvvtrK1vbG5tF3aKu3v7B4elo+OWSTLNeJMlMtGdkBouheJNFCh5J9WcxqHk7XB0N/Pbj1wbkagGjlMexHSgRCQYRSv5T42upmogea/aK5XdijsHWSVeTsqQo94rfXX7CctirpBJaozvuSkGE6pRMMmnxW5meErZiA64b6miMTfBZH7ylJxbpU+iRNtSSObq74kJjY0Zx6HtjCkOzbI3E//z/Ayjm2AiVJohV2yxKMokwYTM/id9oTlDObaEMi3srYQNqaYMbUpFG4K3/PIqaVUr3lXFfbgs127zOApwCmdwAR5cQw3uoQ5NYJDAM7zCm4POi/PufCxa15x85gT+wPn8ARt8kSI=</latexit>

|T i2

<latexit sha1_base64="JMJKig6n05wiT4gOpjr1eaZGfPE=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rFCvyANZbPdtEs3m7A7EUrtz/DiQRGv/hpv/hu3bQ7a+mDg8d4MM/PCVAqDrvvtrK1vbG5tF3aKu3v7B4elo+OWSTLNeJMlMtGdkBouheJNFCh5J9WcxqHk7XB0N/Pbj1wbkagGjlMexHSgRCQYRSv5T42upmogea/aK5XdijsHWSVeTsqQo94rfXX7CctirpBJaozvuSkGE6pRMMmnxW5meErZiA64b6miMTfBZH7ylJxbpU+iRNtSSObq74kJjY0Zx6HtjCkOzbI3E//z/Ayjm2AiVJohV2yxKMokwYTM/id9oTlDObaEMi3srYQNqaYMbUpFG4K3/PIqaVUr3lXFfbgs127zOApwCmdwAR5cQw3uoQ5NYJDAM7zCm4POi/PufCxa15x85gT+wPn8ARt8kSI=</latexit>

|T i2
<latexit sha1_base64="JMJKig6n05wiT4gOpjr1eaZGfPE=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rFCvyANZbPdtEs3m7A7EUrtz/DiQRGv/hpv/hu3bQ7a+mDg8d4MM/PCVAqDrvvtrK1vbG5tF3aKu3v7B4elo+OWSTLNeJMlMtGdkBouheJNFCh5J9WcxqHk7XB0N/Pbj1wbkagGjlMexHSgRCQYRSv5T42upmogea/aK5XdijsHWSVeTsqQo94rfXX7CctirpBJaozvuSkGE6pRMMmnxW5meErZiA64b6miMTfBZH7ylJxbpU+iRNtSSObq74kJjY0Zx6HtjCkOzbI3E//z/Ayjm2AiVJohV2yxKMokwYTM/id9oTlDObaEMi3srYQNqaYMbUpFG4K3/PIqaVUr3lXFfbgs127zOApwCmdwAR5cQw3uoQ5NYJDAM7zCm4POi/PufCxa15x85gT+wPn8ARt8kSI=</latexit>

|T i2

<latexit sha1_base64="JMJKig6n05wiT4gOpjr1eaZGfPE=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rFCvyANZbPdtEs3m7A7EUrtz/DiQRGv/hpv/hu3bQ7a+mDg8d4MM/PCVAqDrvvtrK1vbG5tF3aKu3v7B4elo+OWSTLNeJMlMtGdkBouheJNFCh5J9WcxqHk7XB0N/Pbj1wbkagGjlMexHSgRCQYRSv5T42upmogea/aK5XdijsHWSVeTsqQo94rfXX7CctirpBJaozvuSkGE6pRMMmnxW5meErZiA64b6miMTfBZH7ylJxbpU+iRNtSSObq74kJjY0Zx6HtjCkOzbI3E//z/Ayjm2AiVJohV2yxKMokwYTM/id9oTlDObaEMi3srYQNqaYMbUpFG4K3/PIqaVUr3lXFfbgs127zOApwCmdwAR5cQw3uoQ5NYJDAM7zCm4POi/PufCxa15x85gT+wPn8ARt8kSI=</latexit>

|T i2

<latexit sha1_base64="kucp1yQxmi4FzGeW1FKjyv0/dEk=">AAACI3icbVDLSgMxFM34tr5GXboJFkEQyoxUFEEQ3bhUaLXQGUsmvdMGM5khyQhlOv/ixl9x40IRNy78F9N28NF6IHByzrkk9wQJZ0o7zoc1NT0zOze/sFhaWl5ZXbPXN65VnEoKdRrzWDYCooAzAXXNNIdGIoFEAYeb4O584N/cg1QsFjXdS8CPSEewkFGijdSyj/s1TxLR4dDaxye47/zc9jDcZgx7oSQ08xKWZ9U877vfgZZddirOEHiSuAUpowKXLfvNa8c0jUBoyolSTddJtJ8RqRnlkJe8VEFC6B3pQNNQQSJQfjbcMcc7RmnjMJbmCI2H6u+JjERK9aLAJCOiu2rcG4j/ec1Uh0d+xkSSahB09FCYcqxjPCgMt5kEqnnPEEIlM3/FtEtMJ9rUWjIluOMrT5Lr/Yp7UHGuquXTs6KOBbSFttEuctEhOkUX6BLVEUUP6Am9oFfr0Xq23qz3UXTKKmY20R9Yn1/QV6PL</latexit>

|T i2 = |0i2 + ei
⇡
4 |1i2

L. García-Álvarez, C. Calcluth, A. Ferraro, G. Ferrini, Phys. Rev. Research 2, 043322 (2020) 



Circuits with rotationally symmetric bosonic codes

Giulia Ferrini | WACQT 

RSB codes A. Grimsmo, J. Combes, B. Baragiola, Phys. Rev. X 10, 011058 (2020)

We can identify a RSB 
qubit with a RSB qudit 
with different 
rotational symmetry

L. García-Álvarez, C. Calcluth, A. Ferraro, G. Ferrini, Phys. Rev. Research 2, 043322 (2020) 



Circuits with rotationally symmetric bosonic codes

Giulia Ferrini | WACQT 

Operations encoded in 
RSB qudits, including 

non-Gaussian 
operations

|0i2
<latexit sha1_base64="SvmYUppIdDFHiltBOkW9LBUcfHw=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ae0oWy2k3bpZhN3N4US+zu8eFDEqz/Gm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx7dxvT1BpHssHM03Qj+hQ8pAzaqzkP7k9ReVQYD+rzfrlilt1FyDrxMtJBXI0+uWv3iBmaYTSMEG17npuYvyMKsOZwFmpl2pMKBvTIXYtlTRC7WeLo2fkwioDEsbKljRkof6eyGik9TQKbGdEzUivenPxP6+bmvDGz7hMUoOSLReFqSAmJvMEyIArZEZMLaFMcXsrYSOqKDM2p5INwVt9eZ20alXPrXr3V5W6l8dRhDM4h0vw4BrqcAcNaAKDR3iGV3hzJs6L8+58LFsLTj5zCn/gfP4AqAKR9Q==</latexit><latexit sha1_base64="SvmYUppIdDFHiltBOkW9LBUcfHw=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ae0oWy2k3bpZhN3N4US+zu8eFDEqz/Gm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx7dxvT1BpHssHM03Qj+hQ8pAzaqzkP7k9ReVQYD+rzfrlilt1FyDrxMtJBXI0+uWv3iBmaYTSMEG17npuYvyMKsOZwFmpl2pMKBvTIXYtlTRC7WeLo2fkwioDEsbKljRkof6eyGik9TQKbGdEzUivenPxP6+bmvDGz7hMUoOSLReFqSAmJvMEyIArZEZMLaFMcXsrYSOqKDM2p5INwVt9eZ20alXPrXr3V5W6l8dRhDM4h0vw4BrqcAcNaAKDR3iGV3hzJs6L8+58LFsLTj5zCn/gfP4AqAKR9Q==</latexit><latexit sha1_base64="SvmYUppIdDFHiltBOkW9LBUcfHw=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ae0oWy2k3bpZhN3N4US+zu8eFDEqz/Gm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx7dxvT1BpHssHM03Qj+hQ8pAzaqzkP7k9ReVQYD+rzfrlilt1FyDrxMtJBXI0+uWv3iBmaYTSMEG17npuYvyMKsOZwFmpl2pMKBvTIXYtlTRC7WeLo2fkwioDEsbKljRkof6eyGik9TQKbGdEzUivenPxP6+bmvDGz7hMUoOSLReFqSAmJvMEyIArZEZMLaFMcXsrYSOqKDM2p5INwVt9eZ20alXPrXr3V5W6l8dRhDM4h0vw4BrqcAcNaAKDR3iGV3hzJs6L8+58LFsLTj5zCn/gfP4AqAKR9Q==</latexit><latexit sha1_base64="SvmYUppIdDFHiltBOkW9LBUcfHw=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ae0oWy2k3bpZhN3N4US+zu8eFDEqz/Gm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx7dxvT1BpHssHM03Qj+hQ8pAzaqzkP7k9ReVQYD+rzfrlilt1FyDrxMtJBXI0+uWv3iBmaYTSMEG17npuYvyMKsOZwFmpl2pMKBvTIXYtlTRC7WeLo2fkwioDEsbKljRkof6eyGik9TQKbGdEzUivenPxP6+bmvDGz7hMUoOSLReFqSAmJvMEyIArZEZMLaFMcXsrYSOqKDM2p5INwVt9eZ20alXPrXr3V5W6l8dRhDM4h0vw4BrqcAcNaAKDR3iGV3hzJs6L8+58LFsLTj5zCn/gfP4AqAKR9Q==</latexit>

|0i2
<latexit sha1_base64="SvmYUppIdDFHiltBOkW9LBUcfHw=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ae0oWy2k3bpZhN3N4US+zu8eFDEqz/Gm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx7dxvT1BpHssHM03Qj+hQ8pAzaqzkP7k9ReVQYD+rzfrlilt1FyDrxMtJBXI0+uWv3iBmaYTSMEG17npuYvyMKsOZwFmpl2pMKBvTIXYtlTRC7WeLo2fkwioDEsbKljRkof6eyGik9TQKbGdEzUivenPxP6+bmvDGz7hMUoOSLReFqSAmJvMEyIArZEZMLaFMcXsrYSOqKDM2p5INwVt9eZ20alXPrXr3V5W6l8dRhDM4h0vw4BrqcAcNaAKDR3iGV3hzJs6L8+58LFsLTj5zCn/gfP4AqAKR9Q==</latexit><latexit sha1_base64="SvmYUppIdDFHiltBOkW9LBUcfHw=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ae0oWy2k3bpZhN3N4US+zu8eFDEqz/Gm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx7dxvT1BpHssHM03Qj+hQ8pAzaqzkP7k9ReVQYD+rzfrlilt1FyDrxMtJBXI0+uWv3iBmaYTSMEG17npuYvyMKsOZwFmpl2pMKBvTIXYtlTRC7WeLo2fkwioDEsbKljRkof6eyGik9TQKbGdEzUivenPxP6+bmvDGz7hMUoOSLReFqSAmJvMEyIArZEZMLaFMcXsrYSOqKDM2p5INwVt9eZ20alXPrXr3V5W6l8dRhDM4h0vw4BrqcAcNaAKDR3iGV3hzJs6L8+58LFsLTj5zCn/gfP4AqAKR9Q==</latexit><latexit sha1_base64="SvmYUppIdDFHiltBOkW9LBUcfHw=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ae0oWy2k3bpZhN3N4US+zu8eFDEqz/Gm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx7dxvT1BpHssHM03Qj+hQ8pAzaqzkP7k9ReVQYD+rzfrlilt1FyDrxMtJBXI0+uWv3iBmaYTSMEG17npuYvyMKsOZwFmpl2pMKBvTIXYtlTRC7WeLo2fkwioDEsbKljRkof6eyGik9TQKbGdEzUivenPxP6+bmvDGz7hMUoOSLReFqSAmJvMEyIArZEZMLaFMcXsrYSOqKDM2p5INwVt9eZ20alXPrXr3V5W6l8dRhDM4h0vw4BrqcAcNaAKDR3iGV3hzJs6L8+58LFsLTj5zCn/gfP4AqAKR9Q==</latexit><latexit sha1_base64="SvmYUppIdDFHiltBOkW9LBUcfHw=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ae0oWy2k3bpZhN3N4US+zu8eFDEqz/Gm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx7dxvT1BpHssHM03Qj+hQ8pAzaqzkP7k9ReVQYD+rzfrlilt1FyDrxMtJBXI0+uWv3iBmaYTSMEG17npuYvyMKsOZwFmpl2pMKBvTIXYtlTRC7WeLo2fkwioDEsbKljRkof6eyGik9TQKbGdEzUivenPxP6+bmvDGz7hMUoOSLReFqSAmJvMEyIArZEZMLaFMcXsrYSOqKDM2p5INwVt9eZ20alXPrXr3V5W6l8dRhDM4h0vw4BrqcAcNaAKDR3iGV3hzJs6L8+58LFsLTj5zCn/gfP4AqAKR9Q==</latexit>

|0i2
<latexit sha1_base64="SvmYUppIdDFHiltBOkW9LBUcfHw=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ae0oWy2k3bpZhN3N4US+zu8eFDEqz/Gm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx7dxvT1BpHssHM03Qj+hQ8pAzaqzkP7k9ReVQYD+rzfrlilt1FyDrxMtJBXI0+uWv3iBmaYTSMEG17npuYvyMKsOZwFmpl2pMKBvTIXYtlTRC7WeLo2fkwioDEsbKljRkof6eyGik9TQKbGdEzUivenPxP6+bmvDGz7hMUoOSLReFqSAmJvMEyIArZEZMLaFMcXsrYSOqKDM2p5INwVt9eZ20alXPrXr3V5W6l8dRhDM4h0vw4BrqcAcNaAKDR3iGV3hzJs6L8+58LFsLTj5zCn/gfP4AqAKR9Q==</latexit><latexit sha1_base64="SvmYUppIdDFHiltBOkW9LBUcfHw=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ae0oWy2k3bpZhN3N4US+zu8eFDEqz/Gm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx7dxvT1BpHssHM03Qj+hQ8pAzaqzkP7k9ReVQYD+rzfrlilt1FyDrxMtJBXI0+uWv3iBmaYTSMEG17npuYvyMKsOZwFmpl2pMKBvTIXYtlTRC7WeLo2fkwioDEsbKljRkof6eyGik9TQKbGdEzUivenPxP6+bmvDGz7hMUoOSLReFqSAmJvMEyIArZEZMLaFMcXsrYSOqKDM2p5INwVt9eZ20alXPrXr3V5W6l8dRhDM4h0vw4BrqcAcNaAKDR3iGV3hzJs6L8+58LFsLTj5zCn/gfP4AqAKR9Q==</latexit><latexit sha1_base64="SvmYUppIdDFHiltBOkW9LBUcfHw=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ae0oWy2k3bpZhN3N4US+zu8eFDEqz/Gm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx7dxvT1BpHssHM03Qj+hQ8pAzaqzkP7k9ReVQYD+rzfrlilt1FyDrxMtJBXI0+uWv3iBmaYTSMEG17npuYvyMKsOZwFmpl2pMKBvTIXYtlTRC7WeLo2fkwioDEsbKljRkof6eyGik9TQKbGdEzUivenPxP6+bmvDGz7hMUoOSLReFqSAmJvMEyIArZEZMLaFMcXsrYSOqKDM2p5INwVt9eZ20alXPrXr3V5W6l8dRhDM4h0vw4BrqcAcNaAKDR3iGV3hzJs6L8+58LFsLTj5zCn/gfP4AqAKR9Q==</latexit><latexit sha1_base64="SvmYUppIdDFHiltBOkW9LBUcfHw=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ae0oWy2k3bpZhN3N4US+zu8eFDEqz/Gm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx7dxvT1BpHssHM03Qj+hQ8pAzaqzkP7k9ReVQYD+rzfrlilt1FyDrxMtJBXI0+uWv3iBmaYTSMEG17npuYvyMKsOZwFmpl2pMKBvTIXYtlTRC7WeLo2fkwioDEsbKljRkof6eyGik9TQKbGdEzUivenPxP6+bmvDGz7hMUoOSLReFqSAmJvMEyIArZEZMLaFMcXsrYSOqKDM2p5INwVt9eZ20alXPrXr3V5W6l8dRhDM4h0vw4BrqcAcNaAKDR3iGV3hzJs6L8+58LFsLTj5zCn/gfP4AqAKR9Q==</latexit>

|0i2
<latexit sha1_base64="SvmYUppIdDFHiltBOkW9LBUcfHw=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ae0oWy2k3bpZhN3N4US+zu8eFDEqz/Gm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx7dxvT1BpHssHM03Qj+hQ8pAzaqzkP7k9ReVQYD+rzfrlilt1FyDrxMtJBXI0+uWv3iBmaYTSMEG17npuYvyMKsOZwFmpl2pMKBvTIXYtlTRC7WeLo2fkwioDEsbKljRkof6eyGik9TQKbGdEzUivenPxP6+bmvDGz7hMUoOSLReFqSAmJvMEyIArZEZMLaFMcXsrYSOqKDM2p5INwVt9eZ20alXPrXr3V5W6l8dRhDM4h0vw4BrqcAcNaAKDR3iGV3hzJs6L8+58LFsLTj5zCn/gfP4AqAKR9Q==</latexit><latexit sha1_base64="SvmYUppIdDFHiltBOkW9LBUcfHw=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ae0oWy2k3bpZhN3N4US+zu8eFDEqz/Gm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx7dxvT1BpHssHM03Qj+hQ8pAzaqzkP7k9ReVQYD+rzfrlilt1FyDrxMtJBXI0+uWv3iBmaYTSMEG17npuYvyMKsOZwFmpl2pMKBvTIXYtlTRC7WeLo2fkwioDEsbKljRkof6eyGik9TQKbGdEzUivenPxP6+bmvDGz7hMUoOSLReFqSAmJvMEyIArZEZMLaFMcXsrYSOqKDM2p5INwVt9eZ20alXPrXr3V5W6l8dRhDM4h0vw4BrqcAcNaAKDR3iGV3hzJs6L8+58LFsLTj5zCn/gfP4AqAKR9Q==</latexit><latexit sha1_base64="SvmYUppIdDFHiltBOkW9LBUcfHw=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ae0oWy2k3bpZhN3N4US+zu8eFDEqz/Gm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx7dxvT1BpHssHM03Qj+hQ8pAzaqzkP7k9ReVQYD+rzfrlilt1FyDrxMtJBXI0+uWv3iBmaYTSMEG17npuYvyMKsOZwFmpl2pMKBvTIXYtlTRC7WeLo2fkwioDEsbKljRkof6eyGik9TQKbGdEzUivenPxP6+bmvDGz7hMUoOSLReFqSAmJvMEyIArZEZMLaFMcXsrYSOqKDM2p5INwVt9eZ20alXPrXr3V5W6l8dRhDM4h0vw4BrqcAcNaAKDR3iGV3hzJs6L8+58LFsLTj5zCn/gfP4AqAKR9Q==</latexit><latexit sha1_base64="SvmYUppIdDFHiltBOkW9LBUcfHw=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ae0oWy2k3bpZhN3N4US+zu8eFDEqz/Gm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx7dxvT1BpHssHM03Qj+hQ8pAzaqzkP7k9ReVQYD+rzfrlilt1FyDrxMtJBXI0+uWv3iBmaYTSMEG17npuYvyMKsOZwFmpl2pMKBvTIXYtlTRC7WeLo2fkwioDEsbKljRkof6eyGik9TQKbGdEzUivenPxP6+bmvDGz7hMUoOSLReFqSAmJvMEyIArZEZMLaFMcXsrYSOqKDM2p5INwVt9eZ20alXPrXr3V5W6l8dRhDM4h0vw4BrqcAcNaAKDR3iGV3hzJs6L8+58LFsLTj5zCn/gfP4AqAKR9Q==</latexit>

Input RSB states

These circuits are classically efficiently simulatable due to the extensions of the 
Gottesman-Knill theorem to qudits

Phase measurement

N. de Beaudrap, Quantum Information & Computation 13, 73 (2013)

L. García-Álvarez, C. Calcluth, A. Ferraro, G. Ferrini, Phys. Rev. Research 2, 043322 (2020) 



Giulia Ferrini | WACQT 

Generalizing the simulatability proof to arbitrary 
Gaussian operation



Giulia Ferrini | WACQT 

History of simulatability proofs

<latexit sha1_base64="KdvwagiK2sDraoYUmQSjpYTCqgA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy2m3bpZhN3J0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ildm9EMXuc9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOyVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2e9kIDRnKCeWUKaFvZWwEdWUoU2oZEPwll9eJa2LqndZrd3XKvWbPI4inMApnIMHV1CHO2hAExiM4Rle4c1JnBfn3flYtBacfOYY/sD5/AGoh4/L</latexit>

q̂
<latexit sha1_base64="KdvwagiK2sDraoYUmQSjpYTCqgA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy2m3bpZhN3J0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ildm9EMXuc9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOyVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2e9kIDRnKCeWUKaFvZWwEdWUoU2oZEPwll9eJa2LqndZrd3XKvWbPI4inMApnIMHV1CHO2hAExiM4Rle4c1JnBfn3flYtBacfOYY/sD5/AGoh4/L</latexit>

q̂
<latexit sha1_base64="KdvwagiK2sDraoYUmQSjpYTCqgA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy2m3bpZhN3J0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ildm9EMXuc9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOyVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2e9kIDRnKCeWUKaFvZWwEdWUoU2oZEPwll9eJa2LqndZrd3XKvWbPI4inMApnIMHV1CHO2hAExiM4Rle4c1JnBfn3flYtBacfOYY/sD5/AGoh4/L</latexit>

q̂

<latexit sha1_base64="KdvwagiK2sDraoYUmQSjpYTCqgA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy2m3bpZhN3J0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ildm9EMXuc9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOyVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2e9kIDRnKCeWUKaFvZWwEdWUoU2oZEPwll9eJa2LqndZrd3XKvWbPI4inMApnIMHV1CHO2hAExiM4Rle4c1JnBfn3flYtBacfOYY/sD5/AGoh4/L</latexit>

q̂

<latexit sha1_base64="0eawJ7YR5bxDvngHKxTy3PnFdrA=">AAACBnicbVDLSgNBEJz1GeMr6lGExSB4Crsi0WPQg4KXCOYB2RhmJ73JkNnZZaZXDGtOXvwVLx4U8eo3ePNvnDwOmljQUFR1093lx4JrdJxva25+YXFpObOSXV1b39jMbW1XdZQoBhUWiUjVfapBcAkV5CigHiugoS+g5vfOh37tDpTmkbzBfgzNkHYkDzijaKRWbu/B8RSVHQG3HpcB9luph3CP6cVVeTBo5fJOwRnBniXuhOTJBOVW7strRywJQSITVOuG68TYTKlCzgQMsl6iIaasRzvQMFTSEHQzHb0xsA+M0raDSJmSaI/U3xMpDbXuh77pDCl29bQ3FP/zGgkGp82UyzhBkGy8KEiEjZE9zMRucwUMRd8QyhQ3t9qsSxVlaJLLmhDc6ZdnSfWo4BYLxevjfOlsEkeG7JJ9ckhcckJK5JKUSYUw8kieySt5s56sF+vd+hi3zlmTmR3yB9bnDx1tmY8=</latexit>

|0→→GKP
<latexit sha1_base64="0eawJ7YR5bxDvngHKxTy3PnFdrA=">AAACBnicbVDLSgNBEJz1GeMr6lGExSB4Crsi0WPQg4KXCOYB2RhmJ73JkNnZZaZXDGtOXvwVLx4U8eo3ePNvnDwOmljQUFR1093lx4JrdJxva25+YXFpObOSXV1b39jMbW1XdZQoBhUWiUjVfapBcAkV5CigHiugoS+g5vfOh37tDpTmkbzBfgzNkHYkDzijaKRWbu/B8RSVHQG3HpcB9luph3CP6cVVeTBo5fJOwRnBniXuhOTJBOVW7strRywJQSITVOuG68TYTKlCzgQMsl6iIaasRzvQMFTSEHQzHb0xsA+M0raDSJmSaI/U3xMpDbXuh77pDCl29bQ3FP/zGgkGp82UyzhBkGy8KEiEjZE9zMRucwUMRd8QyhQ3t9qsSxVlaJLLmhDc6ZdnSfWo4BYLxevjfOlsEkeG7JJ9ckhcckJK5JKUSYUw8kieySt5s56sF+vd+hi3zlmTmR3yB9bnDx1tmY8=</latexit>

|0→→GKP
<latexit sha1_base64="0eawJ7YR5bxDvngHKxTy3PnFdrA=">AAACBnicbVDLSgNBEJz1GeMr6lGExSB4Crsi0WPQg4KXCOYB2RhmJ73JkNnZZaZXDGtOXvwVLx4U8eo3ePNvnDwOmljQUFR1093lx4JrdJxva25+YXFpObOSXV1b39jMbW1XdZQoBhUWiUjVfapBcAkV5CigHiugoS+g5vfOh37tDpTmkbzBfgzNkHYkDzijaKRWbu/B8RSVHQG3HpcB9luph3CP6cVVeTBo5fJOwRnBniXuhOTJBOVW7strRywJQSITVOuG68TYTKlCzgQMsl6iIaasRzvQMFTSEHQzHb0xsA+M0raDSJmSaI/U3xMpDbXuh77pDCl29bQ3FP/zGgkGp82UyzhBkGy8KEiEjZE9zMRucwUMRd8QyhQ3t9qsSxVlaJLLmhDc6ZdnSfWo4BYLxevjfOlsEkeG7JJ9ckhcckJK5JKUSYUw8kieySt5s56sF+vd+hi3zlmTmR3yB9bnDx1tmY8=</latexit>

|0→→GKP

<latexit sha1_base64="0eawJ7YR5bxDvngHKxTy3PnFdrA=">AAACBnicbVDLSgNBEJz1GeMr6lGExSB4Crsi0WPQg4KXCOYB2RhmJ73JkNnZZaZXDGtOXvwVLx4U8eo3ePNvnDwOmljQUFR1093lx4JrdJxva25+YXFpObOSXV1b39jMbW1XdZQoBhUWiUjVfapBcAkV5CigHiugoS+g5vfOh37tDpTmkbzBfgzNkHYkDzijaKRWbu/B8RSVHQG3HpcB9luph3CP6cVVeTBo5fJOwRnBniXuhOTJBOVW7strRywJQSITVOuG68TYTKlCzgQMsl6iIaasRzvQMFTSEHQzHb0xsA+M0raDSJmSaI/U3xMpDbXuh77pDCl29bQ3FP/zGgkGp82UyzhBkGy8KEiEjZE9zMRucwUMRd8QyhQ3t9qsSxVlaJLLmhDc6ZdnSfWo4BYLxevjfOlsEkeG7JJ9ckhcckJK5JKUSYUw8kieySt5s56sF+vd+hi3zlmTmR3yB9bnDx1tmY8=</latexit>

|0→→GKP

 2. Larger class defined by cumbersome condition C. Calcluth, A. Ferraro, G. Ferrini, Quantum 6, 867 (2022)

3. “Almost all” Gaussian operations C. Calcluth, A. Ferraro, G. Ferrini, Phys. Rev. A 107, 062414 (2023) 
 4. All Gaussian operations (weak simulation) O. Hahn, G. Ferrini, R. Takagi, Phys. Rev. X Quantum 6, 010330 (2025)

Gaussian 
operations

 1.Encoded Clifford in dimension d   L. García-Álvarez, C. Calcluth, A. Ferraro and G. Ferrini, PRR 2, 043322 (2020)

Simulatable 
architecture: 
SGKP circuits

  
First we look at infinite squeezing case:

<latexit sha1_base64="0eawJ7YR5bxDvngHKxTy3PnFdrA=">AAACBnicbVDLSgNBEJz1GeMr6lGExSB4Crsi0WPQg4KXCOYB2RhmJ73JkNnZZaZXDGtOXvwVLx4U8eo3ePNvnDwOmljQUFR1093lx4JrdJxva25+YXFpObOSXV1b39jMbW1XdZQoBhUWiUjVfapBcAkV5CigHiugoS+g5vfOh37tDpTmkbzBfgzNkHYkDzijaKRWbu/B8RSVHQG3HpcB9luph3CP6cVVeTBo5fJOwRnBniXuhOTJBOVW7strRywJQSITVOuG68TYTKlCzgQMsl6iIaasRzvQMFTSEHQzHb0xsA+M0raDSJmSaI/U3xMpDbXuh77pDCl29bQ3FP/zGgkGp82UyzhBkGy8KEiEjZE9zMRucwUMRd8QyhQ3t9qsSxVlaJLLmhDc6ZdnSfWo4BYLxevjfOlsEkeG7JJ9ckhcckJK5JKUSYUw8kieySt5s56sF+vd+hi3zlmTmR3yB9bnDx1tmY8=</latexit>

|0→→GKP



Giulia Ferrini | WACQT 

What are the resource states for this model?



Resource states

Giulia Ferrini | WACQT 

•States that when added to a simulatable architecture make the 
QC universal are called resource states 

Simulatable 
architecture +

Resource state
= 

<latexit sha1_base64="A8pOSVcXyCBjAYuRjnobsUWxiHk=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRS1GPRi8cK9gOaUDbbabt0s1l2N0KJ/RtePCji1T/jzX/jts1BWx8MPN6bYWZeJDnTxvO+ncLa+sbmVnG7tLO7t39QPjxq6SRVFJs04YnqREQjZwKbhhmOHamQxBHHdjS+nfntR1SaJeLBTCSGMRkKNmCUGCsFT4HULFBEDDn2yhWv6s3hrhI/JxXI0eiVv4J+QtMYhaGcaN31PWnCjCjDKMdpKUg1SkLHZIhdSwWJUYfZ/Oape2aVvjtIlC1h3Ln6eyIjsdaTOLKdMTEjvezNxP+8bmoG12HGhEwNCrpYNEi5axJ3FoDbZwqp4RNLCFXM3urSEVGEGhtTyYbgL7+8SloXVf+yWruvVeo3eRxFOIFTOAcfrqAOd9CAJlCQ8Ayv8Oakzovz7nwsWgtOPnMMf+B8/gBvKZH0</latexit>

| i
Universal QC



Example: Magic states unlock universality in Clifford QC

Giulia Ferrini | WACQT 

Clifford 
quantum 
computation

+ magic state = Universal QC
|H⟩

<latexit sha1_base64="7NWdXsGAGIooRKj9soYDrBP+IDk=">AAAB8XicbVDLTgJBEOzFF+IL9ehlIjHxRHaJUY9ELxwxkUeEDZkdGpgwO7uZmTUhK3/hxYPGePVvvPk3DrAHBSvppFLVne6uIBZcG9f9dnJr6xubW/ntws7u3v5B8fCoqaNEMWywSESqHVCNgktsGG4EtmOFNAwEtoLx7cxvPaLSPJL3ZhKjH9Kh5APOqLHSw1ONdBWVQ4G9Ysktu3OQVeJlpAQZ6r3iV7cfsSREaZigWnc8NzZ+SpXhTOC00E00xpSN6RA7lkoaovbT+cVTcmaVPhlEypY0ZK7+nkhpqPUkDGxnSM1IL3sz8T+vk5jBtZ9yGScGJVssGiSCmIjM3id9rpAZMbGEMsXtrYSNqKLM2JAKNgRv+eVV0qyUvcty5e6iVL3J4sjDCZzCOXhwBVWoQR0awEDCM7zCm6OdF+fd+Vi05pxs5hj+wPn8ATOikJ4=</latexit>

|Hi

<latexit sha1_base64="7NWdXsGAGIooRKj9soYDrBP+IDk=">AAAB8XicbVDLTgJBEOzFF+IL9ehlIjHxRHaJUY9ELxwxkUeEDZkdGpgwO7uZmTUhK3/hxYPGePVvvPk3DrAHBSvppFLVne6uIBZcG9f9dnJr6xubW/ntws7u3v5B8fCoqaNEMWywSESqHVCNgktsGG4EtmOFNAwEtoLx7cxvPaLSPJL3ZhKjH9Kh5APOqLHSw1ONdBWVQ4G9Ysktu3OQVeJlpAQZ6r3iV7cfsSREaZigWnc8NzZ+SpXhTOC00E00xpSN6RA7lkoaovbT+cVTcmaVPhlEypY0ZK7+nkhpqPUkDGxnSM1IL3sz8T+vk5jBtZ9yGScGJVssGiSCmIjM3id9rpAZMbGEMsXtrYSNqKLM2JAKNgRv+eVV0qyUvcty5e6iVL3J4sjDCZzCOXhwBVWoQR0awEDCM7zCm6OdF+fd+Vi05pxs5hj+wPn8ATOikJ4=</latexit>

|Hi
Sergey Bravyi and Alexei Kitaev, PRA 71 022316 (2005)

•From magic states we obtain  
the missing gate (“T-gate”)



Giulia Ferrini | WACQT 

A new class of simulatable circuits

SGKP circuits Mistery state
= 

Universal QC

+

We have identified a non-trivial class of simulatable GKP (SGKP) circuits

What are the resource states for the class of SGKP circuits?



“All Gaussian universality with GKP states”

Giulia Ferrini | WACQT 

Baragiola et al, Physical Review Letters 123, 200502 (2019)
For almost all outcomes  the output state is approximatively a magic statetq, tp

Vacuum
<latexit sha1_base64="0eawJ7YR5bxDvngHKxTy3PnFdrA=">AAACBnicbVDLSgNBEJz1GeMr6lGExSB4Crsi0WPQg4KXCOYB2RhmJ73JkNnZZaZXDGtOXvwVLx4U8eo3ePNvnDwOmljQUFR1093lx4JrdJxva25+YXFpObOSXV1b39jMbW1XdZQoBhUWiUjVfapBcAkV5CigHiugoS+g5vfOh37tDpTmkbzBfgzNkHYkDzijaKRWbu/B8RSVHQG3HpcB9luph3CP6cVVeTBo5fJOwRnBniXuhOTJBOVW7strRywJQSITVOuG68TYTKlCzgQMsl6iIaasRzvQMFTSEHQzHb0xsA+M0raDSJmSaI/U3xMpDbXuh77pDCl29bQ3FP/zGgkGp82UyzhBkGy8KEiEjZE9zMRucwUMRd8QyhQ3t9qsSxVlaJLLmhDc6ZdnSfWo4BYLxevjfOlsEkeG7JJ9ckhcckJK5JKUSYUw8kieySt5s56sF+vd+hi3zlmTmR3yB9bnDx1tmY8=</latexit>

|0→→GKP
<latexit sha1_base64="0eawJ7YR5bxDvngHKxTy3PnFdrA=">AAACBnicbVDLSgNBEJz1GeMr6lGExSB4Crsi0WPQg4KXCOYB2RhmJ73JkNnZZaZXDGtOXvwVLx4U8eo3ePNvnDwOmljQUFR1093lx4JrdJxva25+YXFpObOSXV1b39jMbW1XdZQoBhUWiUjVfapBcAkV5CigHiugoS+g5vfOh37tDpTmkbzBfgzNkHYkDzijaKRWbu/B8RSVHQG3HpcB9luph3CP6cVVeTBo5fJOwRnBniXuhOTJBOVW7strRywJQSITVOuG68TYTKlCzgQMsl6iIaasRzvQMFTSEHQzHb0xsA+M0raDSJmSaI/U3xMpDbXuh77pDCl29bQ3FP/zGgkGp82UyzhBkGy8KEiEjZE9zMRucwUMRd8QyhQ3t9qsSxVlaJLLmhDc6ZdnSfWo4BYLxevjfOlsEkeG7JJ9ckhcckJK5JKUSYUw8kieySt5s56sF+vd+hi3zlmTmR3yB9bnDx1tmY8=</latexit>

|0→→GKP

|H⟩∞
GKP



“All Gaussian universality with GKP states”

Giulia Ferrini | WACQT 

Baragiola et al, Physical Review Letters 123, 200502 (2019)
For almost all outcomes  the output state is approximatively a magic statetq, tp

Vacuum

…but everything inside the dashed box is simulatable by our result!

<latexit sha1_base64="0eawJ7YR5bxDvngHKxTy3PnFdrA=">AAACBnicbVDLSgNBEJz1GeMr6lGExSB4Crsi0WPQg4KXCOYB2RhmJ73JkNnZZaZXDGtOXvwVLx4U8eo3ePNvnDwOmljQUFR1093lx4JrdJxva25+YXFpObOSXV1b39jMbW1XdZQoBhUWiUjVfapBcAkV5CigHiugoS+g5vfOh37tDpTmkbzBfgzNkHYkDzijaKRWbu/B8RSVHQG3HpcB9luph3CP6cVVeTBo5fJOwRnBniXuhOTJBOVW7strRywJQSITVOuG68TYTKlCzgQMsl6iIaasRzvQMFTSEHQzHb0xsA+M0raDSJmSaI/U3xMpDbXuh77pDCl29bQ3FP/zGgkGp82UyzhBkGy8KEiEjZE9zMRucwUMRd8QyhQ3t9qsSxVlaJLLmhDc6ZdnSfWo4BYLxevjfOlsEkeG7JJ9ckhcckJK5JKUSYUw8kieySt5s56sF+vd+hi3zlmTmR3yB9bnDx1tmY8=</latexit>

|0→→GKP
<latexit sha1_base64="0eawJ7YR5bxDvngHKxTy3PnFdrA=">AAACBnicbVDLSgNBEJz1GeMr6lGExSB4Crsi0WPQg4KXCOYB2RhmJ73JkNnZZaZXDGtOXvwVLx4U8eo3ePNvnDwOmljQUFR1093lx4JrdJxva25+YXFpObOSXV1b39jMbW1XdZQoBhUWiUjVfapBcAkV5CigHiugoS+g5vfOh37tDpTmkbzBfgzNkHYkDzijaKRWbu/B8RSVHQG3HpcB9luph3CP6cVVeTBo5fJOwRnBniXuhOTJBOVW7strRywJQSITVOuG68TYTKlCzgQMsl6iIaasRzvQMFTSEHQzHb0xsA+M0raDSJmSaI/U3xMpDbXuh77pDCl29bQ3FP/zGgkGp82UyzhBkGy8KEiEjZE9zMRucwUMRd8QyhQ3t9qsSxVlaJLLmhDc6ZdnSfWo4BYLxevjfOlsEkeG7JJ9ckhcckJK5JKUSYUw8kieySt5s56sF+vd+hi3zlmTmR3yB9bnDx1tmY8=</latexit>

|0→→GKP

|H⟩∞
GKP



Vacuum unlocks universality in SGKP circuits

Giulia Ferrini | WACQT 

C. Calcluth, A. Ferraro, G. Ferrini, PRA 107, 062414 (2023)

<latexit sha1_base64="KdvwagiK2sDraoYUmQSjpYTCqgA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy2m3bpZhN3J0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ildm9EMXuc9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOyVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2e9kIDRnKCeWUKaFvZWwEdWUoU2oZEPwll9eJa2LqndZrd3XKvWbPI4inMApnIMHV1CHO2hAExiM4Rle4c1JnBfn3flYtBacfOYY/sD5/AGoh4/L</latexit>

q̂
<latexit sha1_base64="KdvwagiK2sDraoYUmQSjpYTCqgA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy2m3bpZhN3J0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ildm9EMXuc9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOyVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2e9kIDRnKCeWUKaFvZWwEdWUoU2oZEPwll9eJa2LqndZrd3XKvWbPI4inMApnIMHV1CHO2hAExiM4Rle4c1JnBfn3flYtBacfOYY/sD5/AGoh4/L</latexit>

q̂
<latexit sha1_base64="KdvwagiK2sDraoYUmQSjpYTCqgA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy2m3bpZhN3J0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ildm9EMXuc9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOyVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2e9kIDRnKCeWUKaFvZWwEdWUoU2oZEPwll9eJa2LqndZrd3XKvWbPI4inMApnIMHV1CHO2hAExiM4Rle4c1JnBfn3flYtBacfOYY/sD5/AGoh4/L</latexit>

q̂

<latexit sha1_base64="KdvwagiK2sDraoYUmQSjpYTCqgA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy2m3bpZhN3J0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ildm9EMXuc9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOyVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2e9kIDRnKCeWUKaFvZWwEdWUoU2oZEPwll9eJa2LqndZrd3XKvWbPI4inMApnIMHV1CHO2hAExiM4Rle4c1JnBfn3flYtBacfOYY/sD5/AGoh4/L</latexit>

q̂

Gaussian 
operations
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“Nothing provides quantum advantage” (Cameron Calcluth)

SGKP circuits
+ Vacuum = Universal QC



A sufficient condition for universality in SGKP circuits

Giulia Ferrini | WACQT 

SGKP circuits Precisely 
characterized 

CV states
= Universal QC+

Sufficient condition for universality with SGKP circuits

C. Calcluth, A. Ferraro, G. Ferrini, PRX Quantum 5, 020337 (2024)

α = reiϕ

All Gaussian GKP and few 
other known 

states
= Universal QC+

No sufficient criterion for universality with Gaussian circuits!
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Sufficient condition for quantum advantage 
in CV
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Map CV state to a qubit state with SGKP circuits 

Mackenzie H. Shaw, Andrew C. Doherty, Arne L. Grimsmo, PRX Quantum 5, 010331 (2024)

Example: stabiliser subsystem decomposition ̂ρ → ̂ρΠ

(Infinitely-squeezed GKP states)

̂ρΠ = ∫
π/2

− π/2
dtq ∫

π/2

− π/2
dtp ̂ρΠ(t)
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Sufficient condition for universality with SGKP circuits

•Compute    using an allowed SGKP map (e.g. stabilizer subsystem dec.) 

•Computing the fidelity of  to  or its “cousins” (Clifford-rotated s) 

•If the fidelity is larger than  , the CV state is universal with 
SGKP circuits

̂ρΠ
̂ρΠ |T⟩ |T⟩

F* = (1 + 3/7)/2

Given a CV state :̂ρ

 threshold for magic state distillationF* Sergey Bravyi and Alexei Kitaev, PRA 71 022316 (2005)

C. Calcluth, A. Ferraro, G. Ferrini, PRX Quantum 5, 020337 (2024)
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Fidelity to  is equivalent to robustness of magic|T⟩

M. Howard and E. Campbell, PRL 118, 090501 (2017) 

• Robustness of magic (ROM) 
for one single qubit:

• Fidelity to  and robustness are equivalent for a single qubit|T⟩

• Threshold for magic state distillation:
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ROM of mapped finitely-squeezed GKP states

Distillability region
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ROM of mapped cat states

max ROM value = 1.36
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ROM of cubic phase state

Higher resourcefulness for 
lower cubicity and 
squeezing



But how do we simulate realistic GKP circuits?

Giulia Ferrini | WACQT 
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q̂

Gaussian 
operations
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Two years of attempts….

Courtesy of Takase et al, npj Q. Info 2023 Kudra et al, PRX Quantum 
3, 030301 (2022)



Simulating realistic GKP circuits with Zak-Gross Wigner function
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Zak-Gross Wigner (ZGW) function

J. Davis, N. Fabre and U. Chabaud arXiv:2407.18394 (2024)

C. Calcluth, O. Hahn, J. Bermejo-Vega, A. Ferraro, G. Ferrini, Phys. Rev. Lett. 135, 010601 (2025)

Infinitely squeezed GKP states  have positive 
ZGW (d odd), vacuum negative
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d=3 

• We generalize the ZGW function to multimode 
• We provide a simulation algorithm which time cost 

scales with negativity of ZGW function: 
the higher the negativity, the slower the simulation 
 see also Pashayan et al,  PRL 115, 070501 (2015) 



Simulating GKP circuits with Zak-Gross Wigner function

Giulia Ferrini | WACQT 

ZG-Wigner negativity is a necessary resource for quantum computational advantage 

• If it is negative, we can simulate with sample complexity scaling quadratically with negativity 
of Zak-Gross Wigner function (error , success probability )ϵ 1 − δ

Same technique as for standard Wigner function in Pashayan et al,  PRL 115, 070501 (2015)

• If ZG-Wigner function is positive everywhere we can simulate efficiently by sampling from it

C. Calcluth, O. Hahn, J. Bermejo-Vega, A. Ferraro, G. Ferrini, Phys. Rev. Lett. 135, 010601 (2025)



Simulating GKP circuits with Zak-Gross Wigner function
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•E.g., for stabilizer GKP states with 12 dB squeezing we can simulate 1,000 modes with less 
than double the number of samples required for a single input mode 

C. Calcluth, O. Hahn, J. Bermejo-Vega, A. Ferraro, G. Ferrini, Phys. Rev. Lett. 135, 010601 (2025)
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Summary and conclusions on part 3a
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Conclusions of part 3a

L. García-Álvarez et al, PRR 2, 043322 (2020) 
C. Calcluth et al, Quantum 6, 867 (2022) 
C. Calcluth, A. Ferraro, G. Ferrini, PRA 107, 062414 (2023) 
C. Calcluth, A. Ferraro, G. Ferrini, PRX Quantum 5, 020337 (2024) 
C. Calcluth et al, PRL 135, 010601 (2025)

•Stabiliser GKP states with Gaussian operations are 
classically efficiently simulatable (SGKP circuits)
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|0iGKP

<latexit sha1_base64="KdvwagiK2sDraoYUmQSjpYTCqgA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy2m3bpZhN3J0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ildm9EMXuc9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOyVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2e9kIDRnKCeWUKaFvZWwEdWUoU2oZEPwll9eJa2LqndZrd3XKvWbPI4inMApnIMHV1CHO2hAExiM4Rle4c1JnBfn3flYtBacfOYY/sD5/AGoh4/L</latexit>

q̂
<latexit sha1_base64="KdvwagiK2sDraoYUmQSjpYTCqgA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy2m3bpZhN3J0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ildm9EMXuc9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOyVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2e9kIDRnKCeWUKaFvZWwEdWUoU2oZEPwll9eJa2LqndZrd3XKvWbPI4inMApnIMHV1CHO2hAExiM4Rle4c1JnBfn3flYtBacfOYY/sD5/AGoh4/L</latexit>

q̂
<latexit sha1_base64="KdvwagiK2sDraoYUmQSjpYTCqgA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy2m3bpZhN3J0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ildm9EMXuc9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOyVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2e9kIDRnKCeWUKaFvZWwEdWUoU2oZEPwll9eJa2LqndZrd3XKvWbPI4inMApnIMHV1CHO2hAExiM4Rle4c1JnBfn3flYtBacfOYY/sD5/AGoh4/L</latexit>

q̂

<latexit sha1_base64="KdvwagiK2sDraoYUmQSjpYTCqgA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy2m3bpZhN3J0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ildm9EMXuc9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOyVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2e9kIDRnKCeWUKaFvZWwEdWUoU2oZEPwll9eJa2LqndZrd3XKvWbPI4inMApnIMHV1CHO2hAExiM4Rle4c1JnBfn3flYtBacfOYY/sD5/AGoh4/L</latexit>

q̂

Gaussian 
operations

•Vacuum provides quantum advantage to SGKP circuits

•Sufficient condition for quantum advantage in CV

•New classical simulation algorithms for realistic GKP circuits  

•Negativity of the Zak-Gross Wigner function is a necessary condition to quantum advantage



Giulia Ferrini | WACQT 

Part 3b: A magic measure based on GKP 
encoding
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A new magic measure for qubits using 
bosonic codes



Example of magic states

Giulia Ferrini | WACQT 

<latexit sha1_base64="7NWdXsGAGIooRKj9soYDrBP+IDk=">AAAB8XicbVDLTgJBEOzFF+IL9ehlIjHxRHaJUY9ELxwxkUeEDZkdGpgwO7uZmTUhK3/hxYPGePVvvPk3DrAHBSvppFLVne6uIBZcG9f9dnJr6xubW/ntws7u3v5B8fCoqaNEMWywSESqHVCNgktsGG4EtmOFNAwEtoLx7cxvPaLSPJL3ZhKjH9Kh5APOqLHSw1ONdBWVQ4G9Ysktu3OQVeJlpAQZ6r3iV7cfsSREaZigWnc8NzZ+SpXhTOC00E00xpSN6RA7lkoaovbT+cVTcmaVPhlEypY0ZK7+nkhpqPUkDGxnSM1IL3sz8T+vk5jBtZ9yGScGJVssGiSCmIjM3id9rpAZMbGEMsXtrYSNqKLM2JAKNgRv+eVV0qyUvcty5e6iVL3J4sjDCZzCOXhwBVWoQR0awEDCM7zCm6OdF+fd+Vi05pxs5hj+wPn8ATOikJ4=</latexit>

|Hi

<latexit sha1_base64="7NWdXsGAGIooRKj9soYDrBP+IDk=">AAAB8XicbVDLTgJBEOzFF+IL9ehlIjHxRHaJUY9ELxwxkUeEDZkdGpgwO7uZmTUhK3/hxYPGePVvvPk3DrAHBSvppFLVne6uIBZcG9f9dnJr6xubW/ntws7u3v5B8fCoqaNEMWywSESqHVCNgktsGG4EtmOFNAwEtoLx7cxvPaLSPJL3ZhKjH9Kh5APOqLHSw1ONdBWVQ4G9Ysktu3OQVeJlpAQZ6r3iV7cfsSREaZigWnc8NzZ+SpXhTOC00E00xpSN6RA7lkoaovbT+cVTcmaVPhlEypY0ZK7+nkhpqPUkDGxnSM1IL3sz8T+vk5jBtZ9yGScGJVssGiSCmIjM3id9rpAZMbGEMsXtrYSNqKLM2JAKNgRv+eVV0qyUvcty5e6iVL3J4sjDCZzCOXhwBVWoQR0awEDCM7zCm6OdF+fd+Vi05pxs5hj+wPn8ATOikJ4=</latexit>

|Hi
Sergey Bravyi and Alexei Kitaev, PRA 71 022316 (2005)

•From magic states to the T-gate: 

•Magic states are non-stabiliser states that allow to promote Clifford operations and 
Pauli measurements to universal QC

•T-state and H-state: 



Why is it important to quantify magic?

Giulia Ferrini | WACQT 

•Magic states and magic gates are costly to implement in leading paradigms 
for fault-tolerant quantum computation such as surface-code quantum 
computing

•In a given algorithm, we want to implement non-Clifford gates using as few 
magic states as possible

•Magic measures allow for identifying bounds on the “T-count”!

How magic is a state?

Magic monotones: satisfy properties and quantify magic 
We want to define a new one!



How magic is a state? Magic monotones

Giulia Ferrini | WACQT 

•Relative entropy of magic,V. Veitch et al, New Journal of Physics 16, 013009 (2014)

•Stabilizer rank, Bravyi et al, Quantum 3, 181 (2019)

•Robustness of magic, Howard et al, Phys. Rev. Lett. 118, 090501 (2017)

•Dyadic negativity, mixed state extend, generalised robustness Seddon et al, PRX Quantum 2, 
010345 (2021) 

•Stabilizer nullity and the dyadic monotone, Beverland et al, Quantum Science and Technology 5, 
035009 (2020)

with

with

•Stabilizer Rény Entropy Leone et al, PRL 128, 050402 (2022)

•Bell magic Haug et al, PRX Quantum 4, 010301 (2023)

•Pauli instability Garcia et al, Phys. Rev. Research 7, 033271 (2025)
•Quantum Jensen-Shannon divergence Tian and Sun, J. Phys. A: Mat. and Th. (2024)

•Quantum Ruzsa divergence, quantum-doubling constant IEEE Trans. Inf. Th. (2025) 
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Proving that GKPmagic is a magic measure 



For |0> and |1> states: 1/4 of the summands are negative and 3/4 are positive

L. García-Álvarez, A. Ferraro, G. Ferrini, International Symposium on 
Mathematics, Quantum Theory, and Cryptography p.79, Springer (2021)

Expression for general states in:

Wigner function of GKP states is highly negative

q :
p
⇡

<latexit sha1_base64="jdmMswtlLkm3ZPAz/ZuBXuvoQdg=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKexKQPEU8OIxgnlANobZyWwyZPaRmV4lLPkPLx4U8eq/ePNvnE32oIkFDUVVN91dXiyFRtv+tgpr6xubW8Xt0s7u3v5B+fCopaNEMd5kkYxUx6OaSxHyJgqUvBMrTgNP8rY3vsn89iNXWkThPU5j3gvoMBS+YBSN9DC5Jq6eKEzdWMxK/XLFrtpzkFXi5KQCORr98pc7iFgS8BCZpFp3HTvGXkoVCib5rOQmmseUjemQdw0NacB1L51fPSNnRhkQP1KmQiRz9fdESgOtp4FnOgOKI73sZeJ/XjdB/6qXijBOkIdsschPJMGIZBGQgVCcoZwaQpkS5lbCRlRRhiaoLARn+eVV0rqoOnbVuatV6rU8jiKcwCmcgwOXUIdbaEATGCh4hld4s56sF+vd+li0Fqx85hj+wPr8Af7GkiA=</latexit><latexit sha1_base64="jdmMswtlLkm3ZPAz/ZuBXuvoQdg=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKexKQPEU8OIxgnlANobZyWwyZPaRmV4lLPkPLx4U8eq/ePNvnE32oIkFDUVVN91dXiyFRtv+tgpr6xubW8Xt0s7u3v5B+fCopaNEMd5kkYxUx6OaSxHyJgqUvBMrTgNP8rY3vsn89iNXWkThPU5j3gvoMBS+YBSN9DC5Jq6eKEzdWMxK/XLFrtpzkFXi5KQCORr98pc7iFgS8BCZpFp3HTvGXkoVCib5rOQmmseUjemQdw0NacB1L51fPSNnRhkQP1KmQiRz9fdESgOtp4FnOgOKI73sZeJ/XjdB/6qXijBOkIdsschPJMGIZBGQgVCcoZwaQpkS5lbCRlRRhiaoLARn+eVV0rqoOnbVuatV6rU8jiKcwCmcgwOXUIdbaEATGCh4hld4s56sF+vd+li0Fqx85hj+wPr8Af7GkiA=</latexit><latexit sha1_base64="jdmMswtlLkm3ZPAz/ZuBXuvoQdg=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKexKQPEU8OIxgnlANobZyWwyZPaRmV4lLPkPLx4U8eq/ePNvnE32oIkFDUVVN91dXiyFRtv+tgpr6xubW8Xt0s7u3v5B+fCopaNEMd5kkYxUx6OaSxHyJgqUvBMrTgNP8rY3vsn89iNXWkThPU5j3gvoMBS+YBSN9DC5Jq6eKEzdWMxK/XLFrtpzkFXi5KQCORr98pc7iFgS8BCZpFp3HTvGXkoVCib5rOQmmseUjemQdw0NacB1L51fPSNnRhkQP1KmQiRz9fdESgOtp4FnOgOKI73sZeJ/XjdB/6qXijBOkIdsschPJMGIZBGQgVCcoZwaQpkS5lbCRlRRhiaoLARn+eVV0rqoOnbVuatV6rU8jiKcwCmcgwOXUIdbaEATGCh4hld4s56sF+vd+li0Fqx85hj+wPr8Af7GkiA=</latexit><latexit sha1_base64="jdmMswtlLkm3ZPAz/ZuBXuvoQdg=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKexKQPEU8OIxgnlANobZyWwyZPaRmV4lLPkPLx4U8eq/ePNvnE32oIkFDUVVN91dXiyFRtv+tgpr6xubW8Xt0s7u3v5B+fCopaNEMd5kkYxUx6OaSxHyJgqUvBMrTgNP8rY3vsn89iNXWkThPU5j3gvoMBS+YBSN9DC5Jq6eKEzdWMxK/XLFrtpzkFXi5KQCORr98pc7iFgS8BCZpFp3HTvGXkoVCib5rOQmmseUjemQdw0NacB1L51fPSNnRhkQP1KmQiRz9fdESgOtp4FnOgOKI73sZeJ/XjdB/6qXijBOkIdsschPJMGIZBGQgVCcoZwaQpkS5lbCRlRRhiaoLARn+eVV0rqoOnbVuatV6rU8jiKcwCmcgwOXUIdbaEATGCh4hld4s56sF+vd+li0Fqx85hj+wPr8Af7GkiA=</latexit>

p :
p
⇡/2

<latexit sha1_base64="hiHsmoV0/dv1AkAibVM7gbdXTU0=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwVJNSUDwVvHisYD+gDWWz3bRLN8m6OxFCiH/FiwdFvPpDvPlv3LY5aOuDgcd7M8zM86XgGhzn21pb39jc2i7tlHf39g8O7aPjjo4TRVmbxiJWPZ9oJnjE2sBBsJ5UjIS+YF1/ejPzu49MaR5H95BK5oVkHPGAUwJGGtoVeY2zgX5QkA0kz/OLrJ4P7apTc+bAq8QtSBUVaA3tr8EopknIIqCCaN13HQleRhRwKlheHiSaSUKnZMz6hkYkZNrL5sfn+MwoIxzEylQEeK7+nshIqHUa+qYzJDDRy95M/M/rJxBceRmPZAIsootFQSIwxHiWBB5xxSiI1BBCFTe3YjohilAweZVNCO7yy6ukU6+5Ts29a1SbjSKOEjpBp+gcuegSNdEtaqE2oihFz+gVvVlP1ov1bn0sWtesYqaC/sD6/AHCc5TJ</latexit><latexit sha1_base64="hiHsmoV0/dv1AkAibVM7gbdXTU0=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwVJNSUDwVvHisYD+gDWWz3bRLN8m6OxFCiH/FiwdFvPpDvPlv3LY5aOuDgcd7M8zM86XgGhzn21pb39jc2i7tlHf39g8O7aPjjo4TRVmbxiJWPZ9oJnjE2sBBsJ5UjIS+YF1/ejPzu49MaR5H95BK5oVkHPGAUwJGGtoVeY2zgX5QkA0kz/OLrJ4P7apTc+bAq8QtSBUVaA3tr8EopknIIqCCaN13HQleRhRwKlheHiSaSUKnZMz6hkYkZNrL5sfn+MwoIxzEylQEeK7+nshIqHUa+qYzJDDRy95M/M/rJxBceRmPZAIsootFQSIwxHiWBB5xxSiI1BBCFTe3YjohilAweZVNCO7yy6ukU6+5Ts29a1SbjSKOEjpBp+gcuegSNdEtaqE2oihFz+gVvVlP1ov1bn0sWtesYqaC/sD6/AHCc5TJ</latexit><latexit sha1_base64="hiHsmoV0/dv1AkAibVM7gbdXTU0=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwVJNSUDwVvHisYD+gDWWz3bRLN8m6OxFCiH/FiwdFvPpDvPlv3LY5aOuDgcd7M8zM86XgGhzn21pb39jc2i7tlHf39g8O7aPjjo4TRVmbxiJWPZ9oJnjE2sBBsJ5UjIS+YF1/ejPzu49MaR5H95BK5oVkHPGAUwJGGtoVeY2zgX5QkA0kz/OLrJ4P7apTc+bAq8QtSBUVaA3tr8EopknIIqCCaN13HQleRhRwKlheHiSaSUKnZMz6hkYkZNrL5sfn+MwoIxzEylQEeK7+nshIqHUa+qYzJDDRy95M/M/rJxBceRmPZAIsootFQSIwxHiWBB5xxSiI1BBCFTe3YjohilAweZVNCO7yy6ukU6+5Ts29a1SbjSKOEjpBp+gcuegSNdEtaqE2oihFz+gVvVlP1ov1bn0sWtesYqaC/sD6/AHCc5TJ</latexit><latexit sha1_base64="hiHsmoV0/dv1AkAibVM7gbdXTU0=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwVJNSUDwVvHisYD+gDWWz3bRLN8m6OxFCiH/FiwdFvPpDvPlv3LY5aOuDgcd7M8zM86XgGhzn21pb39jc2i7tlHf39g8O7aPjjo4TRVmbxiJWPZ9oJnjE2sBBsJ5UjIS+YF1/ejPzu49MaR5H95BK5oVkHPGAUwJGGtoVeY2zgX5QkA0kz/OLrJ4P7apTc+bAq8QtSBUVaA3tr8EopknIIqCCaN13HQleRhRwKlheHiSaSUKnZMz6hkYkZNrL5sfn+MwoIxzEylQEeK7+nshIqHUa+qYzJDDRy95M/M/rJxBceRmPZAIsootFQSIwxHiWBB5xxSiI1BBCFTe3YjohilAweZVNCO7yy6ukU6+5Ts29a1SbjSKOEjpBp+gcuegSNdEtaqE2oihFz+gVvVlP1ov1bn0sWtesYqaC/sD6/AHCc5TJ</latexit>

n = 2
<latexit sha1_base64="P6Ezx4DZbOIseUkg7tLDr+TZmjs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQS9CwYvHivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0ikMOi6305hY3Nre6e4W9rbPzg8Kh+ftE2casZbLJax7gbUcCkUb6FAybuJ5jQKJO8Ek9u533ni2ohYPeI04X5ER0qEglG00oO6qQ3KFbfqLkDWiZeTCuRoDspf/WHM0ogrZJIa0/PcBP2MahRM8lmpnxqeUDahI96zVNGIGz9bnDojF1YZkjDWthSShfp7IqORMdMosJ0RxbFZ9ebif14vxfDaz4RKUuSKLReFqSQYk/nfZCg0ZyinllCmhb2VsDHVlKFNp2RD8FZfXiftWtVzq959vdKo53EU4QzO4RI8uIIG3EETWsBgBM/wCm+OdF6cd+dj2Vpw8plT+APn8wfGCY1n</latexit><latexit sha1_base64="P6Ezx4DZbOIseUkg7tLDr+TZmjs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQS9CwYvHivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0ikMOi6305hY3Nre6e4W9rbPzg8Kh+ftE2casZbLJax7gbUcCkUb6FAybuJ5jQKJO8Ek9u533ni2ohYPeI04X5ER0qEglG00oO6qQ3KFbfqLkDWiZeTCuRoDspf/WHM0ogrZJIa0/PcBP2MahRM8lmpnxqeUDahI96zVNGIGz9bnDojF1YZkjDWthSShfp7IqORMdMosJ0RxbFZ9ebif14vxfDaz4RKUuSKLReFqSQYk/nfZCg0ZyinllCmhb2VsDHVlKFNp2RD8FZfXiftWtVzq959vdKo53EU4QzO4RI8uIIG3EETWsBgBM/wCm+OdF6cd+dj2Vpw8plT+APn8wfGCY1n</latexit><latexit sha1_base64="P6Ezx4DZbOIseUkg7tLDr+TZmjs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQS9CwYvHivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0ikMOi6305hY3Nre6e4W9rbPzg8Kh+ftE2casZbLJax7gbUcCkUb6FAybuJ5jQKJO8Ek9u533ni2ohYPeI04X5ER0qEglG00oO6qQ3KFbfqLkDWiZeTCuRoDspf/WHM0ogrZJIa0/PcBP2MahRM8lmpnxqeUDahI96zVNGIGz9bnDojF1YZkjDWthSShfp7IqORMdMosJ0RxbFZ9ebif14vxfDaz4RKUuSKLReFqSQYk/nfZCg0ZyinllCmhb2VsDHVlKFNp2RD8FZfXiftWtVzq959vdKo53EU4QzO4RI8uIIG3EETWsBgBM/wCm+OdF6cd+dj2Vpw8plT+APn8wfGCY1n</latexit><latexit sha1_base64="P6Ezx4DZbOIseUkg7tLDr+TZmjs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQS9CwYvHivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0ikMOi6305hY3Nre6e4W9rbPzg8Kh+ftE2casZbLJax7gbUcCkUb6FAybuJ5jQKJO8Ek9u533ni2ohYPeI04X5ER0qEglG00oO6qQ3KFbfqLkDWiZeTCuRoDspf/WHM0ogrZJIa0/PcBP2MahRM8lmpnxqeUDahI96zVNGIGz9bnDojF1YZkjDWthSShfp7IqORMdMosJ0RxbFZ9ebif14vxfDaz4RKUuSKLReFqSQYk/nfZCg0ZyinllCmhb2VsDHVlKFNp2RD8FZfXiftWtVzq959vdKo53EU4QzO4RI8uIIG3EETWsBgBM/wCm+OdF6cd+dj2Vpw8plT+APn8wfGCY1n</latexit>

• The Wigner function of encoded GKP states depends on the encoded state 
• It is periodic, we restrict to a cell 
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Using GKP code to quantify resourcefulness of qubits

•Volume of the negative region of the Wigner function depends on the 
encoded GKP state!

We can use                to define a magic measure! GKPmagic

•Constant value for Pauli eigenstates  
•High for magic states O. Hahn et al, Phys. Rev. Lett 128, 210502 (2022)  

L. García-Álvarez, A. Ferraro, G. Ferrini, International Symposium on 
Mathematics, Quantum Theory, and Cryptography p.79, Springer (2021) 
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GKP magic

•Compute negative volume in the cell 

•Wigner function for N encoded GKP qubits: <latexit sha1_base64="uzdJC9N474XNgxBGvaHCJNu4hLw=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8hV0V9SIEvXiMYB6QjWF20psMmZ1dZmaVsOY/vHhQxKv/4s2/cfI4aGJBQ1HVTXdXkAiujet+OwuLS8srq7m1/PrG5tZ2YWe3puNUMayyWMSqEVCNgkusGm4ENhKFNAoE1oP+9civP6DSPJZ3ZpBgK6JdyUPOqLHS/ZOfaO4rKrsCyWW7UHRL7hhknnhTUoQpKu3Cl9+JWRqhNExQrZuem5hWRpXhTOAw76caE8r6tItNSyWNULey8dVDcmiVDgljZUsaMlZ/T2Q00noQBbYzoqanZ72R+J/XTE140cq4TFKDkk0WhakgJiajCEiHK2RGDCyhTHF7K2E9qigzNqi8DcGbfXme1I5L3lnp5Pa0WL6axpGDfTiAI/DgHMpwAxWoAgMFz/AKb86j8+K8Ox+T1gVnOrMHf+B8/gBP4pJk</latexit>| i = <latexit sha1_base64="AGIMIgECDI+hZF5ZkIWLMqKkmrA=">AAACDHicbVDLSgMxFM34rPVVdekmWARXw0wVdSMU3bisYB/QDkMmvdOGZjJDkhHKtB/gxl9x40IRt36AO//GtJ2Fth4IOZxzLsk9QcKZ0o7zbS0tr6yurRc2iptb2zu7pb39hopTSaFOYx7LVkAUcCagrpnm0EokkCjg0AwGNxO/+QBSsVjc62ECXkR6goWMEm0kv1QesY4koscBX+ER813M/Ipt2+YSOHdMyrGdKfAicXNSRjlqfumr041pGoHQlBOl2q6TaC8jUjPKYVzspAoSQgekB21DBYlAedl0mTE+NkoXh7E0R2g8VX9PZCRSahgFJhkR3Vfz3kT8z2unOrz0MiaSVIOgs4fClGMd40kzuMskUM2HhhAqmfkrpn0iCdWmv6IpwZ1feZE0KrZ7bp/enZWr13kdBXSIjtAJctEFqqJbVEN1RNEjekav6M16sl6sd+tjFl2y8pkD9AfW5w/4wpms</latexit>|ii = |i1i2...ini
<latexit sha1_base64="PdJ9vSpNhcuXLLV3Mnx9OktLRGw=">AAACBXicbVBNS8NAEN34WetX1KMeFovgQUqioh6LXjxWsB/QhLDZbtqlm03YnQgl9OLFv+LFgyJe/Q/e/Ddu2xy09cHA470ZZuaFqeAaHOfbWlhcWl5ZLa2V1zc2t7btnd2mTjJFWYMmIlHtkGgmuGQN4CBYO1WMxKFgrXBwM/ZbD0xpnsh7GKbMj0lP8ohTAkYK7AMeCOxxiT3BIvBy7Jy42FO81wdvFNgVp+pMgOeJW5AKKlAP7C+vm9AsZhKoIFp3XCcFPycKOBVsVPYyzVJCB6THOoZKEjPt55MvRvjIKF0cJcqUBDxRf0/kJNZ6GIemMybQ17PeWPzP62QQXfk5l2kGTNLpoigTGBI8jgR3uWIUxNAQQhU3t2LaJ4pQMMGVTQju7MvzpHladS+qZ3fnldp1EUcJ7aNDdIxcdIlq6BbVUQNR9Iie0St6s56sF+vd+pi2LljFzB76A+vzB7I3l3A=</latexit>

il 2 {0, 1}

•Final expression: GKPmagic 
= st-norm, Howard 
et al, PRL 118, 
090501 (2017) 
= stab. Rényi 
entropy = 1/2, 
Leone et al, PRL 
128, 050402 (2022) 
 

α

O. Hahn, A. Ferraro, L. Hultquist, G. Ferrini, L. García-Álvarez, PRL 128, 210502 (2022)

•Easily computable for 12 qubits on laptop (962 seconds)

•We prove the measure properties using Wigner function properties



Giulia Ferrini | WACQT 

Proving that GKPmagic is a magic measure 

•Only possible to define for pure states, because for mixed states faithfulness 
does not hold

•Can increase with stabilizer measurements
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Finite energy case �(0) �! | 0i =
Z

dq 1
(⇡�2)1/4
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�2 |qi
<latexit sha1_base64="2Fl8i9QB6lCN7VmIQySmHw7/7Ec="></latexit><latexit sha1_base64="2Fl8i9QB6lCN7VmIQySmHw7/7Ec="></latexit><latexit sha1_base64="2Fl8i9QB6lCN7VmIQySmHw7/7Ec="></latexit><latexit sha1_base64="2Fl8i9QB6lCN7VmIQySmHw7/7Ec="></latexit>

|k̃i = Nk

X

s

e�
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2[(2s+k)↵]2T [(2s+ k)↵]| 0i
<latexit sha1_base64="l4d0jnhnTU5l/oBLzxZJMK6wHww="></latexit><latexit sha1_base64="l4d0jnhnTU5l/oBLzxZJMK6wHww="></latexit><latexit sha1_base64="l4d0jnhnTU5l/oBLzxZJMK6wHww="></latexit><latexit sha1_base64="l4d0jnhnTU5l/oBLzxZJMK6wHww="></latexit>

|1i
<latexit sha1_base64="CVlIBMayq3+Dk3pIc2FszDOA2yA=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXQ6b0NbuCG5cV7EPaoWTSTBuaZIYkI5SxX+HGhSJu/Rx3/o3pQ1DRAxcO59zLvfeECWfaIPThrK1vbG5t53byu3v7B4eFo+O2jlNFaIvEPFbdEGvKmaQtwwyn3URRLEJOO+Hkcu537qjSLJY3ZprQQOCRZBEj2Fjp9t7rKyxHnA4KReT6Xt0vVSFySxW/VkOWeKhSr/rQc9ECRbBCc1B47w9jkgoqDeFY656HEhNkWBlGOJ3l+6mmCSYTPKI9SyUWVAfZ4uAZPLfKEEaxsiUNXKjfJzIstJ6K0HYKbMb6tzcX//J6qYnqQcZkkhoqyXJRlHJoYjj/Hg6ZosTwqSWYKGZvhWSMFSbGZpS3IXx9Cv8n7ZKNxfWuy8VGeRVHDpyCM3ABPFADDXAFmqAFCBDgATyBZ0c5j86L87psXXNWMyfgB5y3Tzq4kKY=</latexit><latexit sha1_base64="CVlIBMayq3+Dk3pIc2FszDOA2yA=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXQ6b0NbuCG5cV7EPaoWTSTBuaZIYkI5SxX+HGhSJu/Rx3/o3pQ1DRAxcO59zLvfeECWfaIPThrK1vbG5t53byu3v7B4eFo+O2jlNFaIvEPFbdEGvKmaQtwwyn3URRLEJOO+Hkcu537qjSLJY3ZprQQOCRZBEj2Fjp9t7rKyxHnA4KReT6Xt0vVSFySxW/VkOWeKhSr/rQc9ECRbBCc1B47w9jkgoqDeFY656HEhNkWBlGOJ3l+6mmCSYTPKI9SyUWVAfZ4uAZPLfKEEaxsiUNXKjfJzIstJ6K0HYKbMb6tzcX//J6qYnqQcZkkhoqyXJRlHJoYjj/Hg6ZosTwqSWYKGZvhWSMFSbGZpS3IXx9Cv8n7ZKNxfWuy8VGeRVHDpyCM3ABPFADDXAFmqAFCBDgATyBZ0c5j86L87psXXNWMyfgB5y3Tzq4kKY=</latexit><latexit sha1_base64="CVlIBMayq3+Dk3pIc2FszDOA2yA=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXQ6b0NbuCG5cV7EPaoWTSTBuaZIYkI5SxX+HGhSJu/Rx3/o3pQ1DRAxcO59zLvfeECWfaIPThrK1vbG5t53byu3v7B4eFo+O2jlNFaIvEPFbdEGvKmaQtwwyn3URRLEJOO+Hkcu537qjSLJY3ZprQQOCRZBEj2Fjp9t7rKyxHnA4KReT6Xt0vVSFySxW/VkOWeKhSr/rQc9ECRbBCc1B47w9jkgoqDeFY656HEhNkWBlGOJ3l+6mmCSYTPKI9SyUWVAfZ4uAZPLfKEEaxsiUNXKjfJzIstJ6K0HYKbMb6tzcX//J6qYnqQcZkkhoqyXJRlHJoYjj/Hg6ZosTwqSWYKGZvhWSMFSbGZpS3IXx9Cv8n7ZKNxfWuy8VGeRVHDpyCM3ABPFADDXAFmqAFCBDgATyBZ0c5j86L87psXXNWMyfgB5y3Tzq4kKY=</latexit><latexit sha1_base64="CVlIBMayq3+Dk3pIc2FszDOA2yA=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXQ6b0NbuCG5cV7EPaoWTSTBuaZIYkI5SxX+HGhSJu/Rx3/o3pQ1DRAxcO59zLvfeECWfaIPThrK1vbG5t53byu3v7B4eFo+O2jlNFaIvEPFbdEGvKmaQtwwyn3URRLEJOO+Hkcu537qjSLJY3ZprQQOCRZBEj2Fjp9t7rKyxHnA4KReT6Xt0vVSFySxW/VkOWeKhSr/rQc9ECRbBCc1B47w9jkgoqDeFY656HEhNkWBlGOJ3l+6mmCSYTPKI9SyUWVAfZ4uAZPLfKEEaxsiUNXKjfJzIstJ6K0HYKbMb6tzcX//J6qYnqQcZkkhoqyXJRlHJoYjj/Hg6ZosTwqSWYKGZvhWSMFSbGZpS3IXx9Cv8n7ZKNxfWuy8VGeRVHDpyCM3ABPFADDXAFmqAFCBDgATyBZ0c5j86L87psXXNWMyfgB5y3Tzq4kKY=</latexit>

�3
p
⇡

<latexit sha1_base64="xbK+oKR3rELVyiv1t/264uwvVdM=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvQiyVRQY8FLx4r2A9oQtlst+3SzWbdnQgl9G948aCIV/+MN/+N2zYHbX0w8Hhvhpl5kRLcoOd9O4W19Y3NreJ2aWd3b/+gfHjUMkmqKWvSRCS6ExHDBJesiRwF6yjNSBwJ1o7GtzO//cS04Yl8wIliYUyGkg84JWil4PwyMI8as0Dxaa9c8WreHO4q8XNSgRyNXvkr6Cc0jZlEKogxXd9TGGZEI6eCTUtBapgidEyGrGupJDEzYTa/eeqeWaXvDhJtS6I7V39PZCQ2ZhJHtjMmODLL3kz8z+umOLgJMy5VikzSxaJBKlxM3FkAbp9rRlFMLCFUc3urS0dEE4o2ppINwV9+eZW0Lmq+V/Pvryr1ah5HEU7gFKrgwzXU4Q4a0AQKCp7hFd6c1Hlx3p2PRWvByWeO4Q+czx/1lpGL</latexit><latexit sha1_base64="xbK+oKR3rELVyiv1t/264uwvVdM=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvQiyVRQY8FLx4r2A9oQtlst+3SzWbdnQgl9G948aCIV/+MN/+N2zYHbX0w8Hhvhpl5kRLcoOd9O4W19Y3NreJ2aWd3b/+gfHjUMkmqKWvSRCS6ExHDBJesiRwF6yjNSBwJ1o7GtzO//cS04Yl8wIliYUyGkg84JWil4PwyMI8as0Dxaa9c8WreHO4q8XNSgRyNXvkr6Cc0jZlEKogxXd9TGGZEI6eCTUtBapgidEyGrGupJDEzYTa/eeqeWaXvDhJtS6I7V39PZCQ2ZhJHtjMmODLL3kz8z+umOLgJMy5VikzSxaJBKlxM3FkAbp9rRlFMLCFUc3urS0dEE4o2ppINwV9+eZW0Lmq+V/Pvryr1ah5HEU7gFKrgwzXU4Q4a0AQKCp7hFd6c1Hlx3p2PRWvByWeO4Q+czx/1lpGL</latexit><latexit sha1_base64="xbK+oKR3rELVyiv1t/264uwvVdM=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvQiyVRQY8FLx4r2A9oQtlst+3SzWbdnQgl9G948aCIV/+MN/+N2zYHbX0w8Hhvhpl5kRLcoOd9O4W19Y3NreJ2aWd3b/+gfHjUMkmqKWvSRCS6ExHDBJesiRwF6yjNSBwJ1o7GtzO//cS04Yl8wIliYUyGkg84JWil4PwyMI8as0Dxaa9c8WreHO4q8XNSgRyNXvkr6Cc0jZlEKogxXd9TGGZEI6eCTUtBapgidEyGrGupJDEzYTa/eeqeWaXvDhJtS6I7V39PZCQ2ZhJHtjMmODLL3kz8z+umOLgJMy5VikzSxaJBKlxM3FkAbp9rRlFMLCFUc3urS0dEE4o2ppINwV9+eZW0Lmq+V/Pvryr1ah5HEU7gFKrgwzXU4Q4a0AQKCp7hFd6c1Hlx3p2PRWvByWeO4Q+czx/1lpGL</latexit><latexit sha1_base64="xbK+oKR3rELVyiv1t/264uwvVdM=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvQiyVRQY8FLx4r2A9oQtlst+3SzWbdnQgl9G948aCIV/+MN/+N2zYHbX0w8Hhvhpl5kRLcoOd9O4W19Y3NreJ2aWd3b/+gfHjUMkmqKWvSRCS6ExHDBJesiRwF6yjNSBwJ1o7GtzO//cS04Yl8wIliYUyGkg84JWil4PwyMI8as0Dxaa9c8WreHO4q8XNSgRyNXvkr6Cc0jZlEKogxXd9TGGZEI6eCTUtBapgidEyGrGupJDEzYTa/eeqeWaXvDhJtS6I7V39PZCQ2ZhJHtjMmODLL3kz8z+umOLgJMy5VikzSxaJBKlxM3FkAbp9rRlFMLCFUc3urS0dEE4o2ppINwV9+eZW0Lmq+V/Pvryr1ah5HEU7gFKrgwzXU4Q4a0AQKCp7hFd6c1Hlx3p2PRWvByWeO4Q+czx/1lpGL</latexit>

3
p
⇡

<latexit sha1_base64="ocLnCCS3NW3YA/H8URO6/dUjzbw=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSL0VBIV9Fjw4rGC/YAmlM120y7dZOPuRCihP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo7bRmWa8RZTUuluSA2XIuEtFCh5N9WcxqHknXB8O/M7T1wboZIHnKQ8iOkwEZFgFK3Uu/TNo8bcT8W0X6m6dXcOskq8glShQLNf+fIHimUxT5BJakzPc1MMcqpRMMmnZT8zPKVsTIe8Z2lCY26CfH7ylJxbZUAipW0lSObq74mcxsZM4tB2xhRHZtmbif95vQyjmyAXSZohT9hiUZRJgorM/icDoTlDObGEMi3srYSNqKYMbUplG4K3/PIqaV/UPbfu3V9VG7UijhKcwhnUwINraMAdNKEFDBQ8wyu8Oei8OO/Ox6J1zSlmTuAPnM8finuRVA==</latexit><latexit sha1_base64="ocLnCCS3NW3YA/H8URO6/dUjzbw=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSL0VBIV9Fjw4rGC/YAmlM120y7dZOPuRCihP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo7bRmWa8RZTUuluSA2XIuEtFCh5N9WcxqHknXB8O/M7T1wboZIHnKQ8iOkwEZFgFK3Uu/TNo8bcT8W0X6m6dXcOskq8glShQLNf+fIHimUxT5BJakzPc1MMcqpRMMmnZT8zPKVsTIe8Z2lCY26CfH7ylJxbZUAipW0lSObq74mcxsZM4tB2xhRHZtmbif95vQyjmyAXSZohT9hiUZRJgorM/icDoTlDObGEMi3srYSNqKYMbUplG4K3/PIqaV/UPbfu3V9VG7UijhKcwhnUwINraMAdNKEFDBQ8wyu8Oei8OO/Ox6J1zSlmTuAPnM8finuRVA==</latexit><latexit sha1_base64="ocLnCCS3NW3YA/H8URO6/dUjzbw=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSL0VBIV9Fjw4rGC/YAmlM120y7dZOPuRCihP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo7bRmWa8RZTUuluSA2XIuEtFCh5N9WcxqHknXB8O/M7T1wboZIHnKQ8iOkwEZFgFK3Uu/TNo8bcT8W0X6m6dXcOskq8glShQLNf+fIHimUxT5BJakzPc1MMcqpRMMmnZT8zPKVsTIe8Z2lCY26CfH7ylJxbZUAipW0lSObq74mcxsZM4tB2xhRHZtmbif95vQyjmyAXSZohT9hiUZRJgorM/icDoTlDObGEMi3srYSNqKYMbUplG4K3/PIqaV/UPbfu3V9VG7UijhKcwhnUwINraMAdNKEFDBQ8wyu8Oei8OO/Ox6J1zSlmTuAPnM8finuRVA==</latexit><latexit sha1_base64="ocLnCCS3NW3YA/H8URO6/dUjzbw=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSL0VBIV9Fjw4rGC/YAmlM120y7dZOPuRCihP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo7bRmWa8RZTUuluSA2XIuEtFCh5N9WcxqHknXB8O/M7T1wboZIHnKQ8iOkwEZFgFK3Uu/TNo8bcT8W0X6m6dXcOskq8glShQLNf+fIHimUxT5BJakzPc1MMcqpRMMmnZT8zPKVsTIe8Z2lCY26CfH7ylJxbZUAipW0lSObq74mcxsZM4tB2xhRHZtmbif95vQyjmyAXSZohT9hiUZRJgorM/icDoTlDObGEMi3srYSNqKYMbUplG4K3/PIqaV/UPbfu3V9VG7UijhKcwhnUwINraMAdNKEFDBQ8wyu8Oei8OO/Ox6J1zSlmTuAPnM8finuRVA==</latexit>

p
⇡

<latexit sha1_base64="FpQmiW128JJRok200oexF19Ix7E=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSL0VBIR9Fjw4rGC/cAmlM120y7dbOLuRCih/8KLB0W8+m+8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo7bJsk04y2WyER3Q2q4FIq3UKDk3VRzGoeSd8LxzczvPHFtRKLucZLyIKZDJSLBKFrpwTePGnM/FdN+perW3TnIKvEKUoUCzX7lyx8kLIu5QiapMT3PTTHIqUbBJJ+W/czwlLIxHfKepYrG3AT5/OIpObfKgESJtqWQzNXfEzmNjZnEoe2MKY7MsjcT//N6GUbXQS5UmiFXbLEoyiTBhMzeJwOhOUM5sYQyLeythI2opgxtSGUbgrf88ippX9Q9t+7dXVYbtSKOEpzCGdTAgytowC00oQUMFDzDK7w5xnlx3p2PReuaU8ycwB84nz8WO5EX</latexit><latexit sha1_base64="FpQmiW128JJRok200oexF19Ix7E=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSL0VBIR9Fjw4rGC/cAmlM120y7dbOLuRCih/8KLB0W8+m+8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo7bJsk04y2WyER3Q2q4FIq3UKDk3VRzGoeSd8LxzczvPHFtRKLucZLyIKZDJSLBKFrpwTePGnM/FdN+perW3TnIKvEKUoUCzX7lyx8kLIu5QiapMT3PTTHIqUbBJJ+W/czwlLIxHfKepYrG3AT5/OIpObfKgESJtqWQzNXfEzmNjZnEoe2MKY7MsjcT//N6GUbXQS5UmiFXbLEoyiTBhMzeJwOhOUM5sYQyLeythI2opgxtSGUbgrf88ippX9Q9t+7dXVYbtSKOEpzCGdTAgytowC00oQUMFDzDK7w5xnlx3p2PReuaU8ycwB84nz8WO5EX</latexit><latexit sha1_base64="FpQmiW128JJRok200oexF19Ix7E=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSL0VBIR9Fjw4rGC/cAmlM120y7dbOLuRCih/8KLB0W8+m+8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo7bJsk04y2WyER3Q2q4FIq3UKDk3VRzGoeSd8LxzczvPHFtRKLucZLyIKZDJSLBKFrpwTePGnM/FdN+perW3TnIKvEKUoUCzX7lyx8kLIu5QiapMT3PTTHIqUbBJJ+W/czwlLIxHfKepYrG3AT5/OIpObfKgESJtqWQzNXfEzmNjZnEoe2MKY7MsjcT//N6GUbXQS5UmiFXbLEoyiTBhMzeJwOhOUM5sYQyLeythI2opgxtSGUbgrf88ippX9Q9t+7dXVYbtSKOEpzCGdTAgytowC00oQUMFDzDK7w5xnlx3p2PReuaU8ycwB84nz8WO5EX</latexit><latexit sha1_base64="FpQmiW128JJRok200oexF19Ix7E=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSL0VBIR9Fjw4rGC/cAmlM120y7dbOLuRCih/8KLB0W8+m+8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo7bJsk04y2WyER3Q2q4FIq3UKDk3VRzGoeSd8LxzczvPHFtRKLucZLyIKZDJSLBKFrpwTePGnM/FdN+perW3TnIKvEKUoUCzX7lyx8kLIu5QiapMT3PTTHIqUbBJJ+W/czwlLIxHfKepYrG3AT5/OIpObfKgESJtqWQzNXfEzmNjZnEoe2MKY7MsjcT//N6GUbXQS5UmiFXbLEoyiTBhMzeJwOhOUM5sYQyLeythI2opgxtSGUbgrf88ippX9Q9t+7dXVYbtSKOEpzCGdTAgytowC00oQUMFDzDK7w5xnlx3p2PReuaU8ycwB84nz8WO5EX</latexit>

�
p
⇡

<latexit sha1_base64="BzfVeXfPsB14KqduI7KYAMqOEOA=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSL0YklE0GPBi8cK9gOSUDbbbbt0k427E6GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSqUw6Lrfztr6xubWdmmnvLu3f3BYOTpuG5VpxltMSaW7ETVcioS3UKDk3VRzGkeSd6Lx7czvPHFthEoecJLyMKbDRAwEo2gl/yIwjxrzIBXTXqXq1t05yCrxClKFAs1e5SvoK5bFPEEmqTG+56YY5lSjYJJPy0FmeErZmA65b2lCY27CfH7ylJxbpU8GSttKkMzV3xM5jY2ZxJHtjCmOzLI3E//z/AwHN2EukjRDnrDFokEmCSoy+5/0heYM5cQSyrSwtxI2opoytCmVbQje8surpH1Z99y6d39VbdSKOEpwCmdQAw+uoQF30IQWMFDwDK/w5qDz4rw7H4vWNaeYOYE/cD5/AIEnkU4=</latexit><latexit sha1_base64="BzfVeXfPsB14KqduI7KYAMqOEOA=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSL0YklE0GPBi8cK9gOSUDbbbbt0k427E6GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSqUw6Lrfztr6xubWdmmnvLu3f3BYOTpuG5VpxltMSaW7ETVcioS3UKDk3VRzGkeSd6Lx7czvPHFthEoecJLyMKbDRAwEo2gl/yIwjxrzIBXTXqXq1t05yCrxClKFAs1e5SvoK5bFPEEmqTG+56YY5lSjYJJPy0FmeErZmA65b2lCY27CfH7ylJxbpU8GSttKkMzV3xM5jY2ZxJHtjCmOzLI3E//z/AwHN2EukjRDnrDFokEmCSoy+5/0heYM5cQSyrSwtxI2opoytCmVbQje8surpH1Z99y6d39VbdSKOEpwCmdQAw+uoQF30IQWMFDwDK/w5qDz4rw7H4vWNaeYOYE/cD5/AIEnkU4=</latexit><latexit sha1_base64="BzfVeXfPsB14KqduI7KYAMqOEOA=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSL0YklE0GPBi8cK9gOSUDbbbbt0k427E6GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSqUw6Lrfztr6xubWdmmnvLu3f3BYOTpuG5VpxltMSaW7ETVcioS3UKDk3VRzGkeSd6Lx7czvPHFthEoecJLyMKbDRAwEo2gl/yIwjxrzIBXTXqXq1t05yCrxClKFAs1e5SvoK5bFPEEmqTG+56YY5lSjYJJPy0FmeErZmA65b2lCY27CfH7ylJxbpU8GSttKkMzV3xM5jY2ZxJHtjCmOzLI3E//z/AwHN2EukjRDnrDFokEmCSoy+5/0heYM5cQSyrSwtxI2opoytCmVbQje8surpH1Z99y6d39VbdSKOEpwCmdQAw+uoQF30IQWMFDwDK/w5qDz4rw7H4vWNaeYOYE/cD5/AIEnkU4=</latexit><latexit sha1_base64="BzfVeXfPsB14KqduI7KYAMqOEOA=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSL0YklE0GPBi8cK9gOSUDbbbbt0k427E6GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSqUw6Lrfztr6xubWdmmnvLu3f3BYOTpuG5VpxltMSaW7ETVcioS3UKDk3VRzGkeSd6Lx7czvPHFthEoecJLyMKbDRAwEo2gl/yIwjxrzIBXTXqXq1t05yCrxClKFAs1e5SvoK5bFPEEmqTG+56YY5lSjYJJPy0FmeErZmA65b2lCY27CfH7ylJxbpU8GSttKkMzV3xM5jY2ZxJHtjCmOzLI3E//z/AwHN2EukjRDnrDFokEmCSoy+5/0heYM5cQSyrSwtxI2opoytCmVbQje8surpH1Z99y6d39VbdSKOEpwCmdQAw+uoQF30IQWMFDwDK/w5qDz4rw7H4vWNaeYOYE/cD5/AIEnkU4=</latexit>

|0i
<latexit sha1_base64="D6Kfx+QzyaReAsdvo1aki211Oeg=">AAAB8HicdVDLSgNBEJyNrxhfUY9eBoPgKcwmGzW3gBePEcxDkiXMTnqTIbOzy8ysEGK+wosHRbz6Od78GycPQUULGoqqbrq7gkRwbQj5cDIrq2vrG9nN3Nb2zu5efv+gqeNUMWiwWMSqHVANgktoGG4EtBMFNAoEtILR5cxv3YHSPJY3ZpyAH9GB5CFn1Fjp9p50FZUDAb18gRTdUrl8VsWWENerVizxKqRCPOwWyRwFtES9l3/v9mOWRiANE1TrjksS40+oMpwJmOa6qYaEshEdQMdSSSPQ/mR+8BSfWKWPw1jZkgbP1e8TExppPY4C2xlRM9S/vZn4l9dJTXjhT7hMUgOSLRaFqcAmxrPvcZ8rYEaMLaFMcXsrZkOqKDM2o5wN4etT/D9plmw+RffaK9S8ZRxZdISO0Sly0TmqoStURw3EUIQe0BN6dpTz6Lw4r4vWjLOcOUQ/4Lx9AgrFkIU=</latexit><latexit sha1_base64="D6Kfx+QzyaReAsdvo1aki211Oeg=">AAAB8HicdVDLSgNBEJyNrxhfUY9eBoPgKcwmGzW3gBePEcxDkiXMTnqTIbOzy8ysEGK+wosHRbz6Od78GycPQUULGoqqbrq7gkRwbQj5cDIrq2vrG9nN3Nb2zu5efv+gqeNUMWiwWMSqHVANgktoGG4EtBMFNAoEtILR5cxv3YHSPJY3ZpyAH9GB5CFn1Fjp9p50FZUDAb18gRTdUrl8VsWWENerVizxKqRCPOwWyRwFtES9l3/v9mOWRiANE1TrjksS40+oMpwJmOa6qYaEshEdQMdSSSPQ/mR+8BSfWKWPw1jZkgbP1e8TExppPY4C2xlRM9S/vZn4l9dJTXjhT7hMUgOSLRaFqcAmxrPvcZ8rYEaMLaFMcXsrZkOqKDM2o5wN4etT/D9plmw+RffaK9S8ZRxZdISO0Sly0TmqoStURw3EUIQe0BN6dpTz6Lw4r4vWjLOcOUQ/4Lx9AgrFkIU=</latexit><latexit sha1_base64="D6Kfx+QzyaReAsdvo1aki211Oeg=">AAAB8HicdVDLSgNBEJyNrxhfUY9eBoPgKcwmGzW3gBePEcxDkiXMTnqTIbOzy8ysEGK+wosHRbz6Od78GycPQUULGoqqbrq7gkRwbQj5cDIrq2vrG9nN3Nb2zu5efv+gqeNUMWiwWMSqHVANgktoGG4EtBMFNAoEtILR5cxv3YHSPJY3ZpyAH9GB5CFn1Fjp9p50FZUDAb18gRTdUrl8VsWWENerVizxKqRCPOwWyRwFtES9l3/v9mOWRiANE1TrjksS40+oMpwJmOa6qYaEshEdQMdSSSPQ/mR+8BSfWKWPw1jZkgbP1e8TExppPY4C2xlRM9S/vZn4l9dJTXjhT7hMUgOSLRaFqcAmxrPvcZ8rYEaMLaFMcXsrZkOqKDM2o5wN4etT/D9plmw+RffaK9S8ZRxZdISO0Sly0TmqoStURw3EUIQe0BN6dpTz6Lw4r4vWjLOcOUQ/4Lx9AgrFkIU=</latexit><latexit sha1_base64="D6Kfx+QzyaReAsdvo1aki211Oeg=">AAAB8HicdVDLSgNBEJyNrxhfUY9eBoPgKcwmGzW3gBePEcxDkiXMTnqTIbOzy8ysEGK+wosHRbz6Od78GycPQUULGoqqbrq7gkRwbQj5cDIrq2vrG9nN3Nb2zu5efv+gqeNUMWiwWMSqHVANgktoGG4EtBMFNAoEtILR5cxv3YHSPJY3ZpyAH9GB5CFn1Fjp9p50FZUDAb18gRTdUrl8VsWWENerVizxKqRCPOwWyRwFtES9l3/v9mOWRiANE1TrjksS40+oMpwJmOa6qYaEshEdQMdSSSPQ/mR+8BSfWKWPw1jZkgbP1e8TExppPY4C2xlRM9S/vZn4l9dJTXjhT7hMUgOSLRaFqcAmxrPvcZ8rYEaMLaFMcXsrZkOqKDM2o5wN4etT/D9plmw+RffaK9S8ZRxZdISO0Sly0TmqoStURw3EUIQe0BN6dpTz6Lw4r4vWjLOcOUQ/4Lx9AgrFkIU=</latexit>

2
p
⇡

<latexit sha1_base64="VFu6PoYOlQ6G5OFiw2TRwQMNmtY=">AAAB8nicbVBNS8NAEJ34WetX1aOXYBF6KkkR9Fjw4rGC/YA0lM120y7d7MbdiVBCf4YXD4p49dd489+4bXPQ1gcDj/dmmJkXpYIb9LxvZ2Nza3tnt7RX3j84PDqunJx2jMo0ZW2qhNK9iBgmuGRt5ChYL9WMJJFg3WhyO/e7T0wbruQDTlMWJmQkecwpQSsFjb551Jj3Uz4bVKpe3VvAXSd+QapQoDWofPWHimYJk0gFMSbwvRTDnGjkVLBZuZ8ZlhI6ISMWWCpJwkyYL06euZdWGbqx0rYkugv190ROEmOmSWQ7E4Jjs+rNxf+8IMP4Jsy5TDNkki4XxZlwUbnz/90h14yimFpCqOb2VpeOiSYUbUplG4K/+vI66TTqvlf376+qzVoRRwnO4QJq4MM1NOEOWtAGCgqe4RXeHHRenHfnY9m64RQzZ/AHzucPiO2RUw==</latexit><latexit sha1_base64="VFu6PoYOlQ6G5OFiw2TRwQMNmtY=">AAAB8nicbVBNS8NAEJ34WetX1aOXYBF6KkkR9Fjw4rGC/YA0lM120y7d7MbdiVBCf4YXD4p49dd489+4bXPQ1gcDj/dmmJkXpYIb9LxvZ2Nza3tnt7RX3j84PDqunJx2jMo0ZW2qhNK9iBgmuGRt5ChYL9WMJJFg3WhyO/e7T0wbruQDTlMWJmQkecwpQSsFjb551Jj3Uz4bVKpe3VvAXSd+QapQoDWofPWHimYJk0gFMSbwvRTDnGjkVLBZuZ8ZlhI6ISMWWCpJwkyYL06euZdWGbqx0rYkugv190ROEmOmSWQ7E4Jjs+rNxf+8IMP4Jsy5TDNkki4XxZlwUbnz/90h14yimFpCqOb2VpeOiSYUbUplG4K/+vI66TTqvlf376+qzVoRRwnO4QJq4MM1NOEOWtAGCgqe4RXeHHRenHfnY9m64RQzZ/AHzucPiO2RUw==</latexit><latexit sha1_base64="VFu6PoYOlQ6G5OFiw2TRwQMNmtY=">AAAB8nicbVBNS8NAEJ34WetX1aOXYBF6KkkR9Fjw4rGC/YA0lM120y7d7MbdiVBCf4YXD4p49dd489+4bXPQ1gcDj/dmmJkXpYIb9LxvZ2Nza3tnt7RX3j84PDqunJx2jMo0ZW2qhNK9iBgmuGRt5ChYL9WMJJFg3WhyO/e7T0wbruQDTlMWJmQkecwpQSsFjb551Jj3Uz4bVKpe3VvAXSd+QapQoDWofPWHimYJk0gFMSbwvRTDnGjkVLBZuZ8ZlhI6ISMWWCpJwkyYL06euZdWGbqx0rYkugv190ROEmOmSWQ7E4Jjs+rNxf+8IMP4Jsy5TDNkki4XxZlwUbnz/90h14yimFpCqOb2VpeOiSYUbUplG4K/+vI66TTqvlf376+qzVoRRwnO4QJq4MM1NOEOWtAGCgqe4RXeHHRenHfnY9m64RQzZ/AHzucPiO2RUw==</latexit><latexit sha1_base64="VFu6PoYOlQ6G5OFiw2TRwQMNmtY=">AAAB8nicbVBNS8NAEJ34WetX1aOXYBF6KkkR9Fjw4rGC/YA0lM120y7d7MbdiVBCf4YXD4p49dd489+4bXPQ1gcDj/dmmJkXpYIb9LxvZ2Nza3tnt7RX3j84PDqunJx2jMo0ZW2qhNK9iBgmuGRt5ChYL9WMJJFg3WhyO/e7T0wbruQDTlMWJmQkecwpQSsFjb551Jj3Uz4bVKpe3VvAXSd+QapQoDWofPWHimYJk0gFMSbwvRTDnGjkVLBZuZ8ZlhI6ISMWWCpJwkyYL06euZdWGbqx0rYkugv190ROEmOmSWQ7E4Jjs+rNxf+8IMP4Jsy5TDNkki4XxZlwUbnz/90h14yimFpCqOb2VpeOiSYUbUplG4K/+vI66TTqvlf376+qzVoRRwnO4QJq4MM1NOEOWtAGCgqe4RXeHHRenHfnY9m64RQzZ/AHzucPiO2RUw==</latexit>

4
p
⇡

<latexit sha1_base64="t0qRa77gFXbQZkZu6yFB3nr7Cko=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSL0VBIp6LHgxWMF+wFpKJvtpl262cTdiVBCf4YXD4p49dd489+4bXPQ1gcDj/dmmJkXplIYdN1vZ2Nza3tnt7RX3j84PDqunJx2TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeLaiEQ94DTlQUxHSkSCUbSS3+ibR415PxWzQaXq1t0FyDrxClKFAq1B5as/TFgWc4VMUmN8z00xyKlGwSSflfuZ4SllEzrivqWKxtwE+eLkGbm0ypBEibalkCzU3xM5jY2ZxqHtjCmOzao3F//z/AyjmyAXKs2QK7ZcFGWSYELm/5Oh0JyhnFpCmRb2VsLGVFOGNqWyDcFbfXmddK7qnlv37hvVZq2IowTncAE18OAamnAHLWgDgwSe4RXeHHRenHfnY9m64RQzZ/AHzucPjAmRVQ==</latexit><latexit sha1_base64="t0qRa77gFXbQZkZu6yFB3nr7Cko=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSL0VBIp6LHgxWMF+wFpKJvtpl262cTdiVBCf4YXD4p49dd489+4bXPQ1gcDj/dmmJkXplIYdN1vZ2Nza3tnt7RX3j84PDqunJx2TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeLaiEQ94DTlQUxHSkSCUbSS3+ibR415PxWzQaXq1t0FyDrxClKFAq1B5as/TFgWc4VMUmN8z00xyKlGwSSflfuZ4SllEzrivqWKxtwE+eLkGbm0ypBEibalkCzU3xM5jY2ZxqHtjCmOzao3F//z/AyjmyAXKs2QK7ZcFGWSYELm/5Oh0JyhnFpCmRb2VsLGVFOGNqWyDcFbfXmddK7qnlv37hvVZq2IowTncAE18OAamnAHLWgDgwSe4RXeHHRenHfnY9m64RQzZ/AHzucPjAmRVQ==</latexit><latexit sha1_base64="t0qRa77gFXbQZkZu6yFB3nr7Cko=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSL0VBIp6LHgxWMF+wFpKJvtpl262cTdiVBCf4YXD4p49dd489+4bXPQ1gcDj/dmmJkXplIYdN1vZ2Nza3tnt7RX3j84PDqunJx2TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeLaiEQ94DTlQUxHSkSCUbSS3+ibR415PxWzQaXq1t0FyDrxClKFAq1B5as/TFgWc4VMUmN8z00xyKlGwSSflfuZ4SllEzrivqWKxtwE+eLkGbm0ypBEibalkCzU3xM5jY2ZxqHtjCmOzao3F//z/AyjmyAXKs2QK7ZcFGWSYELm/5Oh0JyhnFpCmRb2VsLGVFOGNqWyDcFbfXmddK7qnlv37hvVZq2IowTncAE18OAamnAHLWgDgwSe4RXeHHRenHfnY9m64RQzZ/AHzucPjAmRVQ==</latexit><latexit sha1_base64="t0qRa77gFXbQZkZu6yFB3nr7Cko=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSL0VBIp6LHgxWMF+wFpKJvtpl262cTdiVBCf4YXD4p49dd489+4bXPQ1gcDj/dmmJkXplIYdN1vZ2Nza3tnt7RX3j84PDqunJx2TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeLaiEQ94DTlQUxHSkSCUbSS3+ibR415PxWzQaXq1t0FyDrxClKFAq1B5as/TFgWc4VMUmN8z00xyKlGwSSflfuZ4SllEzrivqWKxtwE+eLkGbm0ypBEibalkCzU3xM5jY2ZxqHtjCmOzao3F//z/AyjmyAXKs2QK7ZcFGWSYELm/5Oh0JyhnFpCmRb2VsLGVFOGNqWyDcFbfXmddK7qnlv37hvVZq2IowTncAE18OAamnAHLWgDgwSe4RXeHHRenHfnY9m64RQzZ/AHzucPjAmRVQ==</latexit>

�4
p
⇡

<latexit sha1_base64="tbbcCGzxZBLEDi6BWgvfva1larI=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvQiyWRgh4LXjxWsB/QhLLZbtulm826OxFK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzIiW4Qc/7dgobm1vbO8Xd0t7+weFR+fikbZJUU9aiiUh0NyKGCS5ZCzkK1lWakTgSrBNNbud+54lpwxP5gFPFwpiMJB9yStBKwWU9MI8as0DxWb9c8WreAu468XNSgRzNfvkrGCQ0jZlEKogxPd9TGGZEI6eCzUpBapgidEJGrGepJDEzYba4eeZeWGXgDhNtS6K7UH9PZCQ2ZhpHtjMmODar3lz8z+ulOLwJMy5VikzS5aJhKlxM3HkA7oBrRlFMLSFUc3urS8dEE4o2ppINwV99eZ20r2q+V/Pv65VGNY+jCGdwDlXw4RoacAdNaAEFBc/wCm9O6rw4787HsrXg5DOn8AfO5w/3JJGM</latexit><latexit sha1_base64="tbbcCGzxZBLEDi6BWgvfva1larI=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvQiyWRgh4LXjxWsB/QhLLZbtulm826OxFK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzIiW4Qc/7dgobm1vbO8Xd0t7+weFR+fikbZJUU9aiiUh0NyKGCS5ZCzkK1lWakTgSrBNNbud+54lpwxP5gFPFwpiMJB9yStBKwWU9MI8as0DxWb9c8WreAu468XNSgRzNfvkrGCQ0jZlEKogxPd9TGGZEI6eCzUpBapgidEJGrGepJDEzYba4eeZeWGXgDhNtS6K7UH9PZCQ2ZhpHtjMmODar3lz8z+ulOLwJMy5VikzS5aJhKlxM3HkA7oBrRlFMLSFUc3urS8dEE4o2ppINwV99eZ20r2q+V/Pv65VGNY+jCGdwDlXw4RoacAdNaAEFBc/wCm9O6rw4787HsrXg5DOn8AfO5w/3JJGM</latexit><latexit sha1_base64="tbbcCGzxZBLEDi6BWgvfva1larI=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvQiyWRgh4LXjxWsB/QhLLZbtulm826OxFK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzIiW4Qc/7dgobm1vbO8Xd0t7+weFR+fikbZJUU9aiiUh0NyKGCS5ZCzkK1lWakTgSrBNNbud+54lpwxP5gFPFwpiMJB9yStBKwWU9MI8as0DxWb9c8WreAu468XNSgRzNfvkrGCQ0jZlEKogxPd9TGGZEI6eCzUpBapgidEJGrGepJDEzYba4eeZeWGXgDhNtS6K7UH9PZCQ2ZhpHtjMmODar3lz8z+ulOLwJMy5VikzS5aJhKlxM3HkA7oBrRlFMLSFUc3urS8dEE4o2ppINwV99eZ20r2q+V/Pv65VGNY+jCGdwDlXw4RoacAdNaAEFBc/wCm9O6rw4787HsrXg5DOn8AfO5w/3JJGM</latexit><latexit sha1_base64="tbbcCGzxZBLEDi6BWgvfva1larI=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvQiyWRgh4LXjxWsB/QhLLZbtulm826OxFK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzIiW4Qc/7dgobm1vbO8Xd0t7+weFR+fikbZJUU9aiiUh0NyKGCS5ZCzkK1lWakTgSrBNNbud+54lpwxP5gFPFwpiMJB9yStBKwWU9MI8as0DxWb9c8WreAu468XNSgRzNfvkrGCQ0jZlEKogxPd9TGGZEI6eCzUpBapgidEJGrGepJDEzYba4eeZeWGXgDhNtS6K7UH9PZCQ2ZhpHtjMmODar3lz8z+ulOLwJMy5VikzS5aJhKlxM3HkA7oBrRlFMLSFUc3urS8dEE4o2ppINwV99eZ20r2q+V/Pv65VGNY+jCGdwDlXw4RoacAdNaAEFBc/wCm9O6rw4787HsrXg5DOn8AfO5w/3JJGM</latexit>

�2
p
⇡

<latexit sha1_base64="Nh4SPmPOBl0VNExTGHHW8gMWbT0=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvQiyUpgh4LXjxWsB/QhLLZbtulm826OxFK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzIiW4Qc/7dgobm1vbO8Xd0t7+weFR+fikbZJUU9aiiUh0NyKGCS5ZCzkK1lWakTgSrBNNbud+54lpwxP5gFPFwpiMJB9yStBKwWU9MI8as0DxWb9c8WreAu468XNSgRzNfvkrGCQ0jZlEKogxPd9TGGZEI6eCzUpBapgidEJGrGepJDEzYba4eeZeWGXgDhNtS6K7UH9PZCQ2ZhpHtjMmODar3lz8z+ulOLwJMy5VikzS5aJhKlxM3HkA7oBrRlFMLSFUc3urS8dEE4o2ppINwV99eZ206zXfq/n3V5VGNY+jCGdwDlXw4RoacAdNaAEFBc/wCm9O6rw4787HsrXg5DOn8AfO5w/0CJGK</latexit><latexit sha1_base64="Nh4SPmPOBl0VNExTGHHW8gMWbT0=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvQiyUpgh4LXjxWsB/QhLLZbtulm826OxFK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzIiW4Qc/7dgobm1vbO8Xd0t7+weFR+fikbZJUU9aiiUh0NyKGCS5ZCzkK1lWakTgSrBNNbud+54lpwxP5gFPFwpiMJB9yStBKwWU9MI8as0DxWb9c8WreAu468XNSgRzNfvkrGCQ0jZlEKogxPd9TGGZEI6eCzUpBapgidEJGrGepJDEzYba4eeZeWGXgDhNtS6K7UH9PZCQ2ZhpHtjMmODar3lz8z+ulOLwJMy5VikzS5aJhKlxM3HkA7oBrRlFMLSFUc3urS8dEE4o2ppINwV99eZ206zXfq/n3V5VGNY+jCGdwDlXw4RoacAdNaAEFBc/wCm9O6rw4787HsrXg5DOn8AfO5w/0CJGK</latexit><latexit sha1_base64="Nh4SPmPOBl0VNExTGHHW8gMWbT0=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvQiyUpgh4LXjxWsB/QhLLZbtulm826OxFK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzIiW4Qc/7dgobm1vbO8Xd0t7+weFR+fikbZJUU9aiiUh0NyKGCS5ZCzkK1lWakTgSrBNNbud+54lpwxP5gFPFwpiMJB9yStBKwWU9MI8as0DxWb9c8WreAu468XNSgRzNfvkrGCQ0jZlEKogxPd9TGGZEI6eCzUpBapgidEJGrGepJDEzYba4eeZeWGXgDhNtS6K7UH9PZCQ2ZhpHtjMmODar3lz8z+ulOLwJMy5VikzS5aJhKlxM3HkA7oBrRlFMLSFUc3urS8dEE4o2ppINwV99eZ206zXfq/n3V5VGNY+jCGdwDlXw4RoacAdNaAEFBc/wCm9O6rw4787HsrXg5DOn8AfO5w/0CJGK</latexit><latexit sha1_base64="Nh4SPmPOBl0VNExTGHHW8gMWbT0=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvQiyUpgh4LXjxWsB/QhLLZbtulm826OxFK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzIiW4Qc/7dgobm1vbO8Xd0t7+weFR+fikbZJUU9aiiUh0NyKGCS5ZCzkK1lWakTgSrBNNbud+54lpwxP5gFPFwpiMJB9yStBKwWU9MI8as0DxWb9c8WreAu468XNSgRzNfvkrGCQ0jZlEKogxPd9TGGZEI6eCzUpBapgidEJGrGepJDEzYba4eeZeWGXgDhNtS6K7UH9PZCQ2ZhpHtjMmODar3lz8z+ulOLwJMy5VikzS5aJhKlxM3HkA7oBrRlFMLSFUc3urS8dEE4o2ppINwV99eZ206zXfq/n3V5VGNY+jCGdwDlXw4RoacAdNaAEFBc/wCm9O6rw4787HsrXg5DOn8AfO5w/0CJGK</latexit>
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Wigner logarithmic negativity for finitely-squeezed GKP states computed in: 

Theory: D. Gottesman, A. Kitaev, and J. Preskill, Phys. Rev. A 64, 012310 (2001)  
Ions: C. Flühmann et al, Nature 566, 513 (2019);  
Microwaves: P. Campagne-Ibarque, Nature 584, 368 (2020)

Yamasaki et al, Phys. Rev. Research 2, 023270 (2020) 
Used to bound conversion from  to |H⟩GKP |0⟩GKP
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Extension to qudits and link to simulation cost
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Generalization to arbitrary dimension

We want to quantify magic for a qudit state

The negativity of the discrete Wigner function in odd dimensions is a 
magic measure (“mana”) V Veitch et al New J. Phys. 14, 113011 (2012)

But we can also consider the negativity of the CV Wigner function for 
GKP-encoded qudit states, for arbitrary dimension!
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�
p
6⇡

<latexit sha1_base64="z6W5EqkE4e6Sa9so1bAbUa0ck/s=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvQiyURUY8FLx4r2A9oQtlst+3SzWbdnQgl9G948aCIV/+MN/+N2zYHbX0w8Hhvhpl5kRLcoOd9O4W19Y3NreJ2aWd3b/+gfHjUMkmqKWvSRCS6ExHDBJesiRwF6yjNSBwJ1o7GtzO//cS04Yl8wIliYUyGkg84JWil4Dwwjxqzq0Dxaa9c8WreHO4q8XNSgRyNXvkr6Cc0jZlEKogxXd9TGGZEI6eCTUtBapgidEyGrGupJDEzYTa/eeqeWaXvDhJtS6I7V39PZCQ2ZhJHtjMmODLL3kz8z+umOLgJMy5VikzSxaJBKlxM3FkAbp9rRlFMLCFUc3urS0dEE4o2ppINwV9+eZW0Lmq+V/PvLyv1ah5HEU7gFKrgwzXU4Q4a0AQKCp7hFd6c1Hlx3p2PRWvByWeO4Q+czx/7nZGO</latexit><latexit sha1_base64="z6W5EqkE4e6Sa9so1bAbUa0ck/s=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvQiyURUY8FLx4r2A9oQtlst+3SzWbdnQgl9G948aCIV/+MN/+N2zYHbX0w8Hhvhpl5kRLcoOd9O4W19Y3NreJ2aWd3b/+gfHjUMkmqKWvSRCS6ExHDBJesiRwF6yjNSBwJ1o7GtzO//cS04Yl8wIliYUyGkg84JWil4Dwwjxqzq0Dxaa9c8WreHO4q8XNSgRyNXvkr6Cc0jZlEKogxXd9TGGZEI6eCTUtBapgidEyGrGupJDEzYTa/eeqeWaXvDhJtS6I7V39PZCQ2ZhJHtjMmODLL3kz8z+umOLgJMy5VikzSxaJBKlxM3FkAbp9rRlFMLCFUc3urS0dEE4o2ppINwV9+eZW0Lmq+V/PvLyv1ah5HEU7gFKrgwzXU4Q4a0AQKCp7hFd6c1Hlx3p2PRWvByWeO4Q+czx/7nZGO</latexit><latexit sha1_base64="z6W5EqkE4e6Sa9so1bAbUa0ck/s=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvQiyURUY8FLx4r2A9oQtlst+3SzWbdnQgl9G948aCIV/+MN/+N2zYHbX0w8Hhvhpl5kRLcoOd9O4W19Y3NreJ2aWd3b/+gfHjUMkmqKWvSRCS6ExHDBJesiRwF6yjNSBwJ1o7GtzO//cS04Yl8wIliYUyGkg84JWil4Dwwjxqzq0Dxaa9c8WreHO4q8XNSgRyNXvkr6Cc0jZlEKogxXd9TGGZEI6eCTUtBapgidEyGrGupJDEzYTa/eeqeWaXvDhJtS6I7V39PZCQ2ZhJHtjMmODLL3kz8z+umOLgJMy5VikzSxaJBKlxM3FkAbp9rRlFMLCFUc3urS0dEE4o2ppINwV9+eZW0Lmq+V/PvLyv1ah5HEU7gFKrgwzXU4Q4a0AQKCp7hFd6c1Hlx3p2PRWvByWeO4Q+czx/7nZGO</latexit><latexit sha1_base64="z6W5EqkE4e6Sa9so1bAbUa0ck/s=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvQiyURUY8FLx4r2A9oQtlst+3SzWbdnQgl9G948aCIV/+MN/+N2zYHbX0w8Hhvhpl5kRLcoOd9O4W19Y3NreJ2aWd3b/+gfHjUMkmqKWvSRCS6ExHDBJesiRwF6yjNSBwJ1o7GtzO//cS04Yl8wIliYUyGkg84JWil4Dwwjxqzq0Dxaa9c8WreHO4q8XNSgRyNXvkr6Cc0jZlEKogxXd9TGGZEI6eCTUtBapgidEyGrGupJDEzYTa/eeqeWaXvDhJtS6I7V39PZCQ2ZhJHtjMmODLL3kz8z+umOLgJMy5VikzSxaJBKlxM3FkAbp9rRlFMLCFUc3urS0dEE4o2ppINwV9+eZW0Lmq+V/PvLyv1ah5HEU7gFKrgwzXU4Q4a0AQKCp7hFd6c1Hlx3p2PRWvByWeO4Q+czx/7nZGO</latexit>

q
<latexit sha1_base64="4MA6ccpWeagm54sma+pczmLr8VM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2A9oQ9lsJ+3azSbuboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJb3ZpqgH9GR5CFn1Fip+TgoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXrFXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A12eM5w==</latexit><latexit sha1_base64="4MA6ccpWeagm54sma+pczmLr8VM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2A9oQ9lsJ+3azSbuboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJb3ZpqgH9GR5CFn1Fip+TgoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXrFXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A12eM5w==</latexit><latexit sha1_base64="4MA6ccpWeagm54sma+pczmLr8VM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2A9oQ9lsJ+3azSbuboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJb3ZpqgH9GR5CFn1Fip+TgoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXrFXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A12eM5w==</latexit><latexit sha1_base64="4MA6ccpWeagm54sma+pczmLr8VM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2A9oQ9lsJ+3azSbuboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJb3ZpqgH9GR5CFn1Fip+TgoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXrFXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A12eM5w==</latexit>

|1i3
<latexit sha1_base64="e+SzRfmJ0Ehz41tFXrabWxqW7Cg=">AAAB9HicdVDJSgNBEK1xjXGLevTSGARPw0zMNreAF48RzALJEHo6naRJT8/Y3RMIY77DiwdFvPox3vwbO4ugog8KHu9VUVUviDlT2nE+rLX1jc2t7cxOdndv/+Awd3TcVFEiCW2QiEeyHWBFORO0oZnmtB1LisOA01Ywvpr7rQmVikXiVk9j6od4KNiAEayN5N+7XYnFkNNeejnr5fKO7blVr1BGjl0oeZWKY4jrlKplD7m2s0AeVqj3cu/dfkSSkApNOFaq4zqx9lMsNSOczrLdRNEYkzEe0o6hAodU+eni6Bk6N0ofDSJpSmi0UL9PpDhUahoGpjPEeqR+e3PxL6+T6EHVT5mIE00FWS4aJBzpCM0TQH0mKdF8aggmkplbERlhiYk2OWVNCF+fov9Js2Bisd2bYr5WXMWRgVM4gwtwoQI1uIY6NIDAHTzAEzxbE+vRerFel61r1mrmBH7AevsENDeSWA==</latexit><latexit sha1_base64="e+SzRfmJ0Ehz41tFXrabWxqW7Cg=">AAAB9HicdVDJSgNBEK1xjXGLevTSGARPw0zMNreAF48RzALJEHo6naRJT8/Y3RMIY77DiwdFvPox3vwbO4ugog8KHu9VUVUviDlT2nE+rLX1jc2t7cxOdndv/+Awd3TcVFEiCW2QiEeyHWBFORO0oZnmtB1LisOA01Ywvpr7rQmVikXiVk9j6od4KNiAEayN5N+7XYnFkNNeejnr5fKO7blVr1BGjl0oeZWKY4jrlKplD7m2s0AeVqj3cu/dfkSSkApNOFaq4zqx9lMsNSOczrLdRNEYkzEe0o6hAodU+eni6Bk6N0ofDSJpSmi0UL9PpDhUahoGpjPEeqR+e3PxL6+T6EHVT5mIE00FWS4aJBzpCM0TQH0mKdF8aggmkplbERlhiYk2OWVNCF+fov9Js2Bisd2bYr5WXMWRgVM4gwtwoQI1uIY6NIDAHTzAEzxbE+vRerFel61r1mrmBH7AevsENDeSWA==</latexit><latexit sha1_base64="e+SzRfmJ0Ehz41tFXrabWxqW7Cg=">AAAB9HicdVDJSgNBEK1xjXGLevTSGARPw0zMNreAF48RzALJEHo6naRJT8/Y3RMIY77DiwdFvPox3vwbO4ugog8KHu9VUVUviDlT2nE+rLX1jc2t7cxOdndv/+Awd3TcVFEiCW2QiEeyHWBFORO0oZnmtB1LisOA01Ywvpr7rQmVikXiVk9j6od4KNiAEayN5N+7XYnFkNNeejnr5fKO7blVr1BGjl0oeZWKY4jrlKplD7m2s0AeVqj3cu/dfkSSkApNOFaq4zqx9lMsNSOczrLdRNEYkzEe0o6hAodU+eni6Bk6N0ofDSJpSmi0UL9PpDhUahoGpjPEeqR+e3PxL6+T6EHVT5mIE00FWS4aJBzpCM0TQH0mKdF8aggmkplbERlhiYk2OWVNCF+fov9Js2Bisd2bYr5WXMWRgVM4gwtwoQI1uIY6NIDAHTzAEzxbE+vRerFel61r1mrmBH7AevsENDeSWA==</latexit><latexit sha1_base64="e+SzRfmJ0Ehz41tFXrabWxqW7Cg=">AAAB9HicdVDJSgNBEK1xjXGLevTSGARPw0zMNreAF48RzALJEHo6naRJT8/Y3RMIY77DiwdFvPox3vwbO4ugog8KHu9VUVUviDlT2nE+rLX1jc2t7cxOdndv/+Awd3TcVFEiCW2QiEeyHWBFORO0oZnmtB1LisOA01Ywvpr7rQmVikXiVk9j6od4KNiAEayN5N+7XYnFkNNeejnr5fKO7blVr1BGjl0oeZWKY4jrlKplD7m2s0AeVqj3cu/dfkSSkApNOFaq4zqx9lMsNSOczrLdRNEYkzEe0o6hAodU+eni6Bk6N0ofDSJpSmi0UL9PpDhUahoGpjPEeqR+e3PxL6+T6EHVT5mIE00FWS4aJBzpCM0TQH0mKdF8aggmkplbERlhiYk2OWVNCF+fov9Js2Bisd2bYr5WXMWRgVM4gwtwoQI1uIY6NIDAHTzAEzxbE+vRerFel61r1mrmBH7AevsENDeSWA==</latexit>

p
2⇡/3

<latexit sha1_base64="REa4h75uJyeUCNDsjee4LMHlgNg=">AAAB9HicbVBNT8JAEJ3iF+IX6tFLIzHhhC2a6JHEi0dMBExoQ7bLFjZst2V3SkIafocXDxrj1R/jzX/jAj0o+JJJXt6bycy8IBFco+N8W4WNza3tneJuaW//4PCofHzS1nGqKGvRWMTqKSCaCS5ZCzkK9pQoRqJAsE4wupv7nQlTmsfyEacJ8yMykDzklKCRfE+PFWZ1L+GXV7NeueLUnAXsdeLmpAI5mr3yl9ePaRoxiVQQrbuuk6CfEYWcCjYrealmCaEjMmBdQyWJmPazxdEz+8IofTuMlSmJ9kL9PZGRSOtpFJjOiOBQr3pz8T+vm2J462dcJikySZeLwlTYGNvzBOw+V4yimBpCqOLmVpsOiSIUTU4lE4K7+vI6addrrlNzH64rjWoeRxHO4Byq4MINNOAemtACCmN4hld4sybWi/VufSxbC1Y+cwp/YH3+AHGMkck=</latexit><latexit sha1_base64="REa4h75uJyeUCNDsjee4LMHlgNg=">AAAB9HicbVBNT8JAEJ3iF+IX6tFLIzHhhC2a6JHEi0dMBExoQ7bLFjZst2V3SkIafocXDxrj1R/jzX/jAj0o+JJJXt6bycy8IBFco+N8W4WNza3tneJuaW//4PCofHzS1nGqKGvRWMTqKSCaCS5ZCzkK9pQoRqJAsE4wupv7nQlTmsfyEacJ8yMykDzklKCRfE+PFWZ1L+GXV7NeueLUnAXsdeLmpAI5mr3yl9ePaRoxiVQQrbuuk6CfEYWcCjYrealmCaEjMmBdQyWJmPazxdEz+8IofTuMlSmJ9kL9PZGRSOtpFJjOiOBQr3pz8T+vm2J462dcJikySZeLwlTYGNvzBOw+V4yimBpCqOLmVpsOiSIUTU4lE4K7+vI6addrrlNzH64rjWoeRxHO4Byq4MINNOAemtACCmN4hld4sybWi/VufSxbC1Y+cwp/YH3+AHGMkck=</latexit><latexit sha1_base64="REa4h75uJyeUCNDsjee4LMHlgNg=">AAAB9HicbVBNT8JAEJ3iF+IX6tFLIzHhhC2a6JHEi0dMBExoQ7bLFjZst2V3SkIafocXDxrj1R/jzX/jAj0o+JJJXt6bycy8IBFco+N8W4WNza3tneJuaW//4PCofHzS1nGqKGvRWMTqKSCaCS5ZCzkK9pQoRqJAsE4wupv7nQlTmsfyEacJ8yMykDzklKCRfE+PFWZ1L+GXV7NeueLUnAXsdeLmpAI5mr3yl9ePaRoxiVQQrbuuk6CfEYWcCjYrealmCaEjMmBdQyWJmPazxdEz+8IofTuMlSmJ9kL9PZGRSOtpFJjOiOBQr3pz8T+vm2J462dcJikySZeLwlTYGNvzBOw+V4yimBpCqOLmVpsOiSIUTU4lE4K7+vI6addrrlNzH64rjWoeRxHO4Byq4MINNOAemtACCmN4hld4sybWi/VufSxbC1Y+cwp/YH3+AHGMkck=</latexit><latexit sha1_base64="REa4h75uJyeUCNDsjee4LMHlgNg=">AAAB9HicbVBNT8JAEJ3iF+IX6tFLIzHhhC2a6JHEi0dMBExoQ7bLFjZst2V3SkIafocXDxrj1R/jzX/jAj0o+JJJXt6bycy8IBFco+N8W4WNza3tneJuaW//4PCofHzS1nGqKGvRWMTqKSCaCS5ZCzkK9pQoRqJAsE4wupv7nQlTmsfyEacJ8yMykDzklKCRfE+PFWZ1L+GXV7NeueLUnAXsdeLmpAI5mr3yl9ePaRoxiVQQrbuuk6CfEYWcCjYrealmCaEjMmBdQyWJmPazxdEz+8IofTuMlSmJ9kL9PZGRSOtpFJjOiOBQr3pz8T+vm2J462dcJikySZeLwlTYGNvzBOw+V4yimBpCqOLmVpsOiSIUTU4lE4K7+vI6addrrlNzH64rjWoeRxHO4Byq4MINNOAemtACCmN4hld4sybWi/VufSxbC1Y+cwp/YH3+AHGMkck=</latexit>

4
p

2⇡/3
<latexit sha1_base64="N1kQIfK3n9pkgG5jDJA0L6MzorQ=">AAAB9XicbVBNT8JAEJ3iF+IX6tFLIzHhhC2S6JHEi0dM5COBSrbLFjZst3V3qiEN/8OLB43x6n/x5r9xgR4UfMkkL+/NZGaeHwuu0XG+rdza+sbmVn67sLO7t39QPDxq6ShRlDVpJCLV8YlmgkvWRI6CdWLFSOgL1vbH1zO//ciU5pG8w0nMvJAMJQ84JWik+1pPPyhMq72Yn19M+8WSU3HmsFeJm5ESZGj0i1+9QUSTkEmkgmjddZ0YvZQo5FSwaaGXaBYTOiZD1jVUkpBpL51fPbXPjDKwg0iZkmjP1d8TKQm1noS+6QwJjvSyNxP/87oJBldeymWcIJN0sShIhI2RPYvAHnDFKIqJIYQqbm616YgoQtEEVTAhuMsvr5JWteI6Ffe2VqqXszjycAKnUAYXLqEON9CAJlBQ8Ayv8GY9WS/Wu/WxaM1Z2cwx/IH1+QPn/JIH</latexit><latexit sha1_base64="N1kQIfK3n9pkgG5jDJA0L6MzorQ=">AAAB9XicbVBNT8JAEJ3iF+IX6tFLIzHhhC2S6JHEi0dM5COBSrbLFjZst3V3qiEN/8OLB43x6n/x5r9xgR4UfMkkL+/NZGaeHwuu0XG+rdza+sbmVn67sLO7t39QPDxq6ShRlDVpJCLV8YlmgkvWRI6CdWLFSOgL1vbH1zO//ciU5pG8w0nMvJAMJQ84JWik+1pPPyhMq72Yn19M+8WSU3HmsFeJm5ESZGj0i1+9QUSTkEmkgmjddZ0YvZQo5FSwaaGXaBYTOiZD1jVUkpBpL51fPbXPjDKwg0iZkmjP1d8TKQm1noS+6QwJjvSyNxP/87oJBldeymWcIJN0sShIhI2RPYvAHnDFKIqJIYQqbm616YgoQtEEVTAhuMsvr5JWteI6Ffe2VqqXszjycAKnUAYXLqEON9CAJlBQ8Ayv8GY9WS/Wu/WxaM1Z2cwx/IH1+QPn/JIH</latexit><latexit sha1_base64="N1kQIfK3n9pkgG5jDJA0L6MzorQ=">AAAB9XicbVBNT8JAEJ3iF+IX6tFLIzHhhC2S6JHEi0dM5COBSrbLFjZst3V3qiEN/8OLB43x6n/x5r9xgR4UfMkkL+/NZGaeHwuu0XG+rdza+sbmVn67sLO7t39QPDxq6ShRlDVpJCLV8YlmgkvWRI6CdWLFSOgL1vbH1zO//ciU5pG8w0nMvJAMJQ84JWik+1pPPyhMq72Yn19M+8WSU3HmsFeJm5ESZGj0i1+9QUSTkEmkgmjddZ0YvZQo5FSwaaGXaBYTOiZD1jVUkpBpL51fPbXPjDKwg0iZkmjP1d8TKQm1noS+6QwJjvSyNxP/87oJBldeymWcIJN0sShIhI2RPYvAHnDFKIqJIYQqbm616YgoQtEEVTAhuMsvr5JWteI6Ffe2VqqXszjycAKnUAYXLqEON9CAJlBQ8Ayv8GY9WS/Wu/WxaM1Z2cwx/IH1+QPn/JIH</latexit><latexit sha1_base64="N1kQIfK3n9pkgG5jDJA0L6MzorQ=">AAAB9XicbVBNT8JAEJ3iF+IX6tFLIzHhhC2S6JHEi0dM5COBSrbLFjZst3V3qiEN/8OLB43x6n/x5r9xgR4UfMkkL+/NZGaeHwuu0XG+rdza+sbmVn67sLO7t39QPDxq6ShRlDVpJCLV8YlmgkvWRI6CdWLFSOgL1vbH1zO//ciU5pG8w0nMvJAMJQ84JWik+1pPPyhMq72Yn19M+8WSU3HmsFeJm5ESZGj0i1+9QUSTkEmkgmjddZ0YvZQo5FSwaaGXaBYTOiZD1jVUkpBpL51fPbXPjDKwg0iZkmjP1d8TKQm1noS+6QwJjvSyNxP/87oJBldeymWcIJN0sShIhI2RPYvAHnDFKIqJIYQqbm616YgoQtEEVTAhuMsvr5JWteI6Ffe2VqqXszjycAKnUAYXLqEON9CAJlBQ8Ayv8GY9WS/Wu/WxaM1Z2cwx/IH1+QPn/JIH</latexit>

q
<latexit sha1_base64="4MA6ccpWeagm54sma+pczmLr8VM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2A9oQ9lsJ+3azSbuboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJb3ZpqgH9GR5CFn1Fip+TgoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXrFXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A12eM5w==</latexit><latexit sha1_base64="4MA6ccpWeagm54sma+pczmLr8VM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2A9oQ9lsJ+3azSbuboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJb3ZpqgH9GR5CFn1Fip+TgoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXrFXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A12eM5w==</latexit><latexit sha1_base64="4MA6ccpWeagm54sma+pczmLr8VM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2A9oQ9lsJ+3azSbuboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJb3ZpqgH9GR5CFn1Fip+TgoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXrFXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A12eM5w==</latexit><latexit sha1_base64="4MA6ccpWeagm54sma+pczmLr8VM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2A9oQ9lsJ+3azSbuboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJb3ZpqgH9GR5CFn1Fip+TgoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXrFXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A12eM5w==</latexit>

|2i3
<latexit sha1_base64="UZFOMY8rzoQsf1W3I5Rv5rUOTCc=">AAAB9HicdVDJSgNBEK2JW4xb1KOXxiB4GmYJMd4CXjxGMAskQ+jpdJImPT1jd08gjPkOLx4U8erHePNv7CyCij4oeLxXRVW9MOFMacf5sHJr6xubW/ntws7u3v5B8fCoqeJUEtogMY9lO8SKciZoQzPNaTuRFEchp61wfDX3WxMqFYvFrZ4mNIjwULABI1gbKbj3uhKLIae9zJ/1iiXH9i69SrWCHNuvuK7vG1J2fM/3kGs7C5RghXqv+N7txySNqNCEY6U6rpPoIMNSM8LprNBNFU0wGeMh7RgqcERVkC2OnqEzo/TRIJamhEYL9ftEhiOlplFoOiOsR+q3Nxf/8jqpHlSDjIkk1VSQ5aJBypGO0TwB1GeSEs2nhmAimbkVkRGWmGiTU8GE8PUp+p80Pdt1bPemXKqVV3Hk4QRO4RxcuIAaXEMdGkDgDh7gCZ6tifVovVivy9actZo5hh+w3j4BCuGSOw==</latexit><latexit sha1_base64="UZFOMY8rzoQsf1W3I5Rv5rUOTCc=">AAAB9HicdVDJSgNBEK2JW4xb1KOXxiB4GmYJMd4CXjxGMAskQ+jpdJImPT1jd08gjPkOLx4U8erHePNv7CyCij4oeLxXRVW9MOFMacf5sHJr6xubW/ntws7u3v5B8fCoqeJUEtogMY9lO8SKciZoQzPNaTuRFEchp61wfDX3WxMqFYvFrZ4mNIjwULABI1gbKbj3uhKLIae9zJ/1iiXH9i69SrWCHNuvuK7vG1J2fM/3kGs7C5RghXqv+N7txySNqNCEY6U6rpPoIMNSM8LprNBNFU0wGeMh7RgqcERVkC2OnqEzo/TRIJamhEYL9ftEhiOlplFoOiOsR+q3Nxf/8jqpHlSDjIkk1VSQ5aJBypGO0TwB1GeSEs2nhmAimbkVkRGWmGiTU8GE8PUp+p80Pdt1bPemXKqVV3Hk4QRO4RxcuIAaXEMdGkDgDh7gCZ6tifVovVivy9actZo5hh+w3j4BCuGSOw==</latexit><latexit sha1_base64="UZFOMY8rzoQsf1W3I5Rv5rUOTCc=">AAAB9HicdVDJSgNBEK2JW4xb1KOXxiB4GmYJMd4CXjxGMAskQ+jpdJImPT1jd08gjPkOLx4U8erHePNv7CyCij4oeLxXRVW9MOFMacf5sHJr6xubW/ntws7u3v5B8fCoqeJUEtogMY9lO8SKciZoQzPNaTuRFEchp61wfDX3WxMqFYvFrZ4mNIjwULABI1gbKbj3uhKLIae9zJ/1iiXH9i69SrWCHNuvuK7vG1J2fM/3kGs7C5RghXqv+N7txySNqNCEY6U6rpPoIMNSM8LprNBNFU0wGeMh7RgqcERVkC2OnqEzo/TRIJamhEYL9ftEhiOlplFoOiOsR+q3Nxf/8jqpHlSDjIkk1VSQ5aJBypGO0TwB1GeSEs2nhmAimbkVkRGWmGiTU8GE8PUp+p80Pdt1bPemXKqVV3Hk4QRO4RxcuIAaXEMdGkDgDh7gCZ6tifVovVivy9actZo5hh+w3j4BCuGSOw==</latexit><latexit sha1_base64="UZFOMY8rzoQsf1W3I5Rv5rUOTCc=">AAAB9HicdVDJSgNBEK2JW4xb1KOXxiB4GmYJMd4CXjxGMAskQ+jpdJImPT1jd08gjPkOLx4U8erHePNv7CyCij4oeLxXRVW9MOFMacf5sHJr6xubW/ntws7u3v5B8fCoqeJUEtogMY9lO8SKciZoQzPNaTuRFEchp61wfDX3WxMqFYvFrZ4mNIjwULABI1gbKbj3uhKLIae9zJ/1iiXH9i69SrWCHNuvuK7vG1J2fM/3kGs7C5RghXqv+N7txySNqNCEY6U6rpPoIMNSM8LprNBNFU0wGeMh7RgqcERVkC2OnqEzo/TRIJamhEYL9ftEhiOlplFoOiOsR+q3Nxf/8jqpHlSDjIkk1VSQ5aJBypGO0TwB1GeSEs2nhmAimbkVkRGWmGiTU8GE8PUp+p80Pdt1bPemXKqVV3Hk4QRO4RxcuIAaXEMdGkDgDh7gCZ6tifVovVivy9actZo5hh+w3j4BCuGSOw==</latexit>
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2⇡/3
<latexit sha1_base64="JevmNoRSRuNI93PNWgQ/XpCffs8=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBF6qkkV9Fjw4rGC/YAmls120y7dbOLuRCmh/8OLB0W8+l+8+W/ctjlo64OBx3szzMwLEsE1Os63tbK6tr6xWdgqbu/s7u2XDg5bOk4VZU0ai1h1AqKZ4JI1kaNgnUQxEgWCtYPR9dRvPzKleSzvcJwwPyIDyUNOCRrpvubpB4VZzUv42fmkVyo7VWcGe5m4OSlDjkav9OX1Y5pGTCIVROuu6yToZ0Qhp4JNil6qWULoiAxY11BJIqb9bHb1xD41St8OY2VKoj1Tf09kJNJ6HAWmMyI41IveVPzP66YYXvkZl0mKTNL5ojAVNsb2NAK7zxWjKMaGEKq4udWmQ6IIRRNU0YTgLr68TFq1qutU3duLcr2Sx1GAYziBCrhwCXW4gQY0gYKCZ3iFN+vJerHerY9564qVzxzBH1ifP+TakgU=</latexit><latexit sha1_base64="JevmNoRSRuNI93PNWgQ/XpCffs8=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBF6qkkV9Fjw4rGC/YAmls120y7dbOLuRCmh/8OLB0W8+l+8+W/ctjlo64OBx3szzMwLEsE1Os63tbK6tr6xWdgqbu/s7u2XDg5bOk4VZU0ai1h1AqKZ4JI1kaNgnUQxEgWCtYPR9dRvPzKleSzvcJwwPyIDyUNOCRrpvubpB4VZzUv42fmkVyo7VWcGe5m4OSlDjkav9OX1Y5pGTCIVROuu6yToZ0Qhp4JNil6qWULoiAxY11BJIqb9bHb1xD41St8OY2VKoj1Tf09kJNJ6HAWmMyI41IveVPzP66YYXvkZl0mKTNL5ojAVNsb2NAK7zxWjKMaGEKq4udWmQ6IIRRNU0YTgLr68TFq1qutU3duLcr2Sx1GAYziBCrhwCXW4gQY0gYKCZ3iFN+vJerHerY9564qVzxzBH1ifP+TakgU=</latexit><latexit sha1_base64="JevmNoRSRuNI93PNWgQ/XpCffs8=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBF6qkkV9Fjw4rGC/YAmls120y7dbOLuRCmh/8OLB0W8+l+8+W/ctjlo64OBx3szzMwLEsE1Os63tbK6tr6xWdgqbu/s7u2XDg5bOk4VZU0ai1h1AqKZ4JI1kaNgnUQxEgWCtYPR9dRvPzKleSzvcJwwPyIDyUNOCRrpvubpB4VZzUv42fmkVyo7VWcGe5m4OSlDjkav9OX1Y5pGTCIVROuu6yToZ0Qhp4JNil6qWULoiAxY11BJIqb9bHb1xD41St8OY2VKoj1Tf09kJNJ6HAWmMyI41IveVPzP66YYXvkZl0mKTNL5ojAVNsb2NAK7zxWjKMaGEKq4udWmQ6IIRRNU0YTgLr68TFq1qutU3duLcr2Sx1GAYziBCrhwCXW4gQY0gYKCZ3iFN+vJerHerY9564qVzxzBH1ifP+TakgU=</latexit><latexit sha1_base64="JevmNoRSRuNI93PNWgQ/XpCffs8=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBF6qkkV9Fjw4rGC/YAmls120y7dbOLuRCmh/8OLB0W8+l+8+W/ctjlo64OBx3szzMwLEsE1Os63tbK6tr6xWdgqbu/s7u2XDg5bOk4VZU0ai1h1AqKZ4JI1kaNgnUQxEgWCtYPR9dRvPzKleSzvcJwwPyIDyUNOCRrpvubpB4VZzUv42fmkVyo7VWcGe5m4OSlDjkav9OX1Y5pGTCIVROuu6yToZ0Qhp4JNil6qWULoiAxY11BJIqb9bHb1xD41St8OY2VKoj1Tf09kJNJ6HAWmMyI41IveVPzP66YYXvkZl0mKTNL5ojAVNsb2NAK7zxWjKMaGEKq4udWmQ6IIRRNU0YTgLr68TFq1qutU3duLcr2Sx1GAYziBCrhwCXW4gQY0gYKCZ3iFN+vJerHerY9564qVzxzBH1ifP+TakgU=</latexit>

5
p

2⇡/3
<latexit sha1_base64="0RMrCRy8vbWAvdYOC1fJuB82lKg=">AAAB9XicbVBNT8JAEJ3iF+IX6tFLIzHhhC1q9EjixSMm8pFAJdtlCxu227o71ZCG/+HFg8Z49b9489+4QA8KvmSSl/dmMjPPjwXX6DjfVm5ldW19I79Z2Nre2d0r7h80dZQoyho0EpFq+0QzwSVrIEfB2rFiJPQFa/mj66nfemRK80je4ThmXkgGkgecEjTS/UVXPyhMq92Yn55NesWSU3FmsJeJm5ESZKj3il/dfkSTkEmkgmjdcZ0YvZQo5FSwSaGbaBYTOiID1jFUkpBpL51dPbFPjNK3g0iZkmjP1N8TKQm1Hoe+6QwJDvWiNxX/8zoJBldeymWcIJN0vihIhI2RPY3A7nPFKIqxIYQqbm616ZAoQtEEVTAhuIsvL5NmteI6Fff2vFQrZ3Hk4QiOoQwuXEINbqAODaCg4Ble4c16sl6sd+tj3pqzsplD+APr8wfpjZII</latexit><latexit sha1_base64="0RMrCRy8vbWAvdYOC1fJuB82lKg=">AAAB9XicbVBNT8JAEJ3iF+IX6tFLIzHhhC1q9EjixSMm8pFAJdtlCxu227o71ZCG/+HFg8Z49b9489+4QA8KvmSSl/dmMjPPjwXX6DjfVm5ldW19I79Z2Nre2d0r7h80dZQoyho0EpFq+0QzwSVrIEfB2rFiJPQFa/mj66nfemRK80je4ThmXkgGkgecEjTS/UVXPyhMq92Yn55NesWSU3FmsJeJm5ESZKj3il/dfkSTkEmkgmjdcZ0YvZQo5FSwSaGbaBYTOiID1jFUkpBpL51dPbFPjNK3g0iZkmjP1N8TKQm1Hoe+6QwJDvWiNxX/8zoJBldeymWcIJN0vihIhI2RPY3A7nPFKIqxIYQqbm616ZAoQtEEVTAhuIsvL5NmteI6Fff2vFQrZ3Hk4QiOoQwuXEINbqAODaCg4Ble4c16sl6sd+tj3pqzsplD+APr8wfpjZII</latexit><latexit sha1_base64="0RMrCRy8vbWAvdYOC1fJuB82lKg=">AAAB9XicbVBNT8JAEJ3iF+IX6tFLIzHhhC1q9EjixSMm8pFAJdtlCxu227o71ZCG/+HFg8Z49b9489+4QA8KvmSSl/dmMjPPjwXX6DjfVm5ldW19I79Z2Nre2d0r7h80dZQoyho0EpFq+0QzwSVrIEfB2rFiJPQFa/mj66nfemRK80je4ThmXkgGkgecEjTS/UVXPyhMq92Yn55NesWSU3FmsJeJm5ESZKj3il/dfkSTkEmkgmjdcZ0YvZQo5FSwSaGbaBYTOiID1jFUkpBpL51dPbFPjNK3g0iZkmjP1N8TKQm1Hoe+6QwJDvWiNxX/8zoJBldeymWcIJN0vihIhI2RPY3A7nPFKIqxIYQqbm616ZAoQtEEVTAhuIsvL5NmteI6Fff2vFQrZ3Hk4QiOoQwuXEINbqAODaCg4Ble4c16sl6sd+tj3pqzsplD+APr8wfpjZII</latexit><latexit sha1_base64="0RMrCRy8vbWAvdYOC1fJuB82lKg=">AAAB9XicbVBNT8JAEJ3iF+IX6tFLIzHhhC1q9EjixSMm8pFAJdtlCxu227o71ZCG/+HFg8Z49b9489+4QA8KvmSSl/dmMjPPjwXX6DjfVm5ldW19I79Z2Nre2d0r7h80dZQoyho0EpFq+0QzwSVrIEfB2rFiJPQFa/mj66nfemRK80je4ThmXkgGkgecEjTS/UVXPyhMq92Yn55NesWSU3FmsJeJm5ESZKj3il/dfkSTkEmkgmjdcZ0YvZQo5FSwSaGbaBYTOiID1jFUkpBpL51dPbFPjNK3g0iZkmjP1N8TKQm1Hoe+6QwJDvWiNxX/8zoJBldeymWcIJN0vihIhI2RPY3A7nPFKIqxIYQqbm616ZAoQtEEVTAhuIsvL5NmteI6Fff2vFQrZ3Hk4QiOoQwuXEINbqAODaCg4Ble4c16sl6sd+tj3pqzsplD+APr8wfpjZII</latexit>

E.g. qutrit (d = 3)

We can also encode qudits with the GKP code 

Giulia Ferrini | WACQT 



Giulia Ferrini | WACQT 

Rescaled negativity of the CV Wigner function 

• For all dimensions:

• For odd d

O. Hahn et al, PRX Quantum 6, 010330 (2025)

with for p=1 is a magic monotone

for all p is a magic monotone



Giulia Ferrini | WACQT 

Definition independent from GKP states

with

• Reduce to Pauli operators for d = 2

• Relate to phase space point operators for d  odd

O. Hahn et al, PRX Quantum 6, 010330 (2025)
See also C. Miquel et al, PRA 65, 062309 (2002)

• They are a basis, we can express any operator



Giulia Ferrini | WACQT 

Rescaled negativity of the CV Wigner function 

• For all dimensions:

• For odd d

O. Hahn et al, PRX Quantum 6, 010330 (2025)
where



Giulia Ferrini | WACQT 

The l1 norm of x is a measure of magic

Odd dimensions: it reduces to negativity of discrete Wigner function (OK for mixtures):

5. Non increasing under stabilizer protocols (composition with stab, Pauli measurements, 
partial trace, the above operations conditioned on outcomes of Pauli measurements)

(This property is defined in terms of pure states)



Giulia Ferrini | WACQT 

Simulating quantum circuits (estimating Born prob.)

<latexit sha1_base64="TW284CiBOtGcIW2ixeVCcca22SM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh15D9MsVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2Lqler1u4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gAir424</latexit>

!
<latexit sha1_base64="OUOD07IaMMkW37PtyoGwH7wmerY=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BLx48RDAPSJYwO5nNDpnHMjMrhJBf8OJBEa/+kDf/xtlkDxotaCiquunuilLOjPX9L6+0tr6xuVXeruzs7u0fVA+POkZlmtA2UVzpXoQN5UzStmWW016qKRYRp91ocpP73UeqDVPywU5TGgo8lixmBNtcGuhEDas1v+4vgP6SoCA1KNAaVj8HI0UyQaUlHBvTD/zUhjOsLSOcziuDzNAUkwke076jEgtqwtni1jk6c8oIxUq7khYt1J8TMyyMmYrIdQpsE7Pq5eJ/Xj+z8XU4YzLNLJVkuSjOOLIK5Y+jEdOUWD51BBPN3K2IJFhjYl08FRdCsPryX9K5qAeNeuP+sta8K+IowwmcwjkEcAVNuIUWtIFAAk/wAq+e8J69N+992Vryiplj+AXv4xsmQI5c</latexit>ω <latexit sha1_base64="OylHmGlkDN7LgZzQZ+ZWO7xGCns=">AAAB6HicbVA9SwNBEJ3zM8avqKXNYhCswp1ItAzYWFgk4CWB5Ah7m7lkzd7esbsnhJBfYGOhiK0/yc5/4ya5QhMfDDzem2FmXpgKro3rfjtr6xubW9uFneLu3v7BYenouKmTTDH0WSIS1Q6pRsEl+oYbge1UIY1Dga1wdDvzW0+oNE/kgxmnGMR0IHnEGTVWavi9UtmtuHOQVeLlpAw56r3SV7efsCxGaZigWnc8NzXBhCrDmcBpsZtpTCkb0QF2LJU0Rh1M5odOyblV+iRKlC1pyFz9PTGhsdbjOLSdMTVDvezNxP+8Tmaim2DCZZoZlGyxKMoEMQmZfU36XCEzYmwJZYrbWwkbUkWZsdkUbQje8surpHlZ8aqVauOqXLvP4yjAKZzBBXhwDTW4gzr4wADhGV7hzXl0Xpx352PRuubkMyfwB87nD7fBjO4=</latexit>U

Same technique as in Pashayan et al,  Phys. Rev. Lett. 115, 070501 (2015)

O. Hahn et al, PRX Quantum 6, 010330 (2025)

Need                                              samples for precision  with probability    ϵ (1 − pf )

The simulation cost scales with the aggregated l1 norm  



Giulia Ferrini | WACQT 

Bonus: non-Gaussian operations are needed to 
implement non-Clifford operations on the GKP 
code space  



Giulia Ferrini | WACQT 

Implementing non-Clifford gates in GKP codespace

Suppose that the non-stabilizer state  is obtained from the stabilizer 
state  with a Gaussian protocol, then 

̂ρ

̂σ

> Wstab 

Contradiction! Non-Gaussian operations are needed for non-Clifford 
gates 

Do we need non-Gaussian operations, when GKP states are non-Gaussian 
themselves? 

= Wstab 

O. Hahn et al, PRX Quantum 6, 010330 (2025)



Giulia Ferrini | WACQT 

Summary and conclusions on part 3b



Giulia Ferrini | WACQT 

•We have defined a new magic measure, easier to compute, by mapping onto GKP 
states; equivalent to st-norm, as well as to Renyi-entropy with  

•Generalization to arbitrary dimensions yields negativity of discrete (Gross) Wigner 
function in odd-dimensions 

•It quantifies the cost of simulating the circuit 

•Non-Gaussian gates needed to implement non-Clifford 
gates   

L. García-Álvarez et al, Springer (2021) 
O. Hahn et al, PRL 128, 210502 (2022) 
O. Hahn et al, PRX Quantum 6, 010330 (2025)

α = 1/2

Conclusions and open questions
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