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We study two-photon absorption in unpolarized light beams. The mean photon
number and its variance for the total beam decreased as known from single-mode
considerations. However, the time evolution of the variance for one of the polariza-
tion modes depends on the interaction process leading to sub- or super-Poissonian
photon statistics.

1. Introduction

Several years ago two- and multi-photon absorption has found theoretical interest.
Especially the change of photon statistics in a single-mode monochromatic light beam
was studied [1]-[6]. An interesting feature of these processes is the reduction of the
fluctuation, the photon statistics can become narrower than the Poisson distribution
characterizing Glauber states. We want to extend these considerations to unpolarized
light and thus to two polarization modes. Steps into this direction have already been
made. In particular the absorption from two light modes - one photon from the first
and second light beam, respectively, - has been studied intensively [7]-[12]. However,
when we consider a two-mode light beam, as for instance unpolarized light, there are
additional processes possible if, on average, balanced absorption from both modes is
required. The question arises under which conditions a reduction of fluctuations and
furthermore sub-Poissonian photon statistics occurs for the total beam and each polar-
ization mode.

In this contribution we discuss two-photon absorption in unpolarized light includ-
ing al] possible two-photon absorption processes under the condition that the light
beam leaves the absorber unpolarized. For simplicity reasons we restrict ourselves to
monochromatic light beams. We consider a light beam as unpolarized of type II [13]
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when the corresponding density operator (or the quasidistribution) is (i} invariant w
performing an arbitrary rotation on the axis of light propagation and (ii} symmet
with respect to left- and right-handed circular polarization. If there is (iii) an adg
tional invariance with respect to phase retardation we call such light unpolarized
type I [13]. We study the time evolution of the total mean photon number as wel]
the mean photon number of one polarization mode and its fluctuations. In realist;

experiments one will start with light beams with high mean photon numbers. Howeis

analogy to considerations taking into account only a single mode [2]. We present a fai
characteristic examples to illustrate the influence of a specific absorption process on t
fluctuations in each of the polarization modes.

2. The model

We consider only absorption processes conserving - at least - the type II properti
of an unpolarized light beam, i.e. rotational invariance and symmetry with respect
left- and right-handed circular polarization. We are free to choose the quantization a;
to be parallel to the direction of propagation. In addition, the atoms are supposed to
in the ground state J = 0. Thus the following processes are allowed: the medium ¢
absorb (i) one left- and one right-handed circularly polarized photon where Am = Oas
for instance in a transition J = 0 — J = 0 or (ii) one left- and one right-handed or g
left- or two right-handed circularly polarized photons where Am = 0,+2ina transition
J =0 — J = 2. The interaction Hamiltonian is given by

Hine = b TM&N@P@ + mhéusélatal

+mely&a? + 3 curdfal? + ael aaf + %&&&& .
where n; = 73 = 0 for the Am = 0 transition. In (1) the term €,961d,@; describes wm
population of the upper level 'u2’ and the depletion of the lower level I’ by absorb:

ing a pair of left- and right-handed circularly polarized photons and so on. Standar
techniques lead to the equation of motion &

di(t
G = (it o+ Laatal )

-~ -~ A ~a - ~12 -2« ~~t2 .
v (@7, 8]+ (eal”,all) — v (6l ata) + (64l 7))
The coefficients v,,v, and 73 contain all relevant parameters. In order to obtai
master equation conserving the type 11 properties we require
=73
In the special case
M =73=72/2
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additional retardation invariance of an unpolarized light beam of type I is conserved
%M the output light beam is again unpolarized light of type I.
an

3. Approximative solution

We are mainly interested in the time evolution of the mean mrogs E:.:UQ and
igher photon number moments. Therefore we concentrate on ?m. time evolution of ar.m
__mm onal elements ¢, = {m, n|g|n, m) of the density operator given in the Fock-basis
MNM?- and ammr?wwam& circular polarization |n, m) = |n);|m),. ;From (2) we find the
equation of motion

&m:.«;

dt =272 [nmen,m — (n + 1)(m + 1)on41,m41]
=271 [n(n = 1)en,m — (n+ 1)(n + 2)gny2,m]

271 [m(m = Doam — (m + 1)(m + 2)gn ] (5)
where we already have taken into account vy, = 3. The calculation is .mmam_mw to the
single-mode case [2]. In addition, the correlation between the two polarization .Eo&mm
must be taken into account. For the moments of one polarization mode we obtain

d{n*)
dt

= =2 (nm(n* — (n = 1)*)) — 71 (n(n - 1)(n* = (n - 2)%)) . (6)

Due to the left- and right-symmetry (n*) = (m*) and the equation for _mvo moments
{m*) of the orthogonal polarization mode is equivalent to (6). The correlations between
the modes are governed by

d(nkm*")

5 = —7 A:S?»Qﬁ —(n—1)¥(m — C»\vv

— (n(n = D (2 = (0~ 2)%))
=71 (m(m = 1)n* (m — (m - 2)%)). (7)

From (6) and (7) we obtain equations for the mean photon number if k& = 1, the
Second moment if £ = 2 and the correlation of lowest order if k = k' = 1. These
€quations can be approximately solved in analogy to single-mode calculations [2]. We
set n(t) = (n(t)) + An(t) where An(t) is a small deviation from the mean photon
tumber (n(t)) and define

to = G052 = EEOZHOE < o, )

2
= Lm0 o) ®

haml(t) = Abmwsv
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and therefore

_ (1)) = (neat(1))?
AE&V - AEa vi

SWQ.@::;SH :3+33..H,romowoni_.oamanmmwa satisfied, for instance, by unpolar
ized light of type II (generated at a beam splitter [14]) e

. s 00 E ZIH.. N N i i .
e=exp {~lor'} 3 () 7.2 (o )1 = bl (ol o a

and - in a restricted range - by unpolarized Glauber light of type I (see for instane

[13])

heot(t) = = ha(t) + hnm(t),

; TS
6 =exp {~|a] WWUMQ ] :MHW_ZI:VN_:Y r{n] (N —n|. (12)

On the assumption {((An)*) < (n) we obtain in the lowest order of approximation, i.e
when neglegting terms of the order (n)~!, the equations

WMNIV = —(4m +27)(n)?,
&mwv = (871 +472)(n)’ + (167, + 270)(n)?
~872(n)(Andm) — (247 + 432)(n)(An)?,
&ME L = =87 +4%)[(n)? + 2n)(AnAm) + (n)(An)?]

+(871 + 272)(n)?.

The approximate solution then can be easily obtained for h;p; = hy, + by

hear(t) = m+ A ?vau oo — &

(no) 3
and \s&“\w:|\~:3
6yy —
halt) = 7 < (n(t)) ] ™o T% _4m g
b - {no) 671 — 2]’

where (ng) = (n(0)), htoro = heot(0) and hgy = ha(0). In case of unpolarized Glauber-
light of type II as given in (11) A0 = 1 and hgo = 1. For unpolarized Glauber-light
of type I given in (12) we find Aprg = 1 and hao =1+ 2(ng)/3. When we disregard the.
polarization and consider the relative fluctuations of the total beam (10) we find the
same expression as for single-mode light presented in [2] and therefore a reduction of
the fluctuations in the total photon number leading to sub-Poissonian statistics, The
time evolution of h,,, (t) depends on the time evolution of the mean photon number and
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iz. 1. Relative fluctuation of one polarization mode h,{t) depending on the mean photon

e cmn {n(t)) of this mode for specific two-photon absorption processes: TL Nn="y= Qn.\w‘

=_.u== =73 =0and y2 =1 and (c) 1 = 73 = 372/2. Omvau&mm. on the 5.5& of mvmogfou

AanH_mmMrm relative fluctuation are increased or decreased. The initial state is an unpolarized
MF:&Q light beam of type I (12) and hn(0) = 1+ (no)/6.

thus indirectly on the respective absorption process. The variance in one polarization
mode is given by

oy = f ()| T [be_ ol
halt) = 187y =372 - (na) 2 bn-m
3
% ASQVV hioto _ W ) Awmv
(ng) 2 3
For the corresponding equation for the correlations we obtain
—72 (n(t)) v i ﬁ@ M _
o) = 1871 — 372 (no) 2 bfn-7
3
+ (n(t)) hioro _ WU_ ) (19)
Aaov 2 3

Depending on the coefficients 71 and 72 two-photon mvmomvsg.w leads to super- or sub-
Poissonian photon statistics for one polarization mode of the light beam.

Examples . s tinenlsied b
Figs. 1 and 2 illustrate Eq. (18) for different absorption processes distinguishe . M
their coefficients v1 = ¥3 and ;. As initial state we chose the go.@vmm of choE.:Nm
Glauber-light beams given in {11) and (12). The influence of the .w:a of the mvaESOJ
Process is clearly visible. If 4, = v3 = 0 then A, (t) increases, ,.i:_m heot(t) for @m total
Mean photon number decreases. (Note that the wvnnoﬁamn_oz breaks down if ub:.ﬁv
OF Ay (t) is in the order of (n(t)).) This absorption process does not reduce re m_,.ﬁw\”
mcoﬁ:wio:m hn of each polarization mode but only fluctuations h.,; of the total ligh
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Fig. 2. The same as in Fig. 1. The initial state is an unpolarized Glauber light beam of typ
I (11) and h,(0) = 1. ,

4

beam. Due to the interaction only pairs consisting of one left- and one right-handed’
circularly polarized photon are absorbed. Thus the contribution of fluctuations of *pure
polarization’ increases relatively. This means that super-Poissonian photon statistics
is present in each polarization mode. If 371 > 72 we find that hn{o0) < 1. In such’
processes not only the relative fluctuations hior of the total mean photon number but!
also relative fluctuations hy in each of the polarization modes are reduced. Accordingly, :
the correlation between the two polarization modes increases drastically. In order to
obtain sub-Poissonian photon statistics also for high mean photon numbers it is required

to start with suitable initial conditions as satisfied for unpolarized Glauber light of type "
II. .
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