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ABSTRACT

ABSTRACT

Quantum optic is an advanced research topic in modern science in the
world. As the existence of light particles, so even completely coherent light
field exist noise. This kind of noise is determined by the light emission
process itself, is called shot noise limit(SNL).It is a manifestation of the
particle of light .Although the noise is very low, but as the highly
development of modern science and technology, we need more precise
measurements in many sectors. So we need to reduce the noise of the light.
Therefore, reducing the noise of the light has already become an important
research subject. A good way to breakthrough shot noise limit is to produce
squeezed light. According to Heisenberg's uncertainty principle, if light’s one
component’s noise is lower than the shot noise limit, its conjugate
component’s noise will be greater than shot noise limit. This kind of light is
called squeezed light. Squeezed light can be widely used in many research
fields of quantum optics, such as quantum computer, quantum information
ultra-weak transmission, quantum communication and so on. Especially in
the case of quantum communication, two single-mode squeezed light
interference through a beam splitter output can be a good source of quantum
entanglement. And quantum entanglement source, which is the core of the
quantum information, can be used in quantum secret communication,

quantum teleportation, quantum dense coding, and others that classic light
1
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can not do.

In this paper, we mainly to introduce the production of vacuum squeezed
light and lock the phase of balanced homodyne detection system for squeezed
light.

The main content has the following three parts:

Firstly, simply review the emergence and development of quantum
mechanics and quantum optics, introduces the classification and definition of
squeezed light.

Secondly, nonlinear process and phase matching technology is introduced,
using PPKTP crystal as the core to build optical parametric oscillation cavity,
a single-mode polarization -preserving fiber was carried out as the mode
clean of 1064nm light, the 532 nm green light was injected into the cavity.
We measured 2 dB vacuum squeezing and 5 dB amplification.

Thirdly, we put a phase modulator on the path of signal light, then the
signal light that was injected into the phase sensitive optical parameter
amplifier is phase modulated. The output squeezed light of OPA is detected
by the balanced homodyne detection system. We can demodulate the phase
modulation signal to achieve the error signal, which is used to lock the
relative phase of zero between the local and the quantum light fields
(corresponding to the quadrature-amplitude of the unknown light field). We
obtained 2 dB squeezing and 4 dB amplification. And we can judge which

the quadrature components we measured is by observing the modulation

v
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NERZ K4, FTEFHFENTEKUEESHERERK. M-EHRE
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R BEGRERY, ALITEOPAREKIRE SHMGH L EAAHEHS, WESHk
BEATALAR . R SFE T HEI AR SRR OPAKS i K SRRt I =i k. ¥
AL REUL S BIMA BRI INEHESBIEANSEBE/MRE, EIUERSET
RIS 5 IR/ B Rl B B 1 2 B 7O IEXRIESA A B LR . B
FLARBUE RS RAARENE STRBERGES, WALBIRS BB+, RoES
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EHANAG FETHERN KA

3.2 IR

3.2.1 FHTARNZE LR 0 T

B3. PP ERRARE
AR, TRERT FEHENRNRESZChNE R, KRtafifE

BHaBit—AN50: S04 REHITTHBE, HFR S EbRCA B4 — w4l
BEN. Fagfa BRRROGER AL EG, afa, 4 R8N s s
KPR, e EdBxRla,a’ =1, wxmb, cTgry:

1 i0 1 i
sz—i(as+e aL) ’ Czﬁ(as'—egal,) 3. 1)

S AN BB BRI B 3 % s 235 A
I,=b"b
;(a +e 'BaZ)(as +ei9aL)

1

— + if —i0 _+
—E(a a,+ae’a, +e"aja, +aLaL)
. J
I =cc
1
=—(a —e 'eaZ)(a - aL)
2 (3.2)

1
= —i6 _+
——(a —a e aL—-e a,a +aLaL)
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F=F EHESAHFETRRIUMAABIE

I BFE SRR EBER
I= b+b — c+c

1 0 1/
2(a'}'a +a+e' ar+te — aZLa +afaL)

—%(a:_as—a:eieaL—e leaz_aeraL L)
_ 0, + —if_ +

a a +e “a, a
s L L s

3.3

BT AREARATE, Wa AXELafTHE, MTFEFRENTELR

FEHISRBEE K THRDLHRIRAL, R BT S His S M KRR E
KA
ioc 5%(Iy=(1")=(I)"

<(e"9a +aL+e 0, *a

(¢
<19+ u9+>

e a a +e a, a
:ez,-g la| <a +2>+e—2zola| a 2>+Ia| <a a +>+Ial2<a +a >
s Ky s S A A
2
-l (a") -l (a,) —laf (a,")(a,)-laf ) (o)
Ry s S S S S

=laf 5*(e”a; +e™a,)
=|af’ 6*(X, cosf + Y, sin6)
(3.4)
Het, 9 RFALG SARAMMMEAR, X, =a; +a WFREGIETRE
B, Y, =i(a —a,) AFFRDGHIERAHER . A5RA, H0=08, HTRNFFR

Fe15 R IR 75 43 & %0=§ﬁ, P g 55 00 3 35 T A o AR e 7 43

3.2.2 B SRR E A

1) Higair
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PESiP

MR PIDEE fuimas
K Bl m I
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VHEFHR
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Wik

32 FEERRUARASFE S RENIER
FEERRUVARA S G SN EREEBENERENEIR, £S5

FEFMAREGIRGE, HOLFHREL N
E — Eoei(wt+ﬂsinﬂl)

signal (3.5)
ARG R RN, WA LUE I R R —B BT RiE N -
E s = [Jo(B) +2iJ,(B)sin Q] E,e™
(3.6)

= Eo[Jo(ﬂ)eimt +J1 (’B)ei(an!))t __Jl (ﬂ)ei(w_n)']

WA RIEATTUE H, SR BATESUE RS SRR BT = MR RS
S BEL 0 MBRBRFED 0+ Quiat. LhQIRNEIATEEE, 2

TAHREE o
T TR IR A R IR IE AT AR R A -
Elocal = Eleiwi (3.7

HAX S FHFRAIHFES0: 5043 WA LT FHRET, Hh—aHHEHt
S¥RME A -
1

Eoue =75 (Bt + Ereae” )

(3.8)
P BT TR T A 0 — B WA KGR IR -
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F=F EHEEAHTEHTREUMAREE

Pout = EoulE;ut
1 .« ) .
= E(Esignal + Elocale i )(Esignal + Elocnle 9)
= %( E.ﬂgnal ’ + E:ignalEl‘ocale_w + E:ignaIElocaleig + IElocallz) ( 3 9)
He
2 2 iwt i(w+ Q) i(w=Q )t
E gnat| = |Eof [Jo(B)e™ + T, (B)e' ™ = J,(B)e' ™™ ]

[Jo(ﬂ)e_iw + J,(B)e ) _]l(ﬂ)e—i(w—n)t]
= IEOI’[J"Z(“ HINB) T THBY + o (BT (B)e™ = Jo(P)I,(B)e™ ]
+J0 (B (B)e™ = JX(B)e™™ = T (B),(B)e™ ™ — JE(B)e ™
=B, LIZ(B) + 2J2(B) - JH(B)e™ — J2(B)e ]
(3.10)

1B | = |El|2 (3.11)

EognatBrca® ™ = BB e ™™ [ Jy(B)e™ + 1,(B)e™ @ - J,(B)e ") |

signal
= EOEI [Jo (ﬂ)e—iﬁ + J] (ﬂ)ei(ﬂt—ﬂ) _ J] (ﬂ)e—i(QHo)],
E:ignalElacaleia = EOEI etheio [Jo (ﬂ)e-iwl + J](ﬂ)ei(n+w)t - Jl (ﬂ)e‘i(“’_n)‘]
=E,E\[J, (,B)e”’ + Jl(ﬂ)e”i(n'_g) _ Jl(ﬂ)ei(mw)l

(3.12)
PUEZSIE hivh et A A DREPOF

|Eo|2 [Joz(ﬂ)'i' 2J12(,3) - le(ﬂ)ezm’ _ le(ﬂ)e'Zin‘]+ |E1|2
Pou= %‘ +E E [Jo(B)e™™ + J (B)e' ™ - J (B)e @)
+EE\[J,(B)e” + J,(B)e 9 _ J (B)e' @]
IES 12 + 27501+ B[ + 2E0E,7, () cos0
=) +4E,E,J,(B)sinQtsin g (3.13)
+(2Q terms)

MERTFTUE N, MERCRRASERT. QHUE2Q F. LiEEEER M
(B<Dy . JLFFHhRMERERBAHN L% £, ARBIhFREAT—
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ESHNS T FHHEN O REUE

Briv, 2Q IHATLLZEE. WTUEH, FHEHRERUSHEOTRAGESEELESH
RAHAH Q MEMRES, IFEESRREK/DMRE TR SRS KA LA

0. %0=08, THRESOBER LENT %9=%u¢, A B

R,
B EE RN RS B R 3R  RAE S TS SE S8R i —#R
55 cos(Qf + ¢ ) IR RN RS EHHE S0
P. =P -cos(Qf+¢)
1 |+4E,E,J,(B)sinQtsinb
B 5{+(2§2 terms)
=2E,E,J,(B)sinQtsinf cos(Qt + ¢)

}'COS(Qt+¢) (3.14)

Horb @ B 34 A TAS S R SR S YRS A S RN . TRAER M0

WS KT R, HRERTRETQNRESEREFBE:
P=E,E,J,[ cos(6+¢)—cos(6-4)]
=—E,E J,sinfsing

HAE S B A B A RO S DA RIS YR 5, W LU PG RIAHRTAL
HBIENR 0.

2) PR RNA AR PR 5 B Mok

eI BT B0 — 3P TR AE A W B R 4 2 T R RS . BLARRRHE TS
Ve SeH80mwiIZLAMEIT ALLAMERMISE —, ZEAN b 1-BMHZ T A IR SRR PR i
FEB80mw I ZL M 3T ALLAMEER T3S —, eI EXLIE R A3, I 5 Z ATk
RS RN, RS PR SRR RS L R s, HE
PRI R R SEAES, R AL EER MR 4.

EME RGN, AMCHRNE TR 0w, — R AR
SRBUE A RS FFRCHAZT AR, 55— BN A RS AT P . i
SN N EESA TSR R . BTUHBERSPFEBTRS, XD
SR SCER P38 PR A R PR RE PR AR RN, T X b R 7 B S U S R R R KT

(3.15)
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F=E EEPGTETRENNAAESE

MK, ZEHHBENIVE, K42 S50, 2dBIEERE . KB ERE 2 i RAEN—
FHAHISE CAF 0. 2B, FTIIESR A th a0, 2dBIGIRE .

h T RRYPOXA S, RATHRAES B 4 AR R 85\ 1 — BR B tm 58
M, BUS T E SRR R B 3. 3pTR, HPBERRTEBEHS .

SRS TR
BOANGER
]
DEAHE

MIER PIDE (LEgE
K2 *sumﬁ o

OE L EE

B33 FEFHRALASEREN R EREE
ATVRAERE R b X 677 AT R :
SFEE BRI BB 65 B SR 2R 4R I L O B 5 A -
Pon = EmalE;al
:%(Eﬂ +EIm,e"9)(E - +E,m,e_'0)
“Epd|+ ELﬂ€“+E;ME@wé“+M@WF}

P

out?

=K

out2

2 B+ Bu) B B
_1 (
2

PR 5 2 Ek R, B2

E,

out2

(3.16)

| o +E,,g,,,,Eme""+|E,M|’)

signal
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AT B RTINS E

Dot = Pount ~ Pourz

1 2 * —i0 * i0
=E(‘Eﬁ || + EugrarBrcu® ™ + B Fre® +|Er

signal ~loci
_l(
2

1 ¢ -0 . o i
=5[EsignalEIocaI(e ’ _e0)+Esigna1EIocaI(eg —e 0):]

)

2 + 6 * -i6 2
Esigml' +EsignalEIocaIe +EsignaIEloca1e +|Elocall

(3.17)

Hr,

ESig"alE;ocal (e_w - eie) = EOEI [Jo(ﬂ) + JI (ﬂ)eim - J1 (ﬂ)e_im](e_ie - eio ’

E, priEea (@ — &™) = E,E[J,(B)+ J,(B)e™™ = J,(B)e™ 1(e” —¢™).

(3.18)
s G R R -
P :_I_{EOE] [Jo(ﬂ)+-]1(,3)e'm —J](ﬂ)e“"ﬂ'](e-ie —e? }
"2 -EEI B+ B - (e —e) (3.19)

= —2E,E, J,(B)sin Osin Qt

R, RS R A AR Q FENE T, I AE SRR R
s F AR SRR AR R O

HE R BB H OSSN B RS 5165 25 1 — BRI 5 cos Q1 + 6) RIS

BN FRHES R
P =P, -cos(Qt+¢)

=-2E,E J,(f)sin@sinQt - cos(Q + @)
Hoh @ ik % AR TS S G ME SURARXT AR AL, RS R E S &

(3.20)

SR i SRR R KT RS T Q 5 5 H A
P=-E,E,J,| cos(6+¢)—cos(6 - 4)]
= E,E J,sinfsing¢
A5 SR B AR SRR R SR 5, W LU B LAIARRS AL
HBIEN 0.

(3.2
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F=F RESAGTEHETHRUNAAE

MU ERMTHERT LA H, AR LH A SRR TETHENSE Bt
5 SRS L= £ S HUE 5 NTT8UE P TR N AR5 Fr e aARx
RERIIMERTIATI o IXF 77 v AR AR RLAR B2 R GEHK B TR 75 X P AN R 4 7 2
FEWmREMAR, ESEMAE, AW ESEKERE.

3.2.3 BEMASSERH/HRFEIEFLINESHE 0 TUMMMKR

—
(@)

" quadrature amplitude \——parametric amplification

AVAAWA

/\ L—_egqr signall
0 \—/
1.0 15 2.0 2.5 3.0
O/n

B 3.2 5B R i S S S b O A5 b R R R

ERd, —RALHGESHERRLBUEAM. h T EmEZRAEFMRMA
M EREN TERE, XEERARSELETRSESEME SHEARRLARN
RIRF IR ZR o

LRAVENFSBRRBZHTSRBOCREN, il R4 M ELT AL
BESE, TIERHRBSBRAERBKC. MR 3.2 iR, BEEGGRELZ)SEM

B4) bEOMBRLMM X FR. ATLUEH, EATAARS BRI T Bk g

(9]

(e

1
(9]
T

Signal amplitude (a.u.) Signal amplitude (dB)

il
& %
A‘Hl’r

W

#E, IEACHRIE RS TR A A . B MMM R B (22) 3t
E%E THRESE, FWSERN TS A RGN AR A A FHREH ER
FRIESE, ZOBRNRES, BETRRETHRRSREAE.
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A
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—
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H 3.3 BRGNS SIS S5O B XX R

BBAH OPA ZEHESBA/NREH, i 450637 K K IEAT AR B 75 4
K T Rohie 5, T 1E AT YRR 20 B MR 7 4 FR 4 K TR e e B . Mgt (3R
Bk SEHES (LALK) MO MBUNXRXRME 3.3 Fim. sS85

KRB 2r) WRKRIERMAHSE, FILBE AR S HFRIEHARN R
P2 i 2R 063 ETIRIE S B 7S, %0 BB SR T HohisE S 2.

3.2.4 DOPA BERYIHEIE

ZASERMOMAN S RETES, WEHIENIHEARFSEEAN, RIAHS
ERMISESHMITAAR. = ERRESEHNERTEENS S, B
sz, RAIRNESEBEKFRE 1064nm 55060 5320m Fiotdtdc, mHR
BB AR AR, R RAAT DOPA RN ARALBIE R EA R B
BIELRE.

33 B AR AR AL ST 1R I R K SRR OAE SRR AL BT — R AR, A
18 OPA A ES BIMARS B/ NRE . AAXHALKAR KB T AR R R
2, BIEOLMASMEMARE S, BHNEABE 0 o, 3HIX NS BB
SEG/NIRE. ATURABREEE A 50: 50 53 RS T AE R RIR 3 B2 R
H,
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B=F RESHHTETHRUNMMRLE

a. b AL R L THREE, Hlightc. d42HIA

1 .
c=—=(a+ pe)
2
\/— (3.22)

1
d_ﬁ(a £e”)

a5 B RRTRBEAN a5 b KRB, 0KRRAa5 b MHMAAE. We, ditfl
BRI A -

c

Ly 1,32+a,8c050
2 2
(3.23)
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