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Determination of the gas-surface scattering kernel from two-photon evanescent-volume-wave
fluorescence spectra
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The gas-surface scattering kernel for Na atoms interacting with a dielectric surface is obtained by measuring
and theoretically reproducing two-photon evanescent-volume-wave spectra. From a detailed analysis of the
spectral line shapes the contribution of inelastically scattered atoms is identified and a mean energy transfer of
36 meV is deduced for atoms having initial mean thermal energies of 79 meV. The mean probability of direct
scattering mediated by surface phonons increases from 0.03 to 0.05 by increasing the surface temperature from
386 K to 398 K.
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I. INTRODUCTION Il. GAS-SURFACE SCATTERING KERNEL

Taken as a steady-state problem the gas-surface scattering

The scattering kernel represents a fundamental quantity iQerneIR(v—w’) is the probability density that an atom strik-

gas-surface interaction_s. It summarizes the basic informatio g the surface with velocity betweanand v+ dv will re-

on gas-surface scattering. Further reduction to a small set fnerge at practically the same point with velocity between
accommpdauon coeff_|C|ents leads to .Ia.gk of clarity, misin-\» 414y’ + dv’ [4,1]. The functionR(v—V') is normalized
terpretation of experiments, bad definitions of terms, ancby the condition

misunderstanding of concept$l]. The computation of the

scattering kernel from a physical model of the surface re- o

quires a rather detailed knowledge of the interaction between JU,>OR(V_’V Jdv'=1, @

gas particle and surface. Thus in trying to do so one faces ‘

usually numerous problems. An alternative and rather artifiwhere we have chosen theaxis along the normal to the
cial way is to construct a mathematical model in the form ofsurface towards the gas. The scattering kernel determines the
a kernel that satisfies the basic physical properties and is ndoundary condition for the velocity distribution function
otherwise restricted except by the condition of not being tod (v) of the gas atoms as follows:

complicated. The only source of experimental data on this

guantity are beam scattering experiments. Such experiments f*(v’)vng RO(V—V/) T~ (V)|v,|dv, )

are restricted in application by the boundary condition that

Iir:)enyscan be carried out only under-ultra-high vacuum Cond'Where the superscripts—" and * +” denote the atoms ar-

. riving at the surface for which,<0 and the atoms scattered
Recently, a novel approach to this problem has been pr g z

. By the surface for whicly,>0, respectively. In thermody-
V'de_d k?y laser spectroscopy of the gas boundary 159]. _n)z;mic equilibrium betweén the ggs andythe surface yboth
Excitation of gas.ﬂut_)rescence by crossed electromagneti roups of atoms have a Maxwellian distribution functigp
waves, one of which is evgnescent and propggates along t fid hence the functioR(v—v’) must satisfy the equality
surface and the other one is volume and is directed normally
to the surface, enables one to separate spectrally the contri-
bution of atoms arriving at the surface from that of the atoms fm(v')v,= f R(v—=V")fu(V)|v ldv (€
scattered by it. Being determined by the Doppler broadening, vz<0
the spectral line shapes provide the velocity distributio ith v/>0
functions of both groups of atoms. It is the scattering kerne o
that relates the velocity distribution function of the scattereqvI
atoms to that of the arriving atoms.

In the present paper we have investigated a model system R(y_,y')=Sp’f,(v/)+(1-S) SV =V 8(vs+v,),
consisting of sodium vapor atoms in the close vicinity of a (4)
glass prism surface. The atomic transitio®, 3— 3P3,, was
excited by a laser beam traveling along the normal to thevherey is the projection of the vector onto the surface
surface whereas the adjacent transitioR;3—5S;,, was  plane andd(x) is Dirac’s delta function. The model implies
scanned by the evanescent wave at the prism surface. Basititat a fractionS of atoms striking the surface gets adsorbed
on a detailed analysis of the resulting fluorescence linen it and then desorbs having a Maxwellian velocity distri-
shapes we have determined the parameters of the scatterihgtion dictated by the surface temperature. The remaining
kernel for such a system. fraction (1—S) undergoes a reflection in the specular direc-

A simple model for gas-surface scattering proposed by
axwell corresponds to the kernel
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tion (directly scattered fractionTo satisfy the conditiorfl)  with Ae=2\kgT5, AK=A€/(\2vg). Here, kg is Boltz-
the Maxwellianfy, should be normalized to a unit probabil- mann’s constanfT is the surface temperatureg is the Ray-
ity flux from the surface, leigh mode velocity, and is the mean energy transfer inde-
pendent of surface temperature that can be considered as an
f o fy(vydv =1 ) empirical parameter. The probability(e,Q) describes both
oisp 2 M ' the direct and the trapping-desorption channels and is nor-
‘ malized to unity,

and have the form

2 v?
fM(V)=—4exp(——2), (6)

TUT U

Jlf N(e,Q)dedQ=1. (14)

The resultg11)—(13) correspond to the multiphonon scat-
tering of atomic particles at surfaces and can also be obtained
with v the most probable velocity determined by the surfac&rom a rigorous quantum-mechanical treatment in the semi-
temperature. classical limit[7]. The knowledge of the functioN(e,Q) in

Based on more general grounds, the reflection from theyinciple allows one to calculate the sticking probabil@y
surface can also be mediated by substrate phonons. This rgowever, this would involve solving the master equation for
sults in a broadening of the angular distribution of the re-the transitions between the adatom sta6dsInstead of that
flected atoms[5]. According to the different scattering e shall consider this quantity as an empirical parameter. In

mechanisms we shall divide the Scattering kernel in tW%uch a case the direct Scattering kernel has the form
parts,

Rair(v—=Vv")=C(1-9)N(e,Q), (15
R(V=V") =Rged V—V') + Ry (V—V'), (7
wheree andQ are related tor andv’ by means of Eq99)
where the kernel and(10) and e is restricted by the condition that, is real.
As it follows from Egs.(1), (5), and(8) the integral on the
RgedV—V')=Sv,fy(v") (8)  right-hand side of Eq(15) over the range corresponding to

_ _ _ the direct scattering should equat-5. This provides the
corresponds to desorption following trapping at the surfac&alue of the normalization consta@t Finally, one gets
and the kerneRy;,(v—V') describes direct scattering. The
latter quantity can be expressed in terms of the probability o 3 o 5
N(e,Q) that the state of the substrate phonon system after ~ Rair(V—=V')=2(1=S)| 7 erf 1) A€AK
scattering differs from its initial state by energyand mo-

-1

mentumQ related to the velocities andv’ by the conser- . m?|vj —v|?
vation laws XM exg — ——————
AK
mv; =mv;+ Q, (9) 2
[ I m
xXexp ——| 5 (v =v?)=4| , (16

m m A€? 2

a2

SV =5 +e€. (10

where erfck) is the complementary error integf&] and we

. . have taken into account the Jacobian of the transformation
Here, m is the mass of an atom and it is assumed thak.,, e variableg €,Q} to {v'}. Also, we have assumed

energy and momentum transfer during scattering 0CCUTS Vigha¢ the mean kinetic energy of the atoms striking the surface

the surfaceg(Rayleigh phonons. is much less than the atom-surface-potential well depth.

. In the trajectory approximation aSS“.’.T“”g a c.IassicaI MOGiven that the potential-well depth between Na atoms and a
tion of the scattering atom the prqbab|_lll:§/(e,Q) IS repre- lass surface is about 0.8 eV, this condition is well fulfilled
sented as a product of two Gaussians in energy and momefy, the present experiments

tum separately6],

N(e,Q)=N(e)N , 11 lll. LASER SPECTROSCOPY OF THE GAS
(eQ) (ONQ ) BOUNDARY LAYER

where The velocity distribution function§~ andf* introduced

in the preceding section are directly related to the fluores-
cence line shapes obtained via excitation of the gas near the
surface by crossed evanescent and volume waves resonant to
adjacent atomic transitior®,3]. The theory of fluorescence
spectra in such a system has been considered in {i&taihd

’ (13) here we shall review it only briefly. Let us assume that the
volume wave(wave ] is resonant with the transition be-

1 p[ (e— 5)2
N(e)= ——exg — ——|, (12)

Aé€?

1
Q= wAKZeXF{ - AK?
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(a) (b) whereA ;= w;— wjg and A,= w,— w; are the detunings of
- pom; kser the transitions® (x) is the unit step function, and we have
1 o o probe laser introduced the velocity distribution functions reduced to the
. L plane 6,.v,),
li> X
@1 WDig 5+ * +
lg> L L f*(vx,vz)zfﬁmf*(vx,vy,vz)dvy. (22
FIG. 1. (a) The excitation scheme of the atomic levels. Trun- The ® functions in Egs(20) and(21) arise from the fact

cated prism and configuration of laser beams. that for negative detunings, only the atoms moving to the

. ) . surface are in resonance with the volume wave, whereas for
tween the ground atomic stalg) and the intermediate ex- positiveA ; only the atoms moving from the surface are reso-
cited statei), whereas the evanescent waweave 2 scans nantly excited.
the transition between the stafie> and the upper excited | g ys assume that the velocity distribution function of the
state|e) [Fig. 1(a)]. Assume also that the penetration depthatoms approaching the surface can be factorized into two

of the evanescent wave into the gas is much less than thgqgependent distributions with respect to,(v,) and v,
mean-free path of gas atoms so that within the exmtaﬂoTlo] namely.

region the interatomic collisions can be neglected. The inten-

sity of fluorescence from the upper st is determined by f=(v) =T (vy )t (vy). (23
the sum of the contributions from the atoms arriving at and Y
departing from the surface, In such a case, as it follows from E®),

l=1"+1%, (17) -

A_éA_izﬂﬁ !
kz "k, T G

XF(vy,v,)|v,|dvdvy, (24)

where

lfxf 7 (vV)oedOv)dv (18 o changing the integration over velocities to the integration

over frequencies,
with o(p,v) the Laplace transformation of the atomic den- L C
sity matrix [9]. The latter quantity can be found by solving ?*(2 ﬁ) _ ij fﬁ(& ﬁ_}& ﬁ)
the optical Bloch equations with the boundary conditions set k, "ky k2K, ko ki ko' kg
separately for the arriving and departing atoms. The result

takes the most simple and transparent form when saturation ~ [Ay Ay
at both transitions is negligible. In such a case, xf K 'Ky |A1|dA,dA,, (25
e w2 0505 where
Uee(oiv)zl_eépmé(wl_klvz_ wig) )
X 0y o), a9 Rwavrvion= [ [ ROV 0

(26)
where &, is the penetration depth of the evanescent wave )
into the gasS(x) is the Dirac delta functionQ),; and(), are IS the scattering kernel reduced to the plang,{,). Now
the Rabi frequencies associated with the correspondinffom Egs.(20) and (21) one can conclude that the fluores-
waves,»; andw, are the frequencies of wave 1 and wave 2,cence line shape obtained fdn,>0 and that obtained for
iy and w,; are the frequencies of the corresponding transidlfferentAi<O are related by means of the reduced scatter-
tions, y; and y, are the relaxation rates of the stajgsand  ing kernelR.
|e), ks is the wave vector of the volume wave directed along In the following, basing on the experimental results on
the z axis, andk, is the wave vector of the evanescent wavetwo-photon fluorescence in a model gas-surface system we
directed along the axis. The twoé functions in Eq.(19) shall determine the parameters of the scattering kernel in the
express the fact that only those atoms which are in resonandéemework of the physical model described above.
simultaneously with two transitions get excited and fluo-
resce. Substituting Eq19) in Eq. (18) we get IV. EXPERIMENTAL SETUP

_ , Ay The experimental setup is shown in FigblL A truncated
|“f(k—,k—)[1—®(A1)], (200 glass prism is mounted on a manipulator in a high-vacuum
2 " (Po=10"8 mbar) chamber. It is heated resistively to fixed
Ao A values of 371 K, 386 K, and 398 K, respectively. The light of
|+o{f‘+(_2,_1) O(A,), (21)  two-frequency tunable, single mode ring dye lasers is trans-
ko " ky ferred into the apparatus via glass windows and optical fi-
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FIG. 2. Two-photon fluorescence spectrum observedA at FIG. 3. The net contribution from the atoms scattered by the
=800 MHz. T=1398 K. surface(dot9. It has been obtained by means of subtracting the
' calculated contribution from the atoms approaching the surface

. . . .., from the spectrum in Fig. 2See Ref[3] for details) The calcu-
bers. The total linewidth of both lasers is about 3 MHz with lated spectrum of the desorbed atoms and the best fit obtained for

a measured drift of far Igss than 90 MHz during a typical, _q 95 are shown by the gray and black lines, respectively.
wavelength scan. The diameters of the laser beams are 0%

mm (laser nd 2 mm(laser 2, r ively, and laser _—
(laser 3 and (laser 2, respectively, and lase lated the contribution from the desorbed atoms correspond-

powers of 15 mW each are used. ina to th | i ; i ¢ Th lculati
An evanescent wave is excited by laser 2 at the glas@g 0 he relevant surface temperature. 1he caicuiations

prism surface at an angle in the vicinity of the critical angleWere carried out using the rigorous theory developed in Ref.

for total internal reflection. Laser 1 generates a volume Wavif] anq taking into account the optical pumping to the other
which propagates perpendicularly to the prism surface vi yperfine sublevel of the ground stateS,3(F=1) [11].
the truncated apex of the prism towards the vacuum side.
While laser 1 is resonant to theS3,— 3P, Na atomic tran- 50
sition (16 973.33 cm?'), laser 2 is scanned around the
3P3,—5S,,, resonance transition. The starting frequency
(“0” on the frequency axis in Figs. 299corresponds to 140 +

160 |-

16227.2741 cm', as determined by an iodine absorption E 5
cell. The blue shifted fluorescence light from th@4 3/, S 120
—3S,, transitions (30 267.28 cht and 30272.88 cmt) is .8 -
observed as a measure of the excitation probability by a pho2 100 |-
tomultiplier and photon counting electronics. 2 i

A flux of about 5x 10" sodium atoms per second from a § 80 i
Na dispense(SAES gettersreaches the prism surface at an é 60

angle 8,=55°*+5° with respect to the surface normal. The § 5

Q
flux is directed in the plane of incidence of the laser beam§ 40
exciting the evanescent wave along its propagation direction 8 -
It determines the velocity distribution function of the atoms g 20 |
arriving at the surface. = 5 [
-20 1 1 1 1 1 1
V. RESULTS AND DISCUSSION 2000 1000 0 1000 2000 3000

The fluorescence spectra obtained for two positive values
of the detuningA; upon scanning the detuning, at differ-
ent surface temperatures are shown in Figs. 2-7. As noted FI|G. 4. Two-photon fluorescence spectrum observedA at
above, such spectra should arise from the atoms departing8oo MHz, T=386 K (dot9. The other notations are as in Fig. 3.
from the surface. In order to analyze them we have calcuThe best fit corresponds tp=0.03.

Laser 2 Relative Fequency [MHz]
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FIG. 5. Same as Fig. 4, but fdr,=600 MHz, T=398 K. The FIG. 7. Same as Fig. 6, but far=371 K.

best fit corresponds tg=0.05.
_ results are shown in Figs. 8—10 which are plotted as a func-
One observes a clear discrepancy between the measured afith of the velocity componens,, deduced from the reso-

the calculated spectrégray curves at the right wings in pance conditiom ,— kv, =0, the detuningA, taken with
Figs. 3—5. This difference has to be attributed to the atdMS$aference to the center of the fluorescence line.

which were scattered without being trapped at the surface

i.e., via a direct scattering channel. In Figs. 6 and 7 no reécattering kerneRy;, introduced by Eq(7) and determined

markgble difference is seen: in tha_t cases the contribution ,OrSy Eq.(16). As an input for the velocity distribution function
the directly scattered atoms is negligible. _For_further analysi$ the atoms approaching the surface we use the result ob-
we have subtracted the calculated contributions of the deﬁéined in Ref[3]. Namely, the atomic flux to the surface is

orbed atoms from the measured signals in Figs. 3-5. Thg,hresented as a sum of two contributiofisa contribution
from the atoms moving directly from the dispenser with the

' The obtained signal should be described in terms of the

8r velocity distribution
. = ) 1 (v2+v3)Y2cogA0)
vt Uy,Uy)= < -

7 Or Do T Cy (024 02)sin(A 6) + WP

=]

= 2, 2

] I (vi+v2)CcoF(A D)
£ Xex;{ X 5 . (2
E’ or Ud
Z

k3] 5 and (ii) a contribution from the atoms that have undergone
= mutual collisions in front of the surface with a Maxwellian
8 20l distribution

% 2, .2, 2

& I 1 vytugtu

=} - X y z

3 fodvg Uy, 0)=—c—=expg ——|. (28
T oL dstmxo Ty ¥2l 3123 ’{ I

PR NSNPY N N S N S — Here,Cq is a normalization constank §=7° is the angle

2000  -1000 0 1000 2000 3000 between the direction of the dispenser axis and the direction
from the dispenser to the spot on the surface illuminated by
the lasers; the parameters =8.0x10* cm/s, w=1.1

FIG. 6. Two-photon fluorescence spectrum observedat X 10 cm/s, andu=4.4x 10" cm/s determine the widths of
=600 MHz, T=386 K, (dots, and the calculated spectrum of the the corresponding distributions. The energy distribution
desorbed atoméray line. function

Laser 2 Relative Frequency [MHz]
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30 - 0.012 -
(@) : (b)
0.010
0.008

0.006

0.004
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Difference of Intensities [arb. units]
Energy Distribution Function

20 . l N 1 . 1 . 1 . 1 N I 0.000
-15 -10 -5 0 5 10 15 0 50 100 150 200 250

v [10* em/s] E' [meV]

FIG. 8. (a) The contribution of the directly scattered atoms Agr=800 MHz, T=398 K (dot9. The best fit(black ling corresponds to

8=420 K. (b) The energy distribution functioﬁ*(E;) of the directly scattered atoms determined by B4) and corresponding to the data
of (a).

1 about the surface normal. This would lead to a symmetric
fa (B)= T (vev) (29 signal line shape with respect to the resonance frequency.

However, we see no such contribution above the noise back-

with E=m(v2+v2)/2 is shown in Fig. 11. Its maximum de- ground in Figs. 8-10. This finding allows us to conclude that

termines the most probable energy of 24 meV in the flux@!l the atoms which have undergpne collisions in front of the
from the dispenser whereas the mean kinetic energy calcfU'face are scattered after being trapped at the surface.
lated with f; (E) is equal to 79 meV. The corresponding Hence, the_y contnbute_to the desorpt!o_n channel only. There-
quantities for the atoms which have collided with each othefCr€: the direct-scattering channel originates from the atoms

in front of the surface are 12 meV and 34 meV, respectively‘clying directly from the dispenser and having a higher mean

: . ; thermal velocity.
Obviously, the atoms approaching the surface with a Max As it follows from Eq. (16) the width of the velocity

wellian distribution function would be scattered in the directd. tributi f the directl ttered at is det ined b
channel having a velocity distribution axially symmetric IStribution of the directly scattered atoms IS determined by

20

20 |- .

Difference of Intensities [arb. units]
Difference of Intensities [arb. units]

20 b . . .
30 N 1 . 1 . L N 1 N 1 N ] 20 2 1 N 1 N 1 N 1 N 1 N )
-15 -10 -5 o} 5 10 15 -15 -10 -5 0 5 10 15
v [10* cmis] v [10* cmis]
FIG. 9. Same as Fig. 8, but fdr; =800 MHz, T=1386 K. FIG. 10. Same as Fig. 8, but fdr; =600 MHz, T=398 K.
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0.010

~ 1.

(BN =—1"(vy,v50), (31
mo

0.008

with E,=mu,%/2 andv jo=A,/k;, and normalized to unity.

The so defined distribution function has the sense of a con-

ditional probability that the kinetic energy of the motion

along thex axis for the scattered atoms lies in the interval

betweenE,, andE,+dE, provided thatE,=mu,,?/2. Thus

from Fig. 8b) we obtain that for the directly scattered atoms

having E,=26 meV the most probablg&; is equal to 45

meV and the mean value &; is equal to 50 meV.

Using the found value of the paramei@ie have calcu-
lated the contribution of the directly scattered atoms for the
other cases represented in Figs. 9 and 10. The agreement
between the experimental and the calculated curves is rather
satisfactory in Fig. 10. Two remarks are in order.

0.006

0.004

0.002

Energy Distribution Function

0000 T o 0 300 (i) Whereas the peak on the right-hand side of Figs. 8—10
o is well above the noise background, this is hardly the case
Kinetic Energy [meV] for the slight deviations seen on the left-hand sides. A pos-

sible reason for difference signal intensity at low frequencies
is that some small fraction of the atoms scattered in front of
the surface has been directly scattered by the surface, thus
giving signal intensity at lower kinetic energies. The negative
the quantity (2 e/m)*2 For the values ol € of the order of  gip could be explained by the following: The atoms which

a few hundred degrees this quantity is of the order of theontribute to the spectrum near the resonance with the upper
mean thermal yelocﬂy. The width of the resonance maximayansition move perpendicularly to the surface and have
of the functiono . is given mainly by the power broadening higher mean thermal velocities along this direction as com-
which in our case is much less than the Doppler broadeningared with the atoms moving at large angles with respect to
or in terms of a velocity dependence is much less than théhe surface normal. The interaction time with the surface for
mean thermal velocity. Therefore the resonance behavior adhem is therefore shorter than for the atoms contributing to
oo, in the integrand of Eq(18) can be approximated by  the spectrum wings and hence the process of excitation re-
functions as in the case of the weak laser fields limit prelaxation is less effective. This means that such atoms are
sented by Eq(19). Thus in accordance with E¢R1) we can  reflected from the surface while still being in the upper ex-
conclude that the signal line shapes presented in Figs. 8—ited state. If we take now into account that the laser light
give the velocity distribution functioﬁ+(v)’< ,v}) of the di- that is stimulating two-photon emission is permanently on, it

. o will result to stimulated emission to theP3,, state at some
Ei%ly scattered atoms subject to the conditicf=A, /k, distance from the surface, while the reflected ground-state

, : - . atoms are again excited. Hence the contribution of the atoms
we _have fitted th_e s_haBe of t?e S|gna! in Fig. 8 using Eqbeing reflected in the excited state to the total fluorescence
(24) with the substitutionf”—f; and with the kerneR  gjgnal decreases as compared with the contribution of the
replaced by atoms which are desorbed from the surface in the ground

state. As a consequence, one observes a negative dip corre-
sponding to the resonance with the upper transition.
~Rdir(vx,uz—w)’(,u;)zf f Rgir(v—V")dvdvy, (i) Although the theoretical curve in Fig. 9 reproduces the
(30) measured signal shape, its maximum is shifted to lower fre-
quencies. Since the position of the maximum of the directly
scattered atoms is determined by both the direction of the
where the kerneRy;, is determined by Eq(16). The only  incoming atomic flux and by the detuniny; we suppose
adjustable parameter besides the signal amplitude was thkat uncertainty in the determination of the laser frequencies
mean energy transfe$, The parameteAK was expressed in absolute values as well as instability of the flux from the
terms of § using the calculated value of the Rayleigh modesodium dispenser from one measurement to another, leading
velocity. The latter quantity can be obtained from its relationto a slight deviation of the flux axis, are the main reasons for
with the transverse sound velocity and the ratio between ththe disagreement.
transverse and longitudinal sound veloci{i¢8]. For a regu- Further we have fitted the measured two-photon fluores-
lar crown glass such an estimate gives=3X10° cm/s.  cence line shapes using the scattering kernel in the f@m
The best fit obtained fof=420 K (or 36 me\j is shown in  with the kernelsRy.s and Ry;, determined by Eqs(8) and
Fig. 8@a). Figure &b) presents the corresponding energy dis-(16) and considering the quantiyas an adjustable param-
tribution function calculated as eter. The result is shown in Figs. 3—5. From the fitting pro-

FIG. 11. The energy distribution function of the atoms moving
directly from the dispenser.
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cedure we have found that far=398 K the mean probabil- the scattering kernel for the investigated model system.

ity [14] of direct scatteringp=1—S=0.05, both forA; In the present experiment the vapor-surface system has
=800 MHz andA ;=600 MHz, whereas foil =386 K, 7 been kept under thermodynamically nonequilibrium condi-
=0.03. This result is consistent with the fact that atoms stickions. One could ask whether it would be possible to distin-

better on a colder surface. guish between desorbed and inelastically scattered atoms un-
der equilibrium conditions. From Eq$3), (7), and (8) we
VI. CONCLUSIONS see that in such a case both components would have identical

velocity distributions. So, in the absence of external fields
In the present paper we have investigated two-photoyne would expect that “no” is the correct answas]. How-

fluorescence spectra of Na vapor atoms excited in the closgyer, according to Eq(18), the two-photon fluorescence
vicinity of a glass surface. A detailed analysis of their line spectrum of the scattered atoms is determined not only by
shapes has allowed us to deduce that the departing flux @he velocity distribution function, but also by the population
atoms also contains a small fraction of atoms that have beeg¥ their excited states. Hence, if the boundary conditions for
inelastically scattered by the surface. From theoreticallthe atomic density matrix at the surface are different for the
modeling the experimental line shapes we obtain a value afiesorbed atoms and for those directly scattered, we should
the mean energy transfer for such a process as well as thg\swer “yes.” The latter condition can be realized if the
mean probability of direct scattering mediated by surfacgelaxation processes near the surface are not fast enough to

phonons. This probability increases with increasing surfacylly quench the directly scattered excited atoms.
temperature. A comparison between the contribution of the

atoms which have been scattered in front of the surface
(mean kinetic energy 34 megVand those coming directly
from the Na sourcémean kinetic energy 79 meg\allows us

to conclude that atoms approaching the surface with different The authors thank J. Loerke for help during the experi-
kinetic energies have different probabilities for being trappednental part of the work. This research was supported by
at it. All this information has allowed us to reconstruct in fact Danish Research Agency Grant No. 51-00-0406.
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