2024/03/25-26 KEK iwﬁwiﬁﬁﬁ EIETAR S 2024
®

SHEFREFASELI—YD
SEERRETORE(COVNT

20244E3 kR

BARIFEIATEE DTFRIEWIEFT B3

—ZhBE, BoREA

EE.EEI BESIZ &MOONSHOT

Instltute for
Molecular Science




HCRT : EH EX (&EHIE 12hVsndy)

DFRIZAZTAT B
(RZEREBBD)L—

HIRARE
SHEFE=RWVEEFIEDI—FTa >0 - EF

> 2014-2019 RKXIEY) {1 - -1BF SEBEEEA AN

JSPS research fellowship DC 1 (2016-2019) W%/WW

(PHNRFEER HEFZHREFS oL —232)

> 2019 -2023.6H 9Fif $5{EBhE
> 2023.68 - DT BhER

Ultrafast Rydberg interaction
[Y. Chew et al,, Nature Photonics 16, 724 (2022)]




DT & KJFEIN—T

Shizuoka

-
.

Mie

Okc;zaki
i I 3

o an d

Tokyo

Scan the QR code to discover more Aichi . Kyolo

l

AHZRERII—I

_
— » S
¢‘B-m &B:’
T .

BENRF= T
EF¥I>E1—-F127 -
T




BF¥I2E1—9)\—RUI7 -2016%F
QUESTFORQUBITS  ormime

s a Sunday afternoon in Septem
&:113:.: gl A DIt Of the action
e o ' Inthe race to build a quantum computer, companies are pursuing many types of quantum bits, or qubits, each with its own strengths and weaknesses.
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Breaking News!!! Logical quantum processor

20235E12H From Mikhail Lukin group @ Harvard/MIT with QuEra Computing

Here we report the realization of a programmable quantum processor based on

natlll'e hitps:/jdoi.org/10.9038/541586-023-06927-3

Accelorated Article Preview encoded logical qubits operating with up to 280 physical qubits.

Logical quantum processor basedon ..., we realize computationally complex sampling circuits with up to 48 logical qubits
reconfigurable atomarrays entangled with hypercube connectivity with 228 logical two-qubit gates and 48 logical

Received: 21 October 2023 Dolew Bluvstein, Simon J. Evered, Alexandra A. Geim, Sophie M. Li, Hengyun Zhau,
Accepted: 1December 3023 Mo Donyfik
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Breaking News!!! Logical quantum processor

Supplementary video

2023F12H
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XTRFZBSYVI TS : XREF S W T (optical dipole trap)
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RFEFEY MECT

&t E> 17w NEEFY optical tweezers array
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&t E> 17w NEEFY optical tweezers array
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SINGLE-ATOM TRAPPING IN HOLOGRAPHIC 2D ARRAYS ... PHYS. REV. X 4, 021034 (2014)

SLM Trap Average SLM Trap Average
phase intensities atomic signal phase intensities atomic signal
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RF (Radio Frequency signal)
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M. Lukin group, USA

[M. Endres et al., Science 354, 1024 (2016)]

J. Ahn group, Korea
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[H. Kim et al., Nat. Commun. 7, 13317 (2016)]
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Local addressing/Parallel addressing

RF (Radio Frequency signal)
|

Acousto—Optic'eerctor: AOD

RF1 7J<IIZ :f1l fZ/ f3
RFZ EI_E:fl'l/ fIZ/ fl3
-2 3 x 3 =9 tweezers!

“JK"DZE(L Multiplexing

Multitone signal : Arbitrary waveform generator

Figure from A. Cooper et al,, PRX 8, 041055 (2018).
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EFEwY b = [ RFOBEF/AEIRAE

ILHOYRF ' )ILBUx5E (BR) BT '
Rb, Cs @ Yb, Sr @
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45— MEE 1 1-qubit gate

> XEERT — b HISH /N DORKIC LD S ERED » ZIOER T — b S 2D MMIRDAAHES
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coS —isin 1)
X(0) = [ —1 3151?;2/5)2) cos(f(l?;é)z) ] 0=t CE|0> T e’ t6|1>

1-qubit gate fidelity ~ 99.96-99.99% o s es. tuesoss

T. M. Graham et al., Nature 604, 457 (2022).]
X Best score: Infidelity 4.7(1.1)x10-> [PRL 121, 240501 (2018)]
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) 1 — RAUJR-¥ Rydberg atom 36
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=57 — MEE : 2-qubit gate
¢ Controlled-ZF— b

Lukin group, Harvard [H. Levine et al, PRL 123, 170503 (2019)] d “Levine gate”
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795 nm
5 1013 nm

20194F : Bell state fidelity (SPAM corrected): = 97.4(3)%

(2018F EEEKRERXRIDETE[PRA 97, 053803(2018)|=o>M T : TJL—OX)L—)

> 202345 4H [EgrouplC kD
CZ gate fidelity (SPAM Corrected) = 99.52(4)% JEPBN (5.1 Evered et al, Nature 622, 268 (2023)]
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Quantum circuits

Saffman group, University of Wisconsin-Madison

a Phase kickback QFT

+ ColdQuanta (Inflegtion) [Nature 604, 457 (2022)]

EMCCD
camera

.

Rydberg excitation

1,040-nm X=Y AOD Rydberg

excitation and
local phase gates
459-nm X-Y ACD

i a ",

.%ﬂ 7 fsisais . .
somreanagemont  2Dnagidamy meiohE, Quantum phase estimation
1,064-nm X-Y ACD 825 nm global single-

qubit gates

0
w
=
3

| |
| |
g EEENLE§ 0| Rew2) |z | [ R@) [ e
] = ; | S
R AT vy B Zjth

[ ‘ ‘
o) ~{ Ryw2) [ zz(y) R L. L2
BN ] i o (ot
|o>4~{ Ry(m/2) }—H Zfy,) H Z2(y,) ]— ZZ(y,) H Ry(By) }—L

|
* + ‘ . . . . € 050 L777777775.30 7777777777 - 0.50
p=1 R,=0669(0) p=2 R,=0.8687(11) p=3 R, =0.628(11)

+ a’ " R RE B N
2

: " g o025 0.25 0.25
F R DL E®E g

B R W R E® QAOA algorithm for solving MaxCut 0 0 0

g g SISV SHRVERRHEET AL IRREIR



ﬁﬂ%ﬁztyhk;5g?tyh?

Lukin group, Harvard
Nature 604, 451 ( 20221

o © © O

G D 6.
#FE DY MO EESH OJEE(IC |




BNXE> Y MCKBIEFEY M

Lukin group, Harvard ey
Nature 604, 451 (2022) . ¢ <" e®iccie® -
« " ° d,ﬁ‘o © o°

ZONEX - ;- © 6
- o J
e I
1245 .
sals;

Zoned architecture i

FHRXE Y MZELD2E

0 us

Dynamical decoupling (XY16-128)
BNX A1 CfidelityDEBAIIRSEIR L

c 10—¢—Stationary —©Transported

Two-atom parity
o
° &

I
o
&)

-
|
—
o

0 w2 ® 8n2 2«
Phase of final n/2 pulse

QD) (D) @ &
(D) D (D)
=y



Breaking News

2023F12H

nature

From Mikhail Lukin group @ Harvard/MIT with QuEra Computing

https: /jdoi.org/10.3038/s41686-023-06927-3

Accelerated Article Preview

Logical quantum processor based on

reconfigurable atomarrays

Received: 21 October 2023

Accepted: 1 December 2023
Accelerated Article Preview

Cite this articie as: Bluvstein, D. et al. Logical

Dolev Bluvstein, Simon J. Evered, Alexandra A. Geim, Sophie H. Li, Hengyun Zhou,
i i iin, Marcin Kali i, Dominik

1. Pablo Bonilla Ataides, Nishad Maskara, Iris Cong, Xun Gao, Pedro Sales Rodriguez,

ael 1. Gullans,

Mikhail D. Lukin

atom arrays. Nature hitps:/idoi.org 101038/
s41586-023-06027-3 (2023)

This isa PDF fileofa pi

that has been accepeed for

the content

tedwo imi ing. Nature

paper as aservice toour authors and

isp i this earl
readers. The text

aproof review

paperis

that during the production process

errors may be discovered which could affect the content, and all legal disclaimers

apply.

Logical quantum processor

Here we report the realization of a programmable quantum processor based on
encoded logical qubits operating with up to 280 physical qubits.
..., we realize computationally complex sampling circuits with up to 48 logical qubits

entangled with hypercube connectivity with 228 logical two-qubit gates and 48 logical

CCZ gates. ...
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Harvard Lukin group, Bluvstein et al., Nature (2023)

Ancilla qubit for [Nature 626, 58 (2023)]
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Harvard Lukin group, Bluvstein et al., Nature (2023)

Logical qubitl [Nature 626, 58 (2023)]
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Advantage/Disadvantage + R

Key development

Advantage
- Scalability: Y3 >t X%Z%9°1,000 ~ 10,000/E FE - BEAL—Y -
610087 - BFITILTUR LA

(a) . (b)

S
©o

[Endres group, Caltech arXiv 2403.12021 (2024)]
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Advantage/Disadvantage + R

Advantage

- Scalability: Y= > 5+ X%Z%ZX91,000 ~ 10,000 FE W b

BE . IMETFEY M 1GEFE W ~?
> HAEF cavity-enhanced lattice

- Photon&EDfEE, T2 15—1k

- Connectivity: {IFEMAR. [RFENX(CKDEHES = transversal gate
Long-range 2-qubit gate, Native CCZ gate
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[Nat. Commun. 13, 4657 (2022)]
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Adva ntage Key development
- Scalability: Y= > Y+ X%&%%91,000 ~ 10,000 FE W b - ERAL—Y—

B2 IMEFLY M 1IGEBFE Y h? - HFERTHAD

> HAEF cavity-enhanced lattice _ E@ET7)LTU

> Photon&EDFEE, €215 —1k
- Connectivity: 2K, [RFENX(CKDEMES = transversal gate | - BENRE - B5fe]
Long-range 2-qubit gate, Native CCZ gate - ENXEIE(E

- PILTUXLREF

B SHRFREHEUEFIILTVUZL - P—FFIF ¢ &
- High degree of freedom in atoms: #i& - EF /K AE> - EBEHHE
SIRIRTRILF— %4 [RFE (1EFHEFRD, Cs, K, ... / 2EFEF Yb, Sr) va¥ma,

¥ b= Ea 8’Rb & 8°Rb
BE  EE(EMNRFRESRICKDreadout/sRDETIE Wuhan, Zhan group,

[PRL 128, 083202 (2022)]
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Disadvantage

- Slow clock speed:
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[Ohmori group, Y. Chew et al., Nature Photonics 16, 724 (2022)]
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[Ohmori group, Y. Chew et al., Nature Photonics 16, 724 (2022)]
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