PHYSICAL REVIEW A VOLUME 53, NUMBER 6 JUNE 1996
Anomalous light-induced drift of potassium in Ne plus rare-gas mixtures
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We report anomalous light-induced drift of potassium vapor in mixtures of Ne with another rare gas. The
drift velocity versus laser frequency curve shows a strong deviation from the dispersion curve predicted by the
standard theory of light-induced drift based on velocity-independent collision rates. The observed drift velocity
versus frequency curves have three zero-crossings. For a qualitative explanation of the results, a strong colli-
sion model with velocity-dependent collision rates is used. The partial pressures that cancel normal light-
induced drift also provide accurate ratios of cross section for potassium collisions with the various buffer gases.
The observation of anomalous light-induced drift in a simple atomic system offers the opportunity to relate the
results to potential curve§S1050-29476)02906-X]|

PACS numbgs): 42.50.Vk, 34.20.Cf, 34.98.q, 51.20+d

INTRODUCTION condition to observe and study anomalous behavior of LID
because the two buffer gases will have opposite LID effects
Light-induced drift (LID) can occur when optically ab- With potassium atoms, so that a mixture of Ne and another

excited in a velocity selective way. Laser detuning at a fre{hat at particular detunings the drift velocity vanishes, allow-
qguency that is slightly off the transition resonance excites ng the observation of a_nomalous LI.D' The near_cancellatllon
velocity class of absorbing atoms. As a result, a flux ofOf the norma] LID by using two species that provide opposne
excited-state particles and an opposing flux of ground-stat%.lD ?.ﬁeCtIS IS q SOTf.Whalt tanalo?r(])utsl to dtf:e cancelllatlonthl)Df
particles occur. Because in general the excited-state particlé’ébt[]a 'On"T anl rota 'Ont?] ter:ms ba eat ﬁ;)eg%oTaﬂ?us
have a different diffusion cross section from the ground-statérl d? mo ec(;; ar c?f]es ta e}ve eenrs], u N I ?_se b
particles, the excited- and ground-state fluxes do not cancef | |estr\]/veb Ofan ave ?. rle y on a chance gancde. atlog e
The result is a net flux of particles either parallel or antipar-ﬁﬁﬂzﬁslye ulfer-gas partial pressures can be adjusted con-
allel to the laser beart]. " . . . .
Recently, Van derrfl\%]eeet al.[2] observed an anomalous The drift velocities due to anomalous light-induced drift

. ; : Il and cannot easily be measured by the time-of-flight
behavior in the dependence of the drift velocity on the lasef'® Sma .
detuning from resonance. For most atomic and molecul gthq;jhused by_Atut?eit taI.L9]l, and Werij an? Wct;erdmar;h.
species that could reasonably be described as two-level sys- |. The experimental technique we use to observe this

- . . : oo Il drift effect is similar to the technigue used by Mugglin
tems, the drift velocity has a simple dispersionlike shape as ma . o chniq ! y Mugg
function of the laser ()j/etuning. Vgn derpMﬂral. 2] fourﬁ)d et al.[11] for observing white-light-induced drift, except that

that the LID spectral profile of the /8, molecule in rare fluorescence is used to measure the potassium density in-

gases on thé4,1,3—1-(5,0,5 rovibrational line had three stead of transverse absorption of a probe laser.
zeros. Gel’mu'khanov and Parkhomenﬂ&)ﬂ showed that_ EXPERIMENT
different velocity dependences of the collision cross sections
for ground and excited states could yield such a curve, and The experimental setup is shown in Fig. 1. The test cell is
could even produce drift velocity spectral profiles with up tomade of borosilicate glass. The capillary has an inner diam-
five zeros. The velocity dependence of the transport collisioreter of 4.0 mm and a length of 11 cm. The cell is coated with
cross section for some alkali atoms in different quantuma monolayer silane nonstick surface in order to prevent ad-
states is studied theoretically by Gel'mukhanov andsorption of potassium atoms onto or into the glass walls. The
Parkhomenkd5]. coating is deposited by rinsing the cell walls with a solvent
In the present paper we report an observation of anomazontaining a few drops of hexadecyltrichlorosilane. This
lous LID in an atomic system. We observe additional zerocoating is essentially the same as the coating used in &ef.
crossings at frequencies on either side of line center for pd-6,12] for normal LID measurements, except that the poly-
tassium in a mixture of Ne and another rare gas from themer chain has sixteen hydrocarbon units instead of eighteen.
group He, Ar, Kr, and Xe. A buffer-gas mixture of~4-10 Torr is admitted into the
Yahyaei-Moayyed et al. [6] reported normal light- cell, which results in homogeneous width€.1 GHz. These
induced drift velocities and diffusion cross-section ratios forpressures are chosen to preserve velocity selectivity, since
potassium excited on thd®, (42S,,-42P,,) and D, the Doppler width is~0.5 GHz, while still assuring rela-
(42S,,,-42P,,,) transitions, in He, Ne, Ar, Kr, and Xe. It tively slow diffusion in the main capillary.
was found thatAo/oy= (0.~ 04)/oy are positive for all The potassium metal in the side appentire Fig. 1is
cases except fdD, excitation in a K-Ne mixture, which had heated, creating a vapor that diffuses into the main tube at
an opposite LID effect. A mixture of Ne and another bufferthe T intersection. In the experiment, the potassium density
gas with positiveAd/ay is therefore an ideal experimental is low enough(~10° cm™3) that the vapor cloud is very

1050-2947/96/5®)/4331(7)/$10.00 53 4331 © 1996 The American Physical Society



4332 F. YAHYAEI-MOAYYED AND A. D. STREATER 53

J.[ 0.5 (a)

To the vacuum

system T <F
Q [aB-A)
= 0
=
2D
N
=
) g 05
“7*m Heated potassium 3
! source =
Pyl omeee- - s
=1 Alep]  [D]B 0
: 0 0.5 1.0 L5 2.0
i
| current (b) W‘vmﬂn’m“ﬁm W‘W"’"
/>i\ BS amplifier
»

-

. To the scope 3

] :
Potassium reference ™~ ""77~ I Ti-Sapphire laser

cell

Signal B

FIG. 1. Schematic diagram of the experimental setup. PD, L,
and BS, represent photodiode, lens, and beam splitter, respectively.

optically thin for the LID laser beam passing through the laser

main tube. L blocked

In the absence of LIDbeam blockell a symmetrical po- % 05 o s 20
tassium vapor cloud is formed by atoms diffusing into The
intersection of the cell and then symmetrically outward into time (s)

both sides of the main capillary. The density decreases on
either side of theT intersection, due to either a gradual FIG. 2. Typical experimental fluorescence sign@sB-A and
chemical loss by reactions with impurities or occasional(b) B in the case of a mixture of Afpartial pressure 0.5 Torand
sticking to the wall, or due to the boundary condition that theNe (partial pressure 4.0 Tarrin this case the laser is detuned 0.6
density is zero where the capillary opens into the wide win-GHz to the red side of the maximum fluorescence point for a
dow regions that do not contain potassium atoffibe large- ~ vacuum potassium vapor reference cell. The slight change in unav-
volume window regions are far removed from the source,eraged signaB after the beam is admitted is lost in the noise, but is
and potassium atoms that diffuse through the main tub@_asily observed_in the difference signal, which is an average of
spread out into these regions and are eliminated by OCCﬁtz_lght repelated signals. Abogitof the signalB represents scattered
sional sticking or chemical logsWhen the laser beam is ight, and 3 represents fluorescence.
introduced, atoms are pushed or pulled, causing the cloud to
become asymmetrical. If the beam is kept on, the cloudand therefore the signals, will reach a steady state if the beam
eventually reaches a new asymmetrical steady state. It is thig|as been on for sufficient time. Even if the cloud is not
change to a new asymmetrical configuration that we meainitially exactly symmetric forvy=0 (e.g., due to impurities
sure. in the coating on one side of theintersection, the change
The beam from a tunable, stabilized, single-mode Ti-upon admitting the laser will be in the same sense and of
sapphire laser, pumped by an argon ion laser, is focused approximately the same magnitude. Care is taken to first bal-
the chopper wheel and collimated by ldnsThe photodiode ance the signalé andB by adjusting the position of photo-
detectorsA and B are used to detect the fluorescence ofdiodesA andB before introducing buffer gas into the cell,
potassium atoms at points placed symmetrically on eitheand with the laser tuned to direct resonaftbes eliminating
side of theT intersection. The photodiode& and B are  LID). Then the buffer-gas mixture is introduced to the cell
wired to switches such that the signaié\, B, or the differ-  and the signal8— A andB are recorded as the laser beam is
ence signaB— A can be detected. The signal is then ampli-detuned to different frequencies. Figure 2 shows a typical
fied by a current amplifier and displayed on a digital oscil-example of the time-dependent sign@sB — A and(b) B as
loscope. By recordingB—A directly, noise due to functions of time, after the beam is admitted, for the case of
fluctuations in the laser power is minimized. an Ar-Ne mixture. The signaB— A is averaged over eight
After the laser beam is admitted to the cell at titme0,  repetitive sweeps while the signBlis not averaged(Note
light-induced drift occurs and the potassium atoms arealso that the signaB is blocked while the beam is still on
pushed or pulled through the buffer-gas mixture, causing théetweert=1 s and 1.6 s, in order to record the base)ifidie
asymmetry in the density of potassium atoms to build up. AssignalB is also recorded for a large laser detuning, where the
a result of LID pushing(pulling), fluorescence signd® is  excitation of atoms by the laser beam is zero. Therefore, we
increasing(decreasingand fluorescence signAlis decreas- know the amount of scattering of the laser beam, which we
ing (increasing, and consequently, the difference signalcall By. Then we subtract the scattering from any measure-
B— A is increasingdecreasingin time. The density profile, ment of signaB, in order to obtain a fluorescence signal that
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is directly proportional to the potassium density. The change 02
of the signal B—A)/(B—B,) from early to late times, o 2o
which we shall callA(B—A)/(B—B,), is equal to the rela- ! e
tive change in the difference of potassium concentrations in 0 S . 0
the right- and left-hand sides of the cell, which we can write o ToTe Toe e
(Ang—Ana/ng=2An/ng if Ang=—An,=An. To first or-
der (for small vy), this signal should be proportional g, 02
the drift velocity. ° AL 05 ton
In order to observe the anomalous light-induced drift 01 Nedoem o
(ALID) effect, we must find partial pressures of Ne and = 7 . . . =
another buffer gas such as He, Ar, Kr, or Xe, that cancel the 0 o, . - §
normal LID effect. We have an initial guess for the proper —~ - e T e L
ratio of the rare-gas pressures based on the ratio of cross g 02 Z
sections for K-Ne, and K-He, Ar, Kr, or Xe from the normal = o T 3
LID experimentg6]. Because the collision rates of the Ne- < o Nesgom E
buffer gas mixture are the sum of the rates for both gases,we & . 7 - con =
have < o = o A
-0.1 o © o
deC(YE)mt ('yg)tot7 1) N °
('}’g)tot 02
Xe: 0.4 torr|
Where o1 Ne: 3.6 torr| L
(Ye)tot™ Yer T Ye2=N10e1v1+ N20e2V2, ° RS P
-0.1
(')’g)tot: Ygrt Yg2=N10g1v1+Ny0gov), 2 02l - - )
wherev; are the thermal relative velocities. We should there- Laser detuning (GHz)

fore obtainyy=0 when
FIG. 3. Experimental results for the fluorescence difference sig-
n, v (Te1—0g1) nal A(B—A)/(B—By) vs the laser detuningrom the fluorescence
T N maximum for a vacuum potassium vapor reference ¢etiHe-Ne,
Ny vy (0ge—0e) .
Ar-Ne, Kr-Ne, and Xe-Ne mixtures.
With this initial guess, the cell is first filled to pressupe
with the heavier rare gas. While the laser beam is detuned tbor small drift velocities, the signal decays to the steady state
the frequency at which the drift velocity is maximum for on two time scales. The shorter time scale is on the order of
normal LID, the manifold before the cell is filled with the Az/vq, whereAz is the lateral shift of the cloud edges be-
lighter buffer gas to a total pressure slightly below the deiween the initial symmetrical density profile and the shifted
sired valueP;(1+n,/n;). Then the cell valve is opened for steady-state profile. The second and longer time scale is due
a short time. This establishes a pressure equilibrium with &0 the effect of the boundary condition at tientersection,
ratio slightly smaller than the desired ratio. The sigalA  and is on the order of the cloud width divided by the drift
is monitored, and the direction of the LID is easily observedvelocity. This longer decay time is more sensitive to the
We repeat this procedure with a slightly higher pressure irflynamics of the source and stem tube, so we chose to mea-
the manifold until we find the experimental ratio that nearly sure the change due to the faster decay, which was measured
cancels the normal LID. To fine-tune the pressure ratio tat aboutt=600 ms. There is some uncertainty in the assign-
exactly cancel the normal LID, we now gradually increasement of this change, which we estimate to be 10%.
the ration,/n, by holding the valve open to allow diffusion ~ The drift velocity 4 can be obtained from the measured
to further mix the lighter buffer gas into the cell, until the signal, using a simple model, which we describe below. The
difference signalB—A becomes flat, indicating no drift. reported laser powers are the average of powers measured
Now by varying the laser frequency, ALID can be observedbefore and after the cell with a calibrated photodiode power
meter. Pressures are measured with a capacitance manom-
EXPERIMENTAL RESULTS eter, which is accurate to 0.1 Torr.
Results for He-Ne, Ar-Ne, Kr-Ne, and Xe-Ne mixtures
The anomalous light-induced drift effect is studied for are shown in Fig. 3. The measured laser powers, which differ
potassium in Ne and one of the other rare gases, He, Ar, Kfrom day to day due to laser alignment instabilities, were
or Xe. In all cases we report the behavior of 108, 204, 159, and 103 mW, for the He-Ne, Ar-Ne, Kr-Ne,
A(B—A)/(B—By) for initial and late timed, which repre- and Xe-Ne mixtures, respectively. The case of He-Ne mix-

sents the relative change in density ture is noteworthy because a qualitative discrepancy was re-
ported in Yahyaei-Moayyedt al. [6] between experimental
Ng(t) —Np(0) — (Na(t) —Na(0)) Ang(t)—An,x(t) and theoretical results for normal LID in K-He. A positive
ng(t) - ng(t) ' value was reported for a relative change in diffusion cross

(4)  section, ge—o0y)/oq=Aaloy, while calculationg6,13,14
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0.2

TABLE I. The calculated and experimental ratios of the Ne
partial pressure to the other rare-gas partial pressure that lead to a

cancellation of normal LID. The total experimental pressure is also
0.1 indicated.

PNe/Prare gas
S ® o Total pressure

° From Ref.[6] This experiment (Torr)

He-Ne 0.8:3.9
Ar-Ne 3+10
Kr-Ne 3+9

Xe-Ne

1.0+ 0.2
8.3:0.7
7.7£1.5
5-14 9+3

4.0:0.1
9.0£0.1, 9.6:0.1

5.2¢£0.1

4.0:0.1

0.2 : °

0.2 ®)

A(B-A)/(B-B,)

0.1 of the differences appearing in E). The new measure-

o ments directly measure these difference ratios with a higher
accuracy. In fact, these measurements are limited primarily
° ° by the uncertainty in the pressure measurements, which are
01 ° o ° o ° limited due to the precision of the gauge. The partial pres-
° sures are also uncertain due to diffusive mixing of the buffer
02 gases by an unknown amount during the time that the valve
is open, just after pressure equilibrium is established, when
letting in the lighter buffer gas. A direct measurement of the
partial pressures in the cell would eliminate these uncertain-
ties, allowing a very sensitive measurement of these ther-
mally averaged cross-section difference ratios. More accu-
FIG. 4. Experimental results fak(B—A)/(B—By) vs the laser rate measurements are planned for the future, which should

detuning for Ar-Ne mixture. Irib) a slight amount of Ne is added to put stringent constraints on the potassium—rare-gas potential
the mixture, producing a more balanced profdéso shown in Fig.  curves.

3).

-0.1 -0.5 0 0.5 1.0

Laser detuning (GHz)

based on available potential curves predicted a negative Model for potassium cloud evolution

value forAo/oy. The fact that we could cancel the normal  The potassium cloud spreads due to diffusion during

LID for D, excitation with a He-Ne mixture supports the propagation along the capillary. A simple model for the evo-

experimental result of Yahyaei-Moayyed al. [6] that, for  |ution of the densityn(z,t) of K atoms is to assume one-

the K-He caseAd/a,>0. dimensional diffusion, constant drift velocity, and a constant
In Figs. 4a) and 4b) the effect of changing the ratio of chemical loss rate. The potassium cloud evolution is then

the Ar-Ne mixture is demonstrated. Figur@pindicates that governed by the equation

Ar has a dominant effect because a pushing effect for red-

side detuning of the Doppler wing is predominant. Figure an__an  d(nvy)

4(b), which is the case of an Ar-Ne mixture in Fig. 3, is the G P2 ez en

result when a small amount of Ne is added to the cell. The

ALID velocity vs frequency curve is more balanced in Fig. whereD, vy, anda are the diffusion coefficient, drift veloc-

4(b). A mixture with more Ar than Fig. @) would result in  ity, and chemical loss rate, respectively. In steady state, and

a normal LID signal with a dispersive shape that has a largeassuming a fixed density a=0 and an infinite tube, the

amplitude(in drift velocity) and is positive(pushing for red  distribution of K atomsn(z), is described by Atutoet al.

detunings. For the case of pure Ar, for example, the driff15]:

velocities are much larger~m/s), and the drift velocity

z#0, (5)

z<0

ng exp(z/l,),
z>0 )

frequency curve is dispersiyé].
The difference between the pressure ratios for Figa). 4 ”(Z):[no exp(—27/1,),
and 4b) is very small. The valve separating the cell and the
manifold was held operunder total pressure equilibriym wherel, andl, are characteristic lengths defined as
for a few seconds, allowing additional Ne to diffuse into the
cell. The zeroing of the drift velocity can, in fact, provide an vy a g
extremely sensitive measure of the ratios of the cross-section (1)" =1/ (E) + 5+ 5D
differences in Eq(3). The measured pressure ratios that can-
cel the normal LID and the ratios predicted by the previous @
measurements of Yahyaei-Moayyetlal. [6] are shown in (I,) 1= (ﬂ) L
Table I. Although the agreement does not at first appear 2 2D D 2D°
good, the previous results are in agreement with these new
results. The large relative uncertainties in the predictionf the photodiodesA andB are at equal distancg from T
based on the earlier experimental cross sections are a resiitersection of the experimental cell, one finds
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Ng—Na _ 2An _ exp —d/ly)—exp(—d/l,)
Ng Ng exp(—d/l,)

®)

The appropriate value for the chemical loss decay sate
is determined approximately by the observed spatial extent
of the cloud(for v4=0). Although the size of the cloud may
also be partly determined by the boundary condition imposed
by the window regions, which do not contain potassium va-
por, it is expected that the results would be fairly similar if
these boundary conditions were included, especially for the
change over the shorter decay time, as discussed above. We

Density (arb. units)

therefore set the chemical loss rate used to the value %60 00 10.0
a=D/I?, Position (cm)

In the experiment, the detector positions are chosen to be ] )
approximately att|, wherel is the cloud width in the ab- FIG. 5. Model results for the potassium cloud evolution for

sence of drift. This provides the maximum sensitivity for d:fzrentiirlnez in t/he Ce(‘;‘i of th_el Ar-Ne mixture whebe-=45.3
measuring small changes in the density due to LID. crls, vg=1.52 cm/s, an@=5.0 s .

From Egs.(7) and(8) we can find the relation predicted re|axation time scale. For small drift, for our range of param-

by this model, betweenAng—An,)/ng~2An/ng [equal to  eters, this time scale is roughl§/2D =1/2a.
the signal raticA(B—A)/(B—By)] vs the drift velocity. We

can then use this relationship to determine the drift velocity Strong collision model with velocity-dependent collision rates

vs frequency detuning from the experimental results shown . .
g : : . Velocity-dependent rate equation models have been well
in Figs. 3 and 4. The experimental maximum value of 0.2 is

aned or Aning. I s range, Eqs) anold) predict Soabiened ot moselng the nomal LD process e song
that the drift velocity is fairly linear with the density change, g PP

so that the results shown in Figs. 3 and 4 are approximatel&])ggi;:fetdvilt?ggy (é?)llﬁgilggorzscgég]l.tgn IBSIitSai?\:Iegn Wridl:(S:te tﬁe
the drift velocity vs detuning profiles. The approximate drift 9 ) 9 yPp L

. . . . . anomalous drift velocity vs frequency behavior that is in
velocity scales are shown in the right-hand sides of Fig. 3. . ; .

. . greement with the experimental observations. The model,
A second simple model that is related to the model used9'e )
. ‘ Similar to that used in Ref.[17], assumes four

by Atutov [15] (described aboveis to assume a constant evels: 42S,(F=1), 428, (F=2), 42P,,, and 4P
source rather than a fixed density in the center. For our ceI, : 112 : 1/2 ’ U 8/2:

where the source is in a reservoir connected to the main tubaes described in Ref5]. This can account for fine-structure

by another narrow stem tube at téntersection, the model collisions between the excited levels and hyperfine pumping

X . . of the lower levels. In Refg§6] and[17] we assumed that the
of a constant source may be slightly better. This model is__ . ;

: ' ; -collision rates were constant. Here, in order to model anoma-
constructed by dropping the fixed density boundary condi-

ton a0, and adding @ souram(z)to £, (9, heresis 000 110, 48 Sow he stong calson ate to depend on
the source strengtfparticles/ser The steady-state solutions rection of liaht propagation y P 9
are still the same as E¢g), with ght propag :

We begin by assuming a linear speed dependence for the
2D \/ .
4D? * D

strong collision rates, for each gas, as follows:
|v]— VB)
14} )
The time evolution, however, is slightly different for the two
cases. 0.015
Figure 5 shows results of a numerical solution of E). signal B
with the added source term, for the density profile in space at
several different times for parameters modeling an Ar-Ne
mixture. Figure 6 shows the theoretical evolution of the den-
sity in time for two fixed detector position8 and —3 cm
with respect tdr intersection. The difference signdB— A is
also shown. This signal can be qualitatively compared to Fig.
2. In particular, note that the model is in good agreement
with respect to the short relaxation time scale for the signal. o
It is interesting to note that both experimentally, and in the 0 03 1o 13 20
results of the model, this relaxation time scale is relatively
independent of the drift velocity. The reason for this is that
the short relaxation time scale is approximately the distance FIG. 6. Theoretical potassium cloud evolution in time, for pa-
of the cloud shiftAz divided by the drift velocity. The posi- rameters modeling an Ar-Ne mixture, for two fixed positions 3 cm
tional shift Az is also proportional to the drift velocity, so (signalB) and—3 cm (signalA). The difference of the two signals
that the drift velocity cancels out of the expression for the(B—A) is also shown. Parameters are the same as in Fig. 5.

-1

nO: S.

1+m

0
Yij = %ij ij

signal A

0.010

0.005

Density (arb. unit)

signal (B-A)

time (s)
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ference of the relative slopesy,—mg, but is fairly indepen-

2 dent of the individual value fom, andmj.
. These results are for parametdesg., the experimental
§ 1 laser power and temperatyrthat model the experiments.
S The thermally averaged diffusion cross sections of the rare
%‘ 0 /\ gases have been taken from Hé&f, except that the ground-
= " ¥ state cross sections for K-Ne and K-Xe have been modified
; éy ‘ 7. V slightly to reflect the new experimental information in Table
£ g | l.

8 |
-2 A
v DISCUSSION
-3.0 -1.5 0 1.5 3.0

The overall sign of the drift velocity vs laser frequency
curve has already demonstrated a trend that for the rare-gas—
neon mixtures, the velocity dependence of the collision rates

FIG. 7. Results of a modified strong collision model, assuming have slopes that are greater for the excﬂéﬂ’f}z level than

linear dependence for collision rates on the absolute value of th r the ground ZFSl/Z level. ~ Gel’mukhanov E}Qd
velocity component along the direction of light propagation for the arkhomenkd5] have recently calculated ALID velocities
case of relative slopesi,—m,=0.01. The laser detuning is from for other alkall atoms from avallable_ potentlal curves. While
the center of the 4Sy(F=2)—42P,,, hyperfine transition. The these potential curves are not sufficiently accurate for pre-
maximum fluorescence point occurs at a detuning 0.14 GHz, whiclicting LID velocities in detai[6], the calculated ALID pro-
corresponds to zero in Figs. 3 and 4. Other parameters model tfées for the other alkali-metal atoms from Rg8] are quali-

Laser detuning (GHz)

experiment for the Xe-Ne mixture. tatively similar to these experimental results for potassium.
Higher derivatives or moments in the velocity dependence
Here y; is the strong collision rate from levekj (for i #j, can affect other details of the drift velocity vs frequency
it is assumed that velocity-changing and fine-structureCurve. . - .
changing collision rates are the S@meﬂ are the velocity- By comparing the measured ALID velocities for different

independent rates obtained from the normal LID experiment€—rare-gas mixtures, we can hope to discover effects that
[6], v is the average velocity of potassium atoms, emdis ~ &€ specific to the buffer gases. Compare the case of a He-Ne
the relative slope. The assumption of linear velocity depenMixture, for example, to the case of Xe-Ne. The laser inten-
dence of the collision rates is the simplest velocity depensities are roughly the same, and the anomalous drift veloci-
dence that qualitatively explains the ALID experimental re-ties are about 3—4 times larger for the He-Ne case. For the
sults. We can also consider this assumption to be the firske-Ne case the buffer gas consists mostly of Ne, while for
term in a Taylor expansion of the collision rate about thethe He-Ne case the proportions of the two gases are about
thermal velocity. equal. Calculations based on the strong collision model indi-
We assume that the two hyperfine ground-state level§ate that, for the Ne-Xe mixture, the magnitude of the
have the same slope, since the ground and excited potenti@fiomalous drift velocity is more sensitive to the Ne slopes
curves with a particular buffer gas should be essentially identhan the Xe slopes, while for the He-Ne mixture the results
tical, and we denote this slope, . For simplicity, let us also ~ '€ relatively sensitive to the He slopes. Th_e Ia_\rger drift for
assume that the fine-structure-level strong collision rate§’® He-Ne case would therefore seem to indicate that the
have equal slopes, which we denatg (for strong collisions @fference of the effective relative slopes of the collision rate
that involve a state change as well as those that do. notiS larger for He than for Ne. If we compare the Xe-Ne and
Assuming identical excited-state relative slopes is a crud&le-Ne cases further, we observe that for the rare-gas com-
approximation, but the model results are only sensitive to th@0sitions that best balance out the normal LID, the zero
slopes out of the 4P, , level, which is directly excited by Crossings are further apart _for_ th_e He-Ne mixture. Further
the laser. The solutions from this model indicate that we car@nalysis may reveal that this indicates a different velocity
obtain qualitative behavior similar to the experimental obserdependence in the He and Xe collision rates. Before we in-
vations for the drift velocity as a function of detuning if Vestigate these possibilities we plan to carefully develop the
me>m, . This is shown in Fig. 7 for parameters modeling aexperimental apparatus in order to obtain higher-resolution
Xe-Ne mixture. Note that there are four extrema and thredlata.
zeros in the drift velocity spectral profile, starting with a
positive drift v_elocity at de_tunings far to the rec_J sic_ie of_ reso- CONCLUSION
nance, changing to negative for smaller detuning in this side,
and with an opposite behavior on the blue side of the reso- We observed anomalous light-induced drift for K in Ne—
nance. Calculations show thatrif,<m,, then the sign of rare-gas mixtures. A model for the evolution of the potas-
the drift velocity is reversed from above. sium cloud in the cell is used to relate the observed density
In each case we have assumed that both Xe and Ne haebanges to drift velocities. The drift velocities are on the
the same relative slopesng,m,), which presumably repre- order of a few cm/s, and in this range the drift velocity is
sent weighted averages of the effective slopes of the twapproximately a linear function of the observed density
buffer gases. Also, the strong-collision model calculationschanges. A modified strong collision model is discussed in
show that the ALID velocity depends primarily on the dif- which linear velocity dependences for the collision rates are
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