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ABSTRACT

ABSTRACT

Quantum optics, the related experiment research of which has obtained rapid
development after the invention of lasers in 1960s, is an important branch of modern
physics, and has won great success in various aspects of modern civilization. Moreover,
the squeezed state is a hot topic in quantum optics research and has been applied in many
ways, such as: quantum manipulation, gravitational wave measurement, the generation of
entangled optical field, quantum teleportation and so on.

This paper mainly introduces the related work during the period of study for a
doctorate, including: (1) the observations of squeezed light from optical parametric
amplification by using non-linear PPKTP crystal; (2) simulating the EIT-like effects by
utilizing the coupled optical cavities;(3) generating the entangled state by coupling two
bright squeezed light.

The specific content of this thesis can be divided into four parts:

(1) In the first chapter, we firstly give the five basic assumptions of quantum
mechanics which is the foundation of quantum optics, and briefly recall the development
history of quantum optics, and then we introduce the classification of the squeezed state in
detail and compare the different ways to produce the squeezed state in experiment.

(2) In the second chapter, we firstly introduce the definition of quasi phase matched,
and select the PPKTP crystal as our experimental crystal by comparing many periodically
poled nonlinear crystals used to produce the squeezed state. Then we produce the
squeezed state by optical parametric amplification and obtain 2dB squeezing by utilizing
the balanced homodyne detection system, which establish a foundation for our subsequent
EIT-like experiment and entangled light experiment.

(3) Since the theory of the Electromagnetic induced transparency (EIT) being proposed,
many experimental physicists whose research fields are limited within the category of
classic have observed EIT-like effect in different systems. Our destination is to realize
EIT-like effect in the category of quantum by building a kind of all-optical EIT system,
and to achieve quantum manipulation in the future. In the third chapter, we firstly review
the development history of EIT, EIT-like effect and theoretically studies the classical and

quantum properties under different coupling strength of the system. Finally we introduces

VII
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our experimental work : we use different transmissivity of cavity mirror to build the weak
and strong coupling strength of the EIT-like system respectively, then we inject the
squeezed state into the system and observed the EIT-like effect in the category of quantum
for the first time.

(4) Entanglement state is the basic resource of quantum information and quantum
computation. In the fourth chapter, we firstly introduce the definition of entanglement and
the classification of different ways to generate the entanglement state for continuous
variables. We propose our experimental scheme and introduce the experimental setup in
detail, and then use the balanced homodyne detection system to confirm that we obtain the
EPR states with amplitude-quadrature and phase-quadrature correlation.

Finally we give the brief summary and outlook.

Keywords;
Squeezed state ; Optical parametric amplifier ; Electromagnetically induced
transparency; Balanced homodyne detection system; Continuous variables quantum

entanglement.

Vil
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a(Q) :ﬁf dta(t)e " (3.16)
A+ 1 A+ —-iQt

ARSI e T IR R R 4493

—

40



O 5 IS IRA RN R SO TS S B YL I SE R ST

Xout (Q):éout (Q)+ aout (_Q) (3.18)
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DA H cv d el &R N
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Kl 4.5 ST T AR LA B
1 .
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2

NG

1 .

d=—(a—Le"

N A

L @ R R 5 Y RA IR G2 [ BT AL, T A0 30 75 31 )
R
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i.=c’c= %(a*a +a'Le” +L'ae™ +LL)
_ . | | (4.12)
i,=d'd = E(a*a ~a'Le” -L'ae™ + L'L)
AT
i:ic - id =a'Le’ + L ae™ (4.13)
WATER A 5, EaUA N
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-ig (4.14)
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4.2.2 BellZS BN E A #H{TEPRKEN £
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HRCORIE S TEASATAH 3 F E QIR W 1 QIR PRI W] 52 EPR JGHIN,  FRATTE AT LA
FH S S — il 52735 Bell A 3 EVE . HASE G WA 4.7 s, A5
EPR 21| 256 o (15 B, ARG P9 LU 7T / 2 IARRE Z54E — A 50%73 s AR &

S IPIH, RSN XSRS AN BRI S R HL I P4 b P A 4
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WmE s, Jeda. b @G85 AL
1

c= a+ib
\/5( )
; 1( b) (4.16)
=—(a—i
J2
I'+
RF splitter | |/~ L "

50% = RF splitter

~ Source

K47  Bell & B0 EPR JCHE I 520025
PR 28 Ja H 1) 6 LI 40 0l A

i_=clc= %(a*a +ia'b-ib'a+b'b)

. 1 i . (4.17)
i,=d'd= E(aTa —ia'b+ib'a+b'b)
D)oy 2 i R ' FEUR A -
A BN
i =— (@ +i,)=—(a'a+b'b
+ \/E(C d) \/5( ) (4.18)
YR 2 PR HL IR A
A N B
i =—(i —i,)=—=(ia'b—ib'a
- ﬁ(c a) \/5( ) (4.19)

it X, a=a+0a,b=B+0b, WEHE I o= F, LA
T 4.19 n] L1535
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4.3.3.2 7 /2 X ERIHIBIE
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(EREP S ORI EN L E o SRS 775 S F
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b o e, Q AHEGIZ R EAR, SO HHIRE, 1AL
ARSI IR RN (BE B << 1), JUIn] DU I Bessel bR 20— B @ 24 -
Esignal ~ [‘]0 (ﬂ) + 2I‘]l (/B) Sin Q] Eleiwt
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AR AN AES0% 7 WAk LT TR G 5, DR .
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NG

R SEE 7B = 4ti0p; 87 EEE 73U i 7 P T R B SN/ WA
P OUIE*I

. . (4.25)
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e
(] -

Herp
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-i6 * i0 2
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2

| E

signal

- |E0|2[‘]02(,B)+ 2\]12(,3)— Jf(ﬁ)ezmt — \]f(ﬁ)efZiQt]
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*
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E

(4.26)
= E, El[JO(IB)eiB n Jl(ﬂ)e—i(m—e) _ Jl(ﬂ)ei(m+9)]

R H 5 L 4
E,[[32(B)+ 232 (B +|E,[" +2E,E I, (B)cosd

. . (4.27)
P = 5 +4E,E,J,(f)sin Qtsin g
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Forbr or R s AT A 5 AP S YR AIRARAL, - JAT T a] DA Y AR &
S HUEAT AL, AR5 A A E DR AR TR K T 8% T Q115 SRS 15 21
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By 2

Bk 2

Mathematica F£)7:

rl=0.958"0.5;

r2=0.958"0.5;

r3=0.958"0.5;

al=1

a2=1

s1=0.5

s2=0.5

sh={}

qgllw ]:=w;

g2w ]:=w

Rl[w ]:=(r2-rl*al*Exp[I*qgl[w]*2])/(1-r2*al*rl*Exp[I*ql [w]*2]

)

R12[w ]:=(r3-r2*a2*Exp[I*qg2[w]*2])/(1-r3*a2*r2*Exp[I*q2 [w] *2

1)

R13[w ]:=(Abs[R12[w]]) "2

R10 [w ] :=Arg[R1 [w]]

R1l1l[w_]:=(Abs[R1l[w]l]l) "2

R2[w ]:=(-(1l-rl*rl-r2*r2+rl*rl*r2*r2)” 0.5*Exp[I*ql[w]l])/(1-r
2*r1*Exp [I*ql [w] *2])

R3[w ]:=(r3-Rl[w]*a2*Exp[I*qg2[w]*2])/(1-r3*a2*R1[w] *Exp[I*qg2

[w]l*2])

R4 [w ]:=Arg[(r3-R1l[w] *a2*Exp[I*qg2[w]*2])/(1-r3*a2*R1[w]*Exp [
I*q2[w]*2])]

R5[w ]1:=(Abs[(r3-R1l[w]*a2*Exp[I*qg2[w]*2])/(1-r3*R1[w]*a2*Exp
[I*g2([w]*2])]) "2

R6[w ]:=10*Log[10,R5[w]* (Exp[-2 sl1l]*(Cos[R4[w]]) "2+Expl[2
s2] * (Sin[R4[w]]) *2) + (1-R5[w]) *1]

R7[w ]:=10*Log[10,R5[w]* (Exp[-2 sl1l]*(Sin[R4[w]]) "2+Expl[2
s2] * (Cos[R4[w]]) "2) + (1-R5[w]) *1]

Plot [R13 [w],{w,-1,1},PlotRange-{0,1},AspectRatio-1]

Plot [R6[w],{w,-1,1},PlotRange—{-6,6},AspectRatio-1]
Plot [R7 [w],{w,-1,1},PlotRange—~{-6,6},AspectRatio-1]
For [w=-1,w<l,w=w+0.001,
AppendTo [sh,w] ;
AppendTo[sh,R5[w]] 1
ph=Partition[sh, 2]
SetDirectory["C:\\Documents and Settings\\Administrator\\EH&
\\BTRESTHER (2) "]
Export["fs.txt",ph,"table"]
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