FERE B H¥ XF 2014 4
SCIENTIA SINICA Physica, Mechanica & Astronomica

WA
BT FIERBE] 15

rh E R OB S B ST, B S T A R R s =, iU 430071
*I & N\, mszhan@wipm.ac.cn

$F44% HF9HI:879-895

phys.scichina.com

(PR ) Attt
SCIENCE CHINA PRESS

\

WORE H 393: 2013-11-13; #2352 HIW: 2014-04-24; WI&% AR H 1 2014-07-31
5 H AR RS G S 11074283, 11104324, 11374330, 11227803) %5 B35 H

WE  FREEWETIAERABWERWE AR AP AL— T RARAEPET THUEN
S IA N REER RME TS AR HANEE LB WABLEETHATIAZ Uit
KRBTGS RARET A K ERBERHAERNAESFERPRER MEF AL ET A%
EFI N R ERARRBT| AR RGBT B, K — 7 B SRR %R R LA T U
BEZRARFEH T RS BN RTHTHESRERAT XNEREM AL AT, XEAEHT
MBI ALH TR R A, RERT A E W EA W RE TR BTN AR TH
B BRERIA REARMEANERFRETI AT T —RE L. 5B ANEEHAR
FRGEME—LFT A UL KA TR AN ET RENTRRLET EHEH, HFAL 4 SR
TABMER D ARRBE S RIELEH T BERTHTRER FOES| A PEI|ARE AN B
i o AL

XA RTHTHE BT KN AKD, BRES, BT T

PACS: 04.60.-m, 04.70.-s, 03.75.Dg

doi: 10.1360/SSPMA-2013-00095

][l

1 35| H LA AN I

B IR A AR L B B A EK,

BN SCRXTHE A H AT R R B 2
Big, B BIHEE T B R T I DU R AR AR
H, He BT IR R s 4t — o . 9540 AR F AN s A
HAERBRR, T SCHEXF IR Mg T 51 A
A, R IS8 7 AT fGR, 2 H BN IE,
A RKIUEAT EHRBLR B R 25 30E W 7K WA
FAR P BRI TR AN U W B A B R 1Y
P TAR R Se il 1 W87 B G2 e ), B A L 2k

I A R SCHIXE I ZESK. 1 e 1ol P A 2 e H
AR DA X AR 7 BB R AR AR T
NIRRT HNR, B R T — RIS 32
SUH BT LF B AT B B R S IRAE A AR b
B 7 (Quantum)”, £ EVF 2 RK A A SRR S B
AT TP, AT LRI Z R Z . TR Bk SCH T
W BEAE 2 FR, Bt H AR A AR, ] ik
AR E | IRAC ZE A AN A ) — L S A 36 T

SIAM: RO, KT, BWAE. R FARRI G . op BRSPS J1% KO, 2014, 44: 879-895

Zhang B C, Cai Q Y, Zhan M S. Gravitational effects of atomic and molecular systems (in Chinese). Sci Sin-Phys Mech Astron, 2014, 44: 879-895, doi:

10.1360/SSPMA-2013-00095




SRR SR T TR R K 51 023808

YE—BEAEB P, 52 B SEI0 RS B2 AN s, 2%
SORE A 1 FRYASE 36 i A2 AN T G AT SR i 2] G 7
—e, DRI I SORE G B RG 36 0 8 2 AR 2 )
SCRERT 8 Y e AT % 1) B — R s 56 1, R SR 7
PR AP SRR 45 & R BT — AN EEN IR —
BIW, WA NTARS N, ] XAHNTIB T, &
THIRRE S I HI R R ?

J SORERE 8 R ) S T 5 2 110 R AR 102 92 R 20
H LT 08 DURT A 40 30 S 9 58 SR N R B8 A 53
MR R, PR 22 2 JUM H) AR, FRATHRE A
57 PR T HE R 3 R g R AT — AN A R B 2 R B
JTHNR. T SOMXT 8 B A 2 H e LR AR ik
M EA ORI L ik i, R eH
STV ) B A CES (B W Brans-Dick 3R 18, fraE ik &3S
SR AW BE 2 T SOR IR LA A B 2
FIPRAR, T HAT RS [ (H R AEAF R )
SO — AN EER S, BI5] 13k, —EHIERA
BARMB]. 2 e LA 51 TIPS, FEERAT
SRR AT E R R R — N2 L, T
J1 M B AR 3R T B8, 51 D1t 1 iX
FE €. BEANERATTAR ZERLIN ¥ 51 09 2 2 v KR
At IS TR) PR A T 7 AR 1, AR R 7R L R). BT
X BEHRE AL T HUREAAE LA R v i) s, TR
ANITA SR, T SCHEXTIR R 28 5] Jiiae 4
HLEA A E AR BRI ?

T2, BTl B e vl E T ER AT SO
X8 ) &5 B )4 H AR IX AN B (AT AT — A 1)
KRBT BRI SIS, X228 R, an
FAUGEZ 4 R, A2 TR B R %K R T
SR EEH T bR b, R R
fITE SRS A 2 LT AR R, s 12k R
5 78 2% A I B AR A7 UG T SCHDY 18 L /2
T B AT R B, I A S5 R I fE EER = AT Akd
W, FE MR AN BRI SA 2T K T —8EH
(1) 0], 414N 55 51 D13 AR IR S E R — R
FEEE R BER, TR 5] 13 E R 45 R
BN AT REIE T 1 & BRI I R A i 28 (f91] ) Bl
SHER T RTIIFENLIEN). KB R HI—T7
TP ZE AR A — 2 (& 5, (2 AN S 4h— D7 TR,
X ARG 20 28] I8 b R A i 2% T B T )

880

VEAE—FF, AT RETUN B 7R R AR R b, WaTH —
e AR R E FE I R, I
EANEE OB 7 — e i E e, ) i sz
B MELE, Bl & 5] JJ(Loop Quantum Gravity)%5(Z
7 f T 1 R B,

XA, B 5] 7B 0 75 SR AN 2 — FhRe g
fif e H BT BRI v JAHOP i B FEARER 1) 75 5K, BT
B /N R (B 5 R 10735 m) Bl BE KR (T 2E R
JZ 4601265 KB A R IR 75 5K (B AR T, ¥
FREAE R B AR TR AR — T TR, BRI
Ty 3 WA B JE — b TR 2% A, — SRR 2
(A3 S5 BOULIN PRI AN T RSE 565, 1T 573 — M 2 e % 1k
B OAFERIEHEZ T 245050 5O AR 56 (1) )
HEIS, B UES53, BIEga U™ T X 18 fe %
TR 5] S Ee. A TR, I T TR R A
U3 R SEEAS IO B 7 5] DB IR, XN, —
D7 T, S50 A SIS LR TA B 1 HTRT AR I &
W EE, B, 5200 = AR ] DUESZ 21 1 JE K
2 JUEKI 5] 713537 84k, 1% RS 5 B 51 5
JIERRARAL T T RE; 55— 5T, SR AR R EE T LA
BRI ETT, AT LA BRI 51 12080
Ji 5 R S /NPRLF AR E TS R, (H
g1 1N . B, BRSNS —A
BN AR T T 2 —Fh Bl i 2 SR (2l
B ) B 310 LR X FE 1) — Pl 2 LB D), 7RIX
FEL R PR AN A I G —— BT A 122 DA
K| 7135 S BT, X BRI R =S R T
ST B A T — YR, SR S E
= EWR AT SRR 5 A 1T et iRt TN
HERSH. EXNMFRF, TATR L S IRATE X
J7 T AR, W ZAH 5] SRR AN J7 T ] g
R = A IR,

2 FES|HRBESPHERNR

5| iR B AL B B R H T Gordon(Klein-
GordonJ5 T2 ff)Gordon), fih ¥4 Hi A\ Jif (Dielectric Medi-
um) A1 5| T35 Rk B, B f5 il i AR 3RS T
— LU RE, R A AT T LT AR B SRS AT 1



REREE . B 1% RICF 20144 44 % 9

2 (681 {HZ I T AR AN AN A5 B 76 AF F LG IR 1) 7K~
b, BRI IR RL T2 B3 19814 Unruh &
I AT DA A AAABE DL R R S B R 0, AT A ax A 83
BATIT 7 H S FBOR ZOR M & . TR
1T DA 3 €52 R 17 1H %56 5 (Bose-Einstein Condensate) A
5] T8 B 2 — T SIS = AR R B4 R BT AR S IR
UK Z ke ) 10121,

It - 5 DR 3 H B SR AR W] LA AR 2 B T A1
AV e PN AE LA I35 1 1 22 ARG 25T 1 2L
ERRRIR T, BT R 72 B AR KBS 5 7 [ AH BLAR
/IS, B R G RT0, JLF A R+
W72 22 RAE— DRI FE [ BR8P (x, ). IR
AT BLH 2 44 B Gross-Pitaevskii /7 F£ K4tk 131

. > Amah’®
m@qu:(—bnv2+wﬂ+ “

m

I‘PZ) ¥, (1)

R m AN TR, o SEOKEE, IF HLk iR
ﬁ%&ﬁ*%%ﬁ%ﬁﬁﬁ%:LﬁiﬁMﬁ%ﬁ
U {a] 2= f# Gross-Pitaevskii /7 2, FATH 8 1 g X
BT (1) — A T 2, (o, ) HEAT BN AR 20 B, 3
AR E LR — LR, XRE 3R 3 TR
M Bogoliubov Z 4t # 35 F 5 i 1.3 p RUA G B 19
PN Bk sy 7 #2131, 3 H #E Thomas-FermillZ oL T,
% AR B AR 30 T DA I 2R R, B, Jesk
PO DL K (x) =\ famap (0], 1E T A B
%ﬁ%ﬂ%%ﬁ%w{%¢@%ﬁﬁﬂ%&ﬁﬁﬁ
SRR, T2 BT 3 T LA G F 3 S A, T
4%

au (\/jgguvav¢) =0,g= detg“v . ()
33 T LA RS 7E 25 I 2 9 R R £ A
AR TTRR, T3 25 24 6 FoE U 5 4 e o B 7
S Y RS R v BT de s U4, JLH ik RN

o) = ( S o ) ®
—v 1

XA — SR I RE S 135 FH AL F (Bvent Hori-
zon), il WNH SRS E L AL BAAT A A, £E

FENL Erolb By = FFHAERX NI E — U >
1B < ¢, ERERATHVLAEN, B ro AT T F A%

G FEVAds? = gy dx# dx® F it BL 2% (Schwarzschild) FE
FUER R AR O B e e A I R T Sl Ry =
—c+a(r—ro) +0((r—ro)?), SR JE 1 ER AL AR R ETT,
FERAE Sy

ds® = g (ZCOC (r—ro)de* —

)
dr ) - @

20 (r—rp)

S5 250 26 SR 7 0 5 B 1 P s =
r—2M 2M B e =
M dtz — mdrz, ;H\:EPMZE%/HE@EEE
BT ST T — 5 XA SR o 4T — Y A,
St TS W 2 72 2 T SO R T3, efu e
SR S5 115161 5 345 224 [ 4, BB B3 10 7
ST 12 7 A S S U B i e T
DARAT = o OV T B2 T =
5 Tk or
%M&WE%E%%%%E%%ﬁW%%ﬁﬁ@
i

B, BATAUE T B -5 PR H R A TE A
IR LG 1.

wJa, MR EE NG —RE SRR
HHIL, Ay — RN AZ B A 0T SR R
R R, BBCEHEALT, SO B, DULAR
S RO RE AL, I DY 2 AR S — ANTT R, i, a0
REFARRARE, R 2 R AT RERE S
LT HT 1K), SEVELHIN 20 A7 ol LAS 25 3R [17-19]. f

v

(_

Horizon: v=c

1 XEBEATEE. BB REBEREX, AR BRI TE
X, XA XA R R
Figure 1  Schematic diagram of analogous black holes. The left is the
superluminal region and the right is the subluminal region. The analo-
gous event horizon is located at the conjunction of the two regions.
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Figure2 Schematic diagram of rectangular interferometer placed hori-
zontally. There is no difference of gravitational potential between axises
of AC and BD; when rotate the interferometer along the axis of AC, the
difference of gravitational potential will appear, which causes the shift of
interferential fringes.
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Finding the complete quantum gravity theory is the most important and frontal subject in theoretical physics, and the
black hole thermodynamics and using quantum interferometer to test gravitational effect are considered as two significant
“probing fields” for the coming quantum gravity theory. The two fields represent two respective ends of modern research
into quantum gravity: one introduces quantum mechanics into a gravitational system, while the other attempts to incorporate
gravity with a quantum system through observing the evolution of the quantum system in the gravitational background. For
the former, the unitarity of quantum mechanics will meet a great challenge, while for the latter, the equivalence principle
of general relativity will be probed more and more rigorously in experiments done with microscopical particles. Now the
Hawking radiation of black holes has been found in the atomic, molecular and optic experiments, but its mechanism is
unclear. In particular, whether the phenomenon could be explained within the current theories or needs the new physics is
also unclear. However, it is very significant to get insight into some possible elements about quantum gravity through these
experiments. On the other hand, the gravitational effects can be measured by quantum systems, which provides not only
the convenience to study the influence of gravitational effects on quantum systems, but also a possible entrance to study
the incorporation of quantum mechanics and gravity. In the review, we will discuss all these based on the interdiscipline of
atom-molecule-optics and gravity, and our recent works related to the incorporation of quantum mechanics and gravity.
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