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Experiments on nonlinear radiation trapping in a saturable atomic vapor
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We present experiments of a laser with variable pulse energy and beam width saturating sodium vapor near
the D,-line transition. At high optical depth and in a buffer gas atmosphere of argon, the effect of nonlinear
radiation trapping is shown to drastically change the spatial distribution and temporal evolution of the excited-
state population and of the fluorescence light trapped by the nonlinear medium. Besides observing the transient
behavior of the fluorescence light, a pump-probe beam experiment enables us to gain a tomographic view
inside the atomic vapor. Nitrogen as a buffer gas is used to compare with the situation where radiation trapping
effects are negligible. Finally, numerical simulations based upon equations of radiative transfer for a two-level
atomic system elucidate the role of nonlinear radiation trapping and support given interpretations of the
experiments.
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[. INTRODUCTION sodium vapor between the laser beam and the detector. On
the other hand, the spatial and temporal dependence of the
In an optically thick atomic vapor excited by a laser population of the excited state is determined by a second
beam, the process of multiple scattering of fluorescencéontinuous laser beam propagating antiparallel to the pump
light—also called radiation trapping or radiation laser pulse. While the observation of the radiation leaving the
diffusion—is a long known effedt1,2] that significantly al- ~Sample gives just a global quantity depending in a compli-
ters the temporal and spatial behavior of the population ofated way on the processes within the atomic vapor, the
the excited state. Radiation trapping plays an important rolg?robe beam technique allows a tomographic view inside the
e.g., in plasma physics and, chemical physics' astrophysidgedium. Determining the pOpu|ati0n of the excited State, a
and has been studied in great detail both theoretiqgly =~ much more direct comparison between experiment and
e.g.,[1-11) and experimentallycf., e.g.,[12-16). It is theory should be feasible. With the he_lp qf a quenching
obvious that this process also exists in many experimentguffer gas, we are able to compare the situation with the one
dealing with nonlinear optics where an intense laser bearihere radiation trapping effects are negligible.
interacts with an atomic sample of large optical depth
[8,17,18. However, the description of radiation trapping is
very complex so it is often neglected in the analysis of non-
linear optical experiments. The experimental setup is illustrated in Figal Sodium
In the situation of a strong laser beam saturation must bgapor is contained in a cylindrical glass cell of 2 cm diameter
taken into account, additionally. Saturation of an atomic tranand 3 cm length of the heated zone. The sodium resistant
sition gives rise to a pronounced nonlinear behavior of thejlass cell can be heated up to 420 °C. The particle density at
scattered fluorescence light. This effect of nonlinear radiatio? measured temperature of the cell is determined with the
trapping results in unexpected phenomena: An atomigelp of the linear Faraday effect at low argon pressst@
sample saturated over the whole cross section by a las@iPg [21]. At temperatures of the sodium cell of 200,
pulse emits fluorescence light decayisigonaturally[19,20]
in contrast to the well-known prolonged decay times caused (&) )
by linear radiation trappinf2]. This counterintuitive behav- oo beam ] ow M
ior can be explained by the spatially and temporally inter- | preparation
locked evolution of the population of the excited state being
the origin of the process of nonlinear radiation trapping. ow | 568.5nm
In this paper, a related experiment to the one mentioned E
above is described. The behavior of the subnatural decay is analysis —— 3Py
not only investigated in more detail, the spatial and temporal )
behavior of the population of the excited state and its depen- — o B/S —
dence on the pump pulse characteristics is determined, sSi- | preparation ———T1—/I« —L— 3g,
multaneously, to elucidate the complex interplay of satura- vapor cell M
tion and radiation trapping. In contrast to the experiment iy
presented in Ref.20] a—in relation to the extended atomic
sample—narrow Gaussian laser beam is used. This is more FIG. 1. (a) Schematic of the experimental setup. BS, beam split-
typical for experiments involving laser interaction processester; cw, continous wave; LIF, laser induced fluorescence; M, mirror;
Fluorescence light escaping the cell geometry is measure@) sodium level scheme for the pump-probe beam experiment with
at the border of the sample, so there is no directly excitedtepwise excitation.

Il. EXPERIMENTAL SETUP AND PARAMETERS

2
—F— 4Ds

JU| 589.6 nm

»

1050-2947/2001/64)/04340%6)/$20.00 64 043409-1 ©2001 The American Physical Society



T. SCHOLZ, J. WELZEL, AND W. LANGE PHYSICAL REVIEW A64 043409

240, and 280 °C, used for the experiments in this paper, th&ith the help of a detector and the digital oscilloscope. An
measured particle density amounts to (2013)x 102 interference filter only transmits the probe beam in order to
(1.6+0.2)x 10", and (7.5-1.1)x 10" cm 3. Further mea- Separate it from fluorescence and light scattered from the
surements are carried out in an atmosphere of 20 hPa arg®mp beam. Furthermore, it is ensured that the whole trans-
(Ar) or 20 hPa nitrogenmz)' respective|y_ The Correspond- mitted ||ght from the prObe beam is detected with the h9|p of
ing optical depth,R, defined by the product of the unsat- @ photomultiplier having a relatively large sensitive area

urated absorption coefficieftt, on line center and the char- coupled with a fast response. Also, any further apertures in
acteristic lengttR=1 cm of the cell geometry, are of about the beam trace are avoided, hence, small refraction or dif-

8, 60, and 280. fraction that the probe beam may experience does not have

The pump pulse preparatidef. Fig. 1a)] is performed any significant influence on the results.
with a Q-switched and frequency doubled Nd:YAG-laser
(Spectra-Physics, Model No. DCR;3vhich pumps a tun- Il. EXPERIMENTAL RESULTS
able dye laser in a grazing incidence arrangengtefnf 22]).
The pump laser employs injection seeding that results in
very smooth pulse shape. This proves to be favorable wit
respect to the bandwidth of the dye laser. A spectral width o
240+=60 MHz is determined, hence, though with exception
of the grating, no elements reducing the line width are use
the dye laser pulse is nearly Fourier limited.

The laser pulse is spatially filtered and injected on the axi
of the vapor cell. It is tuned into the vicinity of th;-line
transition 3°S;,,—3 2P, [Fig. 1(b)] of the sodium vapor.
The intensity distributionl , of the laser pulse is nearly
Gaussian in time and space

Normalized values of the temporal evolution of the popu-
tion of the excited state—designated wath-in the middle
f the cell and of the intensity of the fluorescence escaping
he cell are shown in Figs.(d and 2Zb) for two different
ump pulse energies, respectively. Both signals decay mono-
onically after a very fast increase when the laser pulse ap-
ears. Closer inspection of the time behavior reveals for
arge times after the pulse, a nearly exponential decay that
corresponds to the decay of the slowest mode occurring in
the well known Holstein theory of radiation trappif@3]. In
the time immediately after the pulse, the decay is much faster
and shows a pronounced dependence on the input energy of
the pump pulse. By considering the slope of the curve, we
p( r2> p( t2> can determine anomentary decay constatitat is fastest in
[o(r,t)=lnax€Xp —2—|exp —2—. (1) . .
P max w2 2 the period 10 ns after the maximum of the pump pulse oc-
P curs, illustrated in an expanded view in Figgc)2and Zd)
with logarithmic ordinate. The decay constants of the fluo-
rescence light are 41.0 ns for small pulse energy and 11.2 ns

Tp

The beam radiusv, of the pump pulse is varied with the
help of an optical spatial filtetelescopg from 1.8+0.1 to
3.6£0.2 mm. The maximum energy per pulse is about 300
#J with a pulse duration of,=7.0=0.5 ns. However, the
intensity of the pump pulse is strong enough to saturate the
medium justifying to neglect pump-wave depletion. With re- o
spect to the collimated and resonant pump laser, self refrac-
tion can be dropped as well.

For reference purposes, the transients of the fluorescence
light escaping the glass cell in a direction perpendicular to
the exciting laser beam are detected by a photomultiplier and O-OM L L
analyzed by means of a fast digital oscilloscope with a maxi- 0 100 %0(?15)300 400 500 0 100 200 300 400 500
mum sampling rate of 2 GS/s single shaeCroy, Model t(ns)

No. 9354 L) (C) (d) E=8.5 pJ. 5=41.0ns

For a spatially resolved probing of the time-dependent g9 Ee08 I Be250m 88%
population of the 3P, state over the cross section of the 0.8 08[
atomic sample, a probe beam from a cw ring dye laser is 0rr
used tuned near the?®,,—4 2D, transition[Fig. 1(b)]. g “r
Operation is ensured in the regime characterized by a linear o8

(@)

85w
86.0 wJ

SISimax

Wlenax

. ) E=85.0 pJ. %=16.4 s
dependence of the absorption on the population of the ex- 04 045

cited state by detuning the probe laser slightly with respect to L AR
the probe transition. The population of the excited state can G072 4 6 e 20 ™o 2 s 6 18 20

E,=85.0 pJ, %=11.2ns

0.3 L

be determined at every point in the cylindrical cell by this tns) tns)

tomographic method. Antiparallel beam propagation of the £ 2. pependence on the input energy of the pump pése.
pump and probe beam is prefered for the measurement§ormalized transients of the on axis population of the excited
With the help of a micromanipulator and a mirraf. Fig.  32p,, state;(b) normalized transients of the fluorescence intensity
1(a)] the probe beanfradius: w.,~0.2 mm<w,) can be escaping the vapor celic), (d) Logarithmic representation of the
displaced with respect to the pump beam to obtain the radiadame properties such as thosed (b) at times 10 to 20 ns after
dependence of the population of the excited state. The temhe pump pulse has disappeared,=3.6 mm; 7,=7 ns; p
poral evolution of the probe beam absorption is measuree-20 hPa Ar;T=240°C.
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18f ool FIG. 4. (a) Normalized transient behavior of the population of
ER a the 32P,, state given by the absorption of the cw probe-laser beam
17F o a for different displacements of the probe beam from the axis of the
o T o 15;""‘ “““ P pump beam.s;(x=4 mm)=0.22+-0.03 ands;,,(x=6 mm)
1) [ o @t ° =0.10+0.02, ifsis assumed to saturate0.5) atx=0 mm.(b)
Normalized transient behavior of the population of th&P3,, state
150 ) ) ) o qols . . . s 4 mm outside the axis of the pump beam for different temperatures
0 50 100 150 200 0 50 100 150 200

> N (optical depthsof the vapor cell. Further parameters: pump beam
e (KWIC®) max (KWICM®) radius,w,= 1.8 mm; probe-beam radius,,,=0.2 mm; pulse du-
ration, 7,=7 ns; energy per puls&,=85 wJ; buffer gas pres-

FIG. 3. 1k-decay times of the population of the’B,, state at sure,p=20 hPa Ar/N.

x=0 mm (a) and the total fluorescence intensity fitted to the
experimental data 10-30 ns after the pulse has reached its maxyehavior of the normalized population of the excited state.
mum intensity.7,=7 ns;p=20 hPa Ar;T=240°C. Standard de- Fijgure 4a) compares the behavior at different transverse po-
viations, I max; 71, =10%; 75, +15%. sitions of the probe beam at a cell temperature of 240°C.
Figure 4b) shows the same situation at a distinct spatial
for higher pulse energy, the last being less than the naturgosition and different temperatures of the heated cell. In the
decay time of 16 ns, even considering a time resolution otenter of the cell, the population of the excited state de-
about 2 ns. The corresponding results for the population ofreases monotonically after the pump pulse has disappeared.
the excited state are 25.0 and 16.4 ns. This is not faster thats maximum retards for finite delay off axis. The delay is
the natural decay time of th@,-line transition. increasing with distance from the axis. Furthermore, the de-
An explanation of this counterintuitive effect can be givenlay grows at higher optical depth, because more reabsorption
as follows: The optical depth of the atomic sample is reducegbrocesses are necessary to transfer excitation outside the
effectively by saturation in the region of the directly excited pump beam volume after saturation is decaying. These re-
volume. Additionally, multiple scattered fluorescence pho-sults are intuitively expected from the linear radiation trap-
tons increase the intensity flux that is present inside the@ing theory[2]. The experimental data relating to Fig. 4 un-
whole medium. In the case of high optical depth, the trapcover the relation between the maximum population of the
ping process is concentrated in the vicinity of the laser beanexcited state for different displacements with the assumption
[14] due to an increase in reabsorption probability. A con-of complete saturation of 100% on axis: At 4 mm displace-
tinuously growing saturation region decreases the effectivenent 44-3% and at 6 mm 202% are reached.
optical depth. After the decay of the saturation, a certain time For a comparison with the situation where the influence of
after the pump pulse has disappeared, the optical depth imadiation trapping is negligible, nitrogen is used instead of
creases rapidly causing a sudden breakdown of the photairgon as a buffer gas. Nitrogen is known to quench the ex-
flux to the detector. All of these interlocked spatial and tem-cited state population very effectively. The strength of the
poral effects result in a subnatural decay. The larger the satimpact broadening is within a few percent the same as for the
rated region is, the faster the subnatural decay will be, whabroadening of argon. At a buffer gas pressure of 20 hPa, the
indeed is observed. quench rate equals the natural decay rate of the sodium
Figure 3 represents the fastest effective decay times im,-line transition[23]. The population of the excited state
dependence of the pump pulse intensity for different beanglecays twice as fast in the case of nitrogen as in the case of
radii for the on-axis population of the excited state and forargon. This result is also manifested in Figa4 The popu-
the fluorescence light. Given a beam radius of 1.8 mm, thé¢ation of the excited state on axis decays rapidly after the
subnatural decay is first observed at an intensity of aboysump pulse has vanished. Off axis, no absorption signal is
90 kW/cnt. For a beam radius of 3.6 mm, only less than themeasured at all. In the case of a guenching buffer gas, the
half of the pump pulse intensity is needed. On the othepopulation of the excited state is concentrated on the pump
hand, the corresponding effective decay times of the populéseam volume only. In conclusion, nitrogen as a buffer gas
tion of the excited state do not fall under the natural limit. offers the possibility to reduce or nearly cancel effects due to
In the vicinity of the direct excited volume there is estab-radiation trapping.
lished a substantial amount of population of the excited state The delay of the maximum population of the excited state
due to radiation trapping. Figure 4 represents the temporalith respect to the maximum of the pump pulse intengify
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of a small vapor cell, not, e.g., for extended or natural sys-

X=6 mm . .
Py tems as in astrop.hy5|.cs. o
& w=27rmm Due to the cylindrical geometry of the problem, limita-
o o w=1.8mm tions in computer memory and CPU time, the discussion is
a 0 o restricted to one spatial dimension. We derive two simplified
s, equations for the normalized spectral fluorescence light in-
a tensityJ. =J. /Jg,, traveling in the positive and negative
direction, respectively:
50700 950 200 . 1
I (KWIGT?) +o J= (Xt ) =sk(¥)s(x,t)

FIG. 5. Rise time for the maximum population of théB,,
state for different pulse energies and radii of the pump laser beam at
x=4 mm(a) andx=6 mm(b) displacement of the probe from the
pump laser beancf. Fig. 1). Dashed lineAt~ 1/ .4 fitted to the
experimental datar,=7 ns;p=20 hPa Ar,T=240°C. Standard
deviations,| ax; At, £10%.

—k(»){1-2s(x,0)}I.(x,t,p). (2

xe[—R,+R] is the coordinate transverse the laser beam
(cf. Fig. 1). Rrepresents the radius of the cell containing the
sodium vaport is the time, and the frequency of the fluo-
rescence lightls,=8mhc/\® defines the spectral saturation
Eq. (1)] strongly depends upon the pump pulse energy. In|nten3|ty (2.4 W[cn? GHz] for the sodiumD; line). k

. ) . ) . = k¢ describes the spectral absorption coefficient with the
Fig. 5 this dependence is shown for different beam dlametersormalized Voigt functiond=(r) (J*“dve(r)=1: cf.

and two distances off axis. The temporal dependence is i .

gualitative agreement with the theoretical predictions give 28]) an_dK—)\ erl(gﬂ)' _)\ represents the wayelength .Of
in Ref.[9], where the temporal evolution of the population of the Dl—.lme transition af!‘“ Is the measur.ed particle den_sny
the excited state is calculated in different geometries with th@' Sodium atomss defines the population of the excited

approximation of an inner saturated volume and an outefitomic state in space and time normalized onto the total

region which is not directly excited. But there, neither theUmber of atoms. The terfil —2s(x,t)} accounts for stimu-

spatial characteristics nor the temporal evolution of the lasefted emission processes under the assumption of particle

pulse are taken into account. As a consequence, no depeﬁ:pnsilervation. | evolltion of th ation of th .
dence of the atomic variables on the external pump occurs. A 1 he temporal evolution of the population of the excited
similar ansatz was made in Rdf.9] where the subnatural states can be determined with the help of a rate equation
decay was predicted theoretically. To elucidate the role of

nonlinear radiation trapping, a theoretical and numerical —s(x,1)=P(x,t){1—-2s(x,t)} = (I'1 +Q)s(x,t). (3)
analysis of the experimental situation is given in the follow- ot

ing two chapters. I'y=1/7,4 represents the longitudinal relaxation rate and

That 1S the lifetime of the excited stat€ describes the rate
IV. THEORY due to quenching collisions of sodium atoms in the excited

For a theoretical description of the radiation trapping pro-Stat.e.WIthNZ molecules[23,29. Quenching due to Na-Na
cess, the equation of radiative transfer is soligd[24]) in  collision can be neglected4]. Q~56 MHz at a pressure of
combination with a rate equation for the population of the20 hPa N and a cell temperature of 240 C .
excited state. By formal integration, the Holstein equation of P(x:t) equals the net pump rate at a given distance off
radiation trapping can be derived. We apply the two-level®XiS and time consisting of two components
approgimation for the atomic line here, neglecting fine and P=P_+ Py, ()
hyperfine structure.

At a buffer gas pressure of 20 hPa Ar op,Nised in the —02
experiments, the transverse relaxation rates due to Na-Ar or Pex= QR0 d(¥iaser, ®
Na-N, collisions equall’',~780 MHz[25]. Hence, the ab- o
sorbed and emitted light can be considered as nearly uncor- Pﬂzr‘lf dvp(){J,(xt,v)+I_(x,t,p)}. (6
related in frequency(I',/(I"',+1"1)~0.93; cf. [26]] and -
complete frequency redistribution can be employed. .

The spectral absorption coefficiektis assumed not to PeX(_X’t)wlp(x’t) [cf. Ba. (V] is thg pump ratg of the
depend on the pump pulse evolution. Rabi splitfag] in ~ Gaussian laser pulse andg(x,t)=u&(x,t)/(2%) is the
the case of resonant excitation by the laser pulse is omitted?@bi frequency. Herey represents the dipole matrix element
because the maximum Rabi frequency is significantly les®f the D;-line transition,% is Planck’s constant, anél de-
than the broadening of the atomic resonance line. Anothescribes the envelope of the laser field.
approximation is, that the influence of the flight time of pho-  In contrast t0[9,20], the transient behavior of the short
tons and of the particle diffusion of atoms can be neglecte@xternal pump pulse is included in the theoretical treatment.
compared to the lifetime of the population of the excitedP., describes the pump rate of the external pump pulse of
state. The first assumptions holds for the spatial dimensionthe laser andPs, is the pump rate due to the internally
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trapped fluorescence calculated with the help of y.The
basic system of differential equations for the light on the one
hand and for the properties of the atomic medium on the

other hand are coupled vid;, . The resulting termsJ.. in
Eq. (3) represent the internal nonlinearity induced by the
multiple scattering of intense fluorescence light.

In the case of a fully saturated medius=1/2), the ef-
fective spectral absorption coefficid;;=k(1—2s) and all
radiation trapping processes vanitf. Egs. (2) and (3)].
Hence, the population and the fluorescence decay with the
natural lifetimer, .= 1/T"4, if no quenching collisions occur.
After applying a short intense laser pulse, the saturation de- t(ns)
creases and nonlinear radiation trapping sets in.

FIG. 7. Open circles, measured subnatural decay of the fluores-
cence intensity. w,=3.6 mm; 7,=7 ns; E,=85 uJ; p
V. NUMERICAL CALCULATION AND DISCUSSION =20 hPaAr; T=240°C. Solid line, calculated behavior of the
fluorescence for the experimental parameters. Dashed line, natural

Equationg2) and(3) are evaluated on a grid in real space decay expt/r..)
nav-

(cf. e.g. Ref[30]) and real frequency space. They are inte-
grated for more than £0spatial positions and real frequen- the populations of the excited state will not exceed more
cies and 10 time steps. The initial condition is given by than afew percent due to the influence of the external pump.
s(x,to)=0 for xe[—R,+R] with open boundary condi- Figure 7 represents the numerical result obtained for the
tions (no reflecting walls t, is chosen to satisfiP(x,to) to  calculation of the transient behavior of the fluorescence light
be neglibible. Due to the computational restrictions dis-€S¢aping the atomic vapgsolid line), which is also in good
cussed, we cannot compare calculations to all our exper@9reement with the experimental dapen circles The
mental results. f_qurescence is shqwn to dpcay faster than. Wlt_h th_e natural
First, Fig. 6 shows the calculated spatial distribution ancf'fe;[:'_menof '::he agodmlc Igt\)/el |S]volvecddtaslr1ed(]:|?e In Flgl. y |
temporal evolution of the population of the’B,,, state of inaly, F1g. escribes the spectral and temporal evolu-
sodium vapor for different positions[Fig. 6a)] and differ- tion of the caIcuIated_lntensny+ /Js_escaplng thg_ atomic
ent optical depttkyR [Fig. 6(b)]. The calculated curves are sample atx=R. In this representation, the exciting laser

in good agreement with the behavior observed experimen[-’ulse reaches its maximum intensityt &10. At thi; time, th.e
tally (cf. Fig. 4. At x=4 mm outside the pump beanw self reversal of the emitted fluorescence light vanishes

=1.8 mm) andT=240°C (,R=60), the maximum of the (avoided s_elf revers_}zl because the intensity of _the multiple
population of the excited state 50 ns after the occurrence cattered I|ght qut5|d§ the laser beam volum'e. Is greater than
the pump pulse amounts to 24.5% in the calculation. How!N€ saturation Intensity of.the.atom!c trgnsﬂmﬁu@\ls).

ever, this is one half of the saturation valse 1/2, indicat- One.concludes, that thg rise times in Figa)scan be ap-

ing the high intensity of the trapped fluorescence to strongI)PrOX'mated byAt~1A, if one assumes\t~koR (leading
populate the excited state of the atomic vapor outside the

pump beam volume. Without inclusion of radiation trapping,

3.0
By ”’””//III[[ )
0.3 /////i
0.2 ,,,,,//////I/’//’I//’f[lllllill//lll/ﬂ//ll[llllllll
(I) 1(I)O 2(I)O S(I)O 4(I)0 500 (I) 1(I)O 2(IJO S(I)O 4(I)O 500 3 llillillfllllliilllllllliillllllllllllllllllllllll l
t (ns) t(ns) 5 Illlllllllllllllllllllll," Il'" Illlll 100
. . 3 AN 60
Mo payigtrali iR
positions x from the pump beam axiga) and for different
temperatures(optical depths of the sodium vapor atx=4 FIG. 8. Calculated spectral intensify /Jg at x=R leaving the

mm (cf. Fig. 2. p=20 hPaAr/N; Q=0/56 MHz; P(x,t) atomic vapor in the positive direction in dependence of timeind
=P, exp(—2x2/w2p)exp(—2tZ/7,§); Py=5.0 GHz> TI';; Qg=0.49 detuning Av=wv—1v, with respect to the atomic resonance fre-

GHz; w,=1.8 mm;7,=7 ns. In the case of Ar as buffer gas(@: guencyv,. The parameters are the same as in Fig. 7. The maximum
SmadX=0 mm)=0.5; s, (X=4 mm)=0.245, s;,,,(x=6 mm) spectral intensity of the multiple scattered light equals
=0.119. =7.75]5. At t=0, the self-reversal of the line shape disappears.
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term of 14 with the escape factay for a Doppler broadened tension of the saturated volume and acts as a nonlocal non-

line and a cylindrical cell geometry; df12]) and substitutes linearity. _ _ o _

ko by ko/(1+1/1¢), the absorption coefficient of a saturable It iS necessary to include nonlinear radiation trapping ef-

medium. fects in a careful analysis of related experiments, especially
In our experiments, the atomic vapor is not only saturatedVhen examining beam propagation effects in saturable me-

by the spatially limited laser beam inside the pump beanflia, four-wave mixing in optically thick vapors, or experi-

volume, rather it is saturated by the trapped fluorescencB€nts related to Bose-Einstein condensaf@i+-33 in cold

light outside this region. vapors. By observing the time dependence of the fluores-
cence light in the situation of a narrow laser beam traversing
V1. SUMMARY AND CONCLUSION an extended atomic mediumsabnatural decagan be well

observed. Simultaneous measurements of the population of

In this paper, we introduced a probe beam technique as the excited state never show a decay faster than the natural
tomographical method to study radiation trapping effectsone. This proves the subnatural decay to be indeed a phe-
This method determines the spatiotemporal behavior of theomenon due to nonlinear radiation trapping.
population of the excited state, and thus, gives much more The interpretations of the experimental results are sup-
direct access to the physical quantities dfai atomic vapor ported by numerical simulations based upon nonlinear equa-
than only the observation of the fluorescence escaping thons of radiative transfer. Due to computational limitations
cell geometry. numerics is carried out only in one spatial dimension, the

A considerable amount of the population of the excitedcoordinate transverse the laser beams. Nevertheless, the ex-
state can be found in a region outside the pump beam voperimental results are reproduced quite well, indicating non-
ume, produced by resonance fluorescetiffeisingfrom the  linear radiation trapping to be the decisive effect in our ex-
excitation region into the region not directly illuminated. It periments. Furthermore, the numerical results give
has to be concluded that the intensity of the trapped fluoresnformation about the spectral distribution of the multiple
cence has to be in the order of magnitude of the saturatioacattered light and the effect affoided self reversait times
intensity of the atomic transition. This additional componentwhere the atomic vapor is strongly saturated due to nonlinear
ot the radiation field, however, significantly increases the exradiation trapping.
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