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Current Status of Quantum Computing

Quantum advantage for 3y antym dynamics? Fault-tolerant QC
artificial tasks (RCS) (what else?)  Prime factoring
Google 19, ‘24; ¢ QFT simulation

Zuchongzhi "21;
Quantinuum ‘24 ¢ I\/Iany more...

1 g—iﬁ time

\ J
|

Need to cope with significant noise!!
(What can we do with 50-100 qubits and gate fidelity 99.9%,99.99%, ...?)
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Information scrambling by Floquet circuits
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Information scrambling by Floquet circuits

Kicked-Ising model prosen 02, 07 T
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Information scrambling:
« A process of the lost information spreading across the system
« Scrambling dynamics makes it hard to recover the initial information

— Diagnose the complexity of dynamics

© 2024 Quantinuum. All rights reserved.
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Experiments on trapped-ion
guantum computers

GOAL.:

Access the feasibility of scrambling
simulation on the current hardware

Seki, YK, Hayata, Yunoki ‘24

0 Hayden-Preskill recovery protocol

D

e, s/

System Model H1

Available on various platforms

g

99.91% Two-qubit gate fidelity (arbitrary angle)
20 qubits

99.998% Single-qubit gate fidelity
Measurement cross talk error < 0.01%
All-to-all-connectivity

SPAM fidelity > 99.7%

© 2024 Quantinuum. All rights reserved. System Models H1 and H2 are powered by Honeywell.



Hayden-Preskill recovery (HPR) protocol [Theory]

Information scrambling Hayden & Preskil ‘07;
Sekino & Susskind ‘08

« Cannot learn about |) from any local
U measurement if U scrambles information

v — 4 ¢ f—

[
BX

D

© 2024 Quantinuum. All rights reserved.



Hayden-Preskill recovery (HPR) protocol [Theory]

Information recovery  Hayden & Preskil ‘07

« Entanglement resource helps the recovery of input state.

U
« Fgpr = [(¢|¥)| = 1 at late times if U is scrambling

 What is the recovery protocol?
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Hayden-Preskill recovery (HPR) protocol [Theory]

Recovery protocol Yoshida & Kitaev ‘17 1. States on B and B’ are maximally entangled
2. Information propagates from A to D
3. Information propagates from A’ to D’
1) Y 4. States on D and D’ are projected on a Bell state
N _ — States on A and A’ are maximally entangled
Initialized to Post-select
Bell pairs on Bell state
Initialized to
Bell pairs

© 2024 Quantinuum. All rights reserved.
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Hayden-Preskill recovery (HPR) protocol [Theory]

Recovery protocol

Yoshida & Kitaev ‘17

) —

g
&S Initialized to
N .
) ell pairs
g

Post-select
on Bell state

D

States on B and B’ are maximally entangled
Information propagates from A to D

Information propagates from A’ to D’

States on D and D’ are projected on a Bell state

— States on A and A" are maximally entangled

© 2024 Quantinuum. All rights reserved.



Hayden-Preskill recovery (HPR) protocol [Theory]

Recovery protocol  voshida & Kitaev ‘17

\\\ ~ Post-select
N ) on Bell state
g
Bell meas.
— Fgpr

D

States on B and B’ are maximally entangled
Information propagates from A to D

Information propagates from A’ to D’

States on D and D’ are projected on a Bell state

— States on A and A’ are maximally entangled

N=8Ns=1Np=2dt =01
1.0

081 — Haar

—+— Classical Ising
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0.6 1

Fepr

0.4 1

0.2 1

0.0 . . : . + Hayata, Hidaka, YK ‘21
0 : 4 0

2 / G 8 1
t
H=-] ZiZi+1+BZZZi+BXZXi
i i i

© 2024 Quantinuum. All rights reserved.



Hayden-Preskill recovery (HPR) protocol [Experiment]

Seki, YK, Hayata, Yunoki ‘24
Setup Maximally chaotic

» 2 copies of 9-qubit spin chain + 2 ancilla qubits JT _r

e U= (e‘iHZ% e_ing)m

0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14

dashed: exact, red: raw,
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Hayden-Preskill recovery (HPR) protocol [Experiment]

Seki, YK, Hayata, Yunoki ‘24
Setup Maximally chaotic

» 2 copies of 9-qubit spin chain + 2 ancilla qubits _r

. T . T\
o = (e i)

« Mitigation is done assuming the global depolarizing 0754 T

channel on U: & 0.50
) I
pn01sy — fUTpinU + (1 _f)z_N 0.25 -
N 0.00 +— T T . r T T T 0.00 ~— T ; T Y T T T
f=(1-pyo)"™ 0 3 4 6 & 1o 12 1 0 3 4 6 & 10 12 1

dashed: exact, red: raw,
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Hayden-Preskill recovery (HPR) protocol [Experiment]

Setup

2 copies of 9-qubit spin chain + 2 ancilla qubits
U= (e‘iHZ% e‘iHX%)m

Mitigation is done assuming the global depolarizing

channel on U:
) I
proY = fUTpinU + (1= f oy

f=0- PZQ)NZQ

Fepr

Observations

Q

1.00 1
0.75 1
0.50 1

0.251

0.00

(c)

| . . : ' 0.00
6 8 10 12 14

Seki, YK, Hayata, Yunoki ‘24

Maximally chaotic

TT

1.00 -
0.75

=

i 0.50 1

0.251

0 2 4 6 8 10 12 14

dashed: exact, red: raw,

A sharp increase once the information reaches the measured register in the chaotic model.

Consistent with Haar random value (dashed lines) at late times.

Depolarizing channel models the chaotic model better.

© 2024 Quantinuum. All rights reserved.



Discussion
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Circuit fidelity is crudely (sometimes accurately) estimated by

f= (1 - pZQ)NZQ

[T1T ]

- | - - L v

O(N
Geometrically local models requires poly(N) gates to scramble (V)

1D geometrically circuit requires t = O(N) for the entire system to get involved: Ng,¢e~0(N 2)

« E.g. we used 200 2Q gates for the 20-qubit 1D system
= 2 copies of 30-qubit system requires 9 times larger gate counts ~ 1800 2Q gates : f = 0.999'890 ~ (.17

D
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Circuit fidelity is crudely (sometimes accurately) estimated by

f= (1 - pZQ)NZQ

[T1T ]

- | - - L v

O(N
Geometrically local models requires poly(N) gates to scramble (V)

1D geometrically circuit requires t = O(N) for the entire system to get involved: Ng,¢e~0(N 2)

 E.g. we used 200 2Q gates for 2 copies of 10-qubit 1D systems
= 2 copies of 30-qubit system requires 9 times larger gate counts ~ 1800 2Q gates: f = 0.999'8%0 ~ (.17

What if hardware result deviates from the estimate?
 Memory error (on idling qubits, during ion transport)

 SPAM error (bias between 0 - 1 and 1 — 0)

' I i Schiffer, Rubio Trivedi & Cirac ‘24
- Gate counting analysis overestimates the error oot & E;Jre';’errgj & Lirac

Chertkov, Chen, Lubasch, Hayes, Foss-Feig 24
Q © 2024 Quantinuum. All rights reserved.
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