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lll. Miklas Elmehed © Nobel Prize l. Miklas ElImehed © Mobel Prize . Niklas Elmehed © Mobel Prize

Outreach Outreach Qutreach
Alain Aspect John F. Clauser Anton Zeilinger
Prize share: 1/3 Prize share: 1/3 Prize share: 1/3

The Nobel Prize in Physics 2022 was awarded
jointly to Alain Aspect, John F. Clauser and Anton
Zeilinger "for experiments with entangled photons,

establishing the violation of Bell inequalities and
pioneering (s|iElalatinSisiteginkislonl science"



1l FEEGE 46 FFo:34 @ 94%|
< O 2ommEEszrEe @ ()

LEFORIMEBFTAERIM3BFREEEA
BRF 1A (H38%)

maRas/hi 2 BT
. FiENL GLR
BTHA

| [
""’*‘"%K%Eﬁ

S R T T

rAREFH? (EARHA?

BT, ENREFREZIRMIMR,
WIRABFRAEMSAM. BEFRAER. ETREENE
BFENE BTaEER. BTLBERES
BHARSARL “f "MUE €
HizO iR RSN E FREBER AR
ENEREITERANERRER. N,
EFRmEHRETFRENRE.
EFROEREZATARIUMENR.
HEESKE, MAXRRKES.

i hEEE 4G 1 9:35 @94%3\
< & 19 HESHARFH ® M

fi

EXSER , BFCARGE , U

[ {RESANBR R 1% 22 E AT

i3
A
a8
4
A
1

i

B B FH #EE
BHOM B BEE =

2017ERFE B

o BE RS

&) mmsemn, AosHe e

¥18 ‘
S e BR AiEEHts :




B 5 2w il

i bl 1ERR]
A e N |

SRISET. EISH. cE e (B = HRiEF 8
FEBERSEy AT

RPEERE - = RNk H
fmi{/\rrm:ﬂw.m FE.I T *l] N = E N
WEX. HTIE B TSRS - $18% (Sath Lioyd ) HiE &

W= ¥

SXEEL: B

TRHE. PEERE FF
2DD4FENRINBFERFSE:

A - #ER1RE ( Frank Wilczek ) 218,

201 DFEFZMEMBEREES:

RIFIEFREREE - Eiilg ( Anton Zailingar ) 88
BXiRiERE

y b TEX R !




BFRERMIARTF?

fEIRAYIR)RR !

£F = BalZtEMERET
Eabk, BRREM, RitAH, REPIERL
NFENNEF, BFEPRIZHNESF ...

=B o ol




=¥ # FUBSHNAT
NFEREF, RFAREF?
[F¥. BE. Av5, ABiSEllE
sF




€5

B BAEMER:
2hc? 1
r A7) ==
e —~a |

|||||||

FHIEM RIS SYEFAXETIE

19004, 5 EHTe 2 MEHESAEEEFk
SEEHE. R, EHEE. OHE. HEE s, KA. '
HIHS = EEHS




1900ER i ZMNEF, AT ATREZESNR?

s=FE5E = =F1F + EE8EZE
FlIfEER (EFIRBIAES) : 2022551
/J\,Z

i
A
K]
i
'
s
'
'




( A ( \
BEFER EFRTES EFRHSE EBEFER RFif EFSEK






8.2 km iR ARIEE

=25

EHYEF RIS

45-km BERER

L. R CREUR
ERIICR RN — MERERRELY 101N %F,
;Lr/ \H'E_ﬁAJG;



MR (BH-EKBRE)
104, r\\

f O\ 2.6kn ?
/\\.t AR (YRR

(\ o FERRMTH

s,

102|+

h"?“ﬂth R
rﬁfﬁﬁ* (E3- {Eﬂ?ﬁ) e

0 2 4 s AR gi: T 7+
BABSIRMER  (km) SR A RN B MBI

?EEI

RS K%

AT LB TH
o

ZRRRLT. BEFERLT. KRR
(ERFHIEERXRTERN
FEEYEF IR, IELTIMIELEIRRL8633 MK




bt
FEES ) Tkt T R -
BRERINARXAZE [T E o E m n
i8], EA %= 0) L3k fthofg? ﬁ == %
- I I*" I:I ‘,
o
e EAIEE RS

‘,




IBI0f , XA G LELST  BETE
AXFES) L BEEEER
FE M Fo X242

PAES, X 53R

1E T it Rt 15,
2 BRI,

fRiEA

AR RR IS




04.800 ns
1st bounce: 2. 7
3rd bounce: 4.3

s, Z|EHERLT. 7R
1.4328EF, BYGRRNR03R, —XIEE2R

460{Z{Z 2 %FhE 674 Mzt =R HgiEsk




EpylFT N

PRI K& TR !

ANEHIE

L6 BY & Fr & 4F 7K S

ICE T HMNPRERFRAKRFIRE . mREFEHRMREASRBENFZRSE
Had—FrAERMEFBENERAR, BTEYRINENEERES, ERER

(B2AMEZE) .

SRR EOSAMBER, HEREONELSSETERHT



ARTICLES

https: //doi.org /10.1038/s41567-021-01392-z

'.} Check for updates

Search for axion-like dark matter with spin-based
amplifiers

Min Jiang'**’, Haowen Su'**’, Antoine Garcon®®, Xinhua Peng ©"?** and Dmitry Budker ©%~#

Ultralight axion-like particles are well-motivated dark matter candidates introduced by theories beyond the standard model
of particle physics. However, directly constraining their parameter space with laboratory experiments usually yields weaker
limits than indirect approaches relying on astrophysical observations. Here we report the search for axion-like particles with
a quantum sensor in the mass range of 8.3-744.0feV. The sensor makes use of hyperpolarized long-lived nuclear spins as
a pre-amplifier that effectively enhances a coherently oscillating axion-like dark matter field by a factor of more than 100.
Using these spin-based amplifiers, we achieve an ultrahigh magnetic sensitivity of 18 fT Hz-V?, which exceeds the performance
of state-of-the-art nuclear spin magnetometers. Our experiment constrains the parameter space describing the coupling of
axion-like particles to nucleons over the aforementioned mass range, namely, at 67.5 feV reaching 2.9 x 10~ GeV~', improving
on previous laboratory constraints by at least five orders of magnitude. Our measurements also constrain the quadratic interac-
tion between axion-like particles and nucleons as well as interactions between dark photons and nucleons, exceeding bounds

from astrophysical observations.
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3. SIMULATING PROBABILITY

Turning to quantum mechanics, we know immediately that here we get
only the ability, apparently, to predict probabilities. Might 1 say im-
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We emphasize, if a description of an isolated part of nature with N
variables requires a general function of N variables and if a computer
stimulates this by actually computing or storing this function then doubling
the size of nature (N—-2N) would require an exponentially explosive
growth in the size of the simulating computer. It is therefore impossible,
according to the rules stated, to simulate by calculating the probability.
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Simulating Physics with Computers 473

or minus the square root of » and all that) as it happens in nature. In other
words, we could imagine and be perfectly happy, I think, with a probabilis-
tic simulator of a probabilistic nature, in which the machine doesn’t exactly
do what nature does, but if you repeated a particular type of experiment a
sufficient number of times to determine nature’s probability, then you did
the corresponding experiment on the computer, you’d get the corresponding
probability with the corresponding accuracy (with the same kind of accu-
racy of statistics).
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High-fidelity adiabatic quantum computation using the intrinsic Hamiltonian of a spin
system: Application to the experimental factorization of 291311

Zhaokai Li,1*2 Nikesh S. Dattani,>* Xi Chen,! Xiaomei Liu,! Hengyan Wang,!

1,2,6, % 1,2,6,+

. . =4 . .
Richard Tanburn,® Hongwei Chen,’> Xinhua Peng, and Jiangfeng Du

LCAS Key Laboratory of Microscale Magnetic Resonance and Department of Modern Physics.
University of Science and Technology of China (USTC), Hefei 230026, China
2 Synergetic Innovation Center of Quantum Information and Quantum Physics, USTC, Hefei, China
3Ozxford University, Hertford College, Ozford, OX1 3BW, UK
4 Pukui Institute for Fundamental Chemistry, Kyoto University, Kyoto, 606-8103, Japan
® High Magnetic Field Laboratory, Chinese Academy of Sciences, Hefei 230031, China
SHefei National Laboratory for Physical Sciences at the Microscale, USTC, Hefei, China

In previous implementations of adiabatic quantum algorithms using spin systems, the average
Hamiltonian method with Trotter’s formula was conventionally adopted to generate an effective
instantaneous Hamiltonian that simulates an adiabatic passage. However, this approach had issues
with the precision of the effective Hamiltonian and with the adiabaticity of the evolution. In order
to address these, we here propose and experimentally demonstrate a novel scheme for adiabatic
quantum computation by using the intrinsic Hamiltonian of a realistic spin system to represent the
problem Hamiltonian while adiabatically driving the system by an extrinsic Hamiltonian directly
induced by electromagnetic pulses. In comparison to the conventional method, we observed two
advantages of our approach: improved ease of implementation and higher fidelity. As a showcase
example of our approach, we experimentally factor 291311, which is larger than any other quantum
factorization known.

PACS numbers: 03.67.Ac, 03.67.Lx,76.60.-k

ph] 25 Jun 2017

20175, HiTIERT. S2FREFUSSEEA
523291311 = 523 x 557
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FIG. 1. The Sycamore processor. a, Layout of processor
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[Submitted on 4 Nov 2021]

Solving the sampling problem of the Sycamore quantum supremacy
circuits

Feng Pan, Keyang Chen, Pan Zhang

We study the problem of generating independent samples from the output distribution of Google's Sycamore
guantum circuits with a target fidelity, which is believed to be beyond the reach of classical supercomputers and has
been used to demonstrate quantum supremacy. \We propose a new method to classically solve this problem by
contracting the corresponding tensor network just once, and is massively more efficient than existing methods in
obtaining a large number of uncorrelated samples with a target fidelity. For the Sycamore quantum supremacy
circuit with 53 qubits and 20 cycles, we have generated one million uncorrelated bitstrings {S} which are sampled

from a distribution ﬁ(s) = |1:5(s)|2, where the approximate state {5 has fidelity ' =z 0.0037. The whole
computation has cost about 15 hours on a computational cluster with 512 GPUs. The obtained one million samples,
the contraction code and contraction order are made public. If our algorithm could be implemented with high
efficiency on a modern supercomputer with ExaFLOPS performance, we estimate that ideally, the simulation would

cost a few dozens of seconds, which is R izl Elelels| T T R 1o VE (=
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REPORT
Quantum computational advantage using photons

{ Ming-Cheng Chen'%", @ Li-Chao Peng"?, @ Yi-Han Luo'?,
@ Jian Qin"2, @ Dian Wu'2, @ Xing D|ng1 2, Yi Hu'?, @ Peng Hu®, @ Xiao-Yan Yang®, @ Wei-Jun Zhang®, @ Hao Li®, ® Yuxuan
Li*, @ Xiao Jlang1 2, @ Lin Gan* Guangwen Yang* @ Lixing You3, @ Zhen Wang?®, @ Li Li'%, @ Nai-Le Liu"?, @ Chao-Yang
Lu®%T @ Jian-Wei Pan'?!

Hefei National Laboratory for Physical Sciences at Microscale and Department of Modern Physics, University of Science and
Technology of China, Hefei, Anhui 230026, China.

2CAS Centre for Excellence and Synergetic Innovation Centre in Quantum Information and Quantum Physics, University of Science and
Technology of China, Shanghai 201315, China.

3State Key Laboratory of Functional Materials for Informatics, Shanghai Institute of Microsystem and Information Technology, Chinese
Academy of Sciences, Shanghai 200050, China.

4Department of Computer Science and Technology and Beijing National Research Center for Information Science and Technology,
Tsinghua University, Beijing 100084, China.

4TCorresponding author. Email: cylu@ustc.edu.cn (C.-Y.L.); pan@ustc.edu.cn (J.-W.P)

(® Han-Sen Zhong ", @ Hui Wang ", ©Yu-Hao Deng"*’,
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