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1 e? 1

Vi §MV (21(t)" + 22(t)°) 4 dmeg z2(t) — z1(2)




arnn i ksl oxr

T h e SySte m Universidad  Euskal Herriko

del Pais Vasco  Unibertsitatea

© Two trapped ions / The motion

V= L (21(8)° + 22()°) A 476;60 22(?5)121@)

2
o Small Oscillations  z;(t) = 2 + ¢;(¢)

Equilibrium positions




n s kel oxe

T h e SySte m Universidad  Euskal Herriko

del Pais Vasco  Unibertsitatea

© Two trapped ions / The motion

V= L (21(8)° + 22()°) A 476;60 22(?5)121@)

2
o Small Oscillations  z;(t) = 2 + ¢;(¢)
Equilibrium positions
Diagonal Hamiltonian «——  Vibrational normal modes

— — Breathing mode V2

— — Center of mass mode /1

e~~~ N

H, = ulaJ{al + VQCL;GJQ
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The magnetic field breaks the degeneracy
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o Hyperfine level structure (1"1Yr*) / The qubit

The magnetic field
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o Hyperfine level structure (1"1Yr*) / The qubit

The magnetic field
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o Hyperfine level structure (1"1Yr*) / The qubit
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The magnetic field breaks the degeneracy
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TM-pulses — f; = 41

Symmetry is important » 0 Dynamical Decoupling ¢
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Results

Fidelities above 99,9%

del Pais Vasco

arnn i ksl oxr.

"

Universidad  Euskal Herriko
Unibertsitatea

Infidelity (X107%) exp(ijoio;) exp(igo0s) exp(i30705;) exp(i5oio;)
g =150T/m gz =150T/m gg =300 T/m g =300 T/m
v/(2m) = 150 kHz|v/(27) = 150 kHz |v/(2m) = 220 kHz | v/(271) = 220 kHz

toae = 80 ps Foae = 80 1S towe = 36.3 ps foue = 36.3 s
2) @ (|g) + le)) 1.172 0.128 2.060 0.144
(lg) +1e)) & (lg) + [e)) 2.229 0.136 4.905 0.304
2} @ (|g) + ile}) + |e) & |e) 3.052 0.116 5.899 0.371
le)®(|g) —ile)) +1g) ®1|g) 4.631 0.172 5.946 0.413
le) ® (|g) —ile)) + |g) R (lg) + ile)) 3.250 0.110 4.635 0.293

TT-pulse time: 77ns

Sources of error:

<n>a1,a2 o 0‘5

TT-pulse time: 49ns

Q=0(1+e€q) eq=0.01
v=v(l+e¢,) ¢ =0.001
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Fast approach to generate two qubit phase gates with microwave 1ons

Best experiments: F =99, 7% in milliseconds
Robust against main sources of decoherence
We validated our ideas with detailed numerical simulations

Microwave control comparable In precision and speed to laser

controlled gates.



THANK YOU FOR YOUR ATTENTION IiSida Euskal Herrko

del Pais Vasco  Unibertsitatea

Inigo Arrazola
University of the Basque Country, Bilbao, Spain

Trieste, September, 2017

=~ e & - o=
o . - e A 5 T ..wm., 5
AT TS
P, N -3 - ’ - e
o & > S AT =T, -
_ 1‘_ L S e . - Ly o e 4 o )- .‘.‘?%‘._ e
S S y & : g - 2 Bar
e PO B oy § O PR R
£ PR TN s { g 5 \# o : I ‘ 1 S ) >
’ IR SRT A p“é " /‘E;‘ ,: oo "y ’_,’_/‘lﬁ‘\_, . " = _‘{J 3 ’
. *oy O S N ¢ - /‘d.v: . A At » ‘

e . o
g Pk ! -
Vg e e A L
e T
(< -
e,
’ ~— . R ey

IRl ) > ot o o . — _,"




