
R
es

ea
rc

h 
A

rt
ic

le
: O

pe
n 

A
cc

es
s

Rahimkhani. Int J Opt Photonic Eng 2018, 3:008

International Journal of

Optics and Photonic 
Engineering

Received: January 22, 2018: Accepted: March 24, 2018: Published: March 26, 2018

Citation: Rahimkhani Z (2018) Quantum Filtering for Tavis-Cummings System. Int J Opt Photonic Eng 3:008

Copyright: © 2018 Rahimkhani Z. This is an open-access article distributed under the terms of the Creative Commons Attribution 
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source 
are credited.

*Corresponding author: Zahra Rahimkhani, Department of Electrical Engineering and Computer, Islamic Azad 
University Mashhad, Iran, E-mail: zrahimkhani2014@gmail.com

VIBGYOR
ISSN: 2631-5092

Quantum Filtering for Tavis-Cummings System
Zahra Rahimkhani*

Introduction
Quantum technologies in the current world have a 

wide range of applications in different areas. The interac-
tion between a field and two-level atom was investigated 
in different papers [1-5]. In this interaction, the field can 
be classic or non-classic. A non-classic state of light that 
is vital in quantum systems and quantum communica-
tion protocols is single photon that is used in quantum 
filtering of open quantum systems [4,5].

Quantum control systems are studied by two classi-
cal and quantum approaches that in classic approach, 
system was measured by a system and then can use a 
classical system as controller for control it [6,7]. Besides, 
Quantum filtering plays an important role in quantum 
measurement. Belavkin shows that quantum systems are 
measurement in 1979 [8]. Also, he did different studies 
about control and quantum filtering [2,9].

A generalization of the JC (Jaynes-Cummings) model, is 
called the Tavis Cummings (TC) model (also known as the 
Dicke model), was introduced in 1968. This model describes 
interaction between a quantized field and a collection 
of N atoms with approximation RWA (rotating wave 
approximations) [10,11]. The Tavis Cummings model was 
considered to describe strongly couple N atoms to a cavity 
mode. Tavis Cummings system can interact with a field 
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specially single photon that is used in quantum dots, cavity 
quantum electrodynamics (QED) and semiconductors and 
circuit QED [5,12].

In this paper, In section 2, we show interaction single 
photon packet with two non-interacting two-level atoms 
and study transition probability of atoms. In section 3, 
The output field is measured by homodyne detection and 
is estimated by quantum filtering. In section 4, we pres-
ent summary of the obtained results.

Tavis-Cummings System Model
We consider two of non-interacting two-level atoms 

in a cavity. We studied the behavior of two atoms that in-
teract with single-photon wave packet. Density matrix of 
a two-level quantum system is:

( )1 = 
2 x yI x y yρ σ σ+ + +  		          (1)

that xσ , yσ  and zσ  are Pauli matrices. We get oper-
ations for Tavis-Cummings system by tensor products of 
Pauli matrices as we have

0 1 0 0 0 0 0 1 0 0 0
1 0 0 0 0 0 0 0 1 0 0

 = ,
0 0 0 1 0 0 0 0 0 1 0
0 0 1 0 0 0

  ,   

0 0 0 0 1

x y z

i
i

i
i

σ σ σ

−     
     −     = =
     −
     

−     
Interaction atoms and single photon is assumed of 

the Jaynes-Cummings type. So, Hamiltonian of the sys-
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in this equation k is a parameter related to the measure-
ment strength, dw  is a Wiener process that have vari-
ance dt  and zero mean that have 

( ) ( ) = 2  dW dY t k tr X dtρ−  		          (8)

Now we consider to calculate the transition rate of 
population as a function of time. We solve the master 
equations and also stochastic equations to find expecta-
tion value of different possible transitions [14]. For ex-
ample time evolution of transition rate for two atoms in 
state eρ  becomes:

( ) ( )11 = e et Tr tρ ρ    			            (9) 

that ( )11 tρ  for master equation is calculated based 
on this equation [14]

( ) ( ) ( ) ( ) ( ) ( ) ( )( ) ( ) 211 * 11 † 10 † * 01 10 = , ,d t t S L t L t S t S t t tρ ρ ζ ρ ξ ρ ρ ξ   + + + −     

( ) ( ) ( ) ( )10 * 10 00 † = ,d t t S t L tρ ρ ρ ζ +  

( ) ( ) ( ) ( )01 * 01 00 † * = ,d t t L t S tρ ρ ρ ξ +    

( ) ( )00 * 00 = d t tρ ρ  					           (10)

That Lindbladian equation is [ ]X = ,G Li X H D X− +  and 
Liouvillian equation is [ ]* *,G Li H Dρ ρ ρ≡ − +  and master 
equation is calculated based on this equation [15]

( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) 211 * 11 01 † 10 † * 00 † 00 = { , , ( ) }d t t S t L t L t S t S t S t t dtρ ρ ρ ξ ρ ξ ρ ρ ξ   + + + −   

( ) ( ) ( ) ( ) ( ) ( ) ( ){ } ( )11 11 † 10 † * 01 11
tL t t L t S t S t t K t dw tρ ρ ρ ξ ρ ξ ρ+ + + + −

( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ){ } ( )10 * 10 00 † 10 10 † 00 10 = { ,  td t t S t L t dt L t t L S t t K t dw tρ ρ ρ ξ ρ ρ ρ ξ ρ + + + + − 

( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ){ } ( )01 * 01 00 † * 01 01 † 00 † 01 = { , td t t L t S t dt L t t L t S t K t dw tρ ρ ρ ξ ρ ρ ρ ξ ρ + + + + − 

( ) ( ) ( ) ( ) ( ){ } ( )00 * 00 00 00 † 00 = { td t t dt L t t L K t dw tρ ρ ρ ρ ρ+ + −  		        (11)

Overall, we considered two two-level atoms and used 
equations (10) and (11) that they were derived from the 
paper [14]. We have two two-level atoms that interact 
with a single-photon.

We get probability of finding atom in excited state 
and in ground state based on 

( ) ( )11 = e et Tr tρ ρ    			         (12)

( ) ( )11 = c
e et Tr tρ ρ    			         (13)

That ( )e t  is calculated by Master equation that 
( )11 tρ  was get based on equation (10) and ( )c

e t  is cal-
culated Stochastic Master equation ( )11 tρ  was get based 
on equation (11). This equations were calculated based 
on quantum stochastic differential equations [17]. We 
consider  Ω = 1.46 in a Gaussian pulse that dotted line is 
the Gaussian wave packet.

In this section, we simulate transition probability two 
two-level atoms by considering Homodyne detector then 
compare them with a two-level atom in same conditions. 
In Figure 2a, both of two of atoms are in ground state as 

( )

0
1

t  = 
0
1

 
 
 ϕ
 
 
 

 and probability of finding atom in excited state 

tem is as [10,13]
† (1) (2) † (1) (2)

0 int 0 ( ) [( =  = ( ] ) )TC zH H H h a a hg a aω σ σ σ σ σ− − + ++ + + + + +  (2)

and 0 1
 

0 0
 = σ −

 
 
 

, 0 0
  = 

1 0
σ +

 
 
 

 and †a  and a  are 

annihilation and creation operators and g  is coupling 
strength in Jaynes-Cummings model.

We consider a non-classical state of light in the sense 
that it cannot be described in terms of a classical elec-
tric field that is single photon packet. Single photon is 
important in realization of quantum systems and quan-
tum communication protocols. The creation operator 
for a photon with wave packet ( )tξ  in time domain is 
defined as

( ) ( ) ( )† †

0

 = B t dB tξ ξ
∞

∫  		                          (3)

And we define wave packet as Gaussian stat where is 
the frequency bandwidth of the pulse and t stands for the 
peak arrival time [5,14].

( ) ( )
1

2 4 2 = exp[
2 4

 Ω Ω
− − 

 
gau ct t tξ

π
		         (4)

Quantum Filter for the Tavis-Cummings Sys-
tem

Quantum filtering is used to process of extracting 
information in quantum systems. Dynamic of system 
is described by Unitary equation. Figure 1 describes in-
teraction an input field, in a single photon State, with a 
Tavis-Cummings system, output field is continuously 
measured by homodyne detection then the output light 
is estimated by stochastic master equation (Quantum fil-
tering). We can use output signal for control quantum 
systems [15].

( ) [ ] = ,  id t H dt
h

ρ ρ ρ− +  		          (5)

That   is defined as
' ' '[ 2 ] = i i i i i iA A A A A Aρ ρ ρ ρ∑ + −  	                       (6)

In quantum filtering we should continuously measure 
a quantum system to obtain output field. In this way, the 
evolution of a quantum system can be described as [16]

[ ] [ ] ( ) = , , , 2 2d i H dt k x x dt k X X X dWρ ρ ρ ρ ρ ρ − − + + −    (7)

Where this is stochastic master equation (SME) and 

         

Figure 1: Behavior of interaction two of non-interacting 
two-level atoms with single photon.
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Figure 2: Behavior of two atom of two-level in interact with single photon with initial state that both of atoms are in ground 
state. Black line is photon packet, red line is ME (Master equation), purple lines are SME. Figure 2a shows probability of 
finding atoms in excited state for  two two-level atoms and Figure 2b shows this probability for a two-level atom.
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Figure 3: Behavior of two atom of two-level in interact with single photon with initial state that both of atoms are in exited 
state. Black line is photon packet, red line is ME (Master equation), purple lines are SME.
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Figure 4: Behavior of two atom of two-level in interact with single photon with initial state that one of two of atoms be in ground 
state and other atom be in excited state black line is photon packet, red line is ME (Master equation), purple lines are SME.
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is as ( ) ( )11 = e t Tr t ee eeρ ><   that 

1 0 1 0
0 0   0 0

 = 
1 0 1 0
0     0    0    0

 = e ee eeρ

 
 
 ><
 
 
 

. 

In t = 0, both of atoms are in ground state, probability of 
finding atoms in excited state is zero but with arrival the 
single photon packet, at least one of the atoms is excited 
and probability of finding atom in excited state become 
0.5. But, in Figure 2b, we show a two-level atom that it 
got in initial state ( ) ( )0

1t  = ϕ  and probability of finding 
atom in excited state with arrival the single photon pack-
et is one.

Figure 3a shows probability arrival atom to excited 

state when ( )

1
0

t  = 
1
0

 
 
 ϕ
 
 
 

 is gotten. In this state, in t = 0, 

probability of finding atoms in excited state is one be-
cause both of atoms are in excited state. Over time due 
to spontaneous emission, atoms get to the ground state. 
With the arrival single photon, the state atom changes 
and is excited and probability of finding one of atoms 
in excited state is 0.5 and then with passing single pho-
ton, atom come back to ground state. Figure 3b presents 
probability of arrival one of atoms in ground state.

Figure 4a shows if in initial state, one of two of atoms 
be in ground state and other atom be in excited state that 

( )

1
0

t  = eg>  = 
0
1

 
 
 ϕ
 
 
 

 and ( )

0
1

t  = gg  = 
1
0

 
 
 ϕ >
 
 
 

 In t = 0, one 

of atoms is in excited state and other is in ground state so 
probability of finding atom in excited state is 0.5 and due 
to spontaneous emission, atoms get to the ground state and 
with arrival photon, one of atoms is excited probability of 
arrival atom to excited state become 0.5. Figure 4b shows if 
initial state be like previous state, probability of finding one 
of atoms in ground state is 0.5.

Conclusion
In this paper, Two-atom of two level in interaction 

with single photon field was investigated. filter equa-
tions are used to calculated state of system conditioned 
on Homodyne detection. We have shown that probabil-
ity of excited one of atoms in Tavis-Cummings system 
and simulate result it with master and stochastic master 
equation and in a part compare a two-level system with 
two two-level atoms.
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