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Coherent State

Coherent states — quantum optics.

Saturates the minimum uncertainty principle exactly

It is taken as classical state.

Any state which deviates from it is a non-classical state.

The operator 4|0) = 0 and satisfies the eigenvalue

equation a|a) = «ala), where « is the complex eigenvalue
: lal? 4 .

and the eigenstate |«) = e‘TeaaT|O> is called the

coherent state.

a' is canonical conjugate of a

@ Satisfying [4,a] = 1.



Janus Faced Coherent States

@ An operator F annihilates the vacuum F|0) =0

@ G'is canonical conjugate of F

@ Satisfying [F,G] = 1.

@ Can one construct a coherent states?

@ Yes

@ One has two eigenstates, one for F and the other for G.



o F satisfies FIf); = f[f);

@ The eigenstate [f); = exp[fG]|0).
@ Similarly G satisfies G|g); = g|g);
@ The eigenstate |g); = exp[gF1]|0).

@ These coherent states occur in pairs, hence the name
Janus Faced coherent states.

P. Shanta, S. Chaturvedi, V. Srinivasan, G.S. Agarwal and C.
L.Metha, 1994, Phy Rev Lett 72, 1447.



@ The Caves-Schumaker state |a) = exp [cab — a*afbl] |0)
and the pair coherent state ab|¢,q) = ¢|¢,q), is one such

pair.
@ The Yuen state |o) = exp [aa? — a*af?] |0) and the Cat
state |a) = —%00&) + | — a)) forms another pair.

@ The operator F can annihilate more than one vacuum with
corresponding G'.



Pair Coherent States

@ The master equation for the pair coherent state is
2p = —ig (abp — pba+afbfp — praT)
ot
+g <2abpaTbT —a'bfabp — paTbTab) ,

here g and x are the arbitrary parameters.

G.S. Agarwal,1986, Phy Rev Lett 57, 827



A Generalized Master Equation for Janus Faced Coherent States

@ The Caves-Schumaker state and the pair coherent state
form a “Janus faced” pair.

@ Can one write a master equation for other coherent states
which form a “Janus faced” pair ?

@ The answer to this question is affirmative.
@ The generalized master equation

%p = —ig (Fp—pF+ Flp— pF!)

+3 (27pF! = FIFp— pFIF).



Master Equation

@ In quantum mechanics, unitary evolution of a closed
physical system or pure state is described by the
Schroedinger equation.

@ In nature, most of the physical systems are not associated
with a unitary evolution.

@ The mixed states when appended with an environment
evolve unitarily giving rise to dissipation.

@ Evolution of these dissipative systems is described by a
master equation.
@ The master equation lies at the heart of quantum optics.

@ The master equation is used to model decoherence,
entanglement sudden death, quantum channel and found
many applications in quantum optics.



Thermo Field Dynamics

The thermo field dynamics is a finite temperature field
theory.
The salient features of this approach

@ The solving of master equation is reduced to solving a
Schroedinger equation, thus all the techniques available to
solve the Schroedinger equation are applicable here.

S. Chaturvedi and V. Srinivasan, J. Mod. Opt. 38, 777



Brief Description

@ InTFD |p*),1/2 < a < 1, is a state vector in the extended
Hilbert space H @ H*.

@ (A) =TrAp = (p'“|A|p®)
@ |p%)is given by [p®) = p|l). and p* = p* ® I,
@ |I) is resolution of the identity

= Imnl=> Imelf) =3 Inh),

in terms of a complete orthonormal set |n) in .



@ The creation and the annihilation

ajn,m) = +/njn—1,m),
allnm) = Vvn+1n+1,m),
an,m) = vmjn,m—1),
afin, m) vm+1jn,m +1).

e afl) = a'|1), al|l) = &|1)
@ Any operator A|l) = Af|l)
@ The tilde conjugation rules are a — & a’ — af, o — o*.

@ This reflects the hermiticity property of the density
operator.



Non Equilibrium Thermo Field Dynamics

@ The non equilibrium thermo field dynamics is developed for
« = 1 representation.

@ In this representation, (A) = (l|A|p) = (Alp) = Tr(Ap).
@ Given any master equation of the form

0

—i
—p(t) = —(Hp—pH) +L
5 /(1) = = (Hp —pH) +Lp,

@ One converts this into a problem in TFD by applying |I)
from the right

210t = ~ilp)

where
—iH =i(H —H)+L.

In TFD —iH is tilden.



Example

@ Consider a damped harmonic oscillator master equation

%p(t) = iw(afap — pa'a)
n+1
+% (ZapaT —afap - paTa)

+% <2ana —alap — paTa>
By applying |I) one goes over to TFD
0
< — (iw(afa— aa'
o)) = (iw(a'a - &)

k(N4 1)
g

+%ﬁ <2aT<€1T —aal — éTé) )|P(t)>'

<2aé —afa— ééT)



Solution to Master Equation

@ One goes over to TFD formalism by applying |I).
@ The —iH for generalized master equation for Janus faced

coherent states
—if = [Hig (F- 4 F - F)
K ol oo |
+5 (277 - FF - FIF))

@ The initial state to be the vacuum state |0, 0), the short
term solution is

p(t)) = exp [—igt (J—“ +F (B Ji‘))} 10,0).

This is the exact solution of the master equation



@ Now F and F' satisfy SU(1, 1) Using the disentanglement
theorem

1p(1)) o exp [—rJ-“T] exp [—rﬁ] 10,0)

which is an eigenstate of G and G with the eigenvalues T,
given by
2igtsinh¢
2¢coshg — igtsinhg’

where ¢2 = 390°,

@ In usual notation |p) = p = [¢)(¢»| and |0,0) = |0)(0|, then
1 reads as

0y o el=™ o), (v o (0jel-T.



@ The steady state solution, we rewrite master equation

Do) = [ Fig + SR~ (F — Fiig + )] o)

@ The steady state solution is an eigenvalue equation

2ig

Floy = -23))

@ In the usual notation for 4 it is given as

2|g

Floy = -2, wlFt = w22



Examples |

If #=aband F = 516, then the short term solution is the
Caves-Schumaker state

Ip(t)) o exp [—Faqu exp [—FéTBT} |0, 0)
and the steady state is the pair coherent state
. 2ig
ablo) = ==p),
2i
ablp) = —=2p).

KR



Examples II

If F = a2, and F = &2, then the short term is the Yuen state
Ip(t)) o exp [—Faﬂ exp [—Féﬂ |0,0)

and steady state is the Cat state

- 2ig
?lp) = 7\0%
2i
a?lp) = =2 ).



Examples lli

@ Two boson creation and annihilation operators
@ F=a+pa?and F =&+ paf?
@ the canonlcal conjugates go

_ _aftz 1
gO 2 M +l and gl 2 fat2°

af? af2 1

n+l'gl = 72 nat2’

@ Here n, = afa and i, = a'4, satisfies [F, QT] =1 and
[F,Gl1=1.
@ The short term solution
() o< exp [T (al + pa?)] exp [T (&' + 42)] |0,0),
@ The steady state:

@+ = 2,
@+ 5a2)p) = o—%?>



Examples IV

@ If F =ab + Bafb’ and F = &b + pafbt

. . Tpt Tpt
@ The canonical conjugates G} = 22~ -1 ¢l = ab 1

np+1°
5t _ afbt 1 5t a'bf 1
Go =2 mand g =5-=7.

@ Here n, = a'a, np = bfb, fi, = 44 and fi, = bb, satisfies
[F,Gl=1and [F,G]=1.

@ The short term solution

Ip(t)) o exp [T (a'b + Bab)] exp [—r(affﬁ + pab)] |0,0),

@ The steady state :

(@b + pabh)lp) = 29|p).
e e 2i
(8 + pa'b)p) = —Z2 ).



Conclusion

We have constructed a general master equation for Janus
Faced commutation relations [F,G!] = 1 and shown that
the eigenstate of G occurs as a short term solution and the
eigenstate of F occurs as a steady state solution.

We have also shown that the master equation works for all
the Janus Faced coherent state operators.

We have also shown that the short term solution is an
exact solution for the master equation and the long term
solution is an eigenvalue equation.

Most of the coherent states discussed in this paper are
entangled states such as pair coherent state, the cat state
etc and we expect that this master equation will throw light
on production in the laboratory.



