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We discuss quantum states generated in a Mach-Zehnder interferometer with a
Kerr medium in one of its arms. These states are referred to as displaced Kerr
states. Contrary to the former approaches, we describe a nonlinear Kerr medium
not only by the third-order (two-photon) but also by higher-order (k-photon [k =
3,4,...]) nonlinear oscillators. We refer to the states generated in the system with
higher optical Kerr nonlinearity as higher-order displaced Kerr states or multi-
photon displaced Kerr states. We investigate the quantum-statistical properties of
these states showing their dependence on the degree of the Kerr nonlinearity.

Systems with nonlinear Kerr-like media were the subject of numerous papers (see
e.g. {1-11] and references cited therein) and were discussed from various points of view.
For instance, systems involving Kerr media can, under some assumptions, exhibit self-
squeezing properties [1,2,7], and can lead to n-photon states [3,6,8,9] or to Schrédinger
cats [11] generation. These systems can also be a very interesting subject for classical
and quantum chaos investigations [5,10].

In this paper we shall concentrate on systems very similar to that discussed by
Wilson-Gordon ef al. {4] namely, on the Mach-Zehnder interferometer with a nonlinear
Kerr-like medium in one of its arms. Our system differs from that of Rel. [4] in that we
assume an arbitrary degree of the nonlinearity A;. The states generated in the model of
Ref. [4] have been referred to as displaced Kerr states, whereas the states discussed in
this paper shall be referred to as higher-order displuced Kerr states (HDKS) or multi-
photon displaced Kerr states. Qur states

[Yupx) = @&%@xm: o), (1)

can be generated from the usual coherent states |a) by application of the standard
Glauber displacement operator

Q&mv = ON@AMN - M*mv va
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and the Kerr evolution Operator defined in a rather general manner as

P .\(
- _ ~tral
Ukerr = exp patal ), (3)
where the parameter A=y Ljv depends on the ¢

Nmibﬁ&:gmza phase .,\m_oo;% v. The coupling constant xt describes the sos_Eosz
of the Kerr medium and is related to the (21~ 1)-order susceptibility y(2(-1), Obviously
the parameter [ determines the degree of the nonlinearity )

: and hence, the order of HDKS.
For these states we have derived an appropriate formula for the expansion in the number-
states basis. We have performed calculations applying i

and obtained the following result:

_S:UXV = MU@; [n) 4)
n=0

oupling constant Xt, length L of the

P o -1
by = (nl)"1/ 2~ \wl_o_u\uMmé?aig.»mxw N.wm E?.Il (5)
k=0 T r=0
min(n,k) 1
X2 Dtk () L
W\M 37 (k=)

We have applied in Eq. (5) the following representation for the complex displacement
barameter § = |flezp(ig). This result resembles that derived by Wilson-Gordon et al.
[4]. Tt is seen that the formula (5) is rather complicated
handled numerically and be helpful in numerical calcul
describing the quantum properties of the field. For insta
perators (@) and Amuv that are necessary to find many fiel
and expressed by the amplitudes b

. Nevertheless it can be easily
ations for various parameters
nce, the mean values of the o-

d parameters can be calculated
L3

Amv = M vn+ :w:*@s..: AN/MV = MU V A: =+ :AS + Mv@:*@:.fw
n=0 n=q

Among the many parameters ormwmnﬁmlism the field we have found the Mandel Q
parameter (Q = ({(an)?) - (M) /() [12] describing the statistics of the photons.
Thus, Fig. 1 shows the value of @ as a functiop of tl
A for various values of . It Is seen from Figs. la-c

of @ starts from the zero for all of the cases shown h
minimum. This shows that the photon statistics is sul
Ar. For greater values of the nonlinearity parameter At the value of @ increases and
becomes greater than zero (the statistics becomes super-Poissonian). Of course, one
should keep in mind that Figs. la-c show only the beginning of the evolution of @} and
Fig. Ia does not exhibit the changes in the valye of @ as the parameter At becomes
greater and greater. The plots of Figs. la-c indicate thay, the evolution of @ depends
on the degree of the nonlinearity of the Kerrike medium. It is visible that the first

e fthe nonlinearity increases. Moreover,
e degree of the nonlinearity too. From
dare equal to ~ —0.82. —0.71 and —-0.57

1e Kerr nonlinearity parameter
that the evolution of the value
ere and @ decreases to its first
>-Poissonian for small values of
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1b sk the value of the Mandel @ parameter for a _meﬁ.wa.ﬂwﬁ‘mom_wmww
e \ can 1 1 We see that for { = 2 the para
d as generalized time). or he p:
i nwﬂwwmwwwo“ﬁr a vmoloa equal to 2. We observe initial OmQ:m_SMMW MW.@M
- clo
- Um:w.,\M_m @%Mnnommmm to a constant value. When the <m_:o‘0m w\m U.momwmmm& e s
the HA.%._: VM s revive. However, they strongly decrease again. o_So &Em R
ﬂrm. lation _o% M\ ~ 7) the parameter @ does not reach :ommeim va, :mm. = U<<m dical
OmQ:ﬁSo:onﬁ Na however, result obviously from ﬁrw 83.@:33& )n.. ( m._om shall
behavior oo :mmw:mﬁ?m v“_.ooo&cao to derive the periodicity in .&:mufwn o mm ore
dire ﬁwmq wm_/_wzwm_u\ we base on the operator solution in the Heisenberg picture.
direct lines. ]

define the annihilation operator corresponding to the HDKS as:
= = e 4 6
(€, M) = Uiere ) Udisp (€) T UL, () Tkere (M) - (6)
d after some algebra we find the following simple solution alé, M)
and a 2

L.tl\/wtnmgys a=g. @)

af§, A1) = exp =Y

k=0
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Nevertheless, we need the expectation values of the operators that will allow us to find
the various parameters describing the quantum properties of the field rather than the
operator solutions. For instance, assuming that the field was initially in the coherent
state |a) the mean value of the annihilation operator @&, A;) can be expressed as:

2 = ~laf? a2 s ; ¢
@ex) = o 3 PRI mm = 1) m -0 - )+ M-, (g
m,j=0 W :
where 2 = —i); /[(I — 2)!]. Analogously, one can obtain the solution corresponding to-
any combination of the creation and annihilation operators. It is visible that mons::m
(9) is rather complicated. Nevertheless, for the case of I = 2 it becomes much simpler
and can be written in the following form:

(@€, X2)) = exp [—al* (1 - )] a — ¢ (9),

Obviously, it is also possible to obtain the analytical solutions for any combinations of:
the creation and annihilation operators using this method. One can see that (@€, Aa)):
1s periodic with period equal to 2. This fact explains the periodic behavior of Q shown
mn Fig. 1b. :

However, for [ > 2 the dynamics of the parameter () becomes more complicated and
is obscured by oscillations that become dominant as the value of A increases. Moreover,
the frequencies of these oscillations become greater and greater with increasing degree
of the Kerr nonlinearity. In consequence, the evolution of the Mandel Q parameter
becomes very difficult to interpret.
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