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We report experimental rate coefficients for the energy-pooling collisionsPK(#K(4P;)—K(4S)
+K(nl) with product statesil=5P, 6S, and 4. The experimental procedure and analysis are similar to
those used in a recent study of energy-pooling collisions in cesium. In potassium, it was foundP{pat 4
+4P,, collisions are more efficient thanP4,,+ 4P, collisions for populating ¥, while the opposite is true
for populating . Since fluorescence fromDiwas not seen, we can only report an upper limit for that rate
coefficient.[S1050-294{@7)08307-9

PACS numbegps): 34.50.Rk, 34.90-q

. INTRODUCTION tion of potassium K(#;)+K(4P;)—K(4S)+K(nl) EP
collisions with product states|=5P, 6S, and 4. To the
When atomic vapors are resonantly excited by laser radigbest of our knowledge, the only previous study of potassium
tion, it is often possible to observe fluorescence from levelE£P collisions was presented in R¢L7]. However, in that
lying near twice the excitation energ]. Such fluorescence study, fluorescence from highly excited states could only be
can result from “energy-pooling’(EP) collisions in which  observed at high atom densities where significant ionization
two excited atoms collide and “pool” their energy so that was also seen. Energy pooling could not be separated from
one atom ends in the ground state and the other in a morgssociative ionization followed by dissociative recombina-
highly excited state. Since energy deficits or surpluses musfon, as well as electron impact excitation, electron impact
be taken up by the kinetic energy of the colliding atoms, it isjonization, and electron-ion recombination. A model was de-
clear that the strongest EP collision processes will be thosgeloped[18] to take these various phenomena into account
where the final energy state lies near twice the excitatiosimultaneously, but only upper limits to the potassium EP
energy. EP collisions have been studied extensively in aleross sections could be obtained. On the other hand, potas-
kali homonucleaf2-5] and heteronucledi6,7] systems, as  sium is of particular interest at the current time because new
well as in other metal vapof8—15 over the last 20 years. high-quality K, potentials have just become availapl)],
Measurements of EP cross sections at thermal energies prand these have recently been used to calculate cross sections
vide important tests of theoretical molecular potential curvegor potassium EP collisions at temperatures around 1000 °C
at large internuclear distances. The latter are of current intef20]. The calculations are now also being extended to lower
est in the study of ultracold atom collisions which occur attemperatures appropriate to cell experimd@tg. Potassium
large separations. is also interesting because th@ gfine-structure splitting is
Recently, we reported experimental rate coefficients folarge enough to allow a separate study of th 4+ 4P,
the EP process Csf)+Cs(6P;)—Cs(6Sy) +Csnly)  and 4Py, + 4Py, collision processessimilar to the cesium
with product statesnly =7Py,, 7P3z5,, 6D3p, 6Dsp,  case, but small compared to the EP collision energy deficits
8Sy),, 4Fsp, and &, [16]. The large fine-structure split- (unlike the cesium cageThus the role of angular momen-
ting of the cesium @, energy levels allows the investigation tum in the EP process can be studied independently of en-
of angular momentum propensity rules, since G(§  ergy deficits(see Fig. 1 Note that the #;+ 4P, energies
+Cs(6Pyp), Cs(6Py)+Cs(6P3p), and Cs(®3,) lie aimost half way between the exothermi 5 4S product
+Cs(6P3) can all be studied separately. Specifically, westate and the endothermicS64S and 4D +4S product
found that 1/2-1/2 collisions were more likely than 3/2 states.
+3/2 collisions to populate theF7 levels, while 3/2-3/2
collisions were more likely than 1/21/2 collisions to popu-
late 8S. However, these results are consistent with the rela-
tive energy deficitg(i.e., the energy deficit for populating The EP process can be modeled using rate equations,
7P is much smaller for 1/2 1/2 collisions than for 3/2 which are solved to yield steady-state level populations and
+3/2 collisions and vice versa forS}. Therefore it is not the related fluorescence ratios. A complete model for cesium
clear whether the relative size of the EP rate coefficients i&€P collisions has been presented in Rf6] where an
primarily determined by energy deficits or whether angularexpression for the EP rate coefficient in terms of the mea-
momentum is also playing a role. sured fluorescence ratios is given. Potassium R4
Here we report the results of an experimental investiga-+ K(4P;)—K(4S)+K(nl) EP collisions can be treated
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FIG. 1. (a) Potassium energy-level diagram. Arrows represent

fluorescence transitions studied in this work. Wavelengths are give
in nm. (b) Potassium atomic levels lying near twice the dlevel
energies. #;+4P; energies are represented by dashed lines. En-
ergies are taken from Ref29].

analogously to cesium CsPg)+ Cs(6P;)— Cs(6S;,)
+Cs(nl;,) collisions, and so here we only quote the result:
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In this expressionl,_,,’ is the fluorescence intensity cor-
J,,

responding to the transitionl—>n’IJ’,, emitted by atoms in

the particular volume which is imaged onto the slits of our

monochromatorg,_ " is the detection system efficiency
J,,

(including effects due to the photomultiplier, monochromator
grating, and any filters usgdt the frequency of interest,

r is the natural radiative rate of the transition, and

nl—n’l’

3
)\nlﬁn’l‘;,,
erage probability that a photon emitted in the detection di-
rection will pass through the vapor between its point of ori-
gin and the cell walls without being absorbed. It is related to
the frequency-dependent absorption cross sectimiuding
hyperfine structuneand the density and spatial distribution
of atoms in the lower level of the transition, and is given
explicitly in Egs.(8)—(11) of Ref.[16]. We note that in the
present potassium experimeﬁlfn,ﬂn,,sﬁ is approximately

equal to 1 except for theRP4—4S;), resonance transitions.
s the natural lifetime of levehl, and 72! is the effective
lifetime of level nl including the effects of radiation trap-
ping. The latter is calculated using the Molisch theory of
radiation trapping[22,23, and these calculations are also
described in detail in Refl16]. However, in the present case,
trapping on all transitions of interest is negligibjee.,
(723 ~ 1 for all transitions of interest—see Tablg Fi-

nally, n4pJ(x) is the position-dependent excited atom density

and R is the radius of the cylindrical cell. Note that the
fluorescence volume integrals in Eg) have been reduced
to one-dimensional integrals since the excitation is indepen-
dent of position along the cell axis and fluorescence is de-
tected from a thin strip across the c&ke next section and
Fig. 2. Experimentally, the measured quantities are

Inlﬂn’lj',,v Eni—n"1), lap,—1s,,,» €ap;—1s, a”dn4PJ(X)-

is the transition wavelength.T,,,_,/’ is the av-
J,,

Ill. EXPERIMENT

The experimental setup for the potassium EP rate coeffi-

cient measurements is shown in Fig. 2, and is almost identi-

cal to that used for the cesium measurements described in
Ref. [16]. In the interest of brevity, the reader is referred to
Ref. [16] for details. Potassium vapor was contained in a
cylindrical glass cell, 81 mm long and 20 mm in diameter,
with no buffer gas. The cell was heated to 94-120 °C, pro-
ducing a potassium density of 0.3—%.802cm 2 in the
vapor phase according to the Nesmeyanov reldidf Ac-
curate determination of the ground-state density using optical
absorption measurements is difficult in this temperature
range where the resonance lines are optically thick. How-
ever, measurements of th&4,— 4P,, transition line center
absorption coefficient in the temperature range 46-55 °C in-
dicated that the actual potassium atom number density was
approximately 22% higher than the values given by the Nes-
meyanov formula. In the analysis which follows, we assume
that the atom density in the experimental temperature range
94-120 °C was also 22% greater than values obtained from
Nesmeyanov, with-25% uncertainty.

A single-mode, cw Ti:sapphire lasdCoherent model

899-29 was used to pump either th; (4S;,,—4P4) or

D, (4S;,—4P5,) potassium resonance transition. Typical
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FIG. 2. (a) Experimental setup. The Ti:sapphire laser was used to pump the potasSjym 4P ; resonance transition. The monochro-
mator and photomultiplier tub@MT-1) were used to spectrally resolve the potassium atomic line fluorescence. PMT-2 was used to monitor
total resonance lin€D, or D) fluorescence, and PMT-3 monitored the transmission of the Ti:sapphire beam through the cell. The ring dye
laser was used to probe th@4level density at various positions in the célletermined by the position of the translating mijrd?MT-4
was used to monitor the dye laser transmission. IF, LP, SP, and ND represent interference, long-pass, short-pass, and neutral-density filter,
respectively(b) Inset showing the cell geometry and the regishaded from which fluorescence was detected. The height of the imaged
region isAy~150um and the lengtliAL~0.5 cm.

laser powers were 700 mW for tli; line and 600 mW for  multiplier tube (Hamamatsu R406, PMT-2 in Fig.) 2vas

the D, line in a roughly collimated 8-mm-diam beam. The used to monitor the totdd, andD, fluorescence throughout
frequency of the pump laser was set to maximize theéhe experiment in order to guard against frequency or inten-
4P;—4S,,, fluorescence from the observation region. Thesity drift of the pump laser.

attenuation over the observation region was negligible. Thus A single-mode cw dye laséCoherent 699-29, using LD-
the excited atom density could be considered constant along00 dye pumped by a 6-W krypton ion lasevas used to

the beam axis. probe the density and spatial distribution of the atoms in the
The setup for detection of fluorescence was the same &P, levels. The power of the probe laser was cut down to
described in Ref[16]. Resolved #;—4S,,,, 5P—4S,,, ~ 20 nW with neutral density filters. We directly measure the

6S,— 4P, 6Sip—4P3p, and Dgp,—4P4, fluores- 4P, number density by scanning the probe laser over the
cence, emitted in the region of the cell volume indicated indP5,—6S,,, transition and monitoring its transmission us-
Fig. 2b), was recorded at each temperature for ddthand  ing another photomultiplier tub@MT-4). In order to mea-

D, pumping, using a monochromat¢Spex model 1681, sure the spatial dependenags_(X) across the diameter of
0.22 m with attached photomultiplier tubéHamamatsu the cell, the probe laser was stepped across the cell parallel to
model R636 GaAs, PMT-1 in Fig.)2Monochromator slits  the pump beam using the translating mirror shown in the
were set to 300-50km (1-2 nm resolution Thus the figure.

5P; —4S,, fine-structure transitions could not be resolved.  The transmitted intensity of the probe-laser beam through
A short-pass filtefReynard with cut-on wavelength of 700 4 lengthL of the vapor is given by

nm or a 680—740 nm bandpass filidtelles Grio) was used

to block scattered, andD, line fluorescence when record-
ing the EP fluorescence signals. Calibrated neutral density
filters were used to attenuate the stragandD, signals so
that they could be recorded using the same monochromator
slits and photomultiplier tube (PMT) voltage. The . ] o . .
wavelength-dependent relative detection-system efficiency for light of frequencyr. Herel ,(0) is the incident intensity
including the effects of all filters, was measured using a cali&nd Kes ,4p, (v) is the frequency-dependent absorption
brated tungsten-halogen lanfi@5]. A free-standing photo- coefficient. Nap,, is related to the integral of

I, (L)y=1,0)e" Kes, 4Py (V)L (2
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TABLE |. Measured rate coefficients for the potassium energy-pooling collision® §H#K(4P;)—K(4S,,,) +K(nl).

K(4P3) +K(4P30)—K(4S;) +K(nl)
eff

nl Temperature Nys,, Tap,,-4s,, g Monitored Inlan’lé,,lsnlﬂn’l‘;,, Tn,ﬂn,,jﬁ Tol k"'—l
R”4P3,2(X) X ma (enPs™)

(°C (10 cm™3) transition
—_— nI—>n’IJ’,, I4P3/zﬂ451/2/84'°3/2ﬂ451/2
f, R[”4P3,2(X)]2dx
5P 94 3.61 0.0945 (3.4910'9 !  5P—4S,, 3.71x10°8 0.973 1.004 24810 %
105 8.03 0.0449 (5.721010 2 2.21x10°7 0.943 1.009 4.4%x10 %
118 19.46 0.0133 (1.4410'H 1 1.97x10°8 0.866 1.021 5.0810 %
6S 105 8.03 0.0449 (5.72100% "t 6S—4P,), 4.21x10°8 1.000 1.004 1.0810 %
118 19.46 0.0133 (1.4410'H 1 2.88x10°7 1.000 1.009 8.9210 %2
120 22.18 8.8810°8 1.000 1.009 3.8%10 122
105 8.03 0.0449 (5.721009 "t 6S—-4Py, 9.46x10°8 0.990 1.004 1.2510 %
118 19.46 0.0133 (1.4410'H 1 5.37x10° 7 0.979 1.009 8.5810 %2
120 22.18 1.8%10°7 0.979 1.009 4.1%10 22
4D 120 22.18 Dgp— 4Py, <2x1078 1.000 1.000<2.0x10 1@

K(4 Pl/2) + K(4 P1/2)—> K(4S]_/2) + K( n |)
i , eff
nl Temperature ngs Tap,,-4s,, e () Monitored Inlﬂn’lé,,lsnlﬁn’l‘;,, Tn,_m,,J” Tnl km_
_g P12

(°C) (10 cm3) transition | ; Fa (em’s™)
—_—— nI—>n’IJ’,, 4Py 148y, €4P 48y,
f, R[”4P1,2(X)]2dx
5P 95 3.89 0.1724 (3.3810'9 "'  5P—4S,, 1.08x10°7 0.970 1.005 1.3%10° %
105 8.03 0.0635 (1.0710'H 2 7.00x10° 7 0.940 1.009 1.0410
118 19.46 0.0236 (2.0210"H) 1 1.59x10° 6 0.863 1.021 5.0%10 %
6S 105 8.03 0.0635 (1.0710"H) "t 6S—4Py, 2.78<10°8 0.988 1.002 5.4410 %2
118 19.46 0.0236 (2.0210"H) 1 4.28x10°8 0.976 1.004 1.6810 %2
120 22.18 4181078 0.976 1.004 1.1810 2@
105 8.03 0.0635 (1.0710"H) "t 6S—4Py, 5.37x10°8 1.000 1.002 5.2810 %2
118 19.46 0.0236 (2.0210'Y) 1 8.89x10° 8 1.000 1.004 1.7%¥10 %2
120 22.18 6.2810°8 1.000 1.004 8.3810 132
4D 120 22.18 Dgp— 4P, <2x1078 1.000 1.000<1.2x10 1@

dResults obtained relative ta;p from the relation

| e o Aoy’ et hat eff ; na
ni—nl’ fEni—nt, | Ani—nt!, U'sp_ys  Tsp Tsp_as,, (7Em/708)

nat nat ’ eff) na
)‘5*’*451/2 1—‘nlﬁn'l’ Tl T”'*”"J" (7nilm
_,,,

Kni=ksp
(|5P*431/2/85P—'431/2

with (Isp_as ,/esp—4s,,)/(lap, 15,/ eap,1s,) =1.4% 10°° for D, pumping and (spas,,/e5p—as,,)/ (lap,—ss J€ap, as,,,) =23
% 10" for D; pumping.

Kes,,—ap,,(¥) by [26] Due to weak oscillator strengths of probe transitions
within the wavelength range of the dye laser, we were unable
to measure absorption from thé>4, state directly. Instead,

f kesl,f 4P3/2( v)dv we monitored cascadePs—4S fluorescence a_s_the pr_obe
laser was scanned across the;4— 4D, transition. This
allowed a relative measurement of the excited atom spatial
distribution,n4p1/2(x). The measurement was placed on an
absolute scale by comparing the ratio 0% fluorescence

. under conditions where the absoluté 4, density and spatial

wheregss, , andg4p3{2 are the degeneracies of th& and i tion were known(D, pumping, no probe lasgto

4P, states, respectively. Thus we can extragt (x) from  p_ fluorescence where only the relativ® 4, spatial distri-

the position dependent probe transmission scans using Edsution was known(D; pumping, no probe lasgrSpecifi-

(2) and (3). cally,

2
[Nes,,,—ap,,l” 6s,,,

87 9apy,

nat
4P35 6S),—4P3,! (3)
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TABLE Il. Values for the potassium energy-pooling rate coefficients and cross sections obtained in this
work. The error bars reflect statistical uncertainties only. Including systematic effects we estimate that the EP
rate coefficients are only accurate t60%, with the exception of the$Brate coefficient foD,; pumping
(where the uncertainties are80%).

K(4P3p) + K(4P3)—K(4Sy) +K(nl)

nl Rate coefficients (cAs %) Cross sections (cfp
5P (4.0+1.3)x10° 1 (6.2+2.1)x10° 16
6S (8.2+3.5)x10 12 (1.3+0.5)x10° 16
4D <2.0x10°% <3.1x10° %6

K(4P ) + K(4P1»)—K(4Sy) +K(nl)

nl Rate coefficients (cAs %) Cross sections (cfp
5P (9.7+4.4)x10™ 1! (1.5£0.7)x1071®
6S (2.7+2.1)x10 %2 (4.2+3.3)x10° Y7
4D <1.2x1074 <1.8x10° 16

sium, natural radiative rates for all transitions were taken
T ; ) from Wieseet al.[27]. Resonance—broadening rafaseded
4P3;—4Sy ! £4Pg/;— 48, )/ D, pump in the numerical calculations dT4pﬁ4sl,2) were taken from

(lap,,1s,,/€4p,,,45,,)D, pump

Y Carrington, Stacey, and Coope8|.
4P31—43yp iati i i
=T . The statistical errors in the potassium measurements are
4P 11345y, also similar to those of the cesium measurements. We esti-
[T 2] prnat mate a 25% uncertainty in all fluorescence ratios with the
4P,;,—4S,,1D, pump! 4P, —4S exception of the 6 fluorescence ratio fdp,; pumping where
[Tap,,4s,,lD, pumd 2%t3,ﬁ451,2 we estimate a 50% uncertainty because the signals were ex-
R o rel tremely weak. We estimate the uncertainties in the ratio
[N4p,,(Xx=0)]o, pump/ ZR[Nap,,(X)Ip, pumgdX fFfRn4pj(x)dx/fFfR[n4pJ(x)]2dx to be approximately 15%
fFfR[n4p3/2(x)]D2 pumgd X ) for J=3/2 and 25% fod = 1/2 since the determination is less

direct in the latter case. The ground-state hyperfine splitting

) in potassium is smaller than the Doppler linewidth. Thus

. . I hyperfine optical pumping is much less significant than in

Here[n X is the absolute B3, density distri- . . .

. [N4p, (X)]b, pump 3 y dist cesium and this allowed us to observe EP fluorescence with
bution measured n th@2 pump _Case[n4pl/?(x)]D1 pump 1S Jower ground-state densities. As a result, the effects of radia-
the relative 4, spatial distribution(normalized to one on tion trapping were greatly reduced and we estimate uncer-
the cell axis,x=0) measured in thed; pump case, and tainties in the factoll,_’ (7517723 to be about 5%. Simi-
[Nap, (X=0)]p, pumpis the unknown absoluteRy;, density .
on the cell axis in th®, pump case. The transmission fac-
tors are calculated as described in Réf6]. Thus we can

find [né,,pm(x=0)]Dlpump from our measurements of

| .
[nzlePllz(X)]Dl pump: [nAPS/Z(X)]D2 pump: and theDl to D2 line

fluorescence ratio.

larly, we estimate that values @fp, 45, are good to about

30%. Possible systematic effects include the uncertainty in
the ground-state density determinatiofwhich affects
T4PJ—»4Sl/2), neglect of cascade from higher levels, and mix-

ing of product state populations due to collisions with
ground-state potassium or impurity atoms. Using large
6S4D—5P and 4D—6S mixing rate coefficients
IV. RESULTS AND DISCUSSION (3x10 1 cmPsec’!) and impurity densities (6 cm™3)

The excited atom density spatial distributions were inte-2nd assuming thel# population is the maximum allowed by
grated numerically as required in EG) and then combined our upper limit ofk,p, we estimate that the$-5P cas-
with the measured fluorescence ratios, calculated transmigade and 6,4D — 5P mixing terms contribute less than 10%
sion factors, and calculated effective lifetimes to yield valuego the uncertainty in ouksp values. Based on these worst-
for the EP rate coefficients. The various rate coefficients focase considerations, th®4-5P cascade may contribute up
each temperature are listed in Table 1. Only an upper limito 50% and 13% uncertainty tsp, and 4 —6S mixing
for k,p was obtained since we were unable to detectmay contribute up to 20% and 34% uncertaintkgg, in the
4Dg,— 4P, fluorescence with our highest sensitivity. The D, and D; pumping cases, respectively. These are upper
procedures used to calculate transmission factors and tHimits, of course, since we observed no detectalile fiio-
relatively minor radiation trapping corrections to the high-rescence.
lying state lifetimes were the same as those used in the The rate coefficients defined by E@) are based on the
analysis of the cesium experimdi]. In the case of potas- assumption that only oneR} fine-structure level is popu-
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lated, i.e., the we only observeP4,,+ 4P, EP collisions levels are approximately equally populated b3+ 6P,
for D, line pumping and #,,,+ 4P, EP collisions forD,  collisions. We had hoped to see if an analogous result oc-
line pumping. However, due to collisions with impurity at- curred in potassium. However, the potassiuf,5EP sig-
oms and ground-state potassium atoms, excitation transfé@als were too small to measure at the densities and mono-
occurs between the Ry fine-structure levels. Thus, even chromator slit widths necessary to resolve the fine-structure
though we pump only one fine-structure level at a time, soméevels. At higher densities, thePy, —4S,, fluorescence is
population also exists in the other fine-structure level. Conspectrally broadened by self-absorption in the vapor. Thus
sequently, our results may be contaminated by contributionthe 5P;, levels cannot be separately resolved. Finally, in
from 4Pg,+ 4P, collisions. However, our measurements cesium we found that thel® levels are populated more ef-
show that the population in the collisionally populated levelficiently through EP than any other excited states, while in
never exceeds 20% of the population in the directly pumpedotassium we were unable to detect any fluorescence from
level (except at the highest temperature in the pump the analogous B levels. This can most likely be attributed
case. Since &, +4P,, is no more resonant thanP4,  to the fact that in cesiumm,;+6P;—6S,,,+ 6D is almost
+ 4P, or 4P+ 4P, collisions (unlike the situation in  resonant, while the potassiunP4+4P;—4S,,,+4D;, en-
cesium, we do not believe that neglect oP4,+ 4Py, col-  ergy deficit is much larger.
lisions introduces much uncertainty into our results. The only previous experimental determination of EP cross
Considering the various sources of uncertainty, includingsections in potassium were the upper limitgss<6
possible systematic errors, we estimate overall uncertaintiexs 10 *® cn¥ ando,,<8x 10 *° cn? obtained from the the-
of ~50% in our measured energy-pooling rate coefficientsoretical model[18] of the cw experiment presented in Ref.
with the exception of the 8 rate coefficient foD; pumping  [17]. We note that these limits are consistent with the cross
(where the uncertainties are80%). sections obtained in the present work. The cross sections
have also been obtained theoretically in R&0], but only
for mean collision velocities greater than 1200 m/gsarre-
V. CONCLUSIONS sponding to temperatures in excess of 1000 ‘e calcu-
. o ] . ] lations show that the thermally averaged cross sections at
Final EP rate coefficients obtained in this wdlbly aver-  ihese temperatures  are o,p~6X10" 6 cn?,  ogs
aging aI_I data collected over the range 9_4—129) a@ pre-  ~24x10° Y cn?, and ogp~6x 1017 c?. However, the
sented in Table Il along with cross sections obtained fronmgp processes which populat®4nd 65 are strongly endo-
the relationky =(onw)~on(v). The results of Table Il thermic, so that both cross sections should be much smaller
s_how some interesting S|m|Ia_r|t|es to those obtalned_ln Ceat the temperatures of the present experimenl@o °C).
sium. Specifically, t_h(_a B state is populated more effgctwely Conversely, the EP process which populat@sis exother-
by 4Pzt 4Py collisions than by #5,+ 4P, CO'_“S'O”S- mic and the calculations show that the cross section rises as
In cesium we found that the analogou® &tate is more  the mean velocity decreases. Thus it is difficult to compare
effectively populated by By,+6P, collisions than by the experimental and theoretical cross sections at the present
6P3,1 6P3; collisions. Similarly, in potassium we find that time. However, theoretical calculations of the EP cross sec-
6S is populated more effectively byRh,+ 4P, collisions,  tions at lower temperatures are currently underfizdyj, and
which is analogous to the cesium case, whei8 popu- 3 meaningful comparison should be possible in the near fu-
lated more effectively by B3, +6P3; collisions. In the case  ture. Finally, we should note that the current theoretical cal-
of cesium it appeared that these results could be explaineglilations[20] do not include the B state fine structure. Be-
strictly on the basis of energy deficits: P§,+6P3;, is  cause of the apparent angular momentum propensity rules
more resonant than R ,+6Py, with 8S, while 6Py,  seen in this work and in Refl6], it would be extremely

+6Py, is more resonant thanR&,+ 6P, with 7P [see interesting to extend the theoretical work to include fine-
Fig. 1(b) in Ref.[16]]. In potassium, the energy deficits are structure effects.

nearly the samgsee Fig. 1b) of the present manuscripand
thus the differences for Ry ,,+ 4P, vs 4P+ 4P5), colli-
sions may indicate that angular momentum propensity rules
can play a role in the EP process. Such propensity rules were The authors would like to thank Dr. Francoise Masnou-
not found in earlier studies of EP in strontium and bariumSeeuws and Dr. Sylvie Magnier for making their results
[10,12,19. Another interesting result of the cesium experi- available to us prior to publication. This work was supported
ment is the fact that #,;, is much more strongly populated by the National Science Foundation through Grant No.
than 7P, in 6P+ 6P, collisions, while the two P PHY9119498.
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