Chinese Physical Society
IR Acta Physica Sinica

. Institute of Physics, CAS

SRYENE FEREINTIHY
AR IEAE BFIE OTRE

High sensitivity quantum Michelson interferometer
Zuo Xiao-Jie SunYing-Rong Yan Zhi-Hui Jia Xiao-Jun
5| 15 & Citation: Acta Physica Sinica, 67, 134202 (2018) DOI: 10.7498/aps.67.20172563

TE 25 % 52 View online:  http://dx.doi.org/10.7498/aps.67.20172563
23y 2% View table of contents: http://wulixb.iphy.ac.cn/CN/Y2018/V67/113

A RERR AR A S &
Articles you may be interested in

e R AR T e HA X
High sensitivity quantum Michelson interferometer
PP 224%.2018, 67(13): 134202  http://dx.doi.org/10.7498/aps.67.134202

ol o LA SR 1 A R P A 21
Two-body entanglement in a dilute gas of Rydberg atoms
PP 2EH%.2018, 67(3): 034202  http://dx.doi.org/10.7498/aps.67.034202

AU S T s AR A1 L s R
Frequency-domain view of nonsequential double ionization in intense laser fields
PP 27 H%.2016, 65(22): 224205  http://dx.doi.org/10.7498/aps.65.224205

1.5m IR {E Ik B B S R 4 A O3 K7 AR S Wigner pR $4 1) #E 14)

Generation of bright squeezed light at 1.5 um telecommunication band and its Wigner function reconstruc-
tion

Y% 4.2016, 65(4): 044203  http://dx.doi.org/10.7498/aps.65.044203

JRF 22 G0 HH 28 2 188 ke ' TROX PR T e A
Group velocity manipulation of far off-resonant pulse-pair in atomic system
PP 27 4%.2015, 64(9): 094208  http://dx.doi.org/10.7498/aps.64.094208


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.67.20172563
http://dx.doi.org/10.7498/aps.67.20172563
http://wulixb.iphy.ac.cn/CN/Y2018/V67/I13
http://wulixb.iphy.ac.cn/CN/abstract/abstract72296.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract71574.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract69010.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract66632.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract63987.shtml

) I8 ¥ 48  Acta Phys. Sin.

Vol. 67, No. 13 (2018) 134202

~

SRBENEFEREINFS

A st

BE- DR

HeeED?

1) (WVEREEHEBIIAT, &% EE TR E R E s s, KE  030006)
2) (iPERE:, M e FAH G, KE - 030006)

(20174 11 A 30 HIH; 2018 4 4 A 23 HUREIMEEH )

58 Hh T ACAS AT LA SR Fe ) B2 (g B A (o), 10 HLRE % TR 2 D, L n 51 20 f5 5 O &
PRl S e R ABRE 11 e BT GR SRR S5 S IR A 8. F AT, AR s 46 25 mT DARR ARG e B
PN AR 7S ;G ' 2 DU BRI AR REAE TEOR Sk - & /R T ACh I AL 5, AT S i T AR (5 16
FEANR R, ASCWETE 1 —Fh - RBUEARAL I B &= I s B T A2 e B340, FIATAE
{1 I 2 2 B RO SR BUR T R e ML 0 s I FUR IR 48 P N T8 OO LA iE, T DA 21w £
Mg EU R R R BRSO T T AR AE AN AT B S KOG 245, W 1 s HAN T8 A A BRI AN B 45 RE X AR oz
DB R A . R BT T T ARG B R BUERE R B S RN RN K R, 35 T R
AR AL 70 S B P TISAC SE LR, 9 RS s S T U et T B

SKHRIA): W e BN, R
PACS: 42.50.Ct, 42.50.Lc, 42.65.Y]j

1 5 =

1916 4, %2 K B AE T~ SCHIG @ o I &
T AR D B EAS R AR WA UE R
bl LU AE S R S BP0 S A2 A ER BT
J& T 51 ik BRI 7T 12 2015 4F, LIGO
Hh A7 T 35 [ 46 8% 3 1) Hanford AT 5 17 22 A8 M)
1) Livingston [ # > £80 #% 7 35—250 Hz {45 %
S0 6 P TR B O 2 T B R R G A 1Bl T
WAz 5 131, 2017 4F, Advanced LIGO F1 Advanced
Virgo [HRME8 I F] 7 LEX 1R RG24 1
GW170817 155 U4 H AT i 51 738 I 43 2 )
B HATEOCRIBLN. T E BTN
fia t 3 0T T R I A PR AR I R, DRt e )
BEEAASPE T B 5] R A AL 2R L
CIRYS=R: YW I E B E Db SR - CE L DAl Ef

, ARRIE A S BHORS, REUE

DOI: 10.7498 /aps.67.20172563

T T RO LI B 3 e BT
R, V720 S 00 0 R BUZ RS2 (R T An it
THRIR. 2T T HOR KR R AT AR il R
ez 1916) 3 50 HPh IS A AR AL 8 R U
EAIEL =R P PR TN il ON A= T R
LIRS E R R, — 5, R REAIL
BN T B A MR 7S 7T LA
AR MR L, 328 7 ok JFC AR or 00 2 1) 3R A8 i b
HEE TR, 2T 51 7N & K3 e H AT
, BASEREN T T A O Bk, BR 1A
ALK RGUE. XA TEEE L2, A IE
2o A MFEAENER R, I BAHE MR
W R AR EE KRR, T E T IEA
PE, 6T BIRORIE = ooE T TR A RS
(038 5 BP0 207 A% R ABRE A BR 7 OK B2
X IRgEE, — M IER & AR RE T RS SRR

* [H R H AR R TR (S 2016 YFA0301402) . H X B ARl 23 4 (HL#E5:61775127, 11474190, 11654002). LU P 5 4F =8 22
T H WL P T B A A RORHE B BT E R L PG AE <1331 AR B AR R T B VR,

T #E/E#H. E-mail: zhyan@sxu.edu.cn

© 2018 FEYIEF S Chinese Physical Society

http: //wulizb.iphy.ac.cn

134202-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.67.20172563
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 67, No. 13 (2018) 134202

R (TR P B PR, TR B, e PR 0 1 52 i 1)
PRbs i T B IRRAR, A IRB0H 2 iR A
23R U718 Caves i H R 45 A BUR B8 25 1] DA
LIRSS 7 B B AR T 2 7 S A IR, 4
A AR AL R AR D02 g L R A LR
PG 22 A 5 AT DLLE S A (22260 B R 35 A3 T2 i
Bl N 72 AR PR 4B S 063, JF HonT DU R 3 e B
PINT25 AR S A A7 0 2 frg R A (50310 2011 4K,
GEO600 M F FH 7E 700 Hz A B 46 25 28 T
TR L v R A BIR )R 5 AR 2 0 B2 2013 4E,
LIGO ¥R R R 48 & 48 =y 1 78 150 Hz /b R
BRURE o LA A v T A BR 32

7y —J5 ], @R OIE W H A E
AT DL S T OIS e LU R R BB . AR I
T R FH 2R e 2 o A S B 1y R 5 AR
RPN RER THAMZ NG E] ZH
&)}H [34—36}‘ Yuerke% [37]’ Pth/‘:ﬁ‘é [38] ﬁ%u*%tlj%u
M2 &R fR S s A AL B R s
AW, AT LUBCK AT AR AL 55 B S, Ou P
WA RAM R TR L IE . i R4
FRETFEARMEET 62— 04 RFFET R
L3 10 DU Y8 TRAT S FE AN AT DA 4] 487 A A s (42
i HAT LU e S & 0. R K 4
TEE T — R 51T DUy TR AR ) A 2t 95 i
Ft U181 A Th i - R TR, AT T T
WA G SR TR0, T E Mg & 1
4.1 dB, Ff HLAFAH AL 5 1 R SR R T Ok i s
P PR 1.6 £5 1544 B, AP 21 SRR MR AR

(a) BT

B
&

Bs 4D

(b)

Mg &g TIRET T A

ASCWETE T F T AR Ltk 7 SR A0 4 25 S A
HABERARNE P AT eSS B
KA LIS BRI A AT 2 —, Bels 5K
POt S EHOR. BATR AR It S B 5)
NG FREHINTEA, AEHLRACTEACH & R/
&%, B ET AR Ot S BIORES E e AT
WAL B AR HFOL S BB SIHE 5 IR R
M, SKBLT TACER B SE R R, R4
Py SFA 023 S 3E (1 35K AT PAREAR I 50 B Fh 304X
HIE A RCP, PR T AR L. T A
SERICETTIFIIN L, BATHE T T AN AN S
P8 RS RR G Al e 30 5 B P90 O AR o2 0 B R
B IFEM. AR AR IOt 2 BIOR S IE 7 B
PN R BB AR, 3 HT 1 AR AL R R U AT
WA ABOL 758 AR 2 S BRI 2
BIKHA T EANBRSKER S &R TN
ANGER AR FEE LI SN R R, 198 T = REEUE
HE I BT SEBLR . £ GBS
T, ZRETIE S H AT A LI & R AT B
LT pRiER IR, Dy REUZ IG5 BP0 T
(K588 SEELBR A 1 BB MR,

2 HipEA

S T A 8 96 0 2 2 R OK B3 7 T
TS ST I 4 501 1 () R 1 (b) RS,

PZT2

HR3
By
<1 2

pPBs1 NOPA D,

1 (a) MG w BT HG (b) ETIEMFIFLFES BB E LR EINT L BS, %0 8E; PBSI,
R H k8% 1; PBS2, iR d k4% 2; NOPA, HEM IS EHOKE; DOPA, fiijb¥ S EHONE; BHDI,

PR RN 1; BHD2, P R4 28 2

Fig. 1. (a) Linear Michelson interferometer; (b) OPA based quantum Michelson interferometer. BS, beam

splitter; PBS1, polarization beam splitterl; PBS2, polarization beam splitter2; NOPA, non-degenerated

optical parametric amplifier; DOPA, degenerated optical parametric amplifier; BHD1, balanced homodyne

detectorl; BHD2, balanced homodyne detector 2.
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Abstract

Michelson interferometer can be applied to not only the building block of the fundamental research of physics,
but also the precise measurement, such as the direct observation of gravity wave signal. Therefore, high performance
Michelson interferometer is the key step towards the implementation of direct observation of weak gravity wave signal.
Recently, the vacuum noise was reduced by injecting squeezed vacuum into the unused port of Michelson interferomter,
and the phase signal optical field in Mach-Zender interferometer is amplified based on the four-wave mixing in hot
Rubidium atom. Here we study high sensitivity quantum Michelson interferometer. In the Michelson interferometer,
the linear optical beam splitter is replaced by a non-degenerated optical parametric amplifier to realize the splitting and
combining of optical fields, and the squeezed vacuum is also injected into the unused port of interferomter, so that the
high signal-to-noise ratio and high sensitivity of phase measurement can be realized. Due to the inevitable optical losses,
the losses inside and outside the Michelson interferometer are considered in our theoretical model. We investigate the
influences of the losses inside and outside the Michelson interferometer on the sensitivity of phase measurement. By
theoretical calculation, we analyze the dependence of sensitivity of phase measurement on system parameters, such as
intensity of optical fields for phase sensing, gain factor of non-degenerated optical parametric amplifier, the losses inside
and outside the Michelson interferometer, and the squeezing parameter of input squeezed vacuum, and thus the condi-
tion of high sensitivity nonlinear Michelson interferometer can be obtained. In a broad system parametric range, the
quantum Michaleson interferometer can surpass standard quantum limit, and the nonlinear Michaleson interferometer
with squeezed state injection can provide the optimal sensitivity for phase measurement. The nonlinear Michelson inter-
ferometer with squeezed state is suitable for weak signal measurement. While the gain factor of non-degenerated optical
parametric amplifier is large enough, the nonlinear Michelson interferometer without injecting the squeezed vacuum can
still reach the optimal sensitivity, which reduces the use of quantum resources. When the phase sensing optical field is
strong, the linear Michelson interferometer with injecting the squeezed vacuum can also reach the optimal sensitivity, and
the sensitivity is robust for both losses inside and outside the interferometer. All the kinds of interferometers are more
sensitive to the loss inside the interferometer than outside the interferometer, and the sensitivity of phase measurement
can be improved by reducing the loss inside the interferometer. Our result provides direct reference of experimental

implementation of high performance interferometer for high precision quantum metrology.

Keywords: Michelson interferometer, squeezed state, non-degenerated optical parametric amplifier,
sensitivity
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