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Abstract

We analyze the squeezing and statistical properties of a degenerate three-level
atom coupled to a coherent light and vacuum reservoir. In the other way, employ-
ing the Heseinberg and Quantum Langevin equation associated with the normal
ordering noise operator, we study the squeezing properties, power spectrum, vari-
ance and also calculate the mean photon number of the cavity mode. It turns out

that the generated light exhibits squeezing under certain conditions.
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Chapter 1

Introduction

Interaction of three-level atoms with light has attracted a great deal of interest
in recent years [1, 2]. Some authors have studied the squeezing and statistical
properties of the light produced by three-level atoms in which the crucial role is
played by the coupling of the top and bottom levels [1,4,9,10].

The coupling of the top and bottom levels is responsible for the interesting
nonclassical feature of the generated light. In general the atomic coherence can be
induced in a three-level atom by coupling the levels between which direct transition
is dipole forbidden by coherent light or by preparing the atom initially in coherent
superposition of these two levels [4,7].

In a three-level atom the top, intermediate, and bottom levels are denoted
la), |b), and |c) in which direct transition between |a) and |c) is dipole forbidden
[4]. When the three-level atom decays form |a) to |c) via level |b), two photons
are emitted. If the two photons have the same frequency, then the three-level
atom is referred to as a degenerate three-level atom, otherwise it referred to as
a nondegenerate three-level atom [7]. It has been established that a three-level
atom under certain conditions generates squeezed light [5, 6].

In this thesis we seek to study the squeezing and statistical properties of the
light emitted by a degenerate three-level atom in a closed cavity coupled to vacuum
reservoir and driven by coherent light. In order to determine the squeezing and
statistical properties of the light produced by this quantum optical system, we first

derive the equations of evolution of the cavity mode and atomic operators. Then



using the solutions of these equations, we calculate the mean photon number, the

photon number variance, and the quadrature variance.



Chapter 2

Dynamics of Atomic and Cavity
Mode Operators

In this chapter we consider a degenerate three-level atom interacting with in closed
cavity coupled to a vacuum reservoir and the upper and lower level coupled by
coherent light. We denote the upper level by |a), the middle level by [b), and
the lower level by |c), as shown in Fig. 2.1. The dipole allowed the transition
between levels |a) and |b) and between levels |b) and |c¢) are resonant with the
cavity mode. The direct transition between level |a) and |c) is dipole forbidden
[3]. The Hamiltonian that describes the interaction between the three-level atom

and the coherent light is given by

A

H; = iG(|a){(c|b — bf|c){(al), (2.0.1)

where G is the coupling constant between the coherent light and the three-level
atom, and b is the annihilation operator for the coherent light. Assuming the the

coherent light to be strong, it can be treated classically [4]. In view of this we can

Figure 2.1: The transition between |a) — |b) and |b) — |¢) at frequency w each are
taken to be resonant with the cavity



replace the operator b by €. Now we rewrite Eq. (2.0.1) as

H; = iGe(|a){c| — |c){(al), (2.0.2)
H, = i (a) el ~ |¢)al), (203

where
Q= 2eG (2.0.4)

is the Rabi frequency. When the atom decays from level |a) to |¢) via |b), two
photons of the same frequency are emitted. The Hamiltonian describing the in-

teraction between the three-level atom and the cavity mode is expressible as
H, = ig[(|a)(b] + [b){c])a — a*(|b) (] + |c)(B])], (2.0.5)

where ¢ is coupling constant between the three-level atom and the cavity mode.
The Hamiltonian that describes the interaction of the three level atom with co-

herent light and cavity mode is

H = i%(l@(@l — le)al) + dgl(la) (0] + [b)(c)a — a' ([b){al + ) B)].  (2.0.6)

In order to have more convenient expressions, we introduce the atomic operators

o5 = la)(bl, (2.0.7)
Ga = |b)(al, (2.0.8)
&l = |b)(cl, (2.0.9)
&, = |e)(b], (2.0.10)
o1 = la)(cl, (2.0.11)
Gae = |0 {al, (2.0.12)
Gaa = |a)(al, (2.0.13)
G = |b) (b] (2.0.14)
and
Gee = |C){c]- (2.0.15)



Note that 67, &Z, and 6] are atomic rising operators, while their complex adjoint
are atomic lowering operators. On account these operators, Eq. (2.0.6) can be

rewritten as

H =i=(6!, = 640) +ig[(6] + 6])a — al (64 + 63)). (2.0.16)

We can find that the time evolution of the atomic operators using the relation

aAdy
— = —i([A, H]). (2.0.17)

Employing Eq. (2.0.17), along with Eq. (2.0.16), one readily obtain

do, . . A .
C(;; - EUZ + Q(Ubb - Uaa>a + gaTUaca (2018)
do Q
% = =500+ 9(6ec — o) — gilon, (2.0.19)
dog. Q. . . N
dt = E(Ucc - Jaa) + g<0b - Ua)a7 (2020)
dAaa Q ~ A P N At A
% = 5(026 + 64c) + g(6ta +a's,), (2.0.21)
dé’bb ~t AT A At A ~
ar = —Q(Ua_ab)a—ga (6o — 03) (2.0.22)
and
dAcc Q ~ ~ At A AT A
= (0l + 60c) — g(o)a + 6. (2.0.23)

We assume that the is cavity closed and coupled to vacuum reservoir. In
addition, we carry out our calculation by putting the noise operator F' in normal
order. Thus the noise operator will not have any effect on the dynamics of the
cavity mode operators. We can then drop the noise operator and rewrite the

quantum Langevin equation for the operator a as

da oA K .
- = —ila, H] — 50 (2.0.24)



where & is cavity decay constant. On account of Eq. (2.0.16), we easily find

dé

d—j - —g& — g(6a + &) (2.0.25)
We see that Eqs. (2.0.18-2.0.23) are nonlinear differential equations and it is not
possible to find exact time-dependent solutions of these equations. We intend to

overcome this problem by applying the large-time approximation. Then using this

approximation scheme, we get

2
0=—"2(6,+0). (2.0.26)
I

This expression will be used for operator a that appears in a product with an
atomic operator. Introducing Eq. (2.0.26) into Eqgs (2.0.18 - 2.0.23) and employing

the fact that

a-aa, + 6-bb + 6-CC - 17 (2027)
we readily obtain the first set
d(6a) . Q.
pr —v(6a) + §<o—g>, (2.0.28)
K00 _ 25y — Loty + o) (20.29)
dt 9 \70) T 9 \a) T el Ta); o
and second set is
d<a'ac> e Q A ~
dt ES _§<0—ac> + §< cc — O'bb>, (2030)
W) LD
dt - ryc<0'aa> + §<0-ac + O-CLC>7 (2031)
d{o )
< dé’” = 7e((Gaa — o)), (2.0.32)
and
d{Gee) R Q ot .
= —= 2.0.
%) — e{ow) = 5 (0L + uc, (2:0.33)
where
4 2
7= (2.0.34)



is the stimulated emission decay constant. We note that the two set of differential
equations are independent. We first deal with the second set to determine the
equation of evolution of the density matrix for a coherently driven degenerate
three-level atom and coupled to a single-mode vacuum reservoir.We can easily

verify that

(0a) = pav, (2.0.35)

(63) = e, (2.0.36)

(0aa) = Paas (2.0.37)

(G30) = pob, (2.0.38)

(Gec) = Pec (2.0.39)
and

(Gac) = Pac- (2.0.40)

Using these equations, we can write time evolution of the density matrix as

dpab Q
= —YeLa — Db, 2.0.41
7 YePas + 5 Pev ( )
dpbc Ve Q
= — L e — — Dba Pab 2.0.42
i 9 Pb 7 Pba T VePab ( )
dpaq Q
= ~"YePaa - WHea ac) 2.0.43
o VePaa + 5 (Pea + Pac) ( )
dpup
dt = ’YC(paa - Pbb), (2'0'44)
dpac Q
= “YePac T S5 \FPec — Paa 2.0.45
7 VePac + 5 (Pec = Paa) ( )
and
dpee Q
e om — —(Pen + pac). 2.0.46
7 Veps = 5 (Pea + Pac) ( )

Now we proceed to obtain the steady state solution of puu, pPro, Pac AN Pec.

These solution will be used to study the probability and the squeezing properties

7



of the emitted light. Subject to this condition the steady state solution of Eq.

(2.0.43), (2.0.44), (2.0.45) and (2.0.46) are

Paa = Pbb,

Q
Paa = — (pac);

Q
ﬁac = _(pcc - paa)-
Ve
Employing the fact that
Paa + Pbb + Pec = 1.

And Using Eq. (2.0.47), we easily get

Pcc = 1— 2paa7

substituting Eq. (2.0.51) into Eq. (2.0.49), we easily get

Q
Pac = — 11— 3paa )
203

on account of Eq. (2.0.48), we readily obtain

.

Pac = —762 —|—3QQ

Putting Eq. (2.0.53) into Eq. (2.0.48), we get,

Q. Qv
paa = (5 am3);
’yC 70 + 3Q
then, we can reduce
QQ
Paa = 550"
Ve + 30

Next substituting Eq. (2.0.55) into (2.0.51), we get
QQ
e =1 =2 ——F=5 )
g <%2 + 392)

o4+
P = 53

this can be rewritten as

(2.0.47)

(2.0.48)

(2.0.49)

(2.0.50)

(2.0.51)

(2.0.52)

(2.0.53)

(2.0.54)

(2.0.55)

(2.0.56)

(2.0.57)



For a weak coherent light the atom settle close to its lower level (2 << 7., paa 2
0). For strong coherent light there is nearly equal probability of finding the atom

in all levels. For €2 >> ~ | we see that

1
Paa = Pbb = Pec = 5 (2058)
For Q) << ~, we readily find
paa - pbb = 0 (2059)
and

By comparing Eq. (2.0.55) and Eq. (2.0.57), we easily see that

Pec > Paa- (2.0.61)

Eq. (2.0.61) implies that, at steady state there is a higher probability of finding
the atom in the bottom level than the upper or the intermediate level. Moreover,
in the absence of the coherent light or {2 = 0 there is no probability of fining the

atom either in the upper or intermediate level.



Chapter 3

Photon Statistics

The statistical properties of a light mode are described in terms of the mean
and variance of the photon number. In previous chapter we have seen that the
expression of the expectation value of atomic and cavity mode operators. Now
we seek to study the cavity mode mean photon number, variance of the photon
number and power spectrum of coherently driven degenerate three-level atom at

steady state.

3.1 The mean photon-number

Now we proceed to determine the mean photon number of the three-level atom at

steady-state. Applying the steady-state solution of Eq. (2.0.26), we get

- 4% o e
A= ('a)ss =~ (6] + 1) (50 + 30), (3.1.1)
It then follows that
_ i 492
n=(a"a)s = ?KO}M) + (ow)]. (3.1.2)

Substituting Eq. (2.0.37) and Eq. (2.0.38), we easily get

A= %(pm + ). (3.1.3)
On account of Eq. (2.0.47), one easily rewrite

A= 15 (2a0). (3.1.4)

10



In view of Eq. (2.0.55) the steady-state mean photon number of the cavity light

turns out to be

2
s qatay e 2 1
n=(a"a)ss - {(72_’_392)} (3.1.5)
This can be rewritten as
2
n— (afay. = Je | 2N 3.1.6
n=(a'a)ss /€|:(1+3)\2):|’ (3.1.6)

where

(3.1.7)

Figure 3.1: Plot of steady-state mean photon number versus A for x = 0.8 and
different values of v, = 0.5 (blue) and ~, = 2.4 (pink).

For (A > 1), Eq. (3.1.6) reduce to

27,
01a) g5 = = 3.1.8
<CL a>SS 3,1 ) ( )
which is independent of external field radiation ). For weak coupling or A < 1,

We note that

202
(a'a)ss = “ () (3.1.9)
KYe
For A = 1, we easily get
e
=< 3.1.10
n=g- ( )

As the figure (3.1) shows that, with increasing the value of A and ~,. the mean

photon number also increases.

11



3.2 The photon-number variance

In this section we seek to find photon number variance of coherently driven degen-
erate three-level atoms coupled to vacuum reservoir at steady state. The variance

of photon number for the cavity mode is expressible as
(An)* = (a'aa'a) — (a'a)?. (3.2.1)

Now in view of Eq. (2.0.26) and the assumption that the cavity light is initially
in a vacuum state,

(@) =0 (3.2.2)

And we observe on the basis of Eqgs. (2.0.26) and (3.2.2) that a is a Gaussian

variable with zero mean. On account of this, we readily get
(An)? = (a'a)(aa') + (a™)(a?). (3.2.3)

Its preferable, if we calculate the variable (a'a), (aa'), (a) and (a?) separately.

Employing once Eq. (2.0.26), we find
(aat) = %(@L +6y)(68 +6). (3.2.4)

It then follows that

(aa'y = L [{ow) + (o). (3.2.5)

Substituting Eq. (2.0.38) and Eq. (2.0.39), we get
Aty e
<CLCL > - E(pbb + ,Occ)- (326)
Similarly with the aid of Eq. (2.0.26), we easily get
(@) = L poe. (3.2.7)
K
Taking the complex conjugate of Eq.(3.2.7), we find

A Ve
<aT2> = ;pac *. (328)

12



We assume that p,. = p}, and we can see that Eqgs.(3.2.7)and (3.2.8) are equal.
So that substitute Egs. (3.1.4), (3.2.6), (3.2.7) and (3.2.8), in to Eq. (3.2.3), we

arrive at
2 72 ’72 2
(An> - R_;Qpaa<pbb + pcc) + ﬁ_(;pac- (329)

Substitute Egs. (2.0.51), (2.0.53), (2.0.55) and (2.0.57), into Eq. (3.2.9), we

4?2 0?2 2 37?2 0242
2 c c c
(An)” = K2 <72+3QZ) T2 (2 +302)2 ) (3:2.10)

On account of Eq. (3.1.5), we easily establish that

readily get

_ 32
(An)? = n%(1 + 492), (3.2.11)
where 7 is steady state mean photon number. We see that for 2 > ~,,

(An)? = n?. (3.2.12)

And for ©Q = 7., we get

7

(An)* = Zﬁ2, (3.2.13)

For 2 > ~. and Q = ~,,
(An)? > n. (3.2.14)

Eq. (3.2.14) indicate that, the photon statistics of the light mode is supper-

Poissonian.

3.3 Power spectrum

In nearly all cases the frequency of a single-mode light is not sharply defined. In
general, there is some variation about the central frequency [4]. We wish to obtain
the spectrum of the mean photon number, usually known as power spectrum, of
light emitted by coherently driven degenerated three-level atoms. We would like
to mention that @ and a' can be cavity mode operators. We define the power

spectrum of single mode light with central frequency w, by

P(w) = lRe /OO dre @ (G (1) a(t + 7)) s, (3.3.1)

™

13



/ " Pw)dw = . (3.3.2)

—00

In which 7 is the steady-state mean photon number. From this result, we observe
that P(w)dw is the steady-state mean photon number in the interval between w
and w + dw. Now we proceed to determine the two time correlation function that
appears Eq. (3.3.1) for the cavity light. To this end, we realize that the solution
of Eq. (2.0.25), can also be written as

at+7)=at)e > —ge 7 / e (Ga(t +7') 4 Gt + 7')d7. (3.3.3)

0

Now we need to solve 6,(t+7') and ,(t + 7') that appears Eq. (3.3.3) from these

two deferential equation

%(65) = —7(0a) + §<Ub> (3.3.4)
and
d . Ye . Q.
Z{0w) = = {00) = 5 (60) + 7e(0a)- (3-35)

Applying the large time approximation to Eq. (3.3.4), we get

. Q
=5

(0a(1)) (33(1))- (3.3.6)

Substituting Eq. (3.3.6) into Eq. (3.3.5), we arrive at

o) =+ 1) o+ 5ol (357
and the complex conjugate of Eq. (3.3.7) is given by
) = = + ) + 5 Gt (339

Next by adding and subtract Eq. (3.3.7) and Eq. (3.3.8), we readily get

d

R R Yo 2 Q R
%M(t) +o)(t) = —(= ;

) T, T ) £ (0). (3.3.9)

The solution of Eq. (3.3.9) is given as

(6(t) £ 67(1)) = (65(0) £ 65(0))e . (3.3.10)



We can also rewrite by replacing t — ¢+ 7 and 0 — ¢ as
(Gy(t +7) £ 6 (t+ 7)) = (Gp(t) £ &) (t))e™™T. (3.3.11)

then, we see that

(Gt + 7)) = (Bu()) (™7 + e T) + (B () (e — e T) (3.3.12)
and
(G4t +7)) = (G5 (1) (€™ + &7 T) + (63 (t)) (€T — e, (3.3.13)
where
ne =2+ fj T % (3.3.14)

Substituting Eq. (3.3.13) into Eq. (3.3.6), we readily get

(Gat+7)) = — [(GTEN ™ + e 7) + (G0 (e ™ —e 7). (3.3.15)

27c

Now combination of Eq. (3.3.3) with Eq. (3.3.12) and (3.3.15) yields

a(t+7) = a(t)e”F —ge™¥ / Car ;,jc (GO +e77) + (G (e ™™ —e )]

aft+7)=at)e > — [g(&b(t) +6)(1)) (1 + L )] e /2 /OT e g

Q —K T K /
- {g(&b(t) —6l(1)) (1 - )] 627/ es T dr (3.3.17)
0
carrying out the integration, we easily get

KT

a(t+7) = a(t)e > — {g(&b(t) +61(1) (1 L2 )} ( 2 ) [T — e %]

2%e K — 214

15



—[g(&b(t)—&g(t)) (1 Q)}( 2 )[ew—e?]. (3.3.18)

B 27, K — 2n_
Hence using this result, we readily arrive at

KT

(@' (a(t + 7)) = (@' (Ha(t))e™

~a [ta o + alon (14 5 ) (=5 ) | = 7]

27v.) \ Kk — 2y

~a [@O@0 -l (1- 5 ) (5 )|l - Tl Baw)

a 29, K — 2n_
Employing once more the complex conjugate of Eq. (2.0.26) into Eq. (3.3.19), we

get

(@ (tya(t + 1)) = @'(at)e s

fe () ()

o= (1= 52 ) (225 )|l = e %) a2

On account of Eq. (2.0.38) and the complex conjugate of Eq. (2.0.40), we can

easily rewrite Eq. (3.3.19) as

KT

(@ (a(t + 7)) = (@' (Ha(t))e™ =

femi e 2) (e

=l (1- 50 ) (25 ) [l = %1

16



Substituting Eq. (2.0.53) and Eq. (2.0.55) into Eq. (3.3.21), we arrive at

(@ (a(t+7)) = (@ (Ha(t))e™ =

0% + O, Q . o
+ + 7 1 + ’y [e—’l]+7‘ _ 6—7]
Ve + 302 27.) \ K —2ny

92—9% Q Ye or
- 1— =T _e7 2 |, .3.22
" {7§+392] < 2%> <f€—2n—) e el (3:3.22

On account of Eq. (3.1.5). we can rewrite Eq. (3.3.22) as

KT n 3 Q —KT
at(Halt — P 3 kn O e T _ 573
@it + ) =ne ¥ + () [T g |l = e

KT 3 v Q . _ &7
- = T — 3.2
() iwa)een e

we can also rewrite in simplified form as

(atta(t +71)) =a[(1 —a—Dble 2 +ae ™™ +be ], (3.3.24)
where
K 3 Y Q
_ O e 3.2
‘ <%—2m)[4+29+4%}’ (33.25)
K 3 e Q
h— - _ e _ 3.2

and 7 is steady state mean photon number. Substituting Eq. (3.3.24) into Eq.
(3.3.1), we easily find

SR (EYE P P
n 0
= 9] ) ab 9] )
+2X Re / dre~(r—itw—wo)r 4 D po / dre(n-—iw—wo)r (3.3.27)
T 0 T 0

17



carrying out the integration, we easily get

P(w)=n(l-a—"b) l('f/Q)Q i/(z;r— wo)J

+an [773 +”(L/i WO)2] + b [773 +77(w/f WO)Q} . (3.3.28)

We realize that the mean photon number in the interval between w’ = —v and
w' = v is expressible as

Ny, = /V P(w')dw' (3.3.29)

in which w’ = w —w,. Therefore, upon substituting Eq. (3.3.28) into Eq. (3.3.29),

we get

_ _ v K/2m [V ny/m
Ny, = n(l —a— b)/_ mdw/ + CI,TL/_ del

_ (" 777/7T /
+bn /y T ( _wo)zdw, (3.3.30)

and carrying out the integration, applying the relation

z(v)

0.0 C L L L L 1 L L L L 1 L L L L 1 1 1 1 1 17
0.0 05 10 15 20

v

Figure 3.2: A plot of Eq. (3.3.34) for k = 0.8, 7. = 0.5 and Q =3

Yode 2 L[V
= —tan™" | — .3.31
[t o
we get
2 2 2 2 2 2
Aty = n[=(1 —a — b)tan™* <—V> + Piant (—V) + “tant (—V)], (3.3.32)
s K s I T n_

18



we can rewrite Eq. (3.3.32) as
N, = nz(v), (3.3.33)

where z(v) is given by

2(v) = 2(1 —a—btan™! (Q—V) + 2 ! (2—”) + L (2—”> . (3.3.34)

T K 7r i T n-
From the plot in the Fig. 3.2, we easily find z(0.5)=0.66, z(1)=0.86, z(2)=0.96.Then

combination of these results with Eq. (3.3.33) yields i g5 = 0.667, ny; = 0.867,

Nyo = 0.96n.

19



Chapter 4

Quadrature Squeezing

In a squeezed state the quantum noise in one quadrature is below the coherent state
level at the expense of enhanced fluctuations in the conjugate quadrature, with
the product of the uncertainties in the two quadratures satisfying the uncertainty
relation[4]. The squeezing properties of single-mode light are describe by two

quadrature operators defined as

ay =a' +a, (4.0.1)

a_ =i(a' —a). (4.0.2)

These operators are Hermitian and represent physical quantities called the plus
and minus quadratures. We recall that the explicit expression for the cavity mode

operator a at steady state is given by Eq. (2.0.26). Using this equation,we find
(@,67) = =5 [(6a + &), (65 + &), (4.0.3)

[&7 dT] = k<écc - a'aa)' (404)
K

And we note that

[ay.a-] = [(@' +a),i@a" - a), (4.0.5)
=i(a"? —a'a +aa' —a* —a™ —a'a + aa + a?), (4.0.6)

it then follow that
lap,a_] = 2i[a, a]. (4.0.7)



On substituting Eq. (4.0.4) into Eq. (4.0.7), we get
S
[ay,a-] =2i—(0cc — Gaa)- (4.0.8)
K
If two Hermitian operators satisfy the commutation relation
[A, B] = iC, (4.0.9)
then it can be readily established that
1
AAAB > §|<C)| (4.0.10)
According to Egs. (4.0.8), (4.0.9) and (4.0.10), we readily get
A A > f)/C A A
arAa_ > —[(6cc) — (Gaa)l, (4.0.11)
K
Employing (6c.) = pec and (Gaq) = paa We can rewrite Eq.(4.0.11) as

Aa,Aa_ > %V)cc — Daal, (4.0.12)

We now proceed to calculate the variance of the plus and minus quadratures
for the cavity mode produced by the degenerate three-level atom. The variance

of the plus and minus quadratures is expressible as
(Aag)? = ((ax)?) — ((a+))*. (4.0.13)
Substituting Eqs. (4.0.1) and (4.0.2) into (4.0.13), we easily get
(Aax)? = £([a" +a]*) F [(a') + (a)]%. (4.0.14)
On account of Eq. (3.2.2), we have
(Aay)? = (a'a) + (aa’) + (a'?) £ (a?). (4.0.15)

Now employing Eqs. (3.1.4), (3.2.4), (3.2.6) and (3.2.7) in Eq. (4.0.15), we

arrive at

270 Ye 270
(Aay)? = —Paa - (Pw + pec) + == pac (4.0.16)
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and

27e Ye 27
(Aa—)2 = Tpaa + ;(pbb + Pec) — 7pa6' (4.0.17)

Substituting Eq. (2.0.53), (2.0.55) and (2.0.57), into Eqgs. (4.0.16) and (4.0.17),

one can easily get

407 4+ . (7. +2Q)
Aay)? =1 clle 4.0.1
(Aas) ,i{ V2 302 } (4.0.18)
and
407 + 7e(7. — 29)
Aa_)? =1 el . 4.0.19
oy = [ (019
Where \ = %, Eq. (4.0.18) and (4.0.19) can be rewritten
AN+ 2)+1)
Agy)?=Te |22 12200 4.0.2
(Aay) /{{ 1+ 3)2 } (4.0.20)
And
4N? — 2\ + 1)
Aa_)* = Je|ZA Z2AT ) 4.0.21
(Ra-)' = [ 1+ 3)2 ] (4.021)
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Figure 4.1: Plot of the steady-state minus quadrature variance versus A for k = 0.8
and v, = 0.5

For (A << 1), we easily get

(Aa_)? = (Aas)? = % (4.0.22)
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AayAa_ = = (4.0.23)

K

We define coherent light to be a light mode in which the uncertainties in two
quadratures are equal and satisfy minimum uncertainty relation [4]. Hence on
the basis of Egs. (4.0.22) and (4.0.23), we assert that the light emitted by coher-
ently driven degenerate three-level atom is coherent. Figure 4.1, indicated that
(Aa_)? < %, where 2 = 0.625 for K = 0.8 and . = 0.5, then we see that coher-
ently driven degenerate three level atom is in squeezed state. Squeezing occurs
for 2 < 2v,, with maximum squeezing being stable against small fluctuation of
). Now proceed to calculate the degree squeezing of coherently driven degenerate

three-level atom. Degree of squeezing expressible as

X (Aa_)?
S = "‘(7—6), (4.0.24)
substituting Eq. (4.0.19), we easily get
Y _ 2 {w]
K K 24302
g = e , (4.0.25)
0)
A
Figure 4.2: Plot of degree squeezing versus \.
then by rearranging, we arrive at
20y, — Q2
S=|—F/—— 4.0.26
{ Ve + 302 } ’ (1020
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we can rewrite Eq. (4.0.26), in terms of \ as

2\ — N2

As clearly indicated in Fig. 4.2, the degree of squeezing of the radiation increases
with the intensity of the biased noise fluctuations in which a higher degree of
squeezing is found for relatively smaller values of A. The coherently driven degen-
erate three-level atom squeezes 44 % below coherent state. It is believed that the
emission initiated by the initially prepared atomic coherent superposition is ac-
countable for the reduction of the fluctuations of the noise in one of the quadrature

components below the classical limit [8].
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Chapter 5

Conclusion

The squeezing and statistical properties of the light emitted by a degenerate three-
level atom in a closed cavity coupled to vacuum reservoir and driven by coherent
light is analyzed. For strong coherent light there is equal probability for finding
the atom in all levels. We have seen that at steady state p.. > paq. This implies
there is more probability for finding the atom in the bottom level than in the
upper or intermediate level. Moreover, in the absence of the coherent light there
is no probability for finding the atom either in the upper or intermediate level.
As Fig. 3.1 shows, the mean photon number increases with -, and A. For
Q0 > 7. and ) = 7, the photon number variance is greater than the mean photon
number. Hence the photon statistics of the light is supper Poissonian. For A < 1,
we have seen that (Aa_)?> = (Aay)? = 2 and Aa_Aa; = 2. Hence, we assert
that the light emitted by the three-level atom is coherent for A < 1. In addition,
we have found that for €2 < 2+,., the light emitted by the atom is in a squeezed

state and the squeezing occurs in minus quadrature. As Fig. 4.2 indicates, the

maximum squeezing of the emitted light is about 44% below the coherent level.
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