Quantum Opticsd Chapter 2
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2 Coherent and squeezed states of the radiation field

2.1 Radiation from a classical current

000 (000000)0000000000 coherent state

la) = exp (aa’ — a*a)|0) (2.1.10)

2.2 The coherent state as an eigenstate of the annihilation operator and as a
displaced harmonic oscillator state
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coherent state 100000000 Do) DOOOOO

D(a) = e~ lal*/2gaal gma”a _ claf?/2,—a"agaal _ jaa’—a"a (2.2.5),(2.2.9), (2.2.8)
2.3 What is so coherent about coherent states?

00 number state [n) 000000000 — ¢,(q) (2.3.5)
0 O uncertainty product O

1
ApAq = <n + 2) h (2.3.13)

0000000 ¢o(g)0

¢0(¢) 0000 ¢o0O0D0D0O00DO (g,0) (2.3.14) 000000000000

O it sticks together or coheres (2.3.15)

(2.3.14) 0000000 (2.3.16) 00000 coherent state 00 0000000000
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1/4 2 —|a|?/2 — "
(g,0) = (%) exp [—Qh(q—qo) | =eler ;ﬁ@\m:@@ (2.3.14), (2.3.16)

2.4 Some properties of coherent states

(a) )0 nO000000000O0 Poisson 00 p(n) O (2.4.2)
h

() 0000000 ApAg= 0 (243)

(c) 00D (24.6)

(d) D0D0O0D000 (2.4.7) O overcomplete



2.5 Squeezed state physics

squeezed state 0 0 O O (simple harmonic oscillator) — Fig 23000000000 sharp 000
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0000 (—e0a010)000000000 — Fig 2.4 0 coherent state
0020200000000 (—(e+a)?00)000000000000 — Fig 2.60 squeezed state

2.6 Squeezed states and the uncertainty relation

1 1
X, = §(a+a*) 0 X, = 5(a—a*) oooo
E(t) = &&(ae™ ™ + ale™?) (2.6.5) — E(t) = 26€é(X; cosvt + Xy sinvt) (2.6.11)

1 1
(AXZ')2 < 1 0000 squeezed stated AX;AXy = 1 0000 ideal squeezed statel
squeezed state 0 X, 000000000 DOD0OODOOODOOODOOODOOO — Fig2.7

2.7 The squeeze operator and the squeezed coherent states

squeeze operator
S(€) = exp <;£*a2 - ;50&*2) (& =re) (2.7.3)

squeezed coherent state

|, §) = S(§)D(a)[0) (2.7.10)

2.7.1 Quadrature variance
X; 0000 6/200000Y;, 0000
Yi 4 iYs = (X1 4 iXy)e /2 = gem10/2 (2.7.8),(2.7.14)

1
coherent state 0 0 (AX;)? = 1 0 O O O squeezed coherent state 0 O

(AYy)* = 36’2’, (AYy)® = ie% (2.7.15), (2.7.16)
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Fig 2.8: a = |ale®Oerror ellipse 0 X; 00 /200000 v;00DODO0O00000O

2.8 Multi-mode squeezing

two-mode squeezingd v OO0 00D O0OO0O00D0OO 200000000000000000000D0O0O0O

5(§) = exp (i*auwau_w - §ai+y,al_y,) (2.8.1)

0 two-mode vacuum OO0 0000 OO
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25000000000
|, &) = S(€)D(a)[0),  [§,a) = D()S(£)[0)
0000

(€, alalé, ) = (0|STDTaDS|0) = (0]ST(a + @)S|0) = (0|(acoshr — ale sinhr)[0) + a = «

O000000)00000eD0 e’ 0efe«000000000000000OOOOO

(€ ald®l¢,a) = o —esinhrcoshr
€ ala?|E,0) = o*? —e ¥ sinhrcoshr
(€&, alatalé,a) = |a|*+sinh®r
gooon
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(AYl)Q — <Y12> _ <Y1>2 — i<(ae—1,0/2 + aT619/2)2> _ Z<ae—19/2 + aT619/2>2
= 1 ((oz2 — e sinhrcoshr)e™ + 1 +2(Ja)® + sinh? r) 4 (a*? — e~ sinh r cosh r)em)
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(0, €|(Y1 +iYa) |, €)= Re(ae™/2)e™ + ilm(ae0/2)e"
<§, a|(Y1 + ZY2)|’£, C¥> = Re(ae_i9/2) + iIm(ae_i9/2)
— e i0/2

= (a|(Y1 +iYa)|a) = (a|(X1 +iXy)|a)e /2
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