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charge density

Hall coefficient

F2 = e~v ⇥ ~B = evBz
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Two-dimensional electron 
gas systems (2DEGs)

The 2D Hall Bar
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quantization 
remarkably accurate

IQHE is used as a standard in defining resistance

• Ground state gap 

• Anderson localisation due 
to disorder 

• Topological “obstruction” 
of Anderson localisation

The Integer Quantum Hall Effect
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Fractional Quantum Hall Effect: strongly 
interacting systems with topological order

Science, 1990

excitations with 
fractionalized charge 

anyon statistics 

non-Abelian statistics and 
braiding 

entanglement entropy/
spectrum

Topological quantum computer, 
with robust storing and 

manipulation of quantum 
information

IQHE: single particle physics                                FQHE: many-body physics
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The elementary degrees of freedom in a 
single Landau level

Topology

Hilbert 
space Algebra

Universal 
properties

Electrons 

Quasiparticles

single LLHilbert space 
truncation

Elementary particles for IQHE
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The conformal Hilbert spaces

S.H. Simon, E.H. Rezayi and N.R. Cooper, PRB 75, 075318 (2007)

N.Read, PRB 79, 245304 (2009)


Bo Yang, PRB 103, 115102 (2021)

Different types 
of anyons

The 2D Hilbert space in the presence of 
magnetic field and interaction is highly 

structured

Interaction 
Hamiltonian

Null spaces of the interactions
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The conformal Hilbert spaces

Highest 
density state All other 

states

Entanglement spectrum

One-to-one 
correspondence

Ground state of the 2D quantum fluid

edge excitations

A holographic description - the bulk-edge correspondence

<latexit sha1_base64="20U44XMRJ89eYgbsss0rOuelCLA="></latexit>

[L̂n, L̂m] = (n�m) L̂m+n +
c

12
n
�
n2 � 1

�
�m+n,0The Virasoro algebra

Li and Haldane, PRL 2008
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The elementary degrees of freedom in a 
conformal subspace

Topology

Universal 
properties

Electrons 

Quasiparticles

single LL

conformal 
subspace

Hilbert 
space Algebra

Anyons 
fractional charge, fractional/

non-Abelian statistics 
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Fractionalization of anyons 
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The Laughlin phase

Laughlin 
quasiholes/
anyons have 

charge e/3 and 
statistical phase 

of pi/3
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The Laughlin phase at 1/3
<latexit sha1_base64="3D2S0RQicfcKFJHzFQA7d+iQw1w=">AAACBnicbVDLSsNAFJ3UV62vqksRBovgqiRF1I1QdNNlBfuAppbJZNIOnTyYuRFDyMqNv+LGhSJu/QZ3/o3TNgttPXC5h3PuZeYeJxJcgWl+G4Wl5ZXVteJ6aWNza3unvLvXVmEsKWvRUISy6xDFBA9YCzgI1o0kI74jWMcZX0/8zj2TiofBLSQR6/tkGHCPUwJaGpQP7REB3LictvbAukttYA+Q1hw3ybJBuWJWzSnwIrFyUkE5moPyl+2GNPZZAFQQpXqWGUE/JRI4FSwr2bFiEaFjMmQ9TQPiM9VPp2dk+FgrLvZCqSsAPFV/b6TEVyrxHT3pExipeW8i/uf1YvAu+ikPohhYQGcPebHAEOJJJtjlklEQiSaESq7/iumISEJBJ1fSIVjzJy+Sdq1qnVVrN6eV+lUeRxEdoCN0gix0juqogZqohSh6RM/oFb0ZT8aL8W58zEYLRr6zj/7A+PwBjM2YkQ==</latexit>

Ĥ = V̂
2bdy
1

<latexit sha1_base64="wi5IWO1obO99VeizWPQO988lI8U=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclaSIuiy66cJFBfuAJpTJdNIOnUzCPIQS+htuXCji1p9x5984abPQ1gMDh3Pu5Z45YcqZ0q777aytb2xubZd2yrt7+weHlaPjjkqMJLRNEp7IXogV5UzQtmaa014qKY5DTrvh5C73u09UKpaIRz1NaRDjkWARI1hbyfdjrMcEc9Qc3A8qVbfmzoFWiVeQKhRoDSpf/jAhJqZCE46V6ntuqoMMS80Ip7OybxRNMZngEe1bKnBMVZDNM8/QuVWGKEqkfUKjufp7I8OxUtM4tJN5RrXs5eJ/Xt/o6CbImEiNpoIsDkWGI52gvAA0ZJISzaeWYCKZzYrIGEtMtK2pbEvwlr+8Sjr1mndVqz9cVhu3RR0lOIUzuAAPrqEBTWhBGwik8Ayv8OYY58V5dz4Wo2tOsXMCf+B8/gBhRpFC</latexit>

HL
Ground state 

and quasiholes
<latexit sha1_base64="2Qsdalu/dg77by3FFjV+bjq8QIQ=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKewGUS9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkmal7F2WK/WLUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP48XjMg=</latexit>=

artificial model interaction

Laughlin conformal Hilbert space



EF Legara, A*STAR 2012School of Physical and Mathematical Sciences

The Laughlin phase at 1/3
<latexit sha1_base64="3D2S0RQicfcKFJHzFQA7d+iQw1w=">AAACBnicbVDLSsNAFJ3UV62vqksRBovgqiRF1I1QdNNlBfuAppbJZNIOnTyYuRFDyMqNv+LGhSJu/QZ3/o3TNgttPXC5h3PuZeYeJxJcgWl+G4Wl5ZXVteJ6aWNza3unvLvXVmEsKWvRUISy6xDFBA9YCzgI1o0kI74jWMcZX0/8zj2TiofBLSQR6/tkGHCPUwJaGpQP7REB3LictvbAukttYA+Q1hw3ybJBuWJWzSnwIrFyUkE5moPyl+2GNPZZAFQQpXqWGUE/JRI4FSwr2bFiEaFjMmQ9TQPiM9VPp2dk+FgrLvZCqSsAPFV/b6TEVyrxHT3pExipeW8i/uf1YvAu+ikPohhYQGcPebHAEOJJJtjlklEQiSaESq7/iumISEJBJ1fSIVjzJy+Sdq1qnVVrN6eV+lUeRxEdoCN0gix0juqogZqohSh6RM/oFb0ZT8aL8W58zEYLRr6zj/7A+PwBjM2YkQ==</latexit>

Ĥ = V̂
2bdy
1

<latexit sha1_base64="wi5IWO1obO99VeizWPQO988lI8U=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclaSIuiy66cJFBfuAJpTJdNIOnUzCPIQS+htuXCji1p9x5984abPQ1gMDh3Pu5Z45YcqZ0q777aytb2xubZd2yrt7+weHlaPjjkqMJLRNEp7IXogV5UzQtmaa014qKY5DTrvh5C73u09UKpaIRz1NaRDjkWARI1hbyfdjrMcEc9Qc3A8qVbfmzoFWiVeQKhRoDSpf/jAhJqZCE46V6ntuqoMMS80Ip7OybxRNMZngEe1bKnBMVZDNM8/QuVWGKEqkfUKjufp7I8OxUtM4tJN5RrXs5eJ/Xt/o6CbImEiNpoIsDkWGI52gvAA0ZJISzaeWYCKZzYrIGEtMtK2pbEvwlr+8Sjr1mndVqz9cVhu3RR0lOIUzuAAPrqEBTWhBGwik8Ayv8OYY58V5dz4Wo2tOsXMCf+B8/gBhRpFC</latexit>

HL
Ground state 

and quasiholes
<latexit sha1_base64="2Qsdalu/dg77by3FFjV+bjq8QIQ=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKewGUS9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkmal7F2WK/WLUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP48XjMg=</latexit>=

artificial model interaction

<latexit sha1_base64="aEfOmy2ORttfml42P7RXe3B+cr8=">AAACA3icbVDLSsNAFJ34rPUVdaebwSK4KkkRdSMU3XTRRQX7gKaUyXTSDp08mLkRSwi48VfcuFDErT/hzr9xmmahrQcu93DOvczc40aCK7Csb2NpeWV1bb2wUdzc2t7ZNff2WyqMJWVNGopQdlyimOABawIHwTqRZMR3BWu745up375nUvEwuINJxHo+GQbc45SAlvrmoTMigGtXWWv1EwfYAyT1ej1N+2bJKlsZ8CKxc1JCORp988sZhDT2WQBUEKW6thVBLyESOBUsLTqxYhGhYzJkXU0D4jPVS7IbUnyilQH2QqkrAJypvzcS4is18V096RMYqXlvKv7ndWPwLnsJD6IYWEBnD3mxwBDiaSB4wCWjICaaECq5/iumIyIJBR1bUYdgz5+8SFqVsn1ertyelarXeRwFdISO0Smy0QWqohpqoCai6BE9o1f0ZjwZL8a78TEbXTLynQP0B8bnD1QXl1c=</latexit>

Ĥ = V̂LLL

<latexit sha1_base64="wi5IWO1obO99VeizWPQO988lI8U=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclaSIuiy66cJFBfuAJpTJdNIOnUzCPIQS+htuXCji1p9x5984abPQ1gMDh3Pu5Z45YcqZ0q777aytb2xubZd2yrt7+weHlaPjjkqMJLRNEp7IXogV5UzQtmaa014qKY5DTrvh5C73u09UKpaIRz1NaRDjkWARI1hbyfdjrMcEc9Qc3A8qVbfmzoFWiVeQKhRoDSpf/jAhJqZCE46V6ntuqoMMS80Ip7OybxRNMZngEe1bKnBMVZDNM8/QuVWGKEqkfUKjufp7I8OxUtM4tJN5RrXs5eJ/Xt/o6CbImEiNpoIsDkWGI52gvAA0ZJISzaeWYCKZzYrIGEtMtK2pbEvwlr+8Sjr1mndVqz9cVhu3RR0lOIUzuAAPrqEBTWhBGwik8Ayv8OYY58V5dz4Wo2tOsXMCf+B8/gBhRpFC</latexit>

HL
Ground state 

and quasiholes

<latexit sha1_base64="Sz1Cyz5DBB/QmId1A24STV2bnRQ=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6jHoxWME84BkCbOT2WTMPNaZWSEs+QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1upn7riWrDlLy344SGAg8kixnB1knNrmGCPvZKZb/iz4CWSZCTMuSo90pf3b4iqaDSEo6N6QR+YsMMa8sIp5NiNzU0wWSEB7TjqMSCmjCbXTtBp07po1hpV9Kimfp7IsPCmLGIXKfAdmgWvan4n9dJbXwVZkwmqaWSzBfFKUdWoenrqM80JZaPHcFEM3crIkOsMbEuoKILIVh8eZk0q5XgolK9Oy/XrvM4CnAMJ3AGAVxCDW6hDg0g8ADP8ApvnvJevHfvY9664uUzR/AH3ucPs+WPOA==</latexit>'
<latexit sha1_base64="wi5IWO1obO99VeizWPQO988lI8U=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclaSIuiy66cJFBfuAJpTJdNIOnUzCPIQS+htuXCji1p9x5984abPQ1gMDh3Pu5Z45YcqZ0q777aytb2xubZd2yrt7+weHlaPjjkqMJLRNEp7IXogV5UzQtmaa014qKY5DTrvh5C73u09UKpaIRz1NaRDjkWARI1hbyfdjrMcEc9Qc3A8qVbfmzoFWiVeQKhRoDSpf/jAhJqZCE46V6ntuqoMMS80Ip7OybxRNMZngEe1bKnBMVZDNM8/QuVWGKEqkfUKjufp7I8OxUtM4tJN5RrXs5eJ/Xt/o6CbImEiNpoIsDkWGI52gvAA0ZJISzaeWYCKZzYrIGEtMtK2pbEvwlr+8Sjr1mndVqz9cVhu3RR0lOIUzuAAPrqEBTWhBGwik8Ayv8OYY58V5dz4Wo2tOsXMCf+B8/gBhRpFC</latexit>

HL
Ground state 

and quasiholes

<latexit sha1_base64="IK5wJZEgGUcOsgZXngPUErO6wFE=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Ae0oWy2k3bpZhN3N0IJ/QtePCji1T/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzamZST+Jjv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7rlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jgZcIXMiIkllClubyVsRBVlxsZTsiF4yy+vklat6l1Wa/cXlfpNHkcRTuAUzsGDK6jDHTSgCQxG8Ayv8OZEzovz7nwsWgtOPnMMf+B8/gAaV45J</latexit>

6=<latexit sha1_base64="OgbPGym5Wqaqlfbam77w8tDFtSA=">AAACA3icbVC7SgNBFJ2NrxhfUTttBoNgFXaDqI0QtEmRIqJ5QLIss5NJMmR2dpm5K4YlYOOv2FgoYutP2Pk3TpItNPHA5R7OuZeZe/xIcA22/W1llpZXVtey67mNza3tnfzuXkOHsaKsTkMRqpZPNBNcsjpwEKwVKUYCX7CmP7ye+M17pjQP5R2MIuYGpC95j1MCRvLyB50BAVy5nLaGl3SAPUByW62Ox16+YBftKfAicVJSQClqXv6r0w1pHDAJVBCt244dgZsQBZwKNs51Ys0iQoekz9qGShIw7SbTG8b42Chd3AuVKQl4qv7eSEig9SjwzWRAYKDnvYn4n9eOoXfhJlxGMTBJZw/1YoEhxJNAcJcrRkGMDCFUcfNXTAdEEQomtpwJwZk/eZE0SkXnrFi6OS2Ur9I4sugQHaET5KBzVEYVVEN1RNEjekav6M16sl6sd+tjNpqx0p199AfW5w9ez5de</latexit>

Ĥ = V̂SLL

realistic interaction

Laughlin conformal Hilbert space
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The Laughlin phase at 1/3
<latexit sha1_base64="3D2S0RQicfcKFJHzFQA7d+iQw1w=">AAACBnicbVDLSsNAFJ3UV62vqksRBovgqiRF1I1QdNNlBfuAppbJZNIOnTyYuRFDyMqNv+LGhSJu/QZ3/o3TNgttPXC5h3PuZeYeJxJcgWl+G4Wl5ZXVteJ6aWNza3unvLvXVmEsKWvRUISy6xDFBA9YCzgI1o0kI74jWMcZX0/8zj2TiofBLSQR6/tkGHCPUwJaGpQP7REB3LictvbAukttYA+Q1hw3ybJBuWJWzSnwIrFyUkE5moPyl+2GNPZZAFQQpXqWGUE/JRI4FSwr2bFiEaFjMmQ9TQPiM9VPp2dk+FgrLvZCqSsAPFV/b6TEVyrxHT3pExipeW8i/uf1YvAu+ikPohhYQGcPebHAEOJJJtjlklEQiSaESq7/iumISEJBJ1fSIVjzJy+Sdq1qnVVrN6eV+lUeRxEdoCN0gix0juqogZqohSh6RM/oFb0ZT8aL8W58zEYLRr6zj/7A+PwBjM2YkQ==</latexit>

Ĥ = V̂
2bdy
1

<latexit sha1_base64="wi5IWO1obO99VeizWPQO988lI8U=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclaSIuiy66cJFBfuAJpTJdNIOnUzCPIQS+htuXCji1p9x5984abPQ1gMDh3Pu5Z45YcqZ0q777aytb2xubZd2yrt7+weHlaPjjkqMJLRNEp7IXogV5UzQtmaa014qKY5DTrvh5C73u09UKpaIRz1NaRDjkWARI1hbyfdjrMcEc9Qc3A8qVbfmzoFWiVeQKhRoDSpf/jAhJqZCE46V6ntuqoMMS80Ip7OybxRNMZngEe1bKnBMVZDNM8/QuVWGKEqkfUKjufp7I8OxUtM4tJN5RrXs5eJ/Xt/o6CbImEiNpoIsDkWGI52gvAA0ZJISzaeWYCKZzYrIGEtMtK2pbEvwlr+8Sjr1mndVqz9cVhu3RR0lOIUzuAAPrqEBTWhBGwik8Ayv8OYY58V5dz4Wo2tOsXMCf+B8/gBhRpFC</latexit>

HL
Ground state 

and quasiholes
<latexit sha1_base64="2Qsdalu/dg77by3FFjV+bjq8QIQ=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKewGUS9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkmal7F2WK/WLUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP48XjMg=</latexit>=

What can happen to anyons in the presence of realistic 
Coulomb interaction?

artificial model interaction

<latexit sha1_base64="aEfOmy2ORttfml42P7RXe3B+cr8=">AAACA3icbVDLSsNAFJ34rPUVdaebwSK4KkkRdSMU3XTRRQX7gKaUyXTSDp08mLkRSwi48VfcuFDErT/hzr9xmmahrQcu93DOvczc40aCK7Csb2NpeWV1bb2wUdzc2t7ZNff2WyqMJWVNGopQdlyimOABawIHwTqRZMR3BWu745up375nUvEwuINJxHo+GQbc45SAlvrmoTMigGtXWWv1EwfYAyT1ej1N+2bJKlsZ8CKxc1JCORp988sZhDT2WQBUEKW6thVBLyESOBUsLTqxYhGhYzJkXU0D4jPVS7IbUnyilQH2QqkrAJypvzcS4is18V096RMYqXlvKv7ndWPwLnsJD6IYWEBnD3mxwBDiaSB4wCWjICaaECq5/iumIyIJBR1bUYdgz5+8SFqVsn1ertyelarXeRwFdISO0Smy0QWqohpqoCai6BE9o1f0ZjwZL8a78TEbXTLynQP0B8bnD1QXl1c=</latexit>

Ĥ = V̂LLL

<latexit sha1_base64="wi5IWO1obO99VeizWPQO988lI8U=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclaSIuiy66cJFBfuAJpTJdNIOnUzCPIQS+htuXCji1p9x5984abPQ1gMDh3Pu5Z45YcqZ0q777aytb2xubZd2yrt7+weHlaPjjkqMJLRNEp7IXogV5UzQtmaa014qKY5DTrvh5C73u09UKpaIRz1NaRDjkWARI1hbyfdjrMcEc9Qc3A8qVbfmzoFWiVeQKhRoDSpf/jAhJqZCE46V6ntuqoMMS80Ip7OybxRNMZngEe1bKnBMVZDNM8/QuVWGKEqkfUKjufp7I8OxUtM4tJN5RrXs5eJ/Xt/o6CbImEiNpoIsDkWGI52gvAA0ZJISzaeWYCKZzYrIGEtMtK2pbEvwlr+8Sjr1mndVqz9cVhu3RR0lOIUzuAAPrqEBTWhBGwik8Ayv8OYY58V5dz4Wo2tOsXMCf+B8/gBhRpFC</latexit>

HL
Ground state 

and quasiholes

<latexit sha1_base64="Sz1Cyz5DBB/QmId1A24STV2bnRQ=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6jHoxWME84BkCbOT2WTMPNaZWSEs+QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1upn7riWrDlLy344SGAg8kixnB1knNrmGCPvZKZb/iz4CWSZCTMuSo90pf3b4iqaDSEo6N6QR+YsMMa8sIp5NiNzU0wWSEB7TjqMSCmjCbXTtBp07po1hpV9Kimfp7IsPCmLGIXKfAdmgWvan4n9dJbXwVZkwmqaWSzBfFKUdWoenrqM80JZaPHcFEM3crIkOsMbEuoKILIVh8eZk0q5XgolK9Oy/XrvM4CnAMJ3AGAVxCDW6hDg0g8ADP8ApvnvJevHfvY9664uUzR/AH3ucPs+WPOA==</latexit>'
<latexit sha1_base64="wi5IWO1obO99VeizWPQO988lI8U=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclaSIuiy66cJFBfuAJpTJdNIOnUzCPIQS+htuXCji1p9x5984abPQ1gMDh3Pu5Z45YcqZ0q777aytb2xubZd2yrt7+weHlaPjjkqMJLRNEp7IXogV5UzQtmaa014qKY5DTrvh5C73u09UKpaIRz1NaRDjkWARI1hbyfdjrMcEc9Qc3A8qVbfmzoFWiVeQKhRoDSpf/jAhJqZCE46V6ntuqoMMS80Ip7OybxRNMZngEe1bKnBMVZDNM8/QuVWGKEqkfUKjufp7I8OxUtM4tJN5RrXs5eJ/Xt/o6CbImEiNpoIsDkWGI52gvAA0ZJISzaeWYCKZzYrIGEtMtK2pbEvwlr+8Sjr1mndVqz9cVhu3RR0lOIUzuAAPrqEBTWhBGwik8Ayv8OYY58V5dz4Wo2tOsXMCf+B8/gBhRpFC</latexit>

HL
Ground state 

and quasiholes

<latexit sha1_base64="IK5wJZEgGUcOsgZXngPUErO6wFE=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Ae0oWy2k3bpZhN3N0IJ/QtePCji1T/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzamZST+Jjv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7rlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jgZcIXMiIkllClubyVsRBVlxsZTsiF4yy+vklat6l1Wa/cXlfpNHkcRTuAUzsGDK6jDHTSgCQxG8Ayv8OZEzovz7nwsWgtOPnMMf+B8/gAaV45J</latexit>

6=<latexit sha1_base64="OgbPGym5Wqaqlfbam77w8tDFtSA=">AAACA3icbVC7SgNBFJ2NrxhfUTttBoNgFXaDqI0QtEmRIqJ5QLIss5NJMmR2dpm5K4YlYOOv2FgoYutP2Pk3TpItNPHA5R7OuZeZe/xIcA22/W1llpZXVtey67mNza3tnfzuXkOHsaKsTkMRqpZPNBNcsjpwEKwVKUYCX7CmP7ye+M17pjQP5R2MIuYGpC95j1MCRvLyB50BAVy5nLaGl3SAPUByW62Ox16+YBftKfAicVJSQClqXv6r0w1pHDAJVBCt244dgZsQBZwKNs51Ys0iQoekz9qGShIw7SbTG8b42Chd3AuVKQl4qv7eSEig9SjwzWRAYKDnvYn4n9eOoXfhJlxGMTBJZw/1YoEhxJNAcJcrRkGMDCFUcfNXTAdEEQomtpwJwZk/eZE0SkXnrFi6OS2Ur9I4sugQHaET5KBzVEYVVEN1RNEjekav6M16sl6sd+tjNpqx0p199AfW5w9ez5de</latexit>

Ĥ = V̂SLL

realistic interaction

Laughlin conformal Hilbert space



EF Legara, A*STAR 2012School of Physical and Mathematical Sciences

The Laughlin phase at 1/3 in SLL

Ground state 
and quasiholes

<latexit sha1_base64="Sz1Cyz5DBB/QmId1A24STV2bnRQ=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6jHoxWME84BkCbOT2WTMPNaZWSEs+QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1upn7riWrDlLy344SGAg8kixnB1knNrmGCPvZKZb/iz4CWSZCTMuSo90pf3b4iqaDSEo6N6QR+YsMMa8sIp5NiNzU0wWSEB7TjqMSCmjCbXTtBp07po1hpV9Kimfp7IsPCmLGIXKfAdmgWvan4n9dJbXwVZkwmqaWSzBfFKUdWoenrqM80JZaPHcFEM3crIkOsMbEuoKILIVh8eZk0q5XgolK9Oy/XrvM4CnAMJ3AGAVxCDW6hDg0g8ADP8ApvnvJevHfvY9664uUzR/AH3ucPs+WPOA==</latexit>'<latexit sha1_base64="OgbPGym5Wqaqlfbam77w8tDFtSA=">AAACA3icbVC7SgNBFJ2NrxhfUTttBoNgFXaDqI0QtEmRIqJ5QLIss5NJMmR2dpm5K4YlYOOv2FgoYutP2Pk3TpItNPHA5R7OuZeZe/xIcA22/W1llpZXVtey67mNza3tnfzuXkOHsaKsTkMRqpZPNBNcsjpwEKwVKUYCX7CmP7ye+M17pjQP5R2MIuYGpC95j1MCRvLyB50BAVy5nLaGl3SAPUByW62Ox16+YBftKfAicVJSQClqXv6r0w1pHDAJVBCt244dgZsQBZwKNs51Ys0iQoekz9qGShIw7SbTG8b42Chd3AuVKQl4qv7eSEig9SjwzWRAYKDnvYn4n9eOoXfhJlxGMTBJZw/1YoEhxJNAcJcrRkGMDCFUcfNXTAdEEQomtpwJwZk/eZE0SkXnrFi6OS2Ur9I4sugQHaET5KBzVEYVVEN1RNEjekav6M16sl6sd+tjNpqx0p199AfW5w9ez5de</latexit>

Ĥ = V̂SLL

Ha Quang Trung and Bo Yang, PRL 127,046402 2021

<latexit sha1_base64="QGc1GMxUZnsYxm+EUf1jfb6tQ9k=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclaSIuiy6sMsK9gFNKJPppB06mYR5CCX0N9y4UMStP+POv3HSZqGtBwYO59zLPXPClDOlXffbWVvf2NzaLu2Ud/f2Dw4rR8cdlRhJaJskPJG9ECvKmaBtzTSnvVRSHIecdsPJXe53n6hULBGPeprSIMYjwSJGsLaS78dYjwnmqDm4H1Sqbs2dA60SryBVKNAaVL78YUJMTIUmHCvV99xUBxmWmhFOZ2XfKJpiMsEj2rdU4JiqIJtnnqFzqwxRlEj7hEZz9fdGhmOlpnFoJ/OMatnLxf+8vtHRTZAxkRpNBVkcigxHOkF5AWjIJCWaTy3BRDKbFZExlphoW1PZluAtf3mVdOo176pWf7isNm6LOkpwCmdwAR5cQwOa0II2EEjhGV7hzTHOi/PufCxG15xi5wT+wPn8AVmykT0=</latexit>

HG
<latexit sha1_base64="wi5IWO1obO99VeizWPQO988lI8U=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclaSIuiy66cJFBfuAJpTJdNIOnUzCPIQS+htuXCji1p9x5984abPQ1gMDh3Pu5Z45YcqZ0q777aytb2xubZd2yrt7+weHlaPjjkqMJLRNEp7IXogV5UzQtmaa014qKY5DTrvh5C73u09UKpaIRz1NaRDjkWARI1hbyfdjrMcEc9Qc3A8qVbfmzoFWiVeQKhRoDSpf/jAhJqZCE46V6ntuqoMMS80Ip7OybxRNMZngEe1bKnBMVZDNM8/QuVWGKEqkfUKjufp7I8OxUtM4tJN5RrXs5eJ/Xt/o6CbImEiNpoIsDkWGI52gvAA0ZJISzaeWYCKZzYrIGEtMtK2pbEvwlr+8Sjr1mndVqz9cVhu3RR0lOIUzuAAPrqEBTWhBGwik8Ayv8OYY58V5dz4Wo2tOsXMCf+B8/gBhRpFC</latexit>

HL
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<latexit sha1_base64="Sz1Cyz5DBB/QmId1A24STV2bnRQ=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6jHoxWME84BkCbOT2WTMPNaZWSEs+QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1upn7riWrDlLy344SGAg8kixnB1knNrmGCPvZKZb/iz4CWSZCTMuSo90pf3b4iqaDSEo6N6QR+YsMMa8sIp5NiNzU0wWSEB7TjqMSCmjCbXTtBp07po1hpV9Kimfp7IsPCmLGIXKfAdmgWvan4n9dJbXwVZkwmqaWSzBfFKUdWoenrqM80JZaPHcFEM3crIkOsMbEuoKILIVh8eZk0q5XgolK9Oy/XrvM4CnAMJ3AGAVxCDW6hDg0g8ADP8ApvnvJevHfvY9664uUzR/AH3ucPs+WPOA==</latexit>'<latexit sha1_base64="OgbPGym5Wqaqlfbam77w8tDFtSA=">AAACA3icbVC7SgNBFJ2NrxhfUTttBoNgFXaDqI0QtEmRIqJ5QLIss5NJMmR2dpm5K4YlYOOv2FgoYutP2Pk3TpItNPHA5R7OuZeZe/xIcA22/W1llpZXVtey67mNza3tnfzuXkOHsaKsTkMRqpZPNBNcsjpwEKwVKUYCX7CmP7ye+M17pjQP5R2MIuYGpC95j1MCRvLyB50BAVy5nLaGl3SAPUByW62Ox16+YBftKfAicVJSQClqXv6r0w1pHDAJVBCt244dgZsQBZwKNs51Ys0iQoekz9qGShIw7SbTG8b42Chd3AuVKQl4qv7eSEig9SjwzWRAYKDnvYn4n9eOoXfhJlxGMTBJZw/1YoEhxJNAcJcrRkGMDCFUcfNXTAdEEQomtpwJwZk/eZE0SkXnrFi6OS2Ur9I4sugQHaET5KBzVEYVVEN1RNEjekav6M16sl6sd+tjNpqx0p199AfW5w9ez5de</latexit>

Ĥ = V̂SLL

Ha Quang Trung and Bo Yang, PRL 127,046402 2021

quantum fluid of 
Laughlin quasiholes

quantum fluid of 
Gaffnian quasiholes

<latexit sha1_base64="QGc1GMxUZnsYxm+EUf1jfb6tQ9k=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclaSIuiy6sMsK9gFNKJPppB06mYR5CCX0N9y4UMStP+POv3HSZqGtBwYO59zLPXPClDOlXffbWVvf2NzaLu2Ud/f2Dw4rR8cdlRhJaJskPJG9ECvKmaBtzTSnvVRSHIecdsPJXe53n6hULBGPeprSIMYjwSJGsLaS78dYjwnmqDm4H1Sqbs2dA60SryBVKNAaVL78YUJMTIUmHCvV99xUBxmWmhFOZ2XfKJpiMsEj2rdU4JiqIJtnnqFzqwxRlEj7hEZz9fdGhmOlpnFoJ/OMatnLxf+8vtHRTZAxkRpNBVkcigxHOkF5AWjIJCWaTy3BRDKbFZExlphoW1PZluAtf3mVdOo176pWf7isNm6LOkpwCmdwAR5cQwOa0II2EEjhGV7hzTHOi/PufCxG15xi5wT+wPn8AVmykT0=</latexit>

HG
<latexit sha1_base64="wi5IWO1obO99VeizWPQO988lI8U=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclaSIuiy66cJFBfuAJpTJdNIOnUzCPIQS+htuXCji1p9x5984abPQ1gMDh3Pu5Z45YcqZ0q777aytb2xubZd2yrt7+weHlaPjjkqMJLRNEp7IXogV5UzQtmaa014qKY5DTrvh5C73u09UKpaIRz1NaRDjkWARI1hbyfdjrMcEc9Qc3A8qVbfmzoFWiVeQKhRoDSpf/jAhJqZCE46V6ntuqoMMS80Ip7OybxRNMZngEe1bKnBMVZDNM8/QuVWGKEqkfUKjufp7I8OxUtM4tJN5RrXs5eJ/Xt/o6CbImEiNpoIsDkWGI52gvAA0ZJISzaeWYCKZzYrIGEtMtK2pbEvwlr+8Sjr1mndVqz9cVhu3RR0lOIUzuAAPrqEBTWhBGwik8Ayv8OYY58V5dz4Wo2tOsXMCf+B8/gBhRpFC</latexit>

HL
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<latexit sha1_base64="Sz1Cyz5DBB/QmId1A24STV2bnRQ=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6jHoxWME84BkCbOT2WTMPNaZWSEs+QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1upn7riWrDlLy344SGAg8kixnB1knNrmGCPvZKZb/iz4CWSZCTMuSo90pf3b4iqaDSEo6N6QR+YsMMa8sIp5NiNzU0wWSEB7TjqMSCmjCbXTtBp07po1hpV9Kimfp7IsPCmLGIXKfAdmgWvan4n9dJbXwVZkwmqaWSzBfFKUdWoenrqM80JZaPHcFEM3crIkOsMbEuoKILIVh8eZk0q5XgolK9Oy/XrvM4CnAMJ3AGAVxCDW6hDg0g8ADP8ApvnvJevHfvY9664uUzR/AH3ucPs+WPOA==</latexit>'<latexit sha1_base64="OgbPGym5Wqaqlfbam77w8tDFtSA=">AAACA3icbVC7SgNBFJ2NrxhfUTttBoNgFXaDqI0QtEmRIqJ5QLIss5NJMmR2dpm5K4YlYOOv2FgoYutP2Pk3TpItNPHA5R7OuZeZe/xIcA22/W1llpZXVtey67mNza3tnfzuXkOHsaKsTkMRqpZPNBNcsjpwEKwVKUYCX7CmP7ye+M17pjQP5R2MIuYGpC95j1MCRvLyB50BAVy5nLaGl3SAPUByW62Ox16+YBftKfAicVJSQClqXv6r0w1pHDAJVBCt244dgZsQBZwKNs51Ys0iQoekz9qGShIw7SbTG8b42Chd3AuVKQl4qv7eSEig9SjwzWRAYKDnvYn4n9eOoXfhJlxGMTBJZw/1YoEhxJNAcJcrRkGMDCFUcfNXTAdEEQomtpwJwZk/eZE0SkXnrFi6OS2Ur9I4sugQHaET5KBzVEYVVEN1RNEjekav6M16sl6sd+tjNpqx0p199AfW5w9ez5de</latexit>

Ĥ = V̂SLL

Ha Quang Trung and Bo Yang, PRL 127,046402 2021

quantum fluid of 
Laughlin quasiholes

quantum fluid of 
Gaffnian quasiholes

<latexit sha1_base64="QGc1GMxUZnsYxm+EUf1jfb6tQ9k=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclaSIuiy6sMsK9gFNKJPppB06mYR5CCX0N9y4UMStP+POv3HSZqGtBwYO59zLPXPClDOlXffbWVvf2NzaLu2Ud/f2Dw4rR8cdlRhJaJskPJG9ECvKmaBtzTSnvVRSHIecdsPJXe53n6hULBGPeprSIMYjwSJGsLaS78dYjwnmqDm4H1Sqbs2dA60SryBVKNAaVL78YUJMTIUmHCvV99xUBxmWmhFOZ2XfKJpiMsEj2rdU4JiqIJtnnqFzqwxRlEj7hEZz9fdGhmOlpnFoJ/OMatnLxf+8vtHRTZAxkRpNBVkcigxHOkF5AWjIJCWaTy3BRDKbFZExlphoW1PZluAtf3mVdOo176pWf7isNm6LOkpwCmdwAR5cQwOa0II2EEjhGV7hzTHOi/PufCxG15xi5wT+wPn8AVmykT0=</latexit>

HG
<latexit sha1_base64="wi5IWO1obO99VeizWPQO988lI8U=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclaSIuiy66cJFBfuAJpTJdNIOnUzCPIQS+htuXCji1p9x5984abPQ1gMDh3Pu5Z45YcqZ0q777aytb2xubZd2yrt7+weHlaPjjkqMJLRNEp7IXogV5UzQtmaa014qKY5DTrvh5C73u09UKpaIRz1NaRDjkWARI1hbyfdjrMcEc9Qc3A8qVbfmzoFWiVeQKhRoDSpf/jAhJqZCE46V6ntuqoMMS80Ip7OybxRNMZngEe1bKnBMVZDNM8/QuVWGKEqkfUKjufp7I8OxUtM4tJN5RrXs5eJ/Xt/o6CbImEiNpoIsDkWGI52gvAA0ZJISzaeWYCKZzYrIGEtMtK2pbEvwlr+8Sjr1mndVqz9cVhu3RR0lOIUzuAAPrqEBTWhBGwik8Ayv8OYY58V5dz4Wo2tOsXMCf+B8/gBhRpFC</latexit>

HL
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<latexit sha1_base64="QGc1GMxUZnsYxm+EUf1jfb6tQ9k=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclaSIuiy6sMsK9gFNKJPppB06mYR5CCX0N9y4UMStP+POv3HSZqGtBwYO59zLPXPClDOlXffbWVvf2NzaLu2Ud/f2Dw4rR8cdlRhJaJskPJG9ECvKmaBtzTSnvVRSHIecdsPJXe53n6hULBGPeprSIMYjwSJGsLaS78dYjwnmqDm4H1Sqbs2dA60SryBVKNAaVL78YUJMTIUmHCvV99xUBxmWmhFOZ2XfKJpiMsEj2rdU4JiqIJtnnqFzqwxRlEj7hEZz9fdGhmOlpnFoJ/OMatnLxf+8vtHRTZAxkRpNBVkcigxHOkF5AWjIJCWaTy3BRDKbFZExlphoW1PZluAtf3mVdOo176pWf7isNm6LOkpwCmdwAR5cQwOa0II2EEjhGV7hzTHOi/PufCxG15xi5wT+wPn8AVmykT0=</latexit>

HG

LL
<latexit sha1_base64="PVeJDEDjPjX/+DiHhBunoZ+tMRI=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6rLopgsXFewDmlAm00k7dDIJ8xBK6G+4caGIW3/GnX/jpM1CWw8MHM65l3vmhClnSrvut1NaW9/Y3CpvV3Z29/YPqodHHZUYSWibJDyRvRArypmgbc00p71UUhyHnHbDyV3ud5+oVCwRj3qa0iDGI8EiRrC2ku/HWI8J5qg5uB9Ua27dnQOtEq8gNSjQGlS//GFCTEyFJhwr1ffcVAcZlpoRTmcV3yiaYjLBI9q3VOCYqiCbZ56hM6sMUZRI+4RGc/X3RoZjpaZxaCfzjGrZy8X/vL7R0U2QMZEaTQVZHIoMRzpBeQFoyCQlmk8twUQymxWRMZaYaFtTxZbgLX95lXQu6t5V/fLhsta4Leoowwmcwjl4cA0NaEIL2kAghWd4hTfHOC/Ou/OxGC05xc4x/IHz+QNh6pFE</latexit>
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<latexit sha1_base64="QGc1GMxUZnsYxm+EUf1jfb6tQ9k=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclaSIuiy6sMsK9gFNKJPppB06mYR5CCX0N9y4UMStP+POv3HSZqGtBwYO59zLPXPClDOlXffbWVvf2NzaLu2Ud/f2Dw4rR8cdlRhJaJskPJG9ECvKmaBtzTSnvVRSHIecdsPJXe53n6hULBGPeprSIMYjwSJGsLaS78dYjwnmqDm4H1Sqbs2dA60SryBVKNAaVL78YUJMTIUmHCvV99xUBxmWmhFOZ2XfKJpiMsEj2rdU4JiqIJtnnqFzqwxRlEj7hEZz9fdGhmOlpnFoJ/OMatnLxf+8vtHRTZAxkRpNBVkcigxHOkF5AWjIJCWaTy3BRDKbFZExlphoW1PZluAtf3mVdOo176pWf7isNm6LOkpwCmdwAR5cQwOa0II2EEjhGV7hzTHOi/PufCxG15xi5wT+wPn8AVmykT0=</latexit>

HG

LL
<latexit sha1_base64="PVeJDEDjPjX/+DiHhBunoZ+tMRI=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6rLopgsXFewDmlAm00k7dDIJ8xBK6G+4caGIW3/GnX/jpM1CWw8MHM65l3vmhClnSrvut1NaW9/Y3CpvV3Z29/YPqodHHZUYSWibJDyRvRArypmgbc00p71UUhyHnHbDyV3ud5+oVCwRj3qa0iDGI8EiRrC2ku/HWI8J5qg5uB9Ua27dnQOtEq8gNSjQGlS//GFCTEyFJhwr1ffcVAcZlpoRTmcV3yiaYjLBI9q3VOCYqiCbZ56hM6sMUZRI+4RGc/X3RoZjpaZxaCfzjGrZy8X/vL7R0U2QMZEaTQVZHIoMRzpBeQFoyCQlmk8twUQymxWRMZaYaFtTxZbgLX95lXQu6t5V/fLhsta4Leoowwmcwjl4cA0NaEIL2kAghWd4hTfHOC/Ou/OxGC05xc4x/IHz+QNh6pFE</latexit>

HL

Quantum Hall fluid

Water

Electrons

quarks and leptons

Laughlin quasiholes

molecules

Gaffnian quasiholes

hydrogen and oxygen



EF Legara, A*STAR 2012School of Physical and Mathematical Sciences

Fractionalisation of Laughlin quasiholes

<latexit sha1_base64="UrsV9OyFIyDyiRRTgaawVjwg3gI=">AAACC3icbVDLSgMxFM3UV62vUZduQovgqmSKqMuiG5cV7APaoWQymTY0kwxJRihD9278FTcuFHHrD7jzb0zbAWvrgXs5nHMvyT1Bwpk2CH07hbX1jc2t4nZpZ3dv/8A9PGppmSpCm0RyqToB1pQzQZuGGU47iaI4DjhtB6Obqd9+oEozKe7NOKF+jAeCRYxgY6W+W/Y8hNBv65FQGg0X1b5bQVU0A1wlXk4qIEej7371QknSmApDONa666HE+BlWhhFOJ6VeqmmCyQgPaNdSgWOq/Wx2ywSeWiWEkVS2hIEzdXEjw7HW4ziwkzE2Q73sTcX/vG5qois/YyJJDRVk/lCUcmgknAYDQ6YoMXxsCSaK2b9CMsQKE2PjK9kQvOWTV0mrVvUuqrW780r9Oo+jCE5AGZwBD1yCOrgFDdAEBDyCZ/AK3pwn58V5dz7mowUn3zkGf+B8/gCfPZW7</latexit>

110001100011000 · · · 110001100011

For Jack polynomials, see Bernevig and Haldane, PRL 100,246802

<latexit sha1_base64="8oom8vrfzIohLtdZt37uBOgspcg=">AAACEHicbVA9SwNBEN3zM8avqKXNYiJahbsUahm0MGUE8wHJcextJsmSvb1jd04IIT/Bxr9iY6GIraWd/8bNR6GJDwYe780wMy9MpDDout/Oyura+sZmZiu7vbO7t587OKybONUcajyWsW6GzIAUCmooUEIz0cCiUEIjHNxM/MYDaCNidY/DBPyI9ZToCs7QSkHurCJ6fTBIO6CMwCE1yBCoULTQjhj2OZO0EtwWglzeLbpT0GXizUmezFENcl/tTszTCBRyyYxpeW6C/ohpFFzCONtODSSMD1gPWpYqFoHxR9OHxvTUKh3ajbUthXSq/p4YsciYYRTazsmRZtGbiP95rRS7V/5IqCRFUHy2qJtKijGdpEM7QgNHObSEcS3srZT3mWYcbYZZG4K3+PIyqZeK3kWxdFfKl6/ncWTIMTkh58Qjl6RMKqRKaoSTR/JMXsmb8+S8OO/Ox6x1xZnPHJE/cD5/ADCHnAY=</latexit>

Highest density state in HG

<latexit sha1_base64="cyqnct00mF+iknwatNZcV2vN+mY=">AAACH3icbVA9TwJBEN3DL8Qv1NJmI5hYkTsKtCRaSGGBiSAJELK3DLBhb++yO2dCCP/Exr9iY6Exxo5/4x5QIPiSTd6+N5OZeX4khUHXnTqpjc2t7Z30bmZv/+DwKHt8UjdhrDnUeChD3fCZASkU1FCghEakgQW+hCd/eJv4T8+gjQjVI44iaAesr0RPcIZW6mRLFdEfgEHaBWUEjqhBhkCFovlWwHDAmaSVzn1LqKXvXb6TzbkFdwa6TrwFyZEFqp3sT6sb8jgAhVwyY5qeG2F7zDQKLmGSacUGIsaHrA9NSxULwLTHs/sm9MIqXdoLtX0K6Uxd7hizwJhR4NvKZEmz6iXif14zxt51eyxUFCMoPh/UiyXFkCZh0a7QwFGOLGFcC7sr5QOmGUcbacaG4K2evE7qxYJXKhQfirnyzSKONDkj5+SSeOSKlEmFVEmNcPJC3sgH+XRenXfny/mel6acRc8p+QNn+gutPKIY</latexit>

Highest density state in HL 2 HG

<latexit sha1_base64="RdCS6lUppkdrkSpsmYudb8wYG1Y=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJWkC3VZdONCsIJ9QBvKZHrTDJ1M4sxEKLELf8WNC0Xc+hvu/BunbRbaeuDC4Zx7Z+49fsKZ0o7zbRWWlldW14rrpY3Nre0de3evqeJUUmjQmMey7RMFnAloaKY5tBMJJPI5tPzh5cRvPYBULBZ3epSAF5GBYAGjRBupZx/cCMDXJB2E5gV8nxLFwphDzy47FWcKvEjcnJRRjnrP/ur2Y5pGIDTlRKmO6yTay4jUjHIYl7qpgoTQIRlAx1BBIlBeNt1/jI+N0sdBLE0Jjafq74mMREqNIt90RkSHat6biP95nVQH517GRJJqEHT2UZByrGM8CQP3mQSq+cgQQiUzu2IaEkmoNpGVTAju/MmLpFmtuKeV6m21XLvI4yiiQ3SETpCLzlANXaE6aiCKHtEzekVv1pP1Yr1bH7PWgpXP7KM/sD5/ALr1le0=</latexit>

One Laughlin quasihole

For some FQH phases, the conformal Hilbert 
space is spanned by the Jacks
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Fractionalisation of Laughlin quasiholes
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For some FQH phases, the conformal Hilbert 
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1 Laughlin quasihole = a bound pair of 
Gaffnian quasiholes

Fractionalisation of Laughlin quasiholes
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One Laughlin quasihole

For some FQH phases, the conformal Hilbert 
space is spanned by the Jacks

(vacuum)

(quantum liquid of Gaffnian anyons)



EF Legara, A*STAR 2012School of Physical and Mathematical Sciences

Fractionalisation of Laughlin quasiholes

Laughlin neutral 
excitations
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Asymptotic freedom of bound GQs
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Asymptotic freedom of bound GQs Laughlin neutral 
excitations (“gluons”)
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V1 punishes Laughlin neutral 
excitations, while V3 favours such 

excitations energetically

Possibility of 
fractionalisation of 

Laughlin quasiholes at SLL

Asymptotic freedom of bound GQs Laughlin neutral 
excitations (“gluons”)
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V1 punishes Laughlin neutral 
excitations, while V3 favours such 

excitations energetically

Possibility of 
fractionalisation of 

Laughlin quasiholes at SLL

Asymptotic freedom of bound GQs Laughlin neutral 
excitations (“gluons”)
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The nematic fractional quantum Hall effect
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Dynamics for the robustness of topological 
indices

Emergent 
geometry

Haldane 2009, 
2011, 2011

Interplay between 
emergent 

geometry and 
topological order 

Topology

Hilbert 
space Algebra

Universal 
properties

Theory Experiment
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Coexistence of topological order and anisotropic transport
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The nematic fractional quantum Hall effect
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Quadrupole excitations are exact 
zero energy states of the 

Haffnian model Hamiltonian
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D.X. Nguyễn and D.T. Son, PRR 3, 033217 (2021)
D.X. Nguyễn et.al. PRL 2022
A.C. Balram et.al. PRX 2022

Yuzhu Wang and Bo Yang, Nat. Comm. 2023 Dynamics of 2D “Gravitons”



EF Legara, A*STAR 2012School of Physical and Mathematical Sciences

Quasihole fractionalisation and nematic 
phase transition are related

Fractionalised Laughlin 
quasiholes are also exact zero 
energy states of the Haffnian 

model Hamiltonian

neutral gap (quadrupole)charge gap (dipole)
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Quasihole fractionalisation and nematic 
phase transition are related

Fractionalised Laughlin 
quasiholes are also exact zero 
energy states of the Haffnian 

model Hamiltonian

The neutral gap gives the energy cost of quasihole fractionalisation

neutral gap (quadrupole)charge gap (dipole)
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A BKT-like phase transition

A phase transition of low-lying 
excitations at the same filling factor Ha Quang Trung and Bo Yang, PRL 127,046402 2021
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A BKT-like phase transition

A phase transition of low-lying 
excitations at the same filling factor

quadrupole gap

Ha Quang Trung and Bo Yang, PRL 127,046402 2021
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A BKT-like phase transition

A phase transition of low-lying 
excitations at the same filling factor

quadrupole gap

magnetic flux 
density

Ha Quang Trung and Bo Yang, PRL 127,046402 2021
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A BKT-like phase transition

A phase transition of low-lying 
excitations at the same filling factor

quadrupole gap

magnetic flux 
density

charge gap

Ha Quang Trung and Bo Yang, PRL 127,046402 2021
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Laughlin quasihole (squeezed 𝑉1 metric)
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IQH hole (squeezed LLL metric)
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Multiple gravitons and anyon spin-statistics 
theorem

Yuzhu Wang and Bo Yang, Nat. Comm. 14, 2317 (2023)

Ha Quang Trung, Yuzhu Wang and Bo Yang, PRB Letter, 107, L201301 (2023)

• Certain FQH phases (e.g. with CF particle-
hole conjugation) can have multiple graviton 
excitations, each associated with the metric 
fluctuation of different CHS

D. X. Nguyen, F. D. M. Haldane, E. H. Rezayi, D. T. Son, K. Yang, PRL 128, 246402
A. C. Balram, Z. Liu, A. Gromov, Z. Papic, PRX 12, 021008

• Spin-statistics theorem for anyons (with 
arbitrary internal structure) in a non-
relativistic setting requires a proper definition 
of anyon intrinsic spin, which is the angular 
momentum within the proper CHS

T. Einarsson, S. Sondhi, S. Girvin, D. Arovas, Nuclear Physics B 441, 515
T. Comparin, A. Opler, E. Macaluso, A. Biella, A. P. Polychronakos, L. Mazza, Phys. Rev. B 105, 085125
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2D Bosonization and Fermionization
N.Read, PRB 79, 245304 (2009)
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Bo Yang, PRL 127, 126406 (2021)

Unitary transformation 
between fermions, 
bosons and anyons

Bosonization 
of the CLL

Anyon 
bosonization

• Microscopic picture of anyons interpreted as composite bosons and composite 
Fermions

• New family of single-component bosonic FQH states (with their model Hamiltonians)
• Microscopic Hamiltonians capturing statistical interaction
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The conformal Hilbert spaces

The Fuzzy sphere for 3D CFT: W Zhu, C Han, E Huffman, 
JS Hofmann, YC He


Physical Review X 13 (2), 021009

Different types 
of anyons

The 2D Hilbert space in the presence of 
magnetic field and interaction is highly 

structured

Interaction 
Hamiltonian

Null spaces of the interactions
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A theoretical question
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Quadrupole excitations 
(or “gravitons”)
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A theoretical question

• Quadrupole excitations and dipole excitations are different 
types of FQH excitations


• The nematic FQH results from the softening of the quadrupole 
excitations


• How tunable are the two energy scales in the FQH topological 
phase?

Charge gap related to the creation 
energy of a single quasielectron or 

quasihole

M. Mulligan et.al PRB 82, 085120, PRB 84, 195124

J. Maciejko, B. Hsu, S.A. Kivelson, Y. Park and S.L. Sondhi, Phys. Rev. B. 88, 125137 (2013).


Y. You, G.Y. Cho and E. Fradkin, Phys. Rev. X. 4, 041050 (2014).

K. Lee, J. Shao, E.-A. Kim, F.D.M. Haldane and E.H. Rezayi, Phys. Rev. Lett. 121, 147601 (2018).
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The generalisation of the conformal Hilbert 
space formalism

(Can we realise model Hamiltonians with Coulomb based interaction?)

Bo Yang, arXiv:2307.06361
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Scale-free electron-electron interaction
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Ĥ↵ =
X

i

1

2m`
2
B

gabR̃
a
i R̃

b
i +

Z
d
2
r1d

2
r2V↵ (r1 � r2) ⇢̂r1 ⇢̂r2

<latexit sha1_base64="h/ckbcXS150Wv937noub0xCHIh8=">AAACF3icbZDLSgMxFIYzXmu9jbp0EyyCCykzxdtGKHXjsoq9QGdaMulpG5rJDElGKEPfwo2v4saFIm5159uYXhBt/SHw8Z9zODl/EHOmtON8WQuLS8srq5m17PrG5ta2vbNbVVEiKVRoxCNZD4gCzgRUNNMc6rEEEgYcakH/alSv3YNULBJ3ehCDH5KuYB1GiTZWy843PM14G/Btkxz/YOBfMg84b5WaBQ9ixXgkmikJhi075+SdsfA8uFPIoanKLfvTa0c0CUFoyolSDdeJtZ8SqRnlMMx6iYKY0D7pQsOgICEoPx3fNcSHxmnjTiTNExqP3d8TKQmVGoSB6QyJ7qnZ2sj8r9ZIdOfCT5mIEw2CThZ1Eo51hEch4TaTQDUfGCBUMvNXTHtEEqpNlFkTgjt78jxUC3n3LH96c5IrlqZxZNA+OkBHyEXnqIiuURlVEEUP6Am9oFfr0Xq23qz3SeuCNZ3ZQ39kfXwDbxOfgw==</latexit>

[R̃a, R̃b] = i`2B✏
ab



EF Legara, A*STAR 2012School of Physical and Mathematical Sciences

Scale-free electron-electron interaction
<latexit sha1_base64="K1ryc4BTSBLVPzxO7zm2vFRjIWk=">AAACCXicbVDLSsNAFJ34rPUVdelmsAh1YUmKr41QdOOygn1AE8NkMmmHTh7M3AildOvGX3HjQhG3/oE7/8Zpm4W2HrhwOOde7r3HTwVXYFnfxsLi0vLKamGtuL6xubVt7uw2VZJJyho0EYls+0QxwWPWAA6CtVPJSOQL1vL712O/9cCk4kl8B4OUuRHpxjzklICWPBM7PQKO7CWevHRUFnncCZgAcl8ty2Pp8SPPLFkVawI8T+yclFCOumd+OUFCs4jFQAVRqmNbKbhDIoFTwUZFJ1MsJbRPuqyjaUwiptzh5JMRPtRKgMNE6ooBT9TfE0MSKTWIfN0ZEeipWW8s/ud1Mggv3CGP0wxYTKeLwkxgSPA4FhxwySiIgSaESq5vxbRHJKGgwyvqEOzZl+dJs1qxzyqntyel2lUeRwHtowNURjY6RzV0g+qogSh6RM/oFb0ZT8aL8W58TFsXjHxmD/2B8fkD8pSZ2g==</latexit>

⇢̂r =
X

i

�2(r � ri)

<latexit sha1_base64="0v0+xMm7slfWle+aR5ElUfShJ6I="></latexit>
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<latexit sha1_base64="LJntVIKzXWmQsCnMPd2DMUiGcr4=">AAACFHicbVDLSgMxFM3UV62vUZdugkWoCGVGfG2EohuXFewDOuOQyWTa0MyDJCOUMB/hxl9x40IRty7c+Tem0y609cCFwzn3JvceP2VUSMv6NkoLi0vLK+XVytr6xuaWub3TFknGMWnhhCW86yNBGI1JS1LJSDflBEU+Ix1/eD32Ow+EC5rEd3KUEjdC/ZiGFCOpJc88Uk7xiOIkyNueg1g6QDV+eOmEHGFl54rfT8Q898yqVbcKwHliT0kVTNH0zC8nSHAWkVhihoTo2VYqXYW4pJiRvOJkgqQID1Gf9DSNUUSEq4p9cniglQCGCdcVS1iovycUioQYRb7ujJAciFlvLP7n9TIZXriKxmkmSYwnH4UZgzKB44RgQDnBko00QZhTvSvEA6TTkDrHig7Bnj15nrSP6/ZZ/fT2pNq4msZRBntgH9SADc5BA9yAJmgBDB7BM3gFb8aT8WK8Gx+T1pIxndkFf2B8/gD7Kp9r</latexit>

V↵(r) =
1

r↵
(scale-free interaction)

In the LLL:

Haldane pseudopotentials

<latexit sha1_base64="nxzRsv41W/eCP068vc5MNykZB2E="></latexit>

Ṽ↵(q) ⇠ q↵�2e�
1
2 q

2

=
1X

i=0

c↵,iVi(q)

Only valid for alpha smaller than 2!

<latexit sha1_base64="0v0+xMm7slfWle+aR5ElUfShJ6I="></latexit>

Ĥ↵ =
X

i

1

2m`
2
B

gabR̃
a
i R̃

b
i +

Z
d
2
r1d

2
r2V↵ (r1 � r2) ⇢̂r1 ⇢̂r2

<latexit sha1_base64="h/ckbcXS150Wv937noub0xCHIh8=">AAACF3icbZDLSgMxFIYzXmu9jbp0EyyCCykzxdtGKHXjsoq9QGdaMulpG5rJDElGKEPfwo2v4saFIm5159uYXhBt/SHw8Z9zODl/EHOmtON8WQuLS8srq5m17PrG5ta2vbNbVVEiKVRoxCNZD4gCzgRUNNMc6rEEEgYcakH/alSv3YNULBJ3ehCDH5KuYB1GiTZWy843PM14G/Btkxz/YOBfMg84b5WaBQ9ixXgkmikJhi075+SdsfA8uFPIoanKLfvTa0c0CUFoyolSDdeJtZ8SqRnlMMx6iYKY0D7pQsOgICEoPx3fNcSHxmnjTiTNExqP3d8TKQmVGoSB6QyJ7qnZ2sj8r9ZIdOfCT5mIEw2CThZ1Eo51hEch4TaTQDUfGCBUMvNXTHtEEqpNlFkTgjt78jxUC3n3LH96c5IrlqZxZNA+OkBHyEXnqIiuURlVEEUP6Am9oFfr0Xq23qz3SeuCNZ3ZQ39kfXwDbxOfgw==</latexit>

[R̃a, R̃b] = i`2B✏
ab
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Scale-free electron-electron interaction

<latexit sha1_base64="mk/mCUpZ+r7/pTud2jRWgouws2k=">AAACGHicbVDJSgNBFOyJW4xb1KOXwSB40DgT3C5CiBePEcwCmXF403lJmvQsdPcIYchnePFXvHhQxGtu/o2dRdBoQUNRVY/Xr/yYM6ks69PILCwuLa9kV3Nr6xubW/ntnbqMEkGxRiMeiaYPEjkLsaaY4tiMBULgc2z4/eux33hAIVkU3qlBjG4A3ZB1GAWlJS9/0nJ6oJyYeXD0zXz3ijnIuVe5T49LQwdjybgOp+APvXzBKloTmH+JPSMFMkPVy4+cdkSTAENFOUjZsq1YuSkIxSjHYc5JJMZA+9DFlqYhBCjddHLY0DzQStvsREK/UJkT9edECoGUg8DXyQBUT857Y/E/r5WozqWbsjBOFIZ0uqiTcFNF5rgls80EUsUHmgAVTP/VpD0QQJXuMqdLsOdP/kvqpaJ9Xjy7PS2UK7M6smSP7JNDYpMLUiY3pEpqhJJH8kxeyZvxZLwY78bHNJoxZjO75BeM0RdC7qCR</latexit>

[⇡̂a, ⇡̂b] = i`�2
B ✏ab

<latexit sha1_base64="satazdS3b+zNhi1BX8u05q0s3rQ="></latexit>

Ĥ↵ =
X

i

1

2m
g
ab
⇡̂i,a⇡̂i,b +

Z
d
2
r1d

2
r2V↵ (r1 � r2) ⇢̂r1 ⇢̂r2

<latexit sha1_base64="K1ryc4BTSBLVPzxO7zm2vFRjIWk=">AAACCXicbVDLSsNAFJ34rPUVdelmsAh1YUmKr41QdOOygn1AE8NkMmmHTh7M3AildOvGX3HjQhG3/oE7/8Zpm4W2HrhwOOde7r3HTwVXYFnfxsLi0vLKamGtuL6xubVt7uw2VZJJyho0EYls+0QxwWPWAA6CtVPJSOQL1vL712O/9cCk4kl8B4OUuRHpxjzklICWPBM7PQKO7CWevHRUFnncCZgAcl8ty2Pp8SPPLFkVawI8T+yclFCOumd+OUFCs4jFQAVRqmNbKbhDIoFTwUZFJ1MsJbRPuqyjaUwiptzh5JMRPtRKgMNE6ooBT9TfE0MSKTWIfN0ZEeipWW8s/ud1Mggv3CGP0wxYTKeLwkxgSPA4FhxwySiIgSaESq5vxbRHJKGgwyvqEOzZl+dJs1qxzyqntyel2lUeRwHtowNURjY6RzV0g+qogSh6RM/oFb0ZT8aL8W58TFsXjHxmD/2B8fkD8pSZ2g==</latexit>

⇢̂r =
X

i

�2(r � ri)

<latexit sha1_base64="LJntVIKzXWmQsCnMPd2DMUiGcr4=">AAACFHicbVDLSgMxFM3UV62vUZdugkWoCGVGfG2EohuXFewDOuOQyWTa0MyDJCOUMB/hxl9x40IRty7c+Tem0y609cCFwzn3JvceP2VUSMv6NkoLi0vLK+XVytr6xuaWub3TFknGMWnhhCW86yNBGI1JS1LJSDflBEU+Ix1/eD32Ow+EC5rEd3KUEjdC/ZiGFCOpJc88Uk7xiOIkyNueg1g6QDV+eOmEHGFl54rfT8Q898yqVbcKwHliT0kVTNH0zC8nSHAWkVhihoTo2VYqXYW4pJiRvOJkgqQID1Gf9DSNUUSEq4p9cniglQCGCdcVS1iovycUioQYRb7ujJAciFlvLP7n9TIZXriKxmkmSYwnH4UZgzKB44RgQDnBko00QZhTvSvEA6TTkDrHig7Bnj15nrSP6/ZZ/fT2pNq4msZRBntgH9SADc5BA9yAJmgBDB7BM3gFb8aT8WK8Gx+T1pIxndkFf2B8/gD7Kp9r</latexit>

V↵(r) =
1

r↵
(scale-free interaction)

In the LLL:
<latexit sha1_base64="mmqQy2UkYzhTDznKsIRRB30kfD0=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0WoKCURX8uiG5cVbFpoQphMJu3QmSTOTIQS+hFu/BU3LhRx68Kdf+O0zUJbD1w4nHMv994TpIxKZVnfRmlhcWl5pbxaWVvf2Nwyt3ccmWQCkxZOWCI6AZKE0Zi0FFWMdFJBEA8YaQeD67HffiBC0iS+U8OUeBz1YhpRjJSWfPPIVZSFBDq+i1jaR7X7Q1dS7sqM+xT7OT2e6iPHp75ZterWBHCe2AWpggJN3/xywwRnnMQKMyRl17ZS5eVIKIoZGVXcTJIU4QHqka6mMeJEevnkqRE80EoIo0ToihWcqL8ncsSlHPJAd3Kk+nLWG4v/ed1MRZdeTuM0UyTG00VRxqBK4DghGFJBsGJDTRAWVN8KcR8JhJXOsaJDsGdfnifOSd0+r5/dnlYbV0UcZbAH9kEN2OACNMANaIIWwOARPINX8GY8GS/Gu/ExbS0Zxcwu+APj8wfVeZ63</latexit>

Ṽ↵(q) ⇠
X

i

ci,↵Vi

Haldane pseudopotentials

<latexit sha1_base64="KQmxa4UTfA1dGX3llCa7uWdu63o=">AAACC3icbVC7TsMwFHV4lvIKMLJYrZAYoEoqXmMFC2OR6ENqoshxb1qrjhPZDlIVdWfhV1gYQIiVH2Djb3AfA7QcydLxOffKPidMOVPacb6tpeWV1bX1wkZxc2t7Z9fe22+qJJMUGjThiWyHRAFnAhqaaQ7tVAKJQw6tcHAz9lsPIBVLxL0epuDHpCdYxCjRRgrsEg1yj/C0Tzyd4OrghHkc8ODUHZm7x0Skh4FddirOBHiRuDNSRjPUA/vL6yY0i0FoyolSHddJtZ8TqRnlMCp6mYKU0AHpQcdQQWJQfj7JMsJHRuniKJHmCI0n6u+NnMRKDePQTMZE99W8Nxb/8zqZjq78nIk00yDo9KEo49jEHheDu0wC1XxoCKGSmb9i2ieSUG3qK5oS3PnIi6RZrbgXlfO7s3LtelZHAR2iEjpGLrpENXSL6qiBKHpEz+gVvVlP1ov1bn1MR5es2c4B+gPr8wc/6JqR</latexit>c↵!2k,ik�1 ! 1
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<latexit sha1_base64="0wh2e1X6CDGsns96KUpz+m8uzfk="></latexit>

For ↵ = 2, `B ! 0, Ṽ↵ ⇠ +1V0

<latexit sha1_base64="zatNhVsJc6lr/fm7hNZ+JK/8T/I=">AAAB8XicbVDLTgJBEOzFF+IL9ehlIjHxhLvE15HoxSMm8ogsIbNDAxNmZzczsyZkw1948aAxXv0bb/6NA+xBwUo6qVR1p7sriAXXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0O/WbT6g0j+SDGcfYCelA8j5n1Fjp0ZeJL5B4Z5VuseSW3RnIMvEyUoIMtW7xy+9FLAlRGiao1m3PjU0npcpwJnBS8BONMWUjOsC2pZKGqDvp7OIJObFKj/QjZUsaMlN/T6Q01HocBrYzpGaoF72p+J/XTkz/upNyGScGJZsv6ieCmIhM3yc9rpAZMbaEMsXtrYQNqaLM2JAKNgRv8eVl0qiUvcvyxf15qXqTxZGHIziGU/DgCqpwBzWoAwMJz/AKb452Xpx352PemnOymUP4A+fzB0pfkAY=</latexit>

⌫  1/2
Laughlin phase with quasiholes

<latexit sha1_base64="QCsso55lZg5W8o3WpD40WMiwrDs=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrHDs6CIoKEMEnlIsYnOl3Vyyvls3Z1BkZX/oKEAIVr+hY6/4ZK4gISRVhrN7Gp3x485U9q2v63c0vLK6lp+vbCxubW9U9zda6ookRQaNOKRbPtEAWcCGpppDu1YAgl9Di1/eDPxW48gFYvEvR7F4IWkL1jAKNFGenAq1StXJC4HXK2cdIslu2xPgReJk5ESylDvFr/cXkSTEISmnCjVcexYeymRmlEO44KbKIgJHZI+dAwVJATlpdOrx/jIKD0cRNKU0Hiq/p5ISajUKPRNZ0j0QM17E/E/r5Po4NJLmYgTDYLOFgUJxzrCkwhwj0mgmo8MIVQycyumAyIJ1SaoggnBmX95kTSrZee8fHZ3WqpdZ3Hk0QE6RMfIQReohm5RHTUQRRI9o1f0Zj1ZL9a79TFrzVnZzD76A+vzByLSkP4=</latexit>

1/2 < ⌫  2/3

Laughlin quasielectrons/Jain 
quasiholes and Jain 2/3 phase

<latexit sha1_base64="NK+dTagRiBK/Ejv2wxAKFKhqUBg=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8xd34PHgIevEYwTwgWcLspJMMmZ1dZmaFsOQjvHhQxKvf482/cZLsQRMLGoqqbrq7glhwbVz321laXlldW89t5De3tnd2C3v7dR0limGNRSJSzYBqFFxizXAjsBkrpGEgsBEM7yZ+4wmV5pF8NKMY/ZD2Je9xRo2VGuXTs5u2TDqFoltypyCLxMtIETJUO4WvdjdiSYjSMEG1bnlubPyUKsOZwHG+nWiMKRvSPrYslTRE7afTc8fk2Cpd0ouULWnIVP09kdJQ61EY2M6QmoGe9ybif14rMb1rP+UyTgxKNlvUSwQxEZn8TrpcITNiZAllittbCRtQRZmxCeVtCN78y4ukXi55l6WLh/Ni5TaLIweHcAQn4MEVVOAeqlADBkN4hld4c2LnxXl3PmatS042cwB/4Hz+ADTEjtk=</latexit>

2/3 < ⌫

Strong LL mixing despite large cyclotron gap

• (Part of) CF theories are exact in a higher dimensional universe

• Unprojected CF states are natural physical states

• Coulomb interaction is a special case of scale free interaction

<latexit sha1_base64="e/sa69xT7zXx0HVI49II8yMm+9E=">AAACC3icbVC7TsNAEDzzDOEVoKQ5ESGBEJEd8SoRNJQgkYAUB+t8WcOR89m6WyOClZ6GX6GhACFafoCOv+HyKHhNNZrZ1c5OmEph0HU/nZHRsfGJycJUcXpmdm6+tLBYN0mmOdR4IhN9HjIDUiiooUAJ56kGFocSzsL2Yc8/uwFtRKJOsZNCM2aXSkSCM7RSUFrxEW4xTzTtbvhCRdjxWyCRXVTX7gKxeRdcrwelsltx+6B/iTckZTLEcVD68FsJz2JQyCUzpuG5KTZzplFwCd2inxlIGW+zS2hYqlgMppn3f+nSVau0aGQDRYlC2le/b+QsNqYTh3YyZnhlfns98T+vkWG018yFSjMExQeHokxSTGivGNoSGjjKjiWMa2GzUn7FNONo6yvaErzfL/8l9WrF26lsn2yV9w+GdRTIMlkha8Qju2SfHJFjUiOc3JNH8kxenAfnyXl13gajI85wZ4n8gPP+BamRms0=</latexit>

or +1�2(zi � zj)

Non-abelian parton state
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<latexit sha1_base64="0wh2e1X6CDGsns96KUpz+m8uzfk="></latexit>

For ↵ = 2, `B ! 0, Ṽ↵ ⇠ +1V0

<latexit sha1_base64="zatNhVsJc6lr/fm7hNZ+JK/8T/I=">AAAB8XicbVDLTgJBEOzFF+IL9ehlIjHxhLvE15HoxSMm8ogsIbNDAxNmZzczsyZkw1948aAxXv0bb/6NA+xBwUo6qVR1p7sriAXXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0O/WbT6g0j+SDGcfYCelA8j5n1Fjp0ZeJL5B4Z5VuseSW3RnIMvEyUoIMtW7xy+9FLAlRGiao1m3PjU0npcpwJnBS8BONMWUjOsC2pZKGqDvp7OIJObFKj/QjZUsaMlN/T6Q01HocBrYzpGaoF72p+J/XTkz/upNyGScGJZsv6ieCmIhM3yc9rpAZMbaEMsXtrYQNqaLM2JAKNgRv8eVl0qiUvcvyxf15qXqTxZGHIziGU/DgCqpwBzWoAwMJz/AKb452Xpx352PemnOymUP4A+fzB0pfkAY=</latexit>

⌫  1/2
Laughlin phase with quasiholes

<latexit sha1_base64="QCsso55lZg5W8o3WpD40WMiwrDs=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrHDs6CIoKEMEnlIsYnOl3Vyyvls3Z1BkZX/oKEAIVr+hY6/4ZK4gISRVhrN7Gp3x485U9q2v63c0vLK6lp+vbCxubW9U9zda6ookRQaNOKRbPtEAWcCGpppDu1YAgl9Di1/eDPxW48gFYvEvR7F4IWkL1jAKNFGenAq1StXJC4HXK2cdIslu2xPgReJk5ESylDvFr/cXkSTEISmnCjVcexYeymRmlEO44KbKIgJHZI+dAwVJATlpdOrx/jIKD0cRNKU0Hiq/p5ISajUKPRNZ0j0QM17E/E/r5Po4NJLmYgTDYLOFgUJxzrCkwhwj0mgmo8MIVQycyumAyIJ1SaoggnBmX95kTSrZee8fHZ3WqpdZ3Hk0QE6RMfIQReohm5RHTUQRRI9o1f0Zj1ZL9a79TFrzVnZzD76A+vzByLSkP4=</latexit>

1/2 < ⌫  2/3

Laughlin quasielectrons/Jain 
quasiholes and Jain 2/3 phase

<latexit sha1_base64="NK+dTagRiBK/Ejv2wxAKFKhqUBg=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8xd34PHgIevEYwTwgWcLspJMMmZ1dZmaFsOQjvHhQxKvf482/cZLsQRMLGoqqbrq7glhwbVz321laXlldW89t5De3tnd2C3v7dR0limGNRSJSzYBqFFxizXAjsBkrpGEgsBEM7yZ+4wmV5pF8NKMY/ZD2Je9xRo2VGuXTs5u2TDqFoltypyCLxMtIETJUO4WvdjdiSYjSMEG1bnlubPyUKsOZwHG+nWiMKRvSPrYslTRE7afTc8fk2Cpd0ouULWnIVP09kdJQ61EY2M6QmoGe9ybif14rMb1rP+UyTgxKNlvUSwQxEZn8TrpcITNiZAllittbCRtQRZmxCeVtCN78y4ukXi55l6WLh/Ni5TaLIweHcAQn4MEVVOAeqlADBkN4hld4c2LnxXl3PmatS042cwB/4Hz+ADTEjtk=</latexit>

2/3 < ⌫

Strong LL mixing despite large magnetic field
<latexit sha1_base64="e/sa69xT7zXx0HVI49II8yMm+9E=">AAACC3icbVC7TsNAEDzzDOEVoKQ5ESGBEJEd8SoRNJQgkYAUB+t8WcOR89m6WyOClZ6GX6GhACFafoCOv+HyKHhNNZrZ1c5OmEph0HU/nZHRsfGJycJUcXpmdm6+tLBYN0mmOdR4IhN9HjIDUiiooUAJ56kGFocSzsL2Yc8/uwFtRKJOsZNCM2aXSkSCM7RSUFrxEW4xTzTtbvhCRdjxWyCRXVTX7gKxeRdcrwelsltx+6B/iTckZTLEcVD68FsJz2JQyCUzpuG5KTZzplFwCd2inxlIGW+zS2hYqlgMppn3f+nSVau0aGQDRYlC2le/b+QsNqYTh3YyZnhlfns98T+vkWG018yFSjMExQeHokxSTGivGNoSGjjKjiWMa2GzUn7FNONo6yvaErzfL/8l9WrF26lsn2yV9w+GdRTIMlkha8Qju2SfHJFjUiOc3JNH8kxenAfnyXl13gajI85wZ4n8gPP+BamRms0=</latexit>

or +1�2(zi � zj)

Density-dependent LL mixing that is 
analytically tractable

Non-abelian parton state
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<latexit sha1_base64="zatNhVsJc6lr/fm7hNZ+JK/8T/I=">AAAB8XicbVDLTgJBEOzFF+IL9ehlIjHxhLvE15HoxSMm8ogsIbNDAxNmZzczsyZkw1948aAxXv0bb/6NA+xBwUo6qVR1p7sriAXXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0O/WbT6g0j+SDGcfYCelA8j5n1Fjp0ZeJL5B4Z5VuseSW3RnIMvEyUoIMtW7xy+9FLAlRGiao1m3PjU0npcpwJnBS8BONMWUjOsC2pZKGqDvp7OIJObFKj/QjZUsaMlN/T6Q01HocBrYzpGaoF72p+J/XTkz/upNyGScGJZsv6ieCmIhM3yc9rpAZMbaEMsXtrYQNqaLM2JAKNgRv8eVl0qiUvcvyxf15qXqTxZGHIziGU/DgCqpwBzWoAwMJz/AKb452Xpx352PemnOymUP4A+fzB0pfkAY=</latexit>

⌫  1/2
Laughlin phase with quasiholes

<latexit sha1_base64="QCsso55lZg5W8o3WpD40WMiwrDs=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrHDs6CIoKEMEnlIsYnOl3Vyyvls3Z1BkZX/oKEAIVr+hY6/4ZK4gISRVhrN7Gp3x485U9q2v63c0vLK6lp+vbCxubW9U9zda6ookRQaNOKRbPtEAWcCGpppDu1YAgl9Di1/eDPxW48gFYvEvR7F4IWkL1jAKNFGenAq1StXJC4HXK2cdIslu2xPgReJk5ESylDvFr/cXkSTEISmnCjVcexYeymRmlEO44KbKIgJHZI+dAwVJATlpdOrx/jIKD0cRNKU0Hiq/p5ISajUKPRNZ0j0QM17E/E/r5Po4NJLmYgTDYLOFgUJxzrCkwhwj0mgmo8MIVQycyumAyIJ1SaoggnBmX95kTSrZee8fHZ3WqpdZ3Hk0QE6RMfIQReohm5RHTUQRRI9o1f0Zj1ZL9a79TFrzVnZzD76A+vzByLSkP4=</latexit>

1/2 < ⌫  2/3

Laughlin quasielectrons/Jain 
quasiholes and Jain 2/3 phase

<latexit sha1_base64="NK+dTagRiBK/Ejv2wxAKFKhqUBg=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8xd34PHgIevEYwTwgWcLspJMMmZ1dZmaFsOQjvHhQxKvf482/cZLsQRMLGoqqbrq7glhwbVz321laXlldW89t5De3tnd2C3v7dR0limGNRSJSzYBqFFxizXAjsBkrpGEgsBEM7yZ+4wmV5pF8NKMY/ZD2Je9xRo2VGuXTs5u2TDqFoltypyCLxMtIETJUO4WvdjdiSYjSMEG1bnlubPyUKsOZwHG+nWiMKRvSPrYslTRE7afTc8fk2Cpd0ouULWnIVP09kdJQ61EY2M6QmoGe9ybif14rMb1rP+UyTgxKNlvUSwQxEZn8TrpcITNiZAllittbCRtQRZmxCeVtCN78y4ukXi55l6WLh/Ni5TaLIweHcAQn4MEVVOAeqlADBkN4hld4c2LnxXl3PmatS042cwB/4Hz+ADTEjtk=</latexit>

2/3 < ⌫

Multiple LL with infinite magnetic field

• Generalisation of conformal Hilbert spaces to multiple LLs 
• Non-Abelian topological phases from 2-body interaction

<latexit sha1_base64="0wh2e1X6CDGsns96KUpz+m8uzfk="></latexit>

For ↵ = 2, `B ! 0, Ṽ↵ ⇠ +1V0

<latexit sha1_base64="e/sa69xT7zXx0HVI49II8yMm+9E=">AAACC3icbVC7TsNAEDzzDOEVoKQ5ESGBEJEd8SoRNJQgkYAUB+t8WcOR89m6WyOClZ6GX6GhACFafoCOv+HyKHhNNZrZ1c5OmEph0HU/nZHRsfGJycJUcXpmdm6+tLBYN0mmOdR4IhN9HjIDUiiooUAJ56kGFocSzsL2Yc8/uwFtRKJOsZNCM2aXSkSCM7RSUFrxEW4xTzTtbvhCRdjxWyCRXVTX7gKxeRdcrwelsltx+6B/iTckZTLEcVD68FsJz2JQyCUzpuG5KTZzplFwCd2inxlIGW+zS2hYqlgMppn3f+nSVau0aGQDRYlC2le/b+QsNqYTh3YyZnhlfns98T+vkWG018yFSjMExQeHokxSTGivGNoSGjjKjiWMa2GzUn7FNONo6yvaErzfL/8l9WrF26lsn2yV9w+GdRTIMlkha8Qju2SfHJFjUiOc3JNH8kxenAfnyXl13gajI85wZ4n8gPP+BamRms0=</latexit>

or +1�2(zi � zj)

M. Tanhayi Ahari, S. Bandyopadhyay, Z. Nussinov, A. Seidel, G. Ortiz, Scipost Physics, 2023

Non-abelian parton state
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Experimental realization?

If only we live in a 4+1 dimensional 
spacetime!

<latexit sha1_base64="6LofqnhVjKENCl99a4JMNqBb82g=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYnvcmQ2dllZlYISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WjGSfoR3QgecgZNVZ6wJ7XK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m506ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSE137GZZIalGy+KEwFMTGZ/k36XCEzYmwJZYrbWwkbUkWZsemUbAje4svLpHlW9S6rF/fnldpNHkcRjuAYTsGDK6jBHdShAQwG8Ayv8OYI58V5dz7mrQUnnzmEP3A+fwDx742X</latexit>e1

<latexit sha1_base64="3aZEpjAOwKoUiAsgkcb2Izls4fQ=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgxbArvo5BLx4jmAckS5iddJIhs7PLzKwQlvyCFw+KePWHvPk3ziZ70MSChqKqm+6uIBZcG9f9dgorq2vrG8XN0tb2zu5eef+gqaNEMWywSESqHVCNgktsGG4EtmOFNAwEtoLxXea3nlBpHslHM4nRD+lQ8gFn1GTSGfa8XrniVt0ZyDLxclKBHPVe+avbj1gSojRMUK07nhsbP6XKcCZwWuomGmPKxnSIHUslDVH76ezWKTmxSp8MImVLGjJTf0+kNNR6Ega2M6RmpBe9TPzP6yRmcOOnXMaJQcnmiwaJICYi2eOkzxUyIyaWUKa4vZWwEVWUGRtPyYbgLb68TJrnVe+qevlwUand5nEU4QiO4RQ8uIYa3EMdGsBgBM/wCm9O6Lw4787HvLXg5DOH8AfO5w9boY3O</latexit>�e1

<latexit sha1_base64="6LofqnhVjKENCl99a4JMNqBb82g=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYnvcmQ2dllZlYISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WjGSfoR3QgecgZNVZ6wJ7XK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m506ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSE137GZZIalGy+KEwFMTGZ/k36XCEzYmwJZYrbWwkbUkWZsemUbAje4svLpHlW9S6rF/fnldpNHkcRjuAYTsGDK6jBHdShAQwG8Ayv8OYI58V5dz7mrQUnnzmEP3A+fwDx742X</latexit>e1

<latexit sha1_base64="3aZEpjAOwKoUiAsgkcb2Izls4fQ=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgxbArvo5BLx4jmAckS5iddJIhs7PLzKwQlvyCFw+KePWHvPk3ziZ70MSChqKqm+6uIBZcG9f9dgorq2vrG8XN0tb2zu5eef+gqaNEMWywSESqHVCNgktsGG4EtmOFNAwEtoLxXea3nlBpHslHM4nRD+lQ8gFn1GTSGfa8XrniVt0ZyDLxclKBHPVe+avbj1gSojRMUK07nhsbP6XKcCZwWuomGmPKxnSIHUslDVH76ezWKTmxSp8MImVLGjJTf0+kNNR6Ega2M6RmpBe9TPzP6yRmcOOnXMaJQcnmiwaJICYi2eOkzxUyIyaWUKa4vZWwEVWUGRtPyYbgLb68TJrnVe+qevlwUand5nEU4QiO4RQ8uIYa3EMdGsBgBM/wCm9O6Lw4787HvLXg5DOH8AfO5w9boY3O</latexit>�e1 Dipole-dipole interaction:
<latexit sha1_base64="lbMEtUFUSJojsT/Tqo1oXiwT0pU=">AAACFnicbZDLSsNAFIYnXmu9RV26GSxCRVqS4m1ZdOOygr1Ak5bJdNIOnUnizEQoIU/hxldx40IRt+LOt3HaBtHWHwY+/nMOZ87vRYxKZVlfxsLi0vLKam4tv76xubVt7uw2ZBgLTOo4ZKFoeUgSRgNSV1Qx0ooEQdxjpOkNr8b15j0RkobBrRpFxOWoH1CfYqS01TVLjaI4ciTl0PEFwomdJiIt/bAj74RKRKdy3OtU0rRrFqyyNRGcBzuDAshU65qfTi/EMSeBwgxJ2batSLkJEopiRtK8E0sSITxEfdLWGCBOpJtMzkrhoXZ60A+FfoGCE/f3RIK4lCPu6U6O1EDO1sbmf7V2rPwLN6FBFCsS4OkiP2ZQhXCcEexRQbBiIw0IC6r/CvEA6UiUTjKvQ7BnT56HRqVsn5VPb04K1cssjhzYBwegCGxwDqrgGtRAHWDwAJ7AC3g1Ho1n4814n7YuGNnMHvgj4+MbJB6fZQ==</latexit>

V (r) ⇠ 1

r
� 1p

r2 + d2

Short-range interaction is still 1/r
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Experimental realization?

If only we live in a 4+1 dimensional 
spacetime!

<latexit sha1_base64="6LofqnhVjKENCl99a4JMNqBb82g=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYnvcmQ2dllZlYISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WjGSfoR3QgecgZNVZ6wJ7XK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m506ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSE137GZZIalGy+KEwFMTGZ/k36XCEzYmwJZYrbWwkbUkWZsemUbAje4svLpHlW9S6rF/fnldpNHkcRjuAYTsGDK6jBHdShAQwG8Ayv8OYI58V5dz7mrQUnnzmEP3A+fwDx742X</latexit>e1

<latexit sha1_base64="3aZEpjAOwKoUiAsgkcb2Izls4fQ=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgxbArvo5BLx4jmAckS5iddJIhs7PLzKwQlvyCFw+KePWHvPk3ziZ70MSChqKqm+6uIBZcG9f9dgorq2vrG8XN0tb2zu5eef+gqaNEMWywSESqHVCNgktsGG4EtmOFNAwEtoLxXea3nlBpHslHM4nRD+lQ8gFn1GTSGfa8XrniVt0ZyDLxclKBHPVe+avbj1gSojRMUK07nhsbP6XKcCZwWuomGmPKxnSIHUslDVH76ezWKTmxSp8MImVLGjJTf0+kNNR6Ega2M6RmpBe9TPzP6yRmcOOnXMaJQcnmiwaJICYi2eOkzxUyIyaWUKa4vZWwEVWUGRtPyYbgLb68TJrnVe+qevlwUand5nEU4QiO4RQ8uIYa3EMdGsBgBM/wCm9O6Lw4787HvLXg5DOH8AfO5w9boY3O</latexit>�e1

<latexit sha1_base64="6LofqnhVjKENCl99a4JMNqBb82g=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYnvcmQ2dllZlYISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WjGSfoR3QgecgZNVZ6wJ7XK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m506ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSE137GZZIalGy+KEwFMTGZ/k36XCEzYmwJZYrbWwkbUkWZsemUbAje4svLpHlW9S6rF/fnldpNHkcRjuAYTsGDK6jBHdShAQwG8Ayv8OYI58V5dz7mrQUnnzmEP3A+fwDx742X</latexit>e1

<latexit sha1_base64="3aZEpjAOwKoUiAsgkcb2Izls4fQ=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgxbArvo5BLx4jmAckS5iddJIhs7PLzKwQlvyCFw+KePWHvPk3ziZ70MSChqKqm+6uIBZcG9f9dgorq2vrG8XN0tb2zu5eef+gqaNEMWywSESqHVCNgktsGG4EtmOFNAwEtoLxXea3nlBpHslHM4nRD+lQ8gFn1GTSGfa8XrniVt0ZyDLxclKBHPVe+avbj1gSojRMUK07nhsbP6XKcCZwWuomGmPKxnSIHUslDVH76ezWKTmxSp8MImVLGjJTf0+kNNR6Ega2M6RmpBe9TPzP6yRmcOOnXMaJQcnmiwaJICYi2eOkzxUyIyaWUKa4vZWwEVWUGRtPyYbgLb68TJrnVe+qevlwUand5nEU4QiO4RQ8uIYa3EMdGsBgBM/wCm9O6Lw4787HvLXg5DOH8AfO5w9boY3O</latexit>�e1 Dipole-dipole interaction:
<latexit sha1_base64="lbMEtUFUSJojsT/Tqo1oXiwT0pU=">AAACFnicbZDLSsNAFIYnXmu9RV26GSxCRVqS4m1ZdOOygr1Ak5bJdNIOnUnizEQoIU/hxldx40IRt+LOt3HaBtHWHwY+/nMOZ87vRYxKZVlfxsLi0vLKam4tv76xubVt7uw2ZBgLTOo4ZKFoeUgSRgNSV1Qx0ooEQdxjpOkNr8b15j0RkobBrRpFxOWoH1CfYqS01TVLjaI4ciTl0PEFwomdJiIt/bAj74RKRKdy3OtU0rRrFqyyNRGcBzuDAshU65qfTi/EMSeBwgxJ2batSLkJEopiRtK8E0sSITxEfdLWGCBOpJtMzkrhoXZ60A+FfoGCE/f3RIK4lCPu6U6O1EDO1sbmf7V2rPwLN6FBFCsS4OkiP2ZQhXCcEexRQbBiIw0IC6r/CvEA6UiUTjKvQ7BnT56HRqVsn5VPb04K1cssjhzYBwegCGxwDqrgGtRAHWDwAJ7AC3g1Ho1n4814n7YuGNnMHvgj4+MbJB6fZQ==</latexit>

V (r) ⇠ 1

r
� 1p

r2 + d2

For 
<latexit sha1_base64="aI55HgjStYwucNzI08rOibEjKvo=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5KIr1UpdeOygn1AE8JkctsOnTyYmQglduGvuHGhiFt/w51/4zTNQlsPXDicc+/cucdPOJPKsr6NpeWV1bX10kZ5c2t7Z9fc22/LOBUUWjTmsej6RAJnEbQUUxy6iQAS+hw6/uhm6nceQEgWR/dqnIAbkkHE+owSpSXPPHTyNzIBwQSLmgOce41a4JkVq2rlwIvELkgFFWh65pcTxDQNIVKUEyl7tpUoNyNCMcphUnZSCQmhIzKAnqYRCUG6Wb57gk+0EuB+LHRFCufq74mMhFKOQ193hkQN5bw3Ff/zeqnqX7sZi5JUQURni/opxyrG0zBwwARQxceaECqY/iumQyIIVTqysg7Bnj95kbTPqvZl9eLuvFJvFHGU0BE6RqfIRleojm5RE7UQRY/oGb2iN+PJeDHejY9Z65JRzBygPzA+fwC505Xr</latexit>

r > `B > d , we have 
<latexit sha1_base64="AtCWsTo6iQ0IfqLobDYbrE1Ag1E=">AAACA3icbVC7TsMwFHXKq5RXgA0WiwqpLCXhPVawMBaJPqQmVI7jtlZtJ7IdpCqqxMKvsDCAECs/wcbf4KYZoHCkKx2dc6+v7wliRpV2nC+rMDe/sLhUXC6trK6tb9ibW00VJRKTBo5YJNsBUoRRQRqaakbasSSIB4y0guHVxG/dE6loJG71KCY+R31BexQjbaSuveNlb6SShGPYrMgDT1EO3UN5d9y1y07VyQD/EjcnZZCj3rU/vTDCCSdCY4aU6rhOrP0USU0xI+OSlygSIzxEfdIxVCBOlJ9m+8dw3ygh7EXSlNAwU39OpIgrNeKB6eRID9SsNxH/8zqJ7l34KRVxoonA00W9hEEdwUkgMKSSYM1GhiAsqfkrxAMkEdYmtpIJwZ09+S9pHlXds+rpzUm5dpnHUQS7YA9UgAvOQQ1cgzpoAAwewBN4Aa/Wo/VsvVnv09aClc9sg1+wPr4Bf/CWyA==</latexit>

V (r) ⇠ 1/r3
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Experimental realization?

<latexit sha1_base64="6LofqnhVjKENCl99a4JMNqBb82g=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYnvcmQ2dllZlYISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WjGSfoR3QgecgZNVZ6wJ7XK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m506ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSE137GZZIalGy+KEwFMTGZ/k36XCEzYmwJZYrbWwkbUkWZsemUbAje4svLpHlW9S6rF/fnldpNHkcRjuAYTsGDK6jBHdShAQwG8Ayv8OYI58V5dz7mrQUnnzmEP3A+fwDx742X</latexit>e1

<latexit sha1_base64="3aZEpjAOwKoUiAsgkcb2Izls4fQ=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgxbArvo5BLx4jmAckS5iddJIhs7PLzKwQlvyCFw+KePWHvPk3ziZ70MSChqKqm+6uIBZcG9f9dgorq2vrG8XN0tb2zu5eef+gqaNEMWywSESqHVCNgktsGG4EtmOFNAwEtoLxXea3nlBpHslHM4nRD+lQ8gFn1GTSGfa8XrniVt0ZyDLxclKBHPVe+avbj1gSojRMUK07nhsbP6XKcCZwWuomGmPKxnSIHUslDVH76ezWKTmxSp8MImVLGjJTf0+kNNR6Ega2M6RmpBe9TPzP6yRmcOOnXMaJQcnmiwaJICYi2eOkzxUyIyaWUKa4vZWwEVWUGRtPyYbgLb68TJrnVe+qevlwUand5nEU4QiO4RQ8uIYa3EMdGsBgBM/wCm9O6Lw4787HvLXg5DOH8AfO5w9boY3O</latexit>�e1

<latexit sha1_base64="6LofqnhVjKENCl99a4JMNqBb82g=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYnvcmQ2dllZlYISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WjGSfoR3QgecgZNVZ6wJ7XK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m506ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSE137GZZIalGy+KEwFMTGZ/k36XCEzYmwJZYrbWwkbUkWZsemUbAje4svLpHlW9S6rF/fnldpNHkcRjuAYTsGDK6jBHdShAQwG8Ayv8OYI58V5dz7mrQUnnzmEP3A+fwDx742X</latexit>e1

<latexit sha1_base64="3aZEpjAOwKoUiAsgkcb2Izls4fQ=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgxbArvo5BLx4jmAckS5iddJIhs7PLzKwQlvyCFw+KePWHvPk3ziZ70MSChqKqm+6uIBZcG9f9dgorq2vrG8XN0tb2zu5eef+gqaNEMWywSESqHVCNgktsGG4EtmOFNAwEtoLxXea3nlBpHslHM4nRD+lQ8gFn1GTSGfa8XrniVt0ZyDLxclKBHPVe+avbj1gSojRMUK07nhsbP6XKcCZwWuomGmPKxnSIHUslDVH76ezWKTmxSp8MImVLGjJTf0+kNNR6Ega2M6RmpBe9TPzP6yRmcOOnXMaJQcnmiwaJICYi2eOkzxUyIyaWUKa4vZWwEVWUGRtPyYbgLb68TJrnVe+qevlwUand5nEU4QiO4RQ8uIYa3EMdGsBgBM/wCm9O6Lw4787HvLXg5DOH8AfO5w9boY3O</latexit>�e1 Dipole-dipole interaction:
<latexit sha1_base64="lbMEtUFUSJojsT/Tqo1oXiwT0pU=">AAACFnicbZDLSsNAFIYnXmu9RV26GSxCRVqS4m1ZdOOygr1Ak5bJdNIOnUnizEQoIU/hxldx40IRt+LOt3HaBtHWHwY+/nMOZ87vRYxKZVlfxsLi0vLKam4tv76xubVt7uw2ZBgLTOo4ZKFoeUgSRgNSV1Qx0ooEQdxjpOkNr8b15j0RkobBrRpFxOWoH1CfYqS01TVLjaI4ciTl0PEFwomdJiIt/bAj74RKRKdy3OtU0rRrFqyyNRGcBzuDAshU65qfTi/EMSeBwgxJ2batSLkJEopiRtK8E0sSITxEfdLWGCBOpJtMzkrhoXZ60A+FfoGCE/f3RIK4lCPu6U6O1EDO1sbmf7V2rPwLN6FBFCsS4OkiP2ZQhXCcEexRQbBiIw0IC6r/CvEA6UiUTjKvQ7BnT56HRqVsn5VPb04K1cssjhzYBwegCGxwDqrgGtRAHWDwAJ7AC3g1Ho1n4814n7YuGNnMHvgj4+MbJB6fZQ==</latexit>

V (r) ⇠ 1

r
� 1p

r2 + d2
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We can make V0 arbitrarily dominant 
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Experimental realization?

<latexit sha1_base64="6LofqnhVjKENCl99a4JMNqBb82g=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYnvcmQ2dllZlYISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WjGSfoR3QgecgZNVZ6wJ7XK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m506ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSE137GZZIalGy+KEwFMTGZ/k36XCEzYmwJZYrbWwkbUkWZsemUbAje4svLpHlW9S6rF/fnldpNHkcRjuAYTsGDK6jBHdShAQwG8Ayv8OYI58V5dz7mrQUnnzmEP3A+fwDx742X</latexit>e1

<latexit sha1_base64="3aZEpjAOwKoUiAsgkcb2Izls4fQ=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgxbArvo5BLx4jmAckS5iddJIhs7PLzKwQlvyCFw+KePWHvPk3ziZ70MSChqKqm+6uIBZcG9f9dgorq2vrG8XN0tb2zu5eef+gqaNEMWywSESqHVCNgktsGG4EtmOFNAwEtoLxXea3nlBpHslHM4nRD+lQ8gFn1GTSGfa8XrniVt0ZyDLxclKBHPVe+avbj1gSojRMUK07nhsbP6XKcCZwWuomGmPKxnSIHUslDVH76ezWKTmxSp8MImVLGjJTf0+kNNR6Ega2M6RmpBe9TPzP6yRmcOOnXMaJQcnmiwaJICYi2eOkzxUyIyaWUKa4vZWwEVWUGRtPyYbgLb68TJrnVe+qevlwUand5nEU4QiO4RQ8uIYa3EMdGsBgBM/wCm9O6Lw4787HvLXg5DOH8AfO5w9boY3O</latexit>�e1

<latexit sha1_base64="6LofqnhVjKENCl99a4JMNqBb82g=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYnvcmQ2dllZlYISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WjGSfoR3QgecgZNVZ6wJ7XK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m506ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSE137GZZIalGy+KEwFMTGZ/k36XCEzYmwJZYrbWwkbUkWZsemUbAje4svLpHlW9S6rF/fnldpNHkcRjuAYTsGDK6jBHdShAQwG8Ayv8OYI58V5dz7mrQUnnzmEP3A+fwDx742X</latexit>e1

<latexit sha1_base64="3aZEpjAOwKoUiAsgkcb2Izls4fQ=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgxbArvo5BLx4jmAckS5iddJIhs7PLzKwQlvyCFw+KePWHvPk3ziZ70MSChqKqm+6uIBZcG9f9dgorq2vrG8XN0tb2zu5eef+gqaNEMWywSESqHVCNgktsGG4EtmOFNAwEtoLxXea3nlBpHslHM4nRD+lQ8gFn1GTSGfa8XrniVt0ZyDLxclKBHPVe+avbj1gSojRMUK07nhsbP6XKcCZwWuomGmPKxnSIHUslDVH76ezWKTmxSp8MImVLGjJTf0+kNNR6Ega2M6RmpBe9TPzP6yRmcOOnXMaJQcnmiwaJICYi2eOkzxUyIyaWUKa4vZWwEVWUGRtPyYbgLb68TJrnVe+qevlwUand5nEU4QiO4RQ8uIYa3EMdGsBgBM/wCm9O6Lw4787HvLXg5DOH8AfO5w9boY3O</latexit>�e1 Dipole-dipole interaction:
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But we still need:

<latexit sha1_base64="8YtlJzRT7HFr0ZMLIp4+hwTEP9Q=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBFclUR8raToxmUFmxaaECbTSTp0ZhJmJkIJ3bnxV9y4UMStv+DOv3HaZqGtBy6cOede5t4TZYwq7Tjf1sLi0vLKamWtur6xubVt7+x6Ks0lJi2cslR2IqQIo4K0NNWMdDJJEI8YaUeDm7HffiBS0VTc62FGAo4SQWOKkTZSaB94oeMnid+PkPRTThIUYvOGXljQK2cU2jWn7kwA54lbkhoo0QztL7+X4pwToTFDSnVdJ9NBgaSmmJFR1c8VyRAeoIR0DRWIExUUkztG8MgoPRin0pTQcKL+nigQV2rII9PJke6rWW8s/ud1cx1fBgUVWa6JwNOP4pxBncJxKLBHJcGaDQ1BWFKzK8R9JBHWJrqqCcGdPXmeeCd197x+dndaa1yXcVTAPjgEx8AFF6ABbkETtAAGj+AZvII368l6sd6tj2nrglXO7IE/sD5/ACc9mN4=</latexit>

V0 � ~!c � Vi>0
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Experimental realization?

Charged bosons with a dipole
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The goal:

<latexit sha1_base64="6LofqnhVjKENCl99a4JMNqBb82g=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYnvcmQ2dllZlYISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WjGSfoR3QgecgZNVZ6wJ7XK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m506ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSE137GZZIalGy+KEwFMTGZ/k36XCEzYmwJZYrbWwkbUkWZsemUbAje4svLpHlW9S6rF/fnldpNHkcRjuAYTsGDK6jBHdShAQwG8Ayv8OYI58V5dz7mrQUnnzmEP3A+fwDx742X</latexit>e1

<latexit sha1_base64="3aZEpjAOwKoUiAsgkcb2Izls4fQ=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgxbArvo5BLx4jmAckS5iddJIhs7PLzKwQlvyCFw+KePWHvPk3ziZ70MSChqKqm+6uIBZcG9f9dgorq2vrG8XN0tb2zu5eef+gqaNEMWywSESqHVCNgktsGG4EtmOFNAwEtoLxXea3nlBpHslHM4nRD+lQ8gFn1GTSGfa8XrniVt0ZyDLxclKBHPVe+avbj1gSojRMUK07nhsbP6XKcCZwWuomGmPKxnSIHUslDVH76ezWKTmxSp8MImVLGjJTf0+kNNR6Ega2M6RmpBe9TPzP6yRmcOOnXMaJQcnmiwaJICYi2eOkzxUyIyaWUKa4vZWwEVWUGRtPyYbgLb68TJrnVe+qevlwUand5nEU4QiO4RQ8uIYa3EMdGsBgBM/wCm9O6Lw4787HvLXg5DOH8AfO5w9boY3O</latexit>�e1

<latexit sha1_base64="6LofqnhVjKENCl99a4JMNqBb82g=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYnvcmQ2dllZlYISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WjGSfoR3QgecgZNVZ6wJ7XK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m506ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSE137GZZIalGy+KEwFMTGZ/k36XCEzYmwJZYrbWwkbUkWZsemUbAje4svLpHlW9S6rF/fnldpNHkcRjuAYTsGDK6jBHdShAQwG8Ayv8OYI58V5dz7mrQUnnzmEP3A+fwDx742X</latexit>e1

<latexit sha1_base64="3aZEpjAOwKoUiAsgkcb2Izls4fQ=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgxbArvo5BLx4jmAckS5iddJIhs7PLzKwQlvyCFw+KePWHvPk3ziZ70MSChqKqm+6uIBZcG9f9dgorq2vrG8XN0tb2zu5eef+gqaNEMWywSESqHVCNgktsGG4EtmOFNAwEtoLxXea3nlBpHslHM4nRD+lQ8gFn1GTSGfa8XrniVt0ZyDLxclKBHPVe+avbj1gSojRMUK07nhsbP6XKcCZwWuomGmPKxnSIHUslDVH76ezWKTmxSp8MImVLGjJTf0+kNNR6Ega2M6RmpBe9TPzP6yRmcOOnXMaJQcnmiwaJICYi2eOkzxUyIyaWUKa4vZWwEVWUGRtPyYbgLb68TJrnVe+qevlwUand5nEU4QiO4RQ8uIYa3EMdGsBgBM/wCm9O6Lw4787HvLXg5DOH8AfO5w9boY3O</latexit>�e1

<latexit sha1_base64="6LofqnhVjKENCl99a4JMNqBb82g=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYnvcmQ2dllZlYISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WjGSfoR3QgecgZNVZ6wJ7XK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m506ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSE137GZZIalGy+KEwFMTGZ/k36XCEzYmwJZYrbWwkbUkWZsemUbAje4svLpHlW9S6rF/fnldpNHkcRjuAYTsGDK6jBHdShAQwG8Ayv8OYI58V5dz7mrQUnnzmEP3A+fwDx742X</latexit>e1

<latexit sha1_base64="3aZEpjAOwKoUiAsgkcb2Izls4fQ=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgxbArvo5BLx4jmAckS5iddJIhs7PLzKwQlvyCFw+KePWHvPk3ziZ70MSChqKqm+6uIBZcG9f9dgorq2vrG8XN0tb2zu5eef+gqaNEMWywSESqHVCNgktsGG4EtmOFNAwEtoLxXea3nlBpHslHM4nRD+lQ8gFn1GTSGfa8XrniVt0ZyDLxclKBHPVe+avbj1gSojRMUK07nhsbP6XKcCZwWuomGmPKxnSIHUslDVH76ezWKTmxSp8MImVLGjJTf0+kNNR6Ega2M6RmpBe9TPzP6yRmcOOnXMaJQcnmiwaJICYi2eOkzxUyIyaWUKa4vZWwEVWUGRtPyYbgLb68TJrnVe+qevlwUand5nEU4QiO4RQ8uIYa3EMdGsBgBM/wCm9O6Lw4787HvLXg5DOH8AfO5w9boY3O</latexit>�e1

<latexit sha1_base64="5jT5dnNVNH3N8/m5bN/mCKdD7lU=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6xj04jGieUCyhNlJbzJkdnaZmRXCkk/w4kERr36RN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LRjBP0IzqQPOSMGis9YK/aK5XdijsDWSZeTsqQo94rfXX7MUsjlIYJqnXHcxPjZ1QZzgROit1UY0LZiA6wY6mkEWo/m506IadW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSE137GZZIalGy+KEwFMTGZ/k36XCEzYmwJZYrbWwkbUkWZsekUbQje4svLpFmteJeVi/vzcu0mj6MAx3ACZ+DBFdTgDurQAAYDeIZXeHOE8+K8Ox/z1hUnnzmCP3A+fwDzc42Y</latexit>e2

<latexit sha1_base64="6LofqnhVjKENCl99a4JMNqBb82g=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYnvcmQ2dllZlYISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WjGSfoR3QgecgZNVZ6wJ7XK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m506ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSE137GZZIalGy+KEwFMTGZ/k36XCEzYmwJZYrbWwkbUkWZsemUbAje4svLpHlW9S6rF/fnldpNHkcRjuAYTsGDK6jBHdShAQwG8Ayv8OYI58V5dz7mrQUnnzmEP3A+fwDx742X</latexit>e1

<latexit sha1_base64="3aZEpjAOwKoUiAsgkcb2Izls4fQ=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgxbArvo5BLx4jmAckS5iddJIhs7PLzKwQlvyCFw+KePWHvPk3ziZ70MSChqKqm+6uIBZcG9f9dgorq2vrG8XN0tb2zu5eef+gqaNEMWywSESqHVCNgktsGG4EtmOFNAwEtoLxXea3nlBpHslHM4nRD+lQ8gFn1GTSGfa8XrniVt0ZyDLxclKBHPVe+avbj1gSojRMUK07nhsbP6XKcCZwWuomGmPKxnSIHUslDVH76ezWKTmxSp8MImVLGjJTf0+kNNR6Ega2M6RmpBe9TPzP6yRmcOOnXMaJQcnmiwaJICYi2eOkzxUyIyaWUKa4vZWwEVWUGRtPyYbgLb68TJrnVe+qevlwUand5nEU4QiO4RQ8uIYa3EMdGsBgBM/wCm9O6Lw4787HvLXg5DOH8AfO5w9boY3O</latexit>�e1

<latexit sha1_base64="5jT5dnNVNH3N8/m5bN/mCKdD7lU=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6xj04jGieUCyhNlJbzJkdnaZmRXCkk/w4kERr36RN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LRjBP0IzqQPOSMGis9YK/aK5XdijsDWSZeTsqQo94rfXX7MUsjlIYJqnXHcxPjZ1QZzgROit1UY0LZiA6wY6mkEWo/m506IadW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSE137GZZIalGy+KEwFMTGZ/k36XCEzYmwJZYrbWwkbUkWZsekUbQje4svLpFmteJeVi/vzcu0mj6MAx3ACZ+DBFdTgDurQAAYDeIZXeHOE8+K8Ox/z1hUnnzmCP3A+fwDzc42Y</latexit>e2

<latexit sha1_base64="8YtlJzRT7HFr0ZMLIp4+hwTEP9Q=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBFclUR8raToxmUFmxaaECbTSTp0ZhJmJkIJ3bnxV9y4UMStv+DOv3HaZqGtBy6cOede5t4TZYwq7Tjf1sLi0vLKamWtur6xubVt7+x6Ks0lJi2cslR2IqQIo4K0NNWMdDJJEI8YaUeDm7HffiBS0VTc62FGAo4SQWOKkTZSaB94oeMnid+PkPRTThIUYvOGXljQK2cU2jWn7kwA54lbkhoo0QztL7+X4pwToTFDSnVdJ9NBgaSmmJFR1c8VyRAeoIR0DRWIExUUkztG8MgoPRin0pTQcKL+nigQV2rII9PJke6rWW8s/ud1cx1fBgUVWa6JwNOP4pxBncJxKLBHJcGaDQ1BWFKzK8R9JBHWJrqqCcGdPXmeeCd197x+dndaa1yXcVTAPjgEx8AFF6ABbkETtAAGj+AZvII368l6sd6tj2nrglXO7IE/sD5/ACc9mN4=</latexit>

V0 � ~!c � Vi>0

<latexit sha1_base64="lw9A8ryFaPxDIpud4T60wp+eGfE=">AAACE3icbVA5T8MwGHXKVcoVYGSJqJAQQ0kqrrEqC2OR6CG1JXLcL61V55DtgKIo/4GFv8LCAEKsLGz8G9w0SNDyJMtP732H/ZyQUSFN80srLCwuLa8UV0tr6xubW/r2TksEESfQJAELeMfBAhj1oSmpZNAJOWDPYdB2xpcTv30HXNDAv5FxCH0PD33qUoKlkmz9KOllQxKHRZCCbd1W0+MfLQbGgvu0py67ntp62ayYGYx5YuWkjHI0bP2zNwhI5IEvCcNCdC0zlP0Ec0kJg7TUiwSEmIzxELqK+tgD0U+y1alxoJSB4QZcHV8amfq7I8GeELHnqEoPy5GY9Sbif143ku5FP6F+GEnwyXSRGzFDBsYkIGNAORDJYkUw4VS91SAjzDGRKsaSCsGa/fI8aVUr1lnl9PqkXKvncRTRHtpHh8hC56iGrlADNRFBD+gJvaBX7VF71t6092lpQct7dtEfaB/fzJyfYQ==</latexit>

e21/`B

<latexit sha1_base64="UNC6c7kNjsOPmmWnAAMB65WFewU=">AAACDHicbVC7TsMwFHV4lvIqMLJYVEhMVVLxGquyMBaJPqQmVI7rtFbtOLIdUBTlA1j4FRYGEGLlA9j4G9w0A7QcyfLROfdhHz9iVGnb/raWlldW19ZLG+XNre2d3crefkeJWGLSxoIJ2fORIoyGpK2pZqQXSYK4z0jXn1xN/e49kYqK8FYnEfE4GoU0oBhpIw0qVTeQCKdOlqZuPi1NCGPiIeOuuQfNu3qWmSq7ZueAi8QpSBUUaA0qX+5Q4JiTUGOGlOo7dqS9FElNMSNZ2Y0ViRCeoBHpGxoiTpSX5uszeGyUIQyENCfUMFd/d6SIK5Vw31RypMdq3puK/3n9WAeXXkrDKNYkxLNFQcygFnCaDBxSSbBmiSEIS2reCvEYmXS0ya9sQnDmv7xIOvWac147uzmtNppFHCVwCI7ACXDABWiAa9ACbYDBI3gGr+DNerJerHfrY1a6ZBU9B+APrM8fS7Scag==</latexit>
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A final theoretical touch

<latexit sha1_base64="osGZEAihjVDt0N5Yf+5wPcYR+aw=">AAACFHicbVC7SgNBFJ2N7/iKWtoMBkEQwq74agTRxiKFgolCNiyzk5vskNnZZeauGpZ8hI2/YmOhiK2FnX/jJKbQ6IGBwzn3cuecMJXCoOt+OoWJyanpmdm54vzC4tJyaWW1bpJMc6jxRCb6OmQGpFBQQ4ESrlMNLA4lXIXd04F/dQPaiERdYi+FZsw6SrQFZ2iloLTtxwwjziQ9C7wjP2JI64HrI9xhTm8FRkJRjIBWq9V+UCq7FXcI+pd4I1ImI5wHpQ+/lfAsBoVcMmManptiM2caBZfQL/qZgZTxLutAw1LFYjDNfBiqTzet0qLtRNunkA7Vnxs5i43pxaGdHEQw495A/M9rZNg+bOZCpRmC4t+H2pmkmNBBQ7QlNHCUPUsY18L+lfKIacbR9li0JXjjkf+S+k7F26/sXeyWj09GdcySdbJBtohHDsgxOSPnpEY4uSeP5Jm8OA/Ok/PqvH2PFpzRzhr5Bef9CxidnZ0=</latexit>

H1 = V̂0 within the LLL
<latexit sha1_base64="NGlxLiglyTLIn15s82XRwhfVcTA="></latexit>
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A final theoretical touch

<latexit sha1_base64="osGZEAihjVDt0N5Yf+5wPcYR+aw=">AAACFHicbVC7SgNBFJ2N7/iKWtoMBkEQwq74agTRxiKFgolCNiyzk5vskNnZZeauGpZ8hI2/YmOhiK2FnX/jJKbQ6IGBwzn3cuecMJXCoOt+OoWJyanpmdm54vzC4tJyaWW1bpJMc6jxRCb6OmQGpFBQQ4ESrlMNLA4lXIXd04F/dQPaiERdYi+FZsw6SrQFZ2iloLTtxwwjziQ9C7wjP2JI64HrI9xhTm8FRkJRjIBWq9V+UCq7FXcI+pd4I1ImI5wHpQ+/lfAsBoVcMmManptiM2caBZfQL/qZgZTxLutAw1LFYjDNfBiqTzet0qLtRNunkA7Vnxs5i43pxaGdHEQw495A/M9rZNg+bOZCpRmC4t+H2pmkmNBBQ7QlNHCUPUsY18L+lfKIacbR9li0JXjjkf+S+k7F26/sXeyWj09GdcySdbJBtohHDsgxOSPnpEY4uSeP5Jm8OA/Ok/PqvH2PFpzRzhr5Bef9CxidnZ0=</latexit>

H1 = V̂0 within the LLL
<latexit sha1_base64="NGlxLiglyTLIn15s82XRwhfVcTA="></latexit>
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Duality between strongly/weakly 
interacting systems
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A final theoretical touch

<latexit sha1_base64="osGZEAihjVDt0N5Yf+5wPcYR+aw=">AAACFHicbVC7SgNBFJ2N7/iKWtoMBkEQwq74agTRxiKFgolCNiyzk5vskNnZZeauGpZ8hI2/YmOhiK2FnX/jJKbQ6IGBwzn3cuecMJXCoOt+OoWJyanpmdm54vzC4tJyaWW1bpJMc6jxRCb6OmQGpFBQQ4ESrlMNLA4lXIXd04F/dQPaiERdYi+FZsw6SrQFZ2iloLTtxwwjziQ9C7wjP2JI64HrI9xhTm8FRkJRjIBWq9V+UCq7FXcI+pd4I1ImI5wHpQ+/lfAsBoVcMmManptiM2caBZfQL/qZgZTxLutAw1LFYjDNfBiqTzet0qLtRNunkA7Vnxs5i43pxaGdHEQw495A/M9rZNg+bOZCpRmC4t+H2pmkmNBBQ7QlNHCUPUsY18L+lfKIacbR9li0JXjjkf+S+k7F26/sXeyWj09GdcySdbJBtohHDsgxOSPnpEY4uSeP5Jm8OA/Ok/PqvH2PFpzRzhr5Bef9CxidnZ0=</latexit>

H1 = V̂0 within the LLL
<latexit sha1_base64="NGlxLiglyTLIn15s82XRwhfVcTA="></latexit>
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<latexit sha1_base64="vtO8XGXAtAbnGoHib6Ha4tp98KM=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKewGXxch6MVjBPOAZAm9k0kyZHZ2nZkVwpKf8OJBEa/+jjf/xkmyB00saCiquunuCmLBtXHdbye3srq2vpHfLGxt7+zuFfcPGjpKFGV1GolItQLUTHDJ6oYbwVqxYhgGgjWD0e3Ubz4xpXkkH8w4Zn6IA8n7nKKxUquDIh7idaVbLLlldwayTLyMlCBDrVv86vQimoRMGipQ67bnxs ZPURlOBZsUOolmMdIRDljbUokh0346u3dCTqzSI/1I2ZKGzNTfEymGWo/DwHaGaIZ60ZuK/3ntxPSv/JTLODFM0vmifiKIicj0edLjilEjxpYgVdzeSugQFVJjIyrYELzFl5dJo1L2Lsrn92el6k0WRx6O4BhOwYNLqMId1KAOFAQ8wyu8OY/Oi/PufMxbc042cwh/4Hz+AIXrj6U=</latexit>
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Duality between strongly/weakly 
interacting systems
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Summary

• The formalism of conformal Hilbert spaces could be 

useful for understanding both the universal features and 

the dynamics of anyons in FQH systems 

• It inherits very rich mathema<cal/algebraic structure and 

there is s<ll a lack of good analy<cal and numerical tools 

• There could be a chance of experimentally realising 

model Hamiltonians for generalised CHS
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All topological properties determined by 
Hilbert space algebra

Universal topological 
properties

A minimal highest 
density ground state

A quasihole manifold

Various types of 
quasielectron excitations

Neutral 
excitations

Increasing density

Topological 
indices

Entanglement 
properties

“Bulk-edge 
correspondence”

All universal properties should be determined 
without involving the  (model) Hamiltonian

topological indices of the 
ground state, quasihole/

quasielectron charge, quasihole 
counting, quasielectron spin

All energy scales 
to zero or infinity


