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7 ABSTRACT

We report observation of the scattered spectrum from a Zeeman degenerate
aton at high laser intensities.s For a J = 0 to J = 1 transition in the

presence of collisions we observe an asyametric triplet in the polarization

parallel to the incident laser and an asymmetric doublet in the polarfzation

perpendicular to the incident laser.




1. Introducttion

In reecent vears there has been widespread (nterest in high {ntenstty near

- 1-6 1,2
vesonant Tpho scatterfng {n the presence of colltsfons, Mollow *7 has

developed the theory for a stmple two-state aton, inzluding the effects of
collisfons by futroducing phenomenolopical relaxation terus to the equations of
a stvongly driven two-state system.  This approximation, which s cquivalent

to the hrggif approximation, leads to cquations which a:c valid in the impact
regfon of the spectrun.  The theory predicts the well-known asymmetric triplet
structure in the scatte-ed spectrum.  These effects have been observed by
Carlsten, Szioke and Raymer (CSR) in nonlinecar light scattering from strontium
perturbed by argon.

Recently, Cooper, Ballagh and Burnett (CBB),5 and Fiutak and Van
Kranvndonk6 have calculated the expected polarized scattering spectrim at high
inteusitics vhen Zeeman depencracy effects are included. CEB predict, for the
casc of a J =0 toJ =1 transition and a lincarly polarizcd incident laser, an
asymmetric triplet scatterd in n polarization, and an asymametric doublet in o

Apolarization. The predictions for the = polarized scattering spectrim agree
with Ref. 6, however Fiutak and Van Kranendonk do not quote results for the o
polarized spectruns  In this letter we report the observation of these spectral

features in the case of strontium perturbed by argon. The qualitative agreement

with the results of CBB5 is quite good.
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" gas pressures of ~J0 torr and again assuming a van der Waals interaction T, ~ !

Ile  Theovetical Constderations

The theory for Intense fleld scatteving (rom a Zeenan degenerate atom {n
a collistonal envirensent has been given by (fl:l;") fn the Jupact appr«.xr:im.xlipn
and steady-state Tiaft, We use the notation of CUR throuphout., The inmpact
approximation restrdcts the validity of theirv results to pressures low enough
such that the duration of a collision (rc) Is small compared to the tinme
between collisions (Tc)' In addition the rQSults.arc applicable for detuningsy

. L4

from linc center (Ll—ub = A) small compared to the inverse of a collision
duration, A < l/TC. For the case of van der Waals broadening I/TC ~ 1012 s‘l,
thus their results should be valid for detunings A { S cm_l. The theory,
furthermore, 1s valid in the regime where the collision rates are independent
of lasger intensity, f.e., when Qv << 1 where Q is the Rabi frequency.

Similarly the steady-state assumption restricts their results to laser pulse

lengths (TP) large compared to the time scales associated with the system

relaxation rates (Tp >> T, 1y where Ty is the radiative lifetime). For buffer

Ty ~ 5nS.

For the case of interest here, a linearly polarized laser tuned near the
Sr resonance line (@ J = 0 to J = 1 transition) and perturbed by Ar (van der
Waals broadening) CBB5 predict a triplet in the scattered spectrun polarized
parallel to the incident laser and a t in the scattered spectrum polarized

perpcndicular to the Incident laser. In t.. parallel polarization (rig. 1a)

the three pecaks correspond to (i) Rayleigh scattering off the ground or v; =0

cuhlevel of the excited state, (1i) "three-photon” scattering folloved by
fluworesceunce, and ({ii) collisjon-induced fluorescence from the excited my = 0
state. These features are exactly those associated with nonlinecar scattering

from an fdeallaed two-state atom in the presence of collisions.




.

In the perpendicular polavization the two peaks correspond to collisioaal
excitation of the Wy 21 sublevels of the excited state (Fig, 1b) followed by
(1) fluorescence to the ground state or (1) an fnverse Raman excitation of

the ny = 0 excited state.

In the experincental results reporvted here, neither the impact approxinmation
nor the steady-state approximation ls strictly valid. ‘Thus detailed quantitative
comparisons with the theory are not possible. However, the experimental results

a

are in apreement with the qualitative conclusions of C}EB.S

I11. Fxperimental Apparatus
The experimental apparatus is basically the same as that used by CSR.“
The apparatus consists of an N, pumped Hinsch type dye laser tuned ncar the

2 150 ~ 6s6p 1P1 at 460.7 nm) and tightly focused

strontiua resonance line (6s
into a stalnless-steel crossed oven containing strontium vapor at ~500°C-600°C
" and an argon buffer gas at pressures of ~2 to 500 torr. The laser power at

the center of the oven was estimated to be ~1 Gw/cmz. The scattered light was
detected at 90° through the side arm of the oven, and focused onto the entrance
slit of the monochromator., The signal was detected by a photomultiplier, fed
into an rf shielded, pated, analog integrate and hold circuit and recorded on

a chart reccorder with a 2,2 s time constant. Further details of the apparatus

4

can be found in CSR. The major differcnce in our experiment was the addition

of a glan-prism polarizer on the dye laser output, an analyzing polarizer at
the side window output of the oven, and a refcrence polarizer oriented at 45°
and positioned before the entrance slit of the monochromator to remove the

polarizing influence of the grating.




IV, LExperfmental Results
A, Spectrun

Typical spectra are shown In Fig. 2. These spectra were taken at

a temperature of ~003°C and argon pressures of 5, 50 and 500 torr

* respectively. The Sr density, as nmeasured by the curve-of-growth method

-3

14
was ~2 x 10 cm ~ which agreed to ~507 with the vapor pressure curve

results. At this density and an Ar pressure of 5 torr the ratio of the

E |
[
van der Waals broadening rate (y(Sr-Ar)) to the resonance broadening rate
(Y(Sr-5r)) was ~10. The effect of Sr~Sr collisions on the results then should
be negligible. As an additional check the experiments were repeated at 550°C 1

13 -
cm 3) and the results were unchanged. The

(measured Sr density =6 x 10
: . -1

laser detuning in these spectra was & = 17 em ~ (~0.4 nm) to the red. The

monochromator resolution was ~0.07 nm and the absolute wavelength calibration

is expected to bLe good to 20.02 nm.

The triplet and doublet features are clearly visible in the two

polarizations at low arpon pressures. As the pressure is increased the
collisional featurcs dominate over the radiative components (Fig. 2 -
500 torr). Hotec also that each component (except the Rayleigh peak) has large
asymmetric wings. These wings are due to the varfation in ac Stark shift that
different 5toms experience as a result of the spatial intensity dependence of
the lascr field. The Stark shifts are, of course, away from the Rayleigh
peak, hence the asymmetry. 1In the Stark wings (Stark shift 50.1 nm) the
fluorescence path {s optically thin, however, the fluorcscence around line
center is heavily trapped.

The majority of the measurcments were done at a laser detuning of 17 cm-'l
to the red of the Sr resonance line. Changing the detuning had little effect

on the qualitative features shown in Fig, 2. With the laser tuned to the blue
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of the Sr reconance line the sceatteved spectvu was again qualftatively
sinflar.  However, an expected we found the collisfonal features to be nuch
weaker for blue detunings, corresponding to absorption {n the anti-static wing

of the Yine and subscquent re-emission.

V. Conclusions
M

We have demonstrated that the experimental techniques of CSR“ for the
study of collisiornal redistribution and saturation of near resonant scattered
light can be casily extended to include polarized scattering experiments.
These experiments can obviously give much more information about collision
processes in “recal” (i.c., Zecman degenerate) atomic systems including
.information about my-changing collision rates.

We have also verified the qualitative predictions of CBBS conceraing

high intensity near-resovnant scattering from a Zeeman degencrate atom in the

presence of collisions.
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Figure Captions

‘Fig. 1. ‘Proccunvu involved fn formation of speetrun (the stratght arrows
represent absorption of a laser photon, the wavy arrows represent an
cuitted photon, and the dogble arrows represent a collis}onn]
process). .

Fig. 2. 1yplcal scattered l{ght spectra (red detuning), at (a) 5 torr, (b)

50 torr and, (c) 500 torr. In each case the upper curve is the

parallel polarization and the lower curve the perpendicular

polarization, The arrows indicate the unshifted positions of the

peaks.,
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