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Collisional redistribution by laser-induced fluorescence in the Ba-Ar system
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The effects due to the presence of a (possibly intense) probe laser, which is used to interrogate the
asymptotic excited-in~-state distribution resulting from the evolution through a half-collision, are
systematically studied. Experimental results are obtained which are in good qualitative agreement
with predictions based on a recent theoretical treatment. Finally, a simple interpretation of the
relevant physical processes involved is suggested. by considering the problem within a dressed-state
representation.

I. INTRODUCTION

Recent experimental' and theoretical investigations
have generalized the usual one-photon collisional redistri-
bution experiments to study the scattering of two laser
fields by an atom undergoing collisions- with a gas of
foreign perturbers. In the experimental study undertaken
by Alford et al. ,

' the first laser induced a transition from
the Ba ground state (6s 'So) to the excited 6s 6p 'P, state.
As is common in the case of one-photon collisional redis-
tribution experiments, this laser was detuned so far from
the atomic transition frequency that absorption occurred
only during a strong collision with a rare-gas perturber,
on a timescale short compared to the duration of the col-
lision. Under this condition the Markovian description of
the collisional interaction breaks down and the details of
the collisional processes can be probed. In particular the
probability of absorption of light of a given frequency can
be directly related to local characteristics of the inter-
atomic potentials. By varying, the frequency then, one
can vary the internuclear separation at which absorption
occurs. Furthermore, the asymptotic mz-state distribu-
tion can provide detailed information about the collisional
evolution from the point of absorption to the completion
of the collision. Ordinarily this latter information is re-
ported in terms of the polarization properties of the
fluorescence from the excited state through the quantity
P,

P= Ill —I
Ill +I'

which is commonly called the polarization. Here I~l and
I~ refer to the intensities of the fluorescent light polarized
parallel and perpendicular to the polarization of the in-
cident laser. For a J=O to J= 1 transition, a polarization
of unity signifies that the completion of the collision is
unimportant. In the extreme opposite limit, a polarization
of zero implies that complete mixing occurs as the col-
lision partners Ay apart. Determining the polarization as
a function of detuning provides a convenient means for
studying -the mixing of the asymptotic states, due to the

collisional dynamics, from a localized point of absorption
to the completion of the collision.

Rather than monitor the fluorescence from the excited
state directly, Alford et al. ' used a second laser to induce
an almost resonant transition from the excited state to a
final 6s8s 'So state. In this manner the excited-'P-state
manifold was probed, and the dependence of the total
fluorescence from the final state on the relative polariza-
tions of the two lasers was used to form the polarization
P. At the same time problems associated with the degra-
dation of the polarization due to radiative trapping ef-
fects were avoided to a large extent. Surprisingly, the po-
larization was found to be independent of the second
laser's intensity, even when the upper transition was
saturated. Subsequently, Alber and Cooper derived
theoretical expressions in agreement with these observa-
tions. Allowing for arbitrary intensities of the second
laser within the restriction that the power is never large
enough to alter the collision dynamics (i.e., the on-
resonance Rabi frequency of either laser was assumed to
be much less than the inverse duration of a strong col-
lision), their results predict intensity independent polariza-
tion for the redistribution of both linearly and circularly
polarized light. A crucial aspect of their calculation was
the appearance of a two-photon "Raman-like" term when
the two lasers were polarized along the same direction.
Although not well understood at the time, the inclusion of
this term was necessary to obtain intensity-independent
polarization expressions.

In this work we present a physical interpretation of the
"Raman" term, which is suggested by viewing the prob-
lem in a dressed-state basis. In addition we present a sys-
tematic experimental study of the effect of the second
laser on the fluorescence from both the final S state and
the excited 'P state. Our data on the polarization depen-
dence of the final-state fluorescence confirm the initial
observations of Alford et al. ,

' which were made at a sin-
gle buffer-gas pressure and rather modest detunings (i.e.,
within the impact limit). The polarization dependence of
the excited-state fluorescence is in good qualitative agree-
ment with theoretical expressions which we derive based
on the work of Alber and Cooper.
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This paper is organized as follows: In Sec. II we
present the theoretical expressions of Alber and Cooper
and discuss our interpretation of the Raman term. Ex-
pressions describing the expected dependence of the
excited-state fluorescence are also given in Sec. II. A brief
description of the experimental setup is given in Sec. III.
The experimental results themselves along with a discus-
sion and some final remarks form the body of Sec. IV. 3f

II. THEORY

From the point of view of scattering theory the one-
photon redistribution process is an off-shell event since it
is the collision which makes up the energy defect of the
absorbed photon with respect to the atomic resonance. In
fact it is really a three-body problem, the third body being
the incoming or outgoing photon. However, there is the
additional complication, over the usual scattering prob-
lem, that the creation and decay of the atomic coherences
are important. What is needed then is a scattering theory
for the density operator and this is what has been
developed.

Alber and Cooper have generalized the methods of
Ref. 7 to allow for two incident laser fields. The approxi-
mations they invoke are those common in the field of neu-
tral line broadening. They consider a neutral atom sur-
rounded by X structureless perturbers (usually rare-gas
atoms). The binary-collision approximation is assumed
valid so that at any given time the atom interacts strongly
with at most one perturber. Time-ordered sequences of
such collisions are fully accounted for within their for-
malism. The external radiation fields are taken to be clas-
sical, with electric field amplitudes 8'& and 8'2, and their
interaction with the atomic radiator is described within
the dipole and rotating-wave approximations. The radia-
tor is considered to be an effective three-level atom, the
possibility of ionization and small ac Stark shifts due to
other (nonresonant) levels being specifically neglected.
Spontaneous emission is treated within the Markov ap-
proximation. A spherically symmetric collisional envi-
ronment is assumed as well as negligible polarizability of
the ground atomic state. In addition, all effects due to the
motion of the radiator are neglected, although this point
will be the subject of some comment below.

The technique of using a second near-resonant laser, as
a probe of the excited-state populations, to obtain polari-
zation information is shown schematically in Fig. 1. The
Rabi frequencies of the two lasers 0& and Q2 are con-
strained as follows:

(a) (b)

FIG. 1. The pump-probe technique for measuring the polari-
zation in a J=O to J=1 collisional redistribution experiment.
(a) The total fluorescence from

l f ) when the pump- and
probe-laser polarizations are parallel yields I~~. (b) Turning the
pump-laser polarization perpendicular to the probe-laser polari-
zation gives Ij .

addition the detunings of the two lasers are taken to be
such that

b, ~ l
&&1/r„y,

l Apl «1/r, . (3b)

Thus photons from the first laser field are absorbed only
during a collision on a timescale very much shorter than
the duration of such a collision; precisely the conditions
of one-photon redistribution experiments. The timescale
for absorption of photons from the second field is, howev-
er, long compared to ~„and situations in which the
excited- to final-state transition is saturated are explicitly
included in the calculation (i.e., A2

l

& max t l
h2 l, y I ).

Under these conditions the ground-state populatioi'i will
remain undepleted to a good approximation and the
steady-state solution of the equation of motion for the
density operator leads to a set of rate equations for the
atomic populations. For the case shown in Fig. 1(a) these
are, using the corresponding notation of Ref. 6,

(y, + —,y' '+ W)tr00 ———,y' '(tr+++o )
(2) -

& (2)

+( W+ 3 yf )rrff +R +So (4a)

(ye+ 3 y )(~+++~——) 3 y ~00+ 3 yf~eKff+2S3 t
(2) (2)

l
Qq l, l

Aq
l
« 1/r, , (2a)

( yf+ W) rrff Wo 00 R— (4b)

(4c)

(2c)

where y is a typical spontaneous decay or collisional rate,
and ~, is the duration of a strong collision. The first con-
dition ensures that the influence of either laser field on the
collisional process is weak. The second and third assump-
tions imply that the influence of the first laser on the ra-
diator is also weak and can be treated perturbatively. In

which are graphically shown in Fig. 2. Here o.++
=((e,m~. =+1;e,mj =+1

l
o(t~oc)) ), etc. , with

o (t~ co ) the steady-state density operator;

1&elle llg&@'x I'
~ 3 (.)~o= [y, +—', y, (&i)+—', 1',"(&()],

3A

(5a)
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FIG. 2. Rates determining the stationary populations (Ref. 6)
for the situation of Fig. 1(a).

1&ellvllg&&i I', ~,„(,)
1 3~2 +2 Tyg 1 3 g 1

1

(5b)

are the rates associated with populating the excited-state
manifold due to the interaction with the first laser field.
Bemuse of the large detuning of the first laser, both
y,g(A~) and I',g'(A~) contain detailed information about
the collisional dynamics. The collisionally induced decay
rate of the ground-state —excited-state coherence y,g(A~),
contains explicit information about the interatomic dif-
ferent potential near the point of absorption. The quanti-
ty I,'g (b, ~) describes the instantaneous absorption of a
photon from the first laser field during a collision accord-
ing to the Franck-Condon principle, and the subsequent
propagation through the collision to the final excited-m-
state distribution giving rise to an asymptotic atomic
alignment. " 'The rate of decay of this alignment due to
subsequent collisions is given by y' '.

The induced transition rate between the excited and fi-
nal state is given by

I(i ooo—
1&el ullg &@'i

I

'

The difficulties associated with the virtual level can be
circumvented by going over to a dressed-state basis. ' In
this approach one considers as a basis set the compound
"atom+ laser" system by diagonalizing the interaction of
the atom with the radiation field, thereby "dressing" the
bare atomic states. For weak fields this basis consists of a
ladder of dressed states

polarizations. We caution, however, that this term does
not represent the Stokes radiation from the usual two-
photon Raman process, which absorbs a photon from
each field and emits a spontaneous photon to leave the
system in its excited state e &. That process has a field
dependence of (

I
+i

I
'~~i)[

I
&2

I

'~(~~+ ~2)'] and is
down by order (0/b, ~) compared to terms kept in the
calculation of Alber and Cooper.

One can develop some physical insight into the nature
of the rate R by considering one-photon collisional redis-
tribution in more detail. This is illustrated for the case of
a J=O to J= 1 transition in Fig. 3. We choose the quant-
ization axis of the system to lie along the direction of po-
larization of the detected light. The two intensities I~~

. and Iz are then obtained by rotating the polarization of
the incident laser to be first parallel and then perpendicu-
lar to this axis. Even in the absence of collisions there is a
small amplitude for being in the excited state which gives
rise to Rayleigh scattering. In the usual perturbative in-
terpretation this is described in terms of scattering off of a
virtual level [dashed line in Fig. 3(a)]. However, this vir-
tual state is not part of the atomic basis set and its contri-
bution is, hidden in the excited-state density matrix ele-
ments. When the scattered intensity polarized parallel to
the laser s polarization is monitored, the Rayleigh scatter-
ing is discriminated against (typically through the use of a
monochromator) and the observed signal is proportional
to

y, +yy+2yy, (~2)
X

(y, +yg)
2 +yy, (&2)

m =O m. =-I
j mj =0

Here the decay of the excited-state —final-state coherence
yfe(62), reduces to its (approximately) detuning indepen-
dent impact value owing to the small detuning of the
second laser. &e

I Ip I lg & and &f I Ip I le & are reduced dipole
matrix elements. y, and y~, are spontaneous decay
rates while y~ is the total decay rate of the final state.

An additional coupling between the excited and final
states,

1&elle llg &&i
I

'
3A' 5

is the Raman-type process alluded to in the Introduction.
Its presence is crucial to obtaining intensity-independent

„( l(~llr lie&s)l')
~«yahoo- »Z~ p

FIG. 3. In a typical one-photon redistribution experiment to
fluorescence from the mj =0 excited state is monitored. Double
arrows denote collisional interaction. Note that for the condi-
tions of Fig. 3(a) the Rayleigh scattering is discriminated against
and II~ is not proportional to the full mj =0 population.
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~
I;N ) =

~
g;N+ 1)—Q&/25&

~
e, m~ =0;N —1),

~

II;N) =Q/2b. ; [g;N+1)+
~
e,mj =0;N —1),

with energies

Eg Eg+——(N+1)fico),

Egg
——Eg+cY~) .

(9a)

(9b)

(10a)

(10b)

(y, + —,y'"+ W)opp = —,y' '(o+++o )

+ ( W+ —,
' yg, )o.gg+ Sp,

(y, + —,
'
y

' )(o+++o. ) =—', y
'

opp
(2) (2) eff

2 D+ 3 Pf~eoff +2S)

(12a)

Here X refers to the number of photons in the applied ra-
diation field. The mj ——+1 excited states- are not coupled
to the ground state by the first laser field for the situation
depicted in Fig. 3(a) so that in the transformation to the
dressed-state basis they simply become product states of
the bare atomic states and the number state of the applied
radiation field. Collisions that are taken to be elastic in
the bare-state description, couple dressed states within the
nearly degenerate manifold of a given X. As shown in
Fig. 4, spontaneous emission induces transitions as optical
frequencies between adjacent manifolds. In this basis the
virtual state of the bare-state description becomes the
dressed state ~I;N), while collisional excitation from this
virtual level to the excited state is the real inelastic transi-
tion from ~I;N) to ~II;N) (see Fig. 4). Fluorescence re-
sults from the spontaneous emission of ~II;N) down to
~I;N —1), while Rayleigh scattering corresponds to the
transition ~I;N) to ~I;N —1). (The other possible transi-
tions ~II;N)~

~

II;N —1) and ~I;N) ~~llrN —1) are
negligible for weak fields. ) Thus the dressed-state descrip-
tion conveniently separates the two different processes
which combine to form the total bare-state population
o ppo

Viewed in terms of the above statements the net effect
of the Raman rate R is clear. It reduces the effective pop-
ulation probed by the second laser from the total mj =0
state population to an effective population

opp = opp—
3A 62

This effective population is of course the
~

II) dressed-
state population and is precisely that which gives rise to
the monitored signal in the one-photon redistribution ex-
periment. In fact, if we consistently replace o.

pp by o.
pp in

Eq. (4) we obtain the following set of rate equations:

(yg+ W)ops= Wopp .

(12b)

(12c)

(13a)

S, =((11~y, ~
11))~„

= (( —1 —1
~ y, I I))o.»

3A' +2

X I 3 y g(bi) —) [I .g (4i) —y ]I (13b)

where o.
I& is assumed undepleted. The probe laser then in-

duces a near-resonant transition from the dressed state
~

II ) to the bare state
~
f ) with a rate given by W (see Fig.

5).
With this insight one mn now return to the mlculation

of Alber and Cooper in the bare-state representation. One
finds that the Raman rate 8 does not really correspond to
an observable at all. Rather, it represents the destructive
interference between two possible pathways leading to the
creation of the coherence of, . In the absence of collisions
these two contributions o.

gz
~o.,z ~o-„~o.f, and

This corresponds to a "half-dressed" picture (as shown in
Fig. 5) in which we dress the radiator in the field of the
first laser only. Sp and S~ are simply the dressed-state
collisional rates

S, =((1111
~ y, ~11))~„

3/2 Q2

im =+I, N)

COLL I SIGNS

ir, N)

im, =-I, N)

5 cap p

)m =+I, N-I) /n; N-I) im. =-l, N-I)

FlG. 4. The dressed-state interpretation of the situation de-
picted in Fig. 3(a). 2.

FIG. 5. The half-dressed picture of the rates depicted in Fig.
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0gg ~o g +ofg +of cancel to order

P=

which is the ratio of the sum and difference of the final-
state populations, is exactly the same as the result of the
one-photon experiments, even when the excited- to final-
state transition is heavily saturated.

If we choose instead to monitor the fluorescence from
the mj ——0 excited state to the ground state, the same po-
larization would be obtained for the configuration shown
in Fig. 1. However, if we turn the polarization of the
probe laser perpendicular to the quantization axis and
continue to monitor the fluorescence from the mJ ——0
state we would expect the polarization to become intensity
dependent as well as pressure dependent. This is because
the probe laser now couples the mz ——+1 states to the final
state and therefore the mj. ——0 state as well (through y' '

and y~, ). In fact, using the results of Alber and Cooper
one can readily find

8'

~J I II

8
=Pp, (15a)

and the final-state population is negligibly small. Col-
lisions then are needed to produce a final-state population
of the order kept in the calculation, namely of order
(II/AI) . The physics of the situation is very similar to
that present in the pressure-induced extra resonances
(PIER) seen in four-wave-mixing experiments. '

There are two possible collisional contributions leading
to a final-state population. The first, which we call the
direct process, involves the absorption of a photon from
both laser fields during a single collision. The second pro-
cess is a stepwise one in which the absorption of the pho-
ton from the first laser occurs during a collision resulting
in an excited-state population that exists for a time of or-
der y, . The second photon, since it is near resonant
with the

~

e )~
~ f ) transition, can then be absorbed at

any point during the excited-state lifetime. The stepwise
process is therefore the dominant contribution.

Fortunately this is exactly the situation that one desires.
The direct process corresponds to the ~I) —+

~ f ) transition
in the half-dressed picture, while the ~II)~

~ f ) rate W
represents the stepwise excitation. Since the direct process
is negligible for our conditions of small

~

b, 2 ~, the final-
state population is directly proportional to the observable
in the one-photon redistribution experiment (i.e., the pop-
ulation of the dressed state ~II) ). Furthermore, this state-
ment remains valid when one turns the polarization of the
first laser to arrive at the situation of Fig. 1(b). Of course,
the Raman coupling is not present in this second case, due
to the opposite polarizations of the two lasers, and the en-
tire population in the bare-mj ——0 excited state is probed
by the second laser with the same transition rate O'. This
means that the polarization

+ff +ff (14)
+ f++ff

R
O'+ — —0 pp8'

~40 ~ +~00J R J i

'l-yyy"' yI,(y, +y'")f
=Pp 1+

ye yI+(ye+y ) 1+
(15b)

where the first and second superscripts on the population
ooo refer, respectively, to the polarization of the first and
second laser relative to the quantization axis. Pp is the
polarization of the one-photon experiments and PI~ and
Pj refer to the polarizations measured from the excited-
state fluorescence with the probe laser polarization paral-
lel and perpendicular to the quantization axis.

III. EXPERIMENT

The experimental setup is essentially the same as that
used by Alford and co-workers to measure the redistribu-
tion of circularly polarized light. ' An Ar+ laser is used to
pump two standing-wave dye lasers. The excitation laser
passes through a Pockels cell to give either vertically or
horizontally polarized light and is then weakly focused
into a heated oven containing Ba vapor and Ar buffer gas.
Its detuning from the ground- (6s 'So) to excited-
(6s6p 'PI) state transition is monitored by means of a
reference monochromator. The probe laser, whose polari-
zation is determined by another Pockels cell, is sent coun-
terpropagating into the oven with a beam waist slightly
larger than that of the excitation laser. With a Mach-
Zehnder etalon, a birefringent tuner, and a thin etalon as
tuning elements it runs predominantly in four to five cavi-
ty modes spaced approximately 100 MHz apart. Passive-
ly stabilized, it is tuned to the excited-to-final (6s Ss So)
transition.

All signals were observed at right angles to the propa-
gation direction of the two lasers and spectrally resolved
using a 0.2-m monochromator. The polarizations mea-
sured via the final-state population were determined by
monitoring the fluorescence from the final state down to
the 6s 6p PI state at 4601 A. The fluorescence from the
excited state was first sent through a linear polarizer be-
fore being resolved from the Rayleigh scattered light by
the monochromator. The orientation of this polarizer
remains fixed while the laser polarizations are varied us-

ing the Pockels cells. A heated sapphire window is placed
in the interaction region to reduce the optical depth
through which the excited-state fluorescence must travel.
Details of this arrangement have been discussed else-
where. ' Although the arrangement of the beam sizes
used is not ideal for minimizing radiation trapping effects
(to do so, the probe beam should be slightly smaller than
the pump beam' ), it does enable us to saturate more of
the excited-state population which was initially excited in
the spatial wings of the first laser. The density of Ba va-
por is kept to levels such that the effects of radiation trap-
ping are negligible.
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IV. RESULTS AND DISCUSSION

The above claim of the independence of the polariza-
tions, as measured via the final-state population, with
respect to the probe-laser intensity was experimentally
verified using circularly polarized light for the case of a
single detuning and pressure by Alford et al. ' A more
systematic study using linearly polarized light is presented
in Fig. 6. It substantiates this claim for a variety of de-
tunings and buffer-gas pressures. In all cases a nonlinear
dependence of the total signal on the intensity of the

probe laser was observed. For the highest intensities and
lowest pressures this dependence went roughly as the in-
tensity to the one-tenth power.

To confirm our understanding of the problem we have
also measured the polarization of the excited-state fluores-
cence in the presence of a saturating probe laser. Our ex-
perimental results, shown in Fig. 7, are in good qualitative
agreement with Eqs. (15a) and (15b). Of particular in-
terest is the dependence on the intensity of the probe laser.
The probe parallel polarizations PI I, are seen to be roughly
equal to the one-photon measurements over an order of
magnitude variation in the probe intensity. Equation
(15b), however, predicts an intensity dependence for the
probe perpendicular case Pj . The high- and low-intensity
limits of this expression are

~O
D

35— 3.5 torr Ar
3 lVf7 Vf .(V.+V"')l

Pg —+Pp 1+
'V. (Vf+ Y. +1''

as 8"~Do,

~ 30—
II

25—Q

+
0

~ 20 —--
LU

l5 —--

IO —--
0

35

6 torr

I I torr

I5 torr

26torr

I !
0,5 I l.5

PROBE INTENSITY {I/Ip)

(16a)

Pg~Pp as 8'~0 . (16b)

Although we are unable to reach high enough intensities
such that the polarizations are independent of the probe
power, as the probe power is dropped the measurements
tend toward the correct (one-photon) limit. The pressure
dependence is also of some interest. Again the probe
parallel polarizations agree well with the one-photon mea-
surements. As the buffer-gas pressure is decreased, the
probe perpendicular polarizations decrease monotonically
toward the one-photon measurements. In fact, for pres-
sures lower than those experimentally feasible, the probe
perpendicular polarizations should lie below the one-
photon measurements as indicated by the following limits:

2

Pg —+Pp 1+
Xe + Vf

as np~ ao (17a)

~O
0 h, i

= 9.75 cm Pi —+Pp 1—
2
3 7f~e

as n~ ~0, (17b)

O
I-
N 25—
fV

Q
CL

Dl = -I9.5 cm

20—

l5
0

I I I

0.5 I l.5
PROBE INTENSITY (I/I )

FIG. 6. The linear polarization as measured by the pump-
probe technique vs the intensity of the probe laser. denotes the
one-photon measurements of Ref. 18. Io is approximately 10
W/cm . (a) As a function of Ar pressure. (b) As a function of
the detuning b &.

'Vf+Xe + ~
Vf

where nz is the perturber number density.
We should briefly comment on the qualitative effects to

which the motion of the radiator might give rise. As the
first laser is strongly detuned from the resonance, no par-
ticular velocity class of the radiator is excited by the first
laser transition. However, because the detuning of the
second laser is small compared to the width of the
Doppler profile, each separate velocity class in the excited
state sees an effective detuning of (b,2

—k v) in the field-
induced transition rate W [see Eq. (6)]. If the effects of
velocity-changing collisions are negligible, then the rate
equations of Alber and Cooper remain valid for each velo-
city class and the final- and excited-state populations
would simply need to be integrated over the Doppler pro-
file. This would leave the polarization as measured from
the final-state Auorescence and PII unaffected since the
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dependence on W appears as a common factor in the pop-
ulations o](f, o.ff, ooo', and ooo . The effect of I'q would
be somewhat more complicated.

One would, in fact, expect that the effect of velocity-
changing collisions will be negligible for the excited-state
populations. Hubeny and Cooper' show that the rate of
velocity-changing collisions should be roughly an order of
magnitude smaller than the rates associated with the de-
struction of alignment and orientation. Since we work at
pressures such that these latter rates are roughly equal to
the radiative decay rate of the excited state, velocity-
changing collisions should have a small effect on the
excited-state populations. The case for the final-state
populations is somewhat different. Using the estimates
described below (a mean-squared final-state radius of 170

0

A and a radiative lifetime of 6.1 ns) we would expect an
average of 1—2 velocity-changing collisions during a
final-state lifetime for our pressures. Invoking a strong
collision model then allows us to treat the final-state vela-
city distribution as Maxwellian. Within this model the
separate velocity classes of the final-state population are
again independent and the same conclusion as that for the
case of no velocity-changing collisions is reached regard-
ing the polarizations.

A quantitative analysis of the data is considerably hin-
dered by the lack of knowledge of the atomic parameters
relevant to the problem. Nonetheless, we shall be able to
draw a few tentative conclusions. We start by determin-
ing an absolute value of the ratio yf/W for each of the
data points in Fig. 7(c) by comparing the saturation

~D0
$.4 tprr Ar

45

(b)
7 torr Ar

!V

O
CL

25

g/I = IO

ONE PHOTON
~MEASUREMENT

I /Io= 5 I/Io= 2.5 I/Io= I
0

~O
D

35+ ]I
O

fV

~ 30—

O
0

25—
Ld

~ &

~, = 6.5.m-l

b, l
=-l3 cm

20 —'

I/Io = I 0 o=5

l5

50

(c) a, , =-6.5 cm-~

45—

~o 40,—
0

+ II

O 35—
I—

M

30+ II

O
0

25~- "
UJ

20—

](I5+
&]'&o= lo

IO

I]'To= 5
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3.4 torr

6.4 torr

IO. I torr

22. I torr

FIG. 7. The linear polarization of the excited-state fluorescence. Here Io ——1 W/cm . (a) The intensity dependence,
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200 A .

behavior of the final- and excited-state fluorescence sig-
nals (I~~+2I~ ). We thereby ignore any dependence of the
induced transition rate 8' on the motion of the radiator.
Within the core of the Gaussian spatial profile of the
probe beam, the transition is heavily saturated, and this
should be a good approximation. However, a significant
portion of our signal undoubtedly comes from atoms
probed by the spatial wings of the second laser, as evi-
denced by our inability to reach the high-intensity limit of
Eq. (17a). Rather than try to take this into account, we
simply call yf/W an effective saturation parameter fit to
the data in the manner prescribed. Although this is a
fairly crude approximation we feel that the uncertainties
in the polarization measurement do not warrant the addi-
tional effort entailed in a more exact treatment.

When these values are substituted into Eq. (15b) a set of
six equations linear in the parameters yf /y, and

yf, /y, can be derived from the data of Fig. 7(c). The
analysis is complicated somewhat by the fact that in reali-
ty the barium system is not very well approximated by a
three-level atom. The final state lies within thermal ener-
gies of several other states and the possibility of collision-
al transfer from and back to the final state must be con-
sidered. Unfortunately, this has the effect of making the
set of equations nonlinear and a grid search method was

used to find the best least-squares fit to the data. We, in
fact, find that the probability for collisional transfer back
to the final state is rather small and the best-fit parame-
ters are the following: a radiative lifetime of 13 ns for the
excited state, a radiative branching ratio for decay from
the final state down to the excited state of 0.18, and a col-
lisional transfer cross section from the final state of ap-
proximately 75 A . To the best of our knowledge only a
preliminary value' of 6.1+0.4 ns is available for the radi-
ative lifetime of the final state. Given the uncertainties
involved in our analysis, we hesitate to claim that our re-
sults contradict this value. Indeed there is a fair amount
of interplay amongst the parameters and if we constrain
the final-state radiative lifetime to 6.1 ns we obtain a
reasonable fit to the data for a branching ratio of 0.16 and
a collisional transfer cross section of 36 A (see Fig. 8).
These values for the collisional transfer cross section are
not unreasonable. Using an effective Coulomb approxi-
mation, the mean-squared radius for the final state can be
estimated to be 170 A and the best candidate level for
collisional transfer is the 6p 'D state nearly 2 kT away,
so that a cross section somewhat smaller than 170 A is to
be expected. Indeed a collisional transfer cross section of
200 A is inconsistent with our data (fixing the radiative
lifetime of the final state of 6.1 ns, see Fig. 8).

The important result of the experiment is not the deter-
mination of these parameters, however. It is a relatively
poor means of doing so owing to the rather large uncer-
tainties of the polarization measurements compared to the
size of the effect in the probe perpendicular case. Rather
what is of primary importance is that the polarization
measured by monitoring the total fluorescence from the
final state leads to the same results as the one-photon
measurements. This statement should be true regardless
of the degeneracy of the final state, provided that the
monitored signal is proportional to the total final-state
population, since it is always the effective population of
the excited state which is coupled to the final state by the
probe laser. There would seem to be many applications of
this technique in the field of collisional redistribution,
from allowing one to monitor strongly allowed signals in
experiments on metastable states and forbidden transi-
tions, to the minimization of radiation trapping effects in
resonance line experiments.
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