
PHYSICAL REVIEW A VOLUME 47, NUMBER 5 MAY 1993

High-sensitivity study of laser-induced birefringence and dichroism
in the ionization continuum of cesium
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We present an experimental study of laser-induced continuum structure in cesium, performed by ob-
serving the birefringence and dichroism induced in the atomic medium by a circularly polarized laser
embedding the 8s S&&2 state into the ionization continuum. The optimization of the sensitivity for the
detection of the polarization rotation has allowed a high-accuracy measurement of the resonance profile.
A quantitative comparison with theoretical predictions, taking into account the hyperfine structure of
atomic levels, shows a clear evidence of a line-broadening eftect due to cesium resonant collisions.

PACS number(s): 32.80.Rm, 32.70.Jz, 32.80.Wr

I. INTRODUCTION

The study and uses of quantum-mechanical interfer-
ence between transition amplitudes involving the atomic
ionization continuum have attracted considerable interest
in recent years, in a large part due to the availability of a
variety of coherent tunable radiation sources (lasers). In-
terference phenomena within the atomic continuum have
been studied for several decades now, especially in con-
nection with the phenomenon of autoionization. The
most widely known model for the simplest case of au-
toionization, namely one discrete state embedded in a
continuum, was formulated by Fano [1], who derived a
rather simple formal expression for the photoabsorption
profile in terms of a single dimensionless parameter q,
also referred to as the asymmetry parameter. The in-
terference in that case is due to paths (channels) estab-
lished by intra-atomic interactions such as configuration
interaction, angular momentum recoupling, etc. What
has given renewed impetus to the study of analogous phe-
nomena induced by lasers is the possibility of controlling
the interference through the judicious choice of the exter-
nal radiation, creating thereby a seemingly unlimited
variety of effects.

One interesting aspect of this variety is that one can
also create interference in transitions between bound
states as well, which may result in a number of effects
such as population trapping [2] or the laser-induced tran-
sparency of an atomic medium to radiation nearly reso-
nant with an atomic transition between two discrete

states one of which may be autoionizing, as reported re-
cently by Holler, Imamoglu, and Harris [3]. It has also
been argued that, at least within certain simplified mod-
els, population trapping may occur even when transitions
through the continuum are involved [4] and particularly
in the coupling of Rydberg levels through transition am-
plitudes via the continuum [5]. The common aspect
among such laser-induced coherent phenomena involving
the continuum is that, in contrast to its traditional role as
a seat of irreversibility (decay), the continuum can now
participate in processes leading back to bound states,
even when the energy of the electron has been raised
above the ionization threshold. Putting it in somewhat
different terms, the presence of an amplitude that has a
pole in the continuum does not necessarily imply only de-
cay if an additional, appropriately chosen radiation
source is also present.

A topic in this category that has received renewed at-
tention recently is the so-called laser-induced continuum
structure (LICS), first predicted by Heller and Popov in
1976 [6]. These authors have shown that a featureless
continuum, such as, for instance, that of an alkali-metal
atom not far from threshold, can be structured by a
strong laser field embedding a low-lying bound state in
the continuum, as shown in Fig. 1. The dressed atomic
system, i.e., the combined atom-plus-laser system, probed
by a weak radiation field of frequency co, may exhibit an
autoionizinglike resonance in the photoionization spec-
trum, usually referred to as LICS. One feature of the ex-
pected structure is the possibility of an asymmetric
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FIG. 1. Schematic diagram illustrating LICS. The strong
laser field of frequency coq (dressing laser) couples the state ~1)
to the continuum states ~e). The structure induced in the con-
tinuum is probed by the weak laser of frequency co~.

profile, similar to that of a Fano resonance, denoting
quantum-mechanical interference between different tran-
sition pathways: (a) photoionization from state ~0), in-
duced by the probe laser and (b) photoionization from
state ~1), induced by the dressing laser, following the
two-photon transition ~0) ~ ~1). Moreover, the position
and width of the resonance are dependent on the frequen-
cy and intensity of the dressing field, respectively.

Besides the photoionization spectrum, the LICS is ex-
pected to affect a number of other processes in the con-
tinuum, through a modification of the atomic susceptibil-
ity. In fact, the first evidence of LICS was provided in
1981 by the measurement of the birefringence and di-
chroism induced by the dressing laser on the atomic
medium [7]. The polarization rotation effects underlying
this technique were previously studied by Liao and Bjork-
lund [8] for a two-photon transition of sodium: the linear
polarization of a laser field of frequency co& (signal laser)
was found to be rotated by a circularly polarized laser
field of frequency a~2 (control laser), when co, +co2 was
tuned near the 3s S&&2 —5s S,&2 two-photon transition
frequency. The polarization rotation effect is a result of
the selection rules for a two-photon transition: in the
case of an S to S transition of an alkali-metal atom, for
the absorption to be allowed the photons must have op-
posite senses of circular polarization. Hence a right cir-
cularly polarized laser will affect only the left circular
component of a linearly polarized signal field. The ab-
sorptive and dispersive parts of the two-photon suscepti-
bility will cause respectively a light-induced birefringence
and dichroism, giving rise to an elliptical polarization.
The application of this technique (characterized by the
high sensitivity typical of polarization spectroscopy) to
the LICS is straightforward, since this process involves a
two-photon coupling between the ground state ~0) and
the excited state ~1) with an intermediate state in the
continuum.

In contrast to the extensive theoretical work reported
in literature [9], only few experimental studies of LICS
have been reported. LICS evidence has been reported in

the enhancement of third-harmonic generation in sodium
[10], although a subsequent experiment [11]under some-
what different conditions responsible for the outcome [12]
has not confirmed the effect. An observation of LICS in
the multiphoton ionization spectrum of xenon reported
by Hutchinson and Ness [13] was not suitable for a com-
parison with theory [14], owing to the pronounced back-
ground. Recently, the observation of LICS in the single-
photon ionization spectrum of sodium has been reported
[15,16]. The study of LICS in photoionization experi-
ments is made more difBcult by the presence of transition
pathways involving intermediate bound states, as shown
in the experiments by Feldmann et al. [17],where a care-
ful investigation of multiphoton ionization of sodium in
the presence of two laser fields was carried out.

The review of existing experimental studies of LICS al-
lows us to draw the following conclusions: (i) some ex-
perimental results are not fully consistent with each other
or with theoretical predictions and (ii) difficulties in ob-
serving LICS are in contrast with simple theoretical mod-
els predicting a conspicuous effect. A deeper experimen-
tal study with an accuracy suitable for relating the ob-
served line shape to the relevant atomic parameters and
to the theoretical description of the interaction dynamics
is therefore needed. In fact, it is not yet clear whether
the reason for some of the observed discrepancies lies in
the actual experimental conditions, which are not fully
considered in theoretical models, or in the basic assump-
tions of the description of the dynamics. It is worth not-
ing here that the LICS is critically dependent on atomic
parameters, such as photoionization rates from excited
states or energy shift terms, which are presently available
mostly from calculations.

In this context, it is of great importance to perform ex-
periments both in the strong- and weak-field regimes,
with reference to the dressing laser intensity. In fact, at
increasing intensity, the width of the structure becomes
dependent on the photoionization rate from the excited
state while the resonance frequency is shifted by a dy-
namic Stark effect. As a result, the line shape becomes
dependent on the temporal and spatial intensity distribu-
tion of the dressing laser, which is very difficult to control
for high-intensity pulsed lasers. These drawbacks are not
expected to affect a weak-field measurement, making at-
tractive the availability of a very sensitive technique
based on the measurement of the light-induced
birefringence and dichroism.

In this paper, we present a high-accuracy study of
LICS in cesium carried out by using the highly sensitive
polarization technique described above. A careful adjust-
ment of the setup allowed an improvement of sensitivity
for the detection of polarization rotation by two orders of
magnitude as compared to that of Ref. [7]. The main
purpose of the study is a quantitative interpretation of
the line shape, taking into account the laser bandwidths
and the hyperfine structure of atomic levels, which were
not previously considered. The results provide a comple-
mentary information to that given by photoionization ex-
periments. Finally, measurements performed at different
cesium densities show a clear evidence of line-broadening
effects due to resonant collisions.
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II. THEORY T(6)=[8 +9(b, )] +A (b, ) (2)

The physical system studied is illustrated in the dia-
'g. 2. We consider a ground-state cesium atomgram of Fi . 2. W

interacting with a strong laser field of frequency cod

(dressing laser), which may couple a number of bound
states to other bound states or to the continuum. In ar-

'
u ar the structure induced in the continuum (LICS) b

m. n par-

the ce coupling to the Ss S,&2 state can be probed by irradi-2
um y

ating the atom with a second weak laser field of frequency

E(8s S)/2) E(6—s Si/2)
p fi

Th e LICS wi11 affect the photoionization rate, giving
rise to a Fano-type resonance, whose profile is dependent
on atomic parameters and on laser intensities. Moreover,
in the proximity of the resonance, the atomic medium
may exhibit birefringent and dichroic behavior. In fact,
according to the selection rules for two-photon transi-

ns, e s &&2 and 8s S&&2 states, for a o. polariza-
tion of the dressing laser, can be coupled to each other
only by the o. + component of the probe laser, through

consequence, if the probe laser is assumed linearly polar-
o. and o. components will undergo, for fre-

quencies close to the two-photon resonance, different ab-
sorption and phase shift, causing the polarization to be
rotated and to become elliptical. The LICS can therefore

e studied by analyzing the polarization of the probe

an leb
beam emerging from the atomic medium. L t 0 b h
ang e y which the analyzing polarizer is rotated from
the position perpendicular to the polarization of the
probe beam incident on the atomic medium. As a result
o the combined effect of absorption and dispersion, the
transmittance of the polarizer can be written as

where 8(b, ) and A ~ ~ ~ are, respectively, polarization rota-
tion and ellipticity, induced by the dressing laser, depen-
dent on the detuning from the two-photon resonance

E (8sS, /2 ) E—(6sS, r~ )

p (3)

For an interaction length I. we have then

KCOp I9= Re y+(co )
—y (co )

7TCOp I
Im y+(co ) —y (co )

(4)

a
o oo I O,o oo

—Im [o 0,I 0, ( q +i )],
a i+ Im[o oil 0&(q

—i) l

where g—
(co~ ) is the atomic susceptibility for the cr co—m-

ponent of the probe laser related to th do e ensity matrix p
and the dipole moment d by the general equation

( )
Tr(dp)

E (5)

where E denotes the electric-field amplitude at th f
~ ~

q cy co propagating in the medium. An explicit ex-
so ving t e equations ofpression of (4) can be found by solvin the e

motion for the density matrix, involving bound as well as
continuum states. The use of a M ka ar ovian approxima-
tion, allowing the elimination of the elements correspond-
ing to ound- to free-state transitions, leads to d
se o equations for the slowly varying density matrix

J e, tri = —1/2, —3/2&
) e, m = +1/2, +3/2&

where

i b. + I cro, = i [(q —i—)cr» —(q +i)croo],

(co p

Ss

(Md, G)
l I&

1/2

0 "— 1 (CO CO )t
;; =p;;, I =0, 1; o.o&=po/e

InE. 6
well as

q. ) we have neglected multiphoton procprocesses as
we as level shifts induced by the dressing 1ressing aser, owing to
t e re atively low-intensity conditions f tho e experiment.
n act, the high sensitivity of the polarization technique

allows an unfocused configuration to be used. I 0, and
I"„are the photoionization rates of states ~0) and ~1),
respectively, related to the cross sections and laser inten-
sities by

i Id ~Q1 +~Q ~

1/2

FIG. 2. Diagram of energy levels and transitions of cesium
relevant to the LICS process. (cod, o ) and (co~, vr) denote fre-
quency and polarization of the dressing and probe laser, respec-
tively.

cro, and o.
&, being the ionization cross sections from the

states ~0) and ~1~~ due to the laser field at frequency co

and cod, respectively. Moreover, in Eq. (6) the effect of a
finite bandwidth of the laser fields has been included, ac-
cording to the phase-diffusion model. From the theory of
mu tiplicative stochastic processes [18' th
t e density matrix over the distribution of the phase Auc-
tuations, considered as undergoin M ka ar ovian process,
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I „«6co +5cod (9)

is satisfied, the shape of the resonance will not be affected
by the intensity of the dressing laser. Under the weak-
field condition defined by (9) the polarization rotation 8
and ellipticity 3 can be expressed in terms of the coher-
ence o.

o& as

8 ~ Re[I 0, (q + i)o.o, ],
A ~ 1m[I"0&(q +i)croi] .

(10)

A perturbative solution of Eq. (6) (based on the condition
a.DO= 1 and cr» ((1) to first order in I o, provides

i I oi(q+i)
2 6+I

from which we obtain

(q —1)x —2q

(q —1)+2q
2I

(12)

where x is the detuning normalized to the off-diagonal re-
laxation I defined by x =6/I =26, /(5coz+5cod ).

From (12) it is evident that the study of the LICS by

is found to satisfy Eq. (6) with a damping term for the
coherence given by

S~, +n~„+I „+I„r=
2

with 5' and 5cod bandwidths [full width at half max-
imum (FWHM)] of the probe and dressing laser, respec-
tively [19]. Finally, q is an atomic parameter playing the
same role as the Fano parameter in the autoionization
(for a detailed definition see Ref. [20]). Since I ((Id we
can assume I o,« I"„. In the case of ~I o, &&1 and
rI i,) 1 (r is the interaction time, determined by the
duration of the laser pulses) an analytical solution of (6)
can be easily found by perturbative methods. Notice
that, if the condition

the resonant behavior of the birefringence and dichroism
of the atomic medium allows a "zero" measurement. In
fact, for x ))1, 8(x) and A (x) vanish, in contrast to the
photoionization which, far from resonance, reduces to a
background.

A single measurement of the spectral transmittance of
the analyzing polarizer to the probe laser beam can only
provide a combined information on the birefringent and
dichroic effect of the structure induced in the continuum
by the dressing field. In fact, from Eq. (2) for 80=0, we
get

( +1)T(x,0)=8 (x)+A (x)~
1+x (13)

which is a Lorentzian profile with a width mainly deter-
mined by the laser band widths. Information on the
birefringence alone can be obtained from the difference
between two measurements of spectral transmittance,
corresponding to opposite polarizer angles +HO and —Oo:

T(x, +8O) —T(x, —80) =48O(x)80

(q —1)x —2q
1+x

The resonance profile described by D (x) exhibits a degree
of asymmetry dependent on the value of the q parameter,
making an accurate measurement of great interest not
only for a test of the interaction dynamics, as is described
by theoretical models of LICS, but also for an experimen-
tal determination of this atomic parameter.

For further comparison between experimental results
and theory, besides the resonance profile, it is of great im-
portance to evaluate the absolute polarization rotation
angle which, for the system of our interest, combining
Eqs. (4), (5), and (11) can be written as

Mdag, cr 6,8(x)= LD (x), (15)
4A'~d I

(14)

where 1V is the atomic density and I. the length of the in-
teraction region.

For an accurate study of the LICS line shape, particu-
lar attention must be paid to the hyperfine structure of
the atomic levels involved in the process, schematically
shown in Fig. 3. In effect, in cell experiments both sub-

8s
1/2

F=4
14

E
)y 0.03 cm

13

6s
1/2 0.31 crn

03

FIG. 3. Hyper6ne structure of the ground- and excited-state cesium levels involved in the LICS process. Level separations are not
to scale. The nuclear spin of the cesium atom is I = —.
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levels of the ground state are populated. Moreover, the
finite bandwidth of laser sources suitable for the experi-
ment overlaps all sublevels of the doublet. In general, a
coherent treatment of the interaction in terms of the
complete density matrix of the system in the hyperfine
scheme would be desirable. This, however, is not neces-
sary in our case because the duration of the pulse is
sufficiently long and the intensity sufficiently low for a
simple treatment in terms of a rate equation to be valid.
Moreover, after some angular momentum algebra one
can show that the ionization width of the hyperfine levels
involved are all the same, due to the fact that the states
involved are S states. Assuming thus a simple rate model
and the same two-photon coupling I o, between every
sublevel of the ground state and every sublevel of the ex-
cited state, we can write for D (x) and T(x, O} the expres-
sions:

4 (q —1)x; —2q
D (x}=

1+x,"
4 (q —1)x; —2q

T(x,O)=
J 3 1 +x)j

(q —1)+2qx;
1+.,l, J =3

(16a)

(16b)

III. EXPERIMENTAL SETUP

The experimental setup is schematically shown in Fig.
4. The laser system consists of a dye laser (Quantel mod-
el TDL-50) pumped by the second harmonic of a Q-
switched pulsed Nd:YAG laser (where YAG denotes yt-
trium aluminum garnet) (Quantel model YG-581-C). The
pump laser, including an injection-seeded gaussian oscil-
lator and a 9-mm-diam amplifier, provides single-mode
smooth pulses at A. =1064 nm with 1-J energy, 6-ns dura-
tion (FWHM), and 0.003-cm ' bandwidth at 10
pulses/sec. A fraction of the Nd: YAG laser energy

where x;.=b; /I and b,, =co~ —
cod

—(E„Eo )/A', w—ith

Eo; and E& energy levels, defined as shown in Fig. 3.
The result (16) is valid assuming the same population in
each ground-state sublevel, which is the case in our ex-
periment.

In concluding this section, we wish to emphasize the
main properties of the polarization technique, favorable
to a high-accuracy study of the LICS process.

(i) Due to the extinction ratio of commercial polarizers,
the measurement of the laser-induced birefringence is
characterized by the high sensitivity and accuracy typical
of a "zero" measurement.

(ii) As a consequence of the sensitivity of the technique,
a study of the LICS in the weak-field regime, i.e., with an
unfocused geometry, is possible.

(iii) Level-shift terms, which introduce additional com-
plications, are negligible.

(iv) The shape of the resonance is not dependent on the
laser intensity, making an average on the temporal and
spatial field distribution in the interaction region un-

necessary.

Nd: YAC R~HG
BS

ODL

GP RP

~PD
BS

GP

FIG. 4. Schematic diagram of the experimental apparatus:
SHG, second-harmonic generator; DS, optical doubling system;
PD, normalization photodiode; BS, beam splitter; ODL, optical
delay line; RP, A, /4 retarding plate; GP, Gian Polarizer; PM,
photomultiplier.

( = 100 mJ) rejected by a beam splitter is used as dressing
laser. Efficient second-harmonic generation in a
temperature-stabilized potassium dihydrogen phosphate
(KDP) crystal provides high-intensity pulses at A, =532
nm, suitable for dye pumping. The dye laser, consisting
of an oscillator, followed by two amplifier stages, operat-
ed with rhodamine 610, provides linearly polarized radia-
tion, tunable around 593 nm, with =50-mJ energy. The
bandwidth of the dye laser, whose oscillator is based on a
near-grazing grating configuration, with a four-prism
beam expander, is =0. 1 cm '. Owing to mode beating
in the oscillator cavity, the temporal profile of the dye
emission exhibits a modulation with =2-ns period and
=30%%uo depth. An absolute calibration of the frequency
of the dye emission has given the laser frequency within
+0.2 cm '. The second-harmonic of the dye laser at
k=296. 6 nm is used to probe the structure induced in
the cesium atom by the dressing laser, embedding the
state Ss S,&2 in the continuum. Frequency conversion is
achieved in a KDP crystal driven by a closed loop sys-
tem, allowing tracking during frequency scans. The
second-harmonic and the fundamental fields are separat-
ed by a Pellin-Broca prism. The probe laser pulses are
characterized by a maximum energy of =1 mJ, a band-
width of =0.2 cm ', and a duration of =4 ns. The reso-
lution and resettability of the frequency scanning system
of the dye laser are better than the emission bandwidth.
The ir beam, after passing through a variable optical de-
lay line for optimum timing, is circularly polarized by a
A, /4 retarding plate following a Gian polarizer (Optics for
Research, Model PHU 15), with a residual ellipticity
= 90%%uo. The required intensity of the dressing field
( = 10 W/cm ) in an unfocused configuration is reached
by a telescope with magnification —,', not shown in the
figure, reducing the diameter of the beam to =2.5 mm,
approximately equal to that of the uv beam. The probe
and dressing laser beams overlap in the center of the in-
teraction region for a length =5 cm crossing at an angle
of = 3 in counterpropagating geometry. Cesium is eva-
porated in a conventional stainless-steel heat pipe with
water-cooled ends. Argon buff'er gas at a pressure =50
mbar is used to prevent vapor deposition on the fused sili-
ca windows.
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The uv laser beam, linearly polarized by a Gian prism
after interacting with the atomic medium dressed by the
ir field, is analyzed by a second Gian prism. The residual
uv field transmitted by the crossed polarizers is detected
by a solar blind photomultiplier (EMI Model 9412) and
measured by a synchronous integrator (SRS Model SR
250) with a gate width =100 ns, interfaced to an IBM
XT-286 personal computer for data acquisition and pro-
cessing.

Since the sensitivity for the detection of the polariza-
tion rotation induced by the LICS depends on the extinc-
tion ratio of the crossed polarizers, we have performed a
careful measurement of the transmission curve for the uv
field versus the rotation angle L90 of the analyzing polariz-
er from the position of minimum transmittance. An ac-
curate positioning of the analyzing polarizer was allowed
by measuring the deviation angle of a He-Ne laser beam
reAected by a mirror attached to the body of the polariz-
er. The depolarization of the beam due to the transmis-
sion through the cell was minimized by properly rotating
and stressing the windows (fused silica: Suprasil I). By
fitting the experimental data taken at A, =296.6 nm with
the theoretical transmittance, the extinction ratio for the
conditions of the experiment was found to be 2 X 10,al-
lowing a sensitivity of about 0.1 mrad. This result could
not be obtained by using a collinear geometry, where a
partially rejecting element is needed to direct the uv
beam emerging from the heat pipe towards the analyzing
polarizer. In fact the depolarization introduced by this
element was found to make the extinction ratio worse by
at least one order of magnitude.

While the Nd:YAG emission, used as dressing field,
has energy Auctuations from pulse to pulse = 1 —2 %, the
second harmonic of the dye emission, used as probe field,
has fiuctuations up to 20—30%. The linear dependence
of the transmitted field on the probe field intensity [Eq.
(2)] suggests pulse by pulse normalization of the output
signal in order to reduce these fluctuations to =10%%uo.

The normalization signal was provided by a photodiode
detecting the field reAected by a beam splitter on the uv
beam path. The normalized signal is then averaged over
= 100 laser pulses.

IV. RESULTS AND DISCUSSION

In Fig. 5 we have reported the dispersive profile of the
LICS measured through the spectral transmittance of the
crossed polarizers. The ellipticity due to the laser-
induced dichroism has been eliminated by performing the
difference between the spectral transmittances T (x, +Oo)

and T(x, —Oo) measured for Ho=0. 60+0.05 mrad. From
the measurement of T(x, +90) and the values of the ex-
tinction ratio of the polarizers and Oo, a maximum rota-
tion angle 0 „=1mrad is evaluated. The dressing and
probe laser intensities were Id=200 MW/cm (pulse en-

ergy Ed =60 mJ) and I =100 kW/cm2 (pulse energy
E =20 pJ), respectively. The heat pipe was operated at
the temperature T =320'C with 30 mbar of argon as the
buffer gas, providing a cesium numerical density
=4.8 X 10' atoms/cm . In these conditions, a polariza-
tion rotation of =0. 1 mrad, which is a factor 5 better

2 I I I I

I
I I I I I I I I

(
I I I 1

(
I 1 I f

-2
h$

cN~
=)I

- 4 t I i i I

33716 33717 33718 33719 33720 33721 33722 33723

lid (cm )
P

FIG. 5. Dispersive profile of LICS vs the inverse of the air
wavelength of the probe laser. Heat-pipe temperatore
T =320 'C. The solid line is a best fit of (16a) giving
I =0.41+0.07 cm

than the previously reported minimum detectable rota-
tion [7], was found to produce a signal variation of
=20% in the spectral transmittance T(x, +80), with an
improvement of about two orders of magnitude on what
can be inferred from Ref. [7]. The solid line in Fig. 5 is a
best fit of the theoretical profile (16a) corresponding to an
asymmetry parameter q =6.4, resulting from our atomic
structure calculations based on single-channel quantum-
defect theory. The photoionization cross sections of the
8s S1&2 and 6sS&&2 cesium states at the wavelength of the
probe and dressing laser, respectively, have been assumed
as o.6, =1.1X10 ' cm (experimental data in Ref. [21])
and mrs, =8.7X 10 ' cm (our numerical calculation).
The corresponding photoionization rates at the intensi-
ties of the measurement are I o, /2mc =8.7X10 ' I
cm ' (I in W/cm )=8.7X10 cm ' and
I &, /2mc =2.5X10 "Id cm ' (Id in W/cm )

=5.0 X 10 cm ', satisfying the conditions of validity
for the perturbative solution (16). In our experimental
conditions, we also have I o, ((I „and
r„((6cop+5Q)d 6cop so that the expected width of the
resonance is 2I /2~c =5m /2ac =0.2 cm

By assuming as free parameters, besides a normaliza-
tion factor for the amplitude scale, the coherence damp-
ing rate I, the best fit provides I /2~c =0.41+0.07
cm '. The good agreement between theoretical and ex-
perimental resonance profiles provides then a check for
the calculated q parameter. However, the resonance
width resulting from the fit is larger than expected (0.8
cm ' in comparison to 0.2 cm '). For comparison we
have also measured the spectral transmittance for Ho=0,
reported in Fig. 6 with the best fit of the theoretical
profile (16b), providing I /2vrc =0.40+0.04 cm '. The
measurements seem therefore to definitively indicate the
presence of an additional broadening mechanism not in-
cluded in Eq. (8). We have then investigated the depen-
dence of the spectral transmittance T(x, 0), which is
more easily measurable, on the experimental conditions.
No variation of the shape has been observed when we
vary the laser intensities in the ranges 2X10 —2X10
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FIG. 6. Spectral transmittance measured for 00=0. Heat-
pipe temperature T =320'C. The solid line is a best fit of (16b)
giving I =0.40+0.04 cm
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W/cm for I and 4X10 —2X 10 W/cm for Id. More-
over, the profile was found unaffected by the buffer-gas
pressure in the range 20—200 mbar. On the contrary,
measurements performed at different cesium densities ex-
hibit different widths. In Figs. 7(a) and 7(b) we have re-
ported the spectra performed, respectively, at T =380 C,
corresponding to a cesium density 1.6X 10' atoms/cm,
and at T=430'C, corresponding to a cesium density
3.9 X 10' atoms/cm . The best fits plotted in the figures
provided for I the values I /2mc =0.8+0. 1 cm
(T=380 C) and I /2vrc =1.1+0.2 cm ' (T =430'C),
showing clear evidence of a broadening effect due to cesi-
um resonant collisions.

Finally we wish to compare the maximum observed po-
larization rotation with the theoretical value given by
(15). The effect of the collisional broadening on the po-
larization rotation is taken into account by simply assum-
ing for I the value given by the best fit of the experimen-
tal spectrum. For the conditions of the measurement
shown in Fig. 5, with I /2~c =0.4 cm ', we get from
(15) 8,„=2 mrad, which has to be compared to the ex-
perimental value 0 „=1mrad. Note that with the po-
larization technique used here, collisions may cause pop-
ulation transfer among magnetic sublevels, thereby re-
ducing the measured polarization rotation. Even consid-
ering the moderate accuracy of the determination of
some relevant atomic or experimental parameters, this re-
sult provides on the LICS process additional information
to that given by the line-shape analysis: in the conditions
of the experiment, the effect induced by the dressing laser
is found to be quantitatively consistent with the theoreti-
cal predictions.

In conclusion, laser-induced continuum structure in
atomic cesium vapor has been studied by observing two-
photon polarization rotation effects. A careful optimiza-
tion of the interaction conditions and of the sensitivity of
the apparatus for the detection of polarization rotation

II

CD
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FIG. 7. (a) Spectral transmittance measured for 0O =0.
Heat-pipe temperature T =380 C. The solid line is a best fit of
(16b) giving I =0.8+0. 1 cm '. (b) Spectral transmittance mea-
sured for HO=0. Heat-pipe temperature T =430'C. The solid
line is a best fit of (16b) giving I =1.1+0.2 cm

has allowed a measurement of the dispersive profile of the
resonance suitable to a quantitative interpretation. A
comparison of the measured profile with the predictions
of a theoretical model using independently determined
atomic parameters, has shown a clear evidence of a line-
broadening effect due to cesium resonant collisions. By
including a collisional contribution to the damping rate
of the atomic coherences, the theoretical and experimen-
tal line shapes are in excellent agreement.
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