Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

BPHME AT ENE TR F EE
Bl R
“Quantum memory” quantum computers and noiseless phton echoes

Zhou Zong-Quan

55 &, Citation: Acta Physica Sinica, 71, 070305 (2022) DOI: 10.7498/aps.71.20212245
TEZE 71 View online: https:/doi.org/10.7498/aps.71.20212245
BHAPIZS View table of contents: http://wulixb.iphy.ac.cn

FEAT ARG HoAh S

Articles you may be interested in

e R
Research progress of quantum memory

PIFEAEA. 2019, 68(3): 030307  https://doi.org/10.7498/aps.68.20190039

EL BN R

Multimode solid—state quantum memory

YIFE£4. 2019, 68(3): 030303 https://doi.org/10.7498/aps.68.20182207

SETB B AR R TR

Quantum memory and manipulation based on erbium doped crystals

PPz 2022, 71(6): 064203 https://doi.org/10.7498/aps.71.20211803

FEFIE T AR i
Research progress of silicon and germanium quantum computing materials

PFEEEAR. 2021, 70(21): 217802 hitps:/doi.ore/10.7498/aps.70.20211492

BT PR A
Raman protocol-based quantum memories

YrHE2E 4. 2019, 68(3): 034203  https:/doi.org/10.7498/aps.68.20182215

ARt VAN PED & i E
Quantum control of nitrogen—vacancy center in diamond

YrH2E 4. 2018, 67(12): 120302  hitps://doi.org/10.7498/aps.67.20180755



) 32 Z R Acta Phys. Sin. Vol. 71, No. 7 (2022) 070305

8 BTEASLR B, ARG
SEFFRAEFTEI SRS TR

B 2 AU

1) (PEBIEEE AR, b EBER S TE R E SR E, AL 230026)

(2021 4F 12 A 5 HlE); 2022 48 1 A 11 Bl feeios)

it IR RL— A T A SO 2 AT DA AT T SR, BT I 8 1Y 2048 {32 RSA %5 8% i 7
LR T FORR R AE 2000 J7 Ze A, G T HRTEGEOAR K S A PR SEN B R I Anfl I A T 28
T AR B BEAL, IR 1.3 U7 A T LR RV RT A0 2048 2 9 RSA Y. X — RTS8 1 A7 fiff 2%
4 L P4 B AU, O B S AR I LR A T — A BOR B . R A U T LA
TR B0 T A, X AT R AR RR . BT A A R e B A A T Y 4 T S AT
P T G OGT Il TT 58, AR B TG T IRl Y A A S RS, A B — 2D S B B T AT RO

JSE 4 A L

KGR HETIST, BT, RSA, STk
PACS: 03.67.Lx, 07.05.—t

1 EFitHE

B O NIRRT T R A R
J1, GBI T 2% I BURF AR B 2w #4732 B A4
A ITAFRIZ U — > E AR R SR S B 1
FAOUBE RGIEN] 2 RIS — A A AR E
()R, GE W A Ll AU U HE 2 S5
PFLEASRIGEE E AL ([EAHE A, X0
BOFAE— A B R, 7 OUBrE A J
100 A YY) R SR —SA B9 TR
A SRR B TR LR A AR AR, Horh—N %
AR )7 W OB 28 SR . 58 XA Y
FIAR, — B 2y i HU R — 2D DA T 21 5
AR 2 T LR HLT 2R A2 Ly, O
IR ARORAR T PER Y.

25 A5 A R U T B TR E e )
R T S Ze M. RSA B2 H i iz [ Ay
— RN SRE, HOXE I B By TRl o DR K %

DOI: 10.7498/aps.71.20212245

Fe IR AT LY 5 353 x 797 = 281341, {H
S Y [A]EUAR B, 281341 R 43 e B W A B 1) e
B IXA™ ] K i 2 ok w2 RMEIR 2 1. 24 RSA
FAGAABOK & 2048 i, BRI H Al Aesm ok
PRI AL IS A —A G BRA B ] N O

1994 4F | & [E #1245 Shor #2244 #Y Shor
S, UEBAAE FH AL AT LA b S B Y
R 2019 4F, Google /AH] Gidney Bt KTH
BRI T 22 BE i Ekera jiE W & i HHL T2
8 A~/INET R AT Ui 2048 12 RSA %565, (H 2752
2000 AR T HARR Bl X —F R T H
HI AR B AKTE (29 100 M3EF L
FE), BB AT L. Al AR SE Ak AL
B P B R 5 SRR BRIS AT Y — > E B AL

2 ETHEAETITEMN

TR JE i 2 M R R, FE a7 T
T EERMAE, ARG AL B &304 a5

* R SRR B R (S 2017YFA0304100) ¥ B AL

t BIE1EE. E-mail: zq_zhou@ustc.edu.cn
©2022 HEHEFS Chinese Physical Society

http://wulixb.iphy.ac.cn

070305-1


http://doi.org/10.7498/aps.71.20212245
mailto:zq_zhou@ustc.edu.cn
mailto:zq_zhou@ustc.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 Z R Acta Phys. Sin. Vol. 71, No. 7 (2022) 070305

g5 IR R 2 28R nY TR LA R SE
¢, (H2 T T AR A AR BB S, HETR
Z AL A T A= .
M, 2 EEZ B H b B Gouzien fl Sangouard
e CYBPFe PR ) RIS, eIl A&
et I AL, W AR B M B
THAEH YT LR E K.

25 AT BN 1 SR BRI A 1, HEEAZ,
WE— i R IR A, A =
(ZHzs [a i — 4t a)) i 2Rm ey,
- AR 2 TR s RO B TR X A8 250k Sk
AT HRERR BEALHER AR AR RE LU
%) a0 7= L R = WO s ED O IVAE - e o e
HTAFER. YOI, i R SR
PN S BT — IR EME. mFHES R B
B E] S AL BRAE A BT B —A P e (RPEA [RIRER
B A R E ) T A AR T ), BNt R AT LUE 4
b P A A Bl it A 2 SE B R A Y
iRRTEE =3 ER

1 logical qubit

Y i Lo Loy
‘A
>

)

y

Processor

Bl L BT TSR A
Fig. 1. Quantum computing architecture with multimode

quantum memories!!l.

AT ES TR, XA R T E T
LR AE 2048 7 RSA %85 HFE 2 1.3 T4 #
PR 177 KRBT LA A R
2800 J7 25 [l A 20 A 45 At A1 X Y 776 o
HAFRERFIRIZ) 0 2 he X e AR S5 3, XA &
R ML P PR AR H 75 R0 3 ANk,
HE—aE T B RTAHEARKTE, e 8 A
B A TR w2, 249K, e TAE
HfE Gt o IR I T RO A Ak, JEEemtoE
Vs b— D4 I8k J7 7oK

KA i A 3 T KA+ H iy
Ji 7R G0 ok S B AR A BN G 3 R AR 18 2% i Ak

(BEwYSO fff) S8l T X Bt KB 1h iy
A7, 2 H RS E A i K e & Pl % T
VE il A 2802 R IR, B2kt ke
FLEA SR B ARARZE AW SCHT , AN RE 42 Tt
B A7, 1ok E A Rie o, R e
s £ B F B4 b AR T BT G T Il i 7 Sk S LA
W B 25 A, 6T IR TR R 8 R
TRIRMSCHT , BOTE s B Bl AT, (E2
S TAEAE SIS AL TR BRAR.

3 ERARTERETHH

e IR T ZR SR A 5 HU R ok e A EL AR
B 7 A2 Y — R T AR A . 1950 47, 56 R B 2e 5K
Hahn 7ESPIRIEE BB TOCT IR, T
Bl RRZ g A E RIS Hahn [0, S0l
e H AR B R N AR B B RE R RS, X
— AT ST EL AT 22 U0 DR

U SR BEAS LG 1l I i 740K, DU R
BT BB 5 A4 BRI, BT A e
FERWIBRIEC T MR REI T8 745 0, X2
NREE TR BIHRAS, HARA X0 A K
R IF R E TR Y. XA RS0+
ARRAT ST Il R T A7 O WIE T FEAR KL T {5
RE. T HRTOET I A I R A T B AN ]
B, BAUFADTTE T CA BT T 58 A5l
TR T 107 5.

TS YA EAE A R, 5T R R
SENA T B o PR, B2 A 5 A AR
G (). 2R, KA TS
VRN B SRS, AN IR R ITRG EE R a1
T MR A ' B S B S R A, E—
PRI XRh IR A AR (AR 25 Ta] | Ak | A
RIBALA) B E, Bl R

H AT XTI A AR RE IR O S A T
B, i TR SO AHBEAL, Hof i —E MR 5
TMEREANR, A AR R R, SO0k i ik
AR S OREAORERR. (B —PE A0, DL T2
TG, TR fE T RS Tih e TFY. 2L
oL o AR OR AR 22 18] ) BE AN REAH R
e, WA L T E A A R X A TR AL,
HA B PR R 0805 115 5 0D, RORUER S
FREEHORA Y B A S e 475 o 32 e A4

070305-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 3B 3R Acta Phys. Sin. Vol. 71, No. 7 (2022)

070305

F 1 OGEETFHIAER ARG 2

Table 1. 1. Radiations from the atomic ensemble when interacting with light.
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SPECIAL TOPIC—Recent advances in hardware, algorithms and software of quantum
computers

“Quantum memory” quantum computers and
. %
noiseless phton echoes

Zhou Zong-Quan VT

1) (CAS Key Laboratory of Quantum Information, University of Science and Technology of China, Hefei 230026, China)
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Abstract

One of the most important applications of quantum computing is to crack classical cryptosystem. Previous
studies showed that the number of qubits required to crack the widely used 2048-bit RSA cipher is about 20
million, which is far beyond the current technology for quantum computing. Recently, E. Gouzien and N.
Sangouard of the French Alternative Energies and Atomic Energy Commission proposed a quantum computing
architecture based on a two-dimensional grid of superconducting qubits and a three-dimensional multimode
quantum memory. They showed that only 13k qubits are required to crack a 2048-bit RSA integer with the help
of a long-lived quantum memory with 28 million spatial modes and 45 temporal modes. Their results clearly
demonstrate the values of quantum memories in quantum computing and provide an alternative approach for
building practically useful quantum computers. Quantum computers require quantum memories to work at
microwave band, which remains an outstanding challenge. Based on a detailed analysis of atomic radiations
during the quantum storage process, we recently proposed a noiseless-photon-echo protocol which can
successfully eliminate the spontaneous emission noise in photon echoes. This protocol is expected to further

enable microwave quantum storage and the construction of “quantum memory” quantum computers.

Keywords: quantum computing, quantum memory, RSA, photon echoes

PACS: 03.67.Lx, 07.05.—t DOI: 10.7498/aps.71.20212245
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