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Micius quantum experiments in space

Chao-Yang Lu, Yuan Cao, Cheng-Zhi Peng, and Jian-Wei Pan
Rev. Mod. Phys. 94, 035001 — Published & July 2022

& > B : MESSHoBell

Rev. Mod. Phys. 94, 035001 ( 2022) test, EAIIEIQK

" > BIES EFEE. IER.

=] ‘ oo | s RS, RTFS] B
B > (eI} >> St >> RS > * RPERES

R
LR EF . BE . Hi
o BE O WE e

1x108m || 8kmis

> (RIEE : ETEE




5|73 PRI E RN

it

I MAEXTE

SRR COIR meRE  SIn% 000 TH  : 1R
R AL
_ SRR’

e el %

CARLIP S, Rep. Prog. Phys. 64 (8): 885 (2001)




) 2 | 33PN
- I-\igxdie ﬂb ! *

Either General Relativity or
Quantum Mechanics be changed

EFHF

/ \ &%, BETF3. WEIEL....
(EIERZ | IIELISLINRIR )
SHIRYEE slDRIE N o N
=R FiStt ¥ BREFAEFBNAGET MBI , #37
3 3 105|171 FEFRNAFNER | 9%

iR B IRRYSCIRIEE.

SINZHRHEFIR | ELEH. FEE

(ElEstofale ) | Bk L& HAWKING S W. Nature 248, 30-31 (1974)
( SIS ) CARLIP S. Rep. Prog. Phys. 64 , 885 (2001)



. =N =R 8 BRUN

e 2 Rk S8R

¥ S|DSEEIRTHERK | FEHId SIS
¥ HEIELEERIBIFIEE ( SHKR )

Hafele and Keating Experiment

317015 T hoSE
FF5

BT RIS
IELRE

Hafele C., et al., Science, 177: 168-170 (1972) |

WMAEF SIS
(EFME)

WHFIZHKFT

& (HOMFiEF)

51733 RLFRIAERT B E
JIERE TN E AT AR BKSURL

ZYCH M, et al, Nat.
Commun. 2: 1-7 (2011)



=Tl ERT B BRUN
i?ZFI/I)\JE%‘RHHHj/?E

SRR (B PR

B ERIEETY |
PRI MBI, -
BB EZEYS;

sE—EH e 2 5|0 /H/( /T‘H\T \{isibility drop
RIS | i ERe |

X N

\ L\ B

FeFRIBRRAN. , 7 — I)\JE_{_)U}_‘_Lﬁt . \N\H_ xPhase shift

2 {NEeR FaRTia)p

S UNE S =



) 5| AP T TS

ﬁ Fransontg&! ~3|;
G’round I'_ T T J_I;S— -
F‘ﬂ i S;&S Delaﬂ !
-l . - N . J

RIDEOUT D, et al, Class. Quantum Grav. 29(22): 224011 (2012)
2. TERNO D R, et al, Phys. Rev. D 101(10): 104052 (2020).

1. ZYCH M, et al, Nat. Commun. 2(1): 1-7 (2011). 1.

2. ZYCH M, et al, Class. Quantum Grav. 29(22). 224010 (2012). : , ,

3. BRODUTCH A, et al, Phys. Rev. D 91(6): 064041 (2015). 3. MOHAGEG M, et al, arXiv:2111.15591 (2021)
X HMEEEZE20K , FHYELZLKE~1000km ,

ENN 157 S UVASESG Sl 2
Mission impossible
0y = —T90IRN X EHIEE (500km ) FHUASER~1km ,
Ac*(R. + h) Mission impossible
M gEH (10000km ) FENAFEE~20 m
Nothing is impossible: EEIFHIFEE SRR




) 88 AkmEY e F LI

X EMRFEF i sEiH TR A 1T EIGIE

M 8.4kmiKEXSPEE : EBEASH
EE8-10km , WIUKFHEE T
HIFransonfa B3

M XASMERENTFR | LB F

HOGE(VASdaE
¥ HIEIMSIATBRRE TSN | RITAY
I];'T'g)?-'?ﬂ(i%  Collimator
¥ RBIFFEEMAIER - kS | DT
SCIRIR B FEIEER T
= QWP
== HWP

oy = -




. 188 AkmEBY e F SRR A

KERA— . BRES KA 2T
mREFREICFIR (R

e 0.137mrad/s/IKx AT

M Ey¢FE g2(0)=0.071+0.005

o K0, 1mrad
« f&[A]0.3mrad
 #H[m]0.001mrad

1.5

Counts

e 0.002mrad/day

e 4.3mrad

0-0 T T T T T T T
-1.0 -0.5 0.0 0.5 1.0
Time delay (ns)

e 15.6mrad




E8.4kmERS T sCiGER

M SMzEtET SRl E0.863+£0.004
M BUERER (KBREE)
0.117+£0.006mrad/s
HuBRE (FHEREM )

16.2mrad \

1MI.DI|-I7.R§ |i E BY [l /=<
i‘ﬁEO. 137mrad/s/K x AT FIEFIRMAREA TSR

MR SR EA—EIES [ |

(AT<IK) ARELR o o m S R B
AELEERULERE RS
D MEENE 5 2=t

¥

SEIRIGIE 7 EMBERSCF S HISIRA 1 TIE

C,—-C;
C,+0C;

a1.00

0.75-
0.50
0.25-
0.00+
—0.25]
—0.50
—0.75;

—1.00

o

150/
125
100+
757
50
251

@ (mrad)

_25.

ooo“m"q,}l ----- Fitted value
K Y J ¢ Measured value
4 % 4 %
$ & ' R
s % & &
e & 4 R
dop l?b ﬁoﬁ %
NS Y, e
Q t;p oo
Qg s
-2 0 2 4 6 8 10
@ (rad)
Standard deviation 2
----- Fitted value
[
¢ Measured value %.%
[}
% § éfﬁ 3
%_ {f—-ﬁ% §
% 35 Bt
3. ﬁﬁ"ﬁi . 3
g e
_ 333
0 200 400 600 800
Time (s)




) 5| DmP IR T TS

KPR — : BfaxeOptical bench |, JEERIFERIN

(a)
Satellite

(b)

M BEMALTF 2mrad

M AEZEEE>20m

Satellite

M 7=Z~101%pairs/s
M E¢FME~g%(0)<0.1




. | =l
g == e Y=18. O
S TR EFEESE 5 BE KIS
I . g mie R e
S ENERERGES 20080km

- E AT S AL N
A\ B S TRAORTSREL XS

an | ETEANE

b L) ; [ KA BB

Y FTFHI
IBIERE AR

AR -
KBNS

EHOATSNECRT
B REREE FHT
ARG RANIARYGIE

HISREEXS SO CoR
FT— T EBEREER
Efra{FAR

il , FRERIF I
BEFS(REEEGE. '%%Lé:ﬂﬁﬁi 5| M gEEEF

By Ti5
JEFIEE

36000km

EESSN V7N




3105 ERIE T T SR

USENFHRRIETHN : ~ (¢
VP EHESETSINGS | SEECHSHASRT KR

2.83:%“&
2.82} W
N .

281 N\ —

2.80; AN
 2.79} N

N e

» 2.78} RN

277} —— 6/=50m _

2761 6/ = 75m e ~—

0 10000 20000 30000 40000
h (km)
3.0
h
&
2.5/ 1.
\
® 2.0f- Y -tpmmmnm oS —
c_:rj \-\ CoIB
> A —— - E -
» 1.5 5! 300m e —— =
.......... 6{ —_ 400m _ - _ = = = = —— DWDM3
ey DWDM1 -
1.0f ——- 6/ =500m = = / SNSPI:B
————— classical limit =~ 7 == — e ] snspm | snseo2

0.5 30000 60000 90000 120000
h (km)



Y

517337 PRI E i SE5R 5 5

Pump

Gravity

' Zss
=3 QWP
P
PPLN ﬂ PBS H
1L QWP
(O 6T 3
i PBS i SNSPD
1D
HWP HWP | BS .

SCIOEEE .

> IRIPPLNGR AR KEFHESE TR

> BERMENAZEEMZ TS {FIET/RETE
(R 2t tapkFransonTi5{Y

> WEESEFERT D HER

AR S I IR ) B2 A B B L AR

1000

900

800

700 | /,,//’f
/
8 600}
I
= 500
:FF—' A Y S/s v
= 400 EEENA00MAZEES
= VA L= 0 ) o RS
300 - El&'fjfj_ 7%12]«1_
200 |- 300m
400m
100 - 500m
0 1 1 1 1 1 1 1
0 0.5 1 15 2 25 3 35 4

\3H e Sk x 104



EFRASRIINRIE

gt ENIRE - BHTTH  BERERTES
- EAE AR HHREE. ?
s\ % g =
2HF BF Ut sy Ty,

E3¢T8 + EF5HE]



‘=15 B DENEERMMIURAIRZ X NS

v SHERATZZSERSEESIREFERLRRE Y STHEANaSFUSHUEFEERRE - 7
FRFAOUER , RetNEEREREFTRRNRSE RILUTRIEEVRSHGEHNE, BZ|XEN
v 5ESEYE. 2RWANEEENEESKRETF FONARMEPHZTZRERMNHARSE | 8]b
BEERE  ERFLSXEMTEHFEFSEEN  BEXRGGERNERSNZR
Al , AXAREPERNEESS.

|iih|l|

«.e"llll




VLTEZEE] i

20196FiE< : "RIMAEIMTE"

» NARERFIET RGN
AMNZRIMTENBEERAFE,.

KeckiIZzEH

2020£FEi1532 -
MAXORBIRNEN TG
AR "R RFOERREXR"

L . 1995-T20 .
ESRA RO SE B FHL
Astronomy & Astrophysics, 2020, 636: L5.




FHHERIER

/

H—RETK

ToEZMKERE TANDHE=:A/B

N ESEEGRENH —THHREZIFBEZNRREHZ —

G =X

\_

RERFCFIEY RN Bk R B KR BT
55 (EHT ) DR

AO~1/B~10"1rad

> Z2XKE~10"3m > A Ye~10""m
> HEkKREEZ%~10"m .‘:

> RNBREZ%~10°m

~

)

LI

DA R ENFEXREMIEROAE 5 HE

/H o

15K

BB

kS

LRRAYIIRESS | DA R. FEReE S KR B iE1T

H

N o



mlEAYEXRR =F AR

BRSO EIERE :

> FCFIRERZERIRFRINFNE , TRBIINETPRIGA
BT EERRAIHIZY

> BERET S EEIAKIBELE e

A RIBE SR tF Al ISR in ARSI ?



iR RS

ERR P EERRHIHZY

B 7 ks

%

2 7850R
ByYeFERTS BETEFHENESTY — ETEFPRBENESTY

EMESLZINFENT , EFREAESTUAERECETAS , NIAH
ZASERHIZ., ELITEERINES & , BEEHEFHRYHE,



BRI REEEES

> FHEESERHR  BNANSUEX , FTFHARELZKE.
> EEFEEHIRISMEE T AR GBS LIRIFHIRE R CHSERIB AR )R,
> EFIBET ARSI AR LSO G HEERRRE LIRS |, mERSORNTEK,

. FIFDCHERANSHE | - o ETREEINCIRERIERS

Y AN 24 \ = —— R —i‘”l‘._, . Ele.%\ll F\#1—'m§l5&)§(y,¢ili>§l<
El /ﬁ\ E (] | IHY I] Jas 2 '
XU IR e i T —— s




REVIEWS OF MODERN PHYSICS

Recent Accepted Authors Referees Search Press

Micius quantum experiments in space

Chao-Yang Lu, Yuan Cao, Cheng-Zhi Peng, and Jian-Wei Pan
Rev. Mod. Phys. 94, 035001 — Published 6 July 2022
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Quantum-Enhanced Telescopy Workshop @USA

OPTICA comets Sunday, 18 June 09:00 - 17:30
oy Centennial FG

PUBLISHING GROUP | OSA
Quantum 2.0

Conference Proceedings 2020-2023

The angular resolution of conventional very long-baseline interferometry (VLBI) in the optical (visible and near-infrared) spectrum is
currently limited by the need to combine coherent optical fields collected by separated telescopes. This becomes impractical over more
than a few hundred meters. Recent proposals that utilize quantum resources, such as quantum memories and entanglement, have shown
promise to obviate the need to directly combine the signals from separated telescopes and thus enable significantly longer baselines,
leading to greatly increased resolution.

Mo s s AV = A I\"
The workshop aims to bring together astronomers and quantum information scientists to discuss the emerging role of quantum

Quantum 20 (20236 18) technologies for improved astronomical observations. It will highlight current experimental and theoretical progress as well as future
areas of research.
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