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We analyze two different definitions of phase coherent states in a finite-dimensional
Hilbert space. Their explicit phase-state expansions and their Wigner representa-
tion are given.

1. Introduction

i Recently, Buiek, Wilson-Gordon, Knight and Lai [1] proposed a definition of an-
' nihilation and creation operators of the phase quanta in a finite (s+1)-dimensional
- Hilbert space. These operators are in a close analogy to well-known number creation
- and annihilation operators. Their idea proved fruitful and several recent articles deal
- with the properties of various states generated by these operators, including phase co-
| herent states [2,3,4] and displaced phase states [2]. Here, we study two kinds of phase
| coherent states associated with the Pegg-Barnett Hermitian optical phase formalism
[5]. First states can be generated by the action of the generalized phase displacement
-~ operator. This definition of phase coherent states (PCS) is close to Glauber’s idea and
' was applied by Gangopadhyay [2]. Second definition of phase coherent states is based
F on another formally designed phase “displacement” operator as proposed by Kuang and
- Chen [3,4]. We shall refer to these states as truncated phase coherent states (TPCS).
- We construct PCS and TPCS explicitly and derive their Wigner representation in a
finite-dimensional Hilbert space. In particular, the states are compared by calculating
their scalar product. Here, we present only a glimpse of our analysis. More details,
illustrated with figures, shall be given elsewhere [6].

2. Phase creation and annihilation operators

Phase creation, mf and annihilation, AWM, operators were introduced by BuZek et al.
(1] with the help of the relation $4 = &M&e for the Pegg-Barnett Hermitian optical phase
Operator &, [5]. They are defined in a finite-dimensional Hilbert space H(*), which is
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spanned by a complete orthonormal set of number states |0), [1),..

by a set of phase states

_QSV =

where 6, = o + Wﬁﬁ m. The operators &W
photon-number operator N and phase &,
&t but with interchanged N and Dy
state basis, has the following form

and the phase creation

only for 6, = 0, the phase annihilation operator &g (2) in the phase-state basis has; the
same form as the ?rcﬂoz-::avma annihilation operator & in the
Besides, the operators &W act on

6o = 0) as the ordinary operators 4% act on Fock states [1]
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3. Phase coherent states

Phase coherent states have been studied both in the Glauber [2]

[3.4] sense. The main idea is to choose
it as phase vacuum; and then to constry

#, operators in analogy

coherent state is then constructed by re

b?v%“ 0o) [60), i.e., by the action of the finite-

a, at by ¢ ¢! in the definition of co

phase coherent states 18, %ov?v for g = [Blexp(ip) can be defined as |3,4o)

dimensional phase displacement operator
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are expressed in the polar form vig the

analogously to polar form of the OPeratgpy .
The phase annihilation operator ¢, , in nwo,mmmﬁo,.v

and N:m,um”&
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number-state } 3:
the phase states in a similar way (particularly,for

Jd)
hen
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a preferred phase state |60) and to refer to
ct phase creation ¢! and phase annihilation

Py

to the usual creation and annihilation operators. The :phase

placing vacuum |0) by |60) and the operatrs
herent states. So, in the Glauber:sens

the

b?gmv Gy) = mxwa& - ‘Q;&GY which is given in terms of the phase creation m.._a
annihilation operators. This definition was proposed by Gangopadhyay [2]. Applying
[7], we have found the following phase-state representation o\.

the method developed in
the phase coherent states

, for various values of 8,

&
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Phase coherent states
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B+ A d values of fy are not 8522@5.3?3.@@ and are owww In & special
that the _um_.av_nmo __Mnm m=0,1,...). This is the main result of our paper.
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we consider only the case of 8y = 0.

mmwmwwww,;%& [2]. Here, for simplicity,

4. Truncated phase coherent states
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fnnd 6, 10]. For this reason we shall refer to the mgﬁm |8,80) (s) ce EXpAHHOT
noronoibm?nmw W,imm in H(). For completeness, we present their phase-spa
phase coherent s

explicitly for B = |B] exp(ig): u .
s ALt — ime &Mv_m_ﬂv,
B.00)s) = N exp(Bé})lo) ,Wm

—1/2

NO = MU (v [BD*" , 6)

n!

2{ym —-1/2
b = NO(y|B)™(m!) ™%, 2
i i ties of the states (5)
i ization. In particular, squeezing proper E j
o >\”.¢ _M WroMMMMHMMMMSMMAwu Mwww&. They have paid special attention to the two-
were analyzed by

dimensional case.
5. Discussion
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simple Wigner function for s = 1 [8].
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Phase coherent states |8, 6o)(s) and truncated phase coherent states |3 %cvs

i WM,m
issociated with the Pegg-Barnett formalism of the Hermitian phase operator @y Sing
he operators @, and &....w do not exist in the usual (i.e., infinite-

pace H() the PCS and TPCS are properly defined only in H(*) of finite di
*he phase coherent states 18, %cv?

) and truncated phase coherent states 18, mov?v..
arly to the Glauber coherent states _QVE and truncated coherent states _MVS Ee
pproach each other for 1817 = |82

L s/m. It can be explicitly shown by calculag ng'
1e scalar produyct between PCS and TPCS. We find (B e

=p):
_ a.. 2(s+2) f
?vAQ, 60l8, %ov?v = 1~ m/w\ml_hw_/nv_-wv” + Q:h‘u?t&v. Amv

ingle-mode resonator. Seve
itrary field state (e.g., [11]
eration of thege finite-dime

and references therein), which can readily be applied for
1as [12], seems to be very

nsional states, Also, a scheme, developed by Leonski and
promising.
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