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Trap loss in a two-species Rb-Cs magneto-optical trap
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We investigate inelastic cold collisions in a Rb-Cs mixed-species trap where the rubidium trap loss rate was
measured. We present the experimental results and a qualitative discussion for the observation. These studies
are relevant for high-resolution atomic and molecular spectroscopy, and for the production of mixed-species
Bose-Einstein condensates.
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I. INTRODUCTION combination for a study of the two-species trap losses be-
cause of the large Franck-Condon factor value recently pre-
During the past years, many experiments have been ddlicted for this atomic combinatiofi5]. This means that this
voted to the study of excited-ground-state cold collisions usheteronuclear system will provide a large number of ground-
ing a sample of trapped cold atorffsZ]. Recently, there has €XCited quasimolecule pairs, and it will be particularly con-
been greater interest in the study of collision mechanism¥enient for performing photoassociative spectroscopy experi-
involving two different kinds of atoms in a mixed-species me_I[\:]s. Rb-C | h b din t
magneto-optical tragMOT) [3—9]. The nature of these col- e Rb-Cs trap losses have been measured in two sepa-
lisions bears critically on matter-wave coherence and@te experiments, the first one by the Brazilian group and the

guantum-statistical condensates of a dilute sample cloud oggcond one by the ltalian group. There are wo Important
atoms ifferences between these experiments. In the Brazilian ex-

Concerning the homonuclear alkali-metal collision periment the trap rate was investigated ¥éRb in an inten-

mechanisms, particular interest has been drawn to the inela§i-ty range from 40 to 250 mW/chand in the ltalian experi-

tic processes that lead to atom losses from the MOT. It i"€Nt rtTEe ®Rb trap loss was investigated from 10 to 45
well established that the main process causing those losses’| Wient. In both cases the_ rubidium "%toms collide with
radiative escapéRE), as described in a recent revidii. S atpr_ns. The difference in the hyperfine strgctures of the
Other mechanisms may contribute to the trap losses, for inWO rubidium isotopes may play a subtle role in the Rb-Cs
stance fine-structure changeSQ, with a loss rate between colq collisions, but the present comparison between the ex-
a few percent and 30% of the total loss rate, depending oRerimental results by thg two separate experiments does not
the atomic specieELl0—17. In the low-intensity regime, the SNOW any pronounced difference. The setups in the two ex-
hyperfine change collisiofHCC) becomes also an important periments are compared in Sec._ Il. The similar data ana!y3|s
mechanism for losse2)]. of the loss rates is pre.sen.ted m_Sec. II!. The comparison
For heteronuclear cold collisions the loss mechanisms argétween results and their discussion are in Sec. IV.
the same ones. However, the internuclear long-range poten-
tial is weaker and the shorter-range interactions are more
important. The dominant interaction term for the homo- The Brazilian experiment was based on a closed stainless-
nuclear ground-excited collisions dependsRr?, while for  steel vapor cell, containing four different reservoirs for so-
heteronuclear collisions it depends Bn® [13], with Rthe  dium, potassium, rubidium, and cesium atof§ Control-
internuclear distance. Thus the colliding atoms have to geling the temperature of the reservoirs and the opening of
much closer for the above-mentioned loss processes effeirput valves allowed to choose the species to be trapped. The
tively to take place. Therefore the probabilities of thoseltalian experiment operates in a quartz cell, containing in a
mechanisms are considerably modified and within the laseside stainless-steel chamber alkali-metal dispensers produc-
cooling community it is important to identify and to under- ing the cesium and rubidium background atoms. The indi-
stand the main physical processes involved in the twovidual flux of both species was finely controlled through the
species systems. Furthermore, the results obtained on twaurrent of the dispensers.
species losses will be important for the development of The Brazilian experiment used two Ti:sapphi@oherent
sympathetic cooling between rubidium and cesium, and foB899) lasers, generating the trapping frequencies for both ru-
the realization of other two-species quantum systghds bidium and cesium, and two stabilized diode lasers to pro-
In the present investigation we have chosen the Rb-Cside the repumping transition frequencies. The detunings of
trap lasersAt g, and A1 s, respectively, are specified in
Table I in units of the linewidth§' g, andT" ¢4 for the atomic
*Permanent address: Universitie Nice, INLN, 1361 route de transitions. In thexy plane there are two independent coun-
Lucioles, F-06560 Valbonne, France. terpropagating laser beams entering the vapor cell for each

Il. EXPERIMENTAL SETUP
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TABLE I. MOT parameters and typical values in the Brazilian and Italian experiments.

Parameter Brazilian experiment Italian experiment
Colliding species 85Rp-13%Cs 8Rp-13%Cs
Rb cooling transition 8(F=3)=5P3,(F'=4) 5S,(F=2)=5P,(F'=3)
Cs cooling transition Si(F=4)=5P3,(F'=5) 5S,(F=4)=5P,(F'=5)
At o —0.8gp — 1.4 gy
AT,Cs —1.3¢s —2.00cs
IR 40-250 mW/crh 10-45 mw/crf
18 400 mWi/cnt 40 mw/cnt
Ngrp 108 2x10°
Nes 106 5x10°
NRo 2x10°%cm3 1.5x10%cm3
Ncs 8x10°cm3 7.2x10°cm ™3

species. In the axis the Rb and Cs laser beams are comexperiment, andwg,~0.3mm andwcs~0.6 mm, respec-
bined in a dichroic mirror. Circular polarized light in thg tively for the Italian experiment. Individual trapped densities
plane is produced byw/4 plates for each species and by and total numbers of atoms in the two experiments are listed
Fresnel rhombs in the axis. This scheme of independent in Table I. The listed total number of atoms and their density
optics for each atomic species guaranteed very good contrgkesented there for each species represent values in the ab-
of the spatial overlap for the two trapped atomic clouds. Theence of the other species.
trap laser was operated at about six times more power than
the repumper. The number of trapped atoms of both speciesj;| pETERMINATION OF THE CROSS-SPECIES TRAP
were determined by imaging their fluorescence onto a cali- LOSS RATE
brated photomultiplier tubéPMT), while their dimensions
were measured with a charge-coupled device carf@&D) The trap loss rate was determined from the analysis of the
and passband optical filters. The atomic densities were obirap loading or unloading signal acquired by either a PMT or
tained using these parameters. photodiode device following a switch on/off sequence of the
The ltalian experiment was based on diode lasers agrapping lasers beams. We examined the rubidium trap in the
sembled in a master-slave configuration, the rubidium coolpresence and the absence of the Cs sample. In this configu-
ing slave laser being a tapered amplifier with 300-mW outpufation, the following rate equation describes the temporal
and the cesium cooling laser a 200-mW diode laser. Radiggvolution of the numbeNg, atoms in the trap:
tion from both cooling lasers was combined within a single- dN
mode optical fiber, with 65% transmission at both wave- Z2Rb_ _ 2 43, _ 3
lengths. All the optical components at the fiber output d L= N 'vaand r=h fvannCSd @
required for the laser cooling of the two species operated at
both 780 and 850 nm wavelengths. A fine tuning in the finawhere L is the loading ratejy is the loss rate caused by
position of the Rb and Cs cold clouds was realized by insertcollisions between the trapped Rb atoms and the hot back-
ing additional quarter-wave plates in order to control inde-ground gasgcomposed mainly of thermal Rb and)C# is
pendently the circular polarization of Rb and Cs cooling la-the loss rate resulting from collisions among the trapped ru-
sers. The detunings of the trap lasers for both atomic specid¥dium atoms, angs’ is the Rb loss rate due to cold colli-
and the cesium total cooling laser intensifg; are listed in ~ sions with trapped cesium atonTg, andncs are the density
Table I. The fluorescence of each trapped atomic species waofiles of rubidium and cesium atoms, aNg, is the num-
measured using narrow-band interference filters and caliPer of trapped rubidium atoms. We have to emphasize that
brated photomultiplier or photodiodes. It was verified that8" should be read a@g, s unless mentioned; also, the
the transmittance of each interference filters at the othesubindex arrangement Rb-Cs indicates that the first species,
wavelengths produced a negligible influence on the meaRb in this case, is the one in which increased losses are
sured quantities. Cold cloud sizes and shapes were measuredserved when the second species, Cs in this case, is present.
with CCD cameras. The number of atoms was derived fronThe integration in Eq(1) is calculated over the whole vol-
the fluorescence intensities measured for each species. Paéne occupied by the Rb atoms.
both Rb and Cs and for all the trap laser intensities, the CCD It is important to mention that if we had chosen to study
camera images of the cold atom clouds assured the spatitile Cs atoms instead of Rb, Ed) would be identical, ex-
distributions to be very close to Gaussian ones. cept for the Cs subindexes. However, there should be no
In both experiments the MOT parameténsagnetic gra- reason forB¢g g, to be reciprocal tg8;,.c the extra loss
dient, laser beam waijstvere chosen in order to produce a rate coefficient for the Rb sample. The lack of reciprocity is
Gaussian waidtl6] of the Rb cloud smaller than that of the readily justified considering, for example, that the different
Cs cloud,wgy~1 mm andwcs~1.5mm for the Brazilian Cg coefficients involved in all possible collision channels in
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each situation are different. Moreover, the trap depths for the
two MOT’s are not equal and they may change in different
ways with the other MOT parameters during the experi-

ments. 2
For Gaussian spatial atomic distributionsig(r,t) 5
—nRb(t)e2"Wr0”* and negr,t) =nSYt)e 20/Wed®, Eq. (1) g
becomes 2
dNRb 2 3/2 g
at - {74'[3 NCﬁ{ (Wit W2y ] £
1 \32 ,
X Nprp— B(méb) Ngp: 2
0.0 5 . 1.5
Notice that the cloud widthsvg, and weg are implicit theos: (53
functions of time as the clouds grow during loading in the |, _ c oad
constant density regime. This form of E&) will be useful, - b
however, when extracting the interspecies loss coeffigggnt £ |
from steady-state data. =08 ;
In the Brazilian experiment the approach applied to deriveE 1 /
the loss coefficient relied on the determination of the steady-g 0.6 Rb trap load J Rb reload
state values for the rubidium atoms, in the absence and presz | PR o = AT
ence of Cs. In the absence of Cs, the observatioNgft) 'a'g_ /’” }
and its mathematical fitting with the solution of E@®) al- 8047 o
lowed the determination o8 and y. From the steady-state % - /, (b)
values for the rubidium atoms, in the absence and presencg o, { /
of Cs, we can obtai8’. We denoteNg, the number of the E | j
rubidium atoms in the MOT andg, its width in absence of = /
cesium, while theNk, andwp, are the corresponding number ~ *° — T T T T T T T T
and waist in the presence ®ics atoms. The steady-state 8 . Y lime J =
solution of Eq.(2) in the absence and presence of Cs atoms
leads to the following relation foB': FIG. 1. (a) Typical loading curves of the Rb MOT recorded by

a photodiode in the Italian experiment in the absence and presence
N of cold Cs atoms. (b) Typical fluorescence time dependence re-
NcNE ¥(Nrp— Ngp) corded in the Brazilian experiment during the sequence described in
Rb the text for loading the Rb and Cs MOTSs. The signal proportional to
32 32
NE,— L N
Rb w2 Rb

AN=N},—Ng, has been marked. MOT parameters listed in
: (3)  Table!.
TWRb

T(Waotwed |7 1

2

+B

TWhS

The B’ determination based on this formula will be denotedits dependence on the Cs density given by &)}. was mea-

as the steady-state approach. sured. Such a technique, to be denoted in the following as the
For the Italian experiment, the system is operated in théoading method, represents the standard one for the determi-

density-limited regime and the rubidium cloud was im- nation of the cold collision rates.

mersed into the region of the cesium cloud where its density In the Italian experiment, where the loading approach was

could be assumed constant; in this case,(Bgmay be writ-  applied to derives’, the cold cloud image on calibrated pho-

ten as todiodes allowed us to record the time dependence of the

dN emitted atomic fluorescence. The transient loading curve for

Rb_ , the each species MOT was recorded, blocking the Cs or Rb
=L—9yNgy,—8'n — Bf(Ngp)NgpN . . o

dt PNro™ B NeNro™ BT (Nro)NroNRo repumper light, respectively, while leaving the trap lasers

always on. An example of the Rb loading in the absence of
=L~ ReNgp, (4) Cs is shown in Fig. (). The number oNg, andNcg atoms
where the exponential rafp for the Rb loading has been in the absence of the other species was deri\_/ed from those
introduced fluorescence records. In a second step, in which the Rb trap
was formed in the presence of the Cs MOT, the calibrated
Rp=y+ B'Ncst B (Nrp)Nrp, (5) photodiode recorded the loading curve of the Rb trap, as
shown also in Fig. @8). With Cs introduced, a reduction of
with the factorf (Ngp) accounting for the deviation of the Rb as much as 30% was observed in the total number of trapped
cloud-density distribution from the uniform densityy, Rb atoms. The number of rubidium atoms was extracted
value[17]. The exponential loading rafp of the trap, and from the fluorescence signal, even if tAedetermination did

033406-3



G. D. TELLESet al.

4_
© (a)
O OO
37 O O
“-u, o %of
o, | O
&
7] [ n® gy am Bl
1 T T T
10 20 30
° (b)
—~ 2 n
Su [ ] ® ® .
'\% 1 . . . [ } .
<=8
®
0 T T T
10 20 30
1% (mW/em)
(] (©)
~ 2_
«E ]
o g = | =
S 14 ﬁ ]
= |
0= T T |
0.7 0.8 0.9
gy

FIG. 2. Experimental results for the Rb losses produced by col-d
lisions with Cs in the Italian experiment. i@ MOT loading rate
Rp in units of st vsthe trap laser total intensitflﬁ,’f, with closed
squares for the case of Rb only, and open circles when simultaneoﬁrsap
Cs cooling took place. Iifb) 8’ values, in units of 10*%cms ™1,
derived from the data i(e) using thensvalue of Table I. In(c) 8’
values versus ground-state occupatidg,, modified by the Rb

trap laser intensity. Note thadlz, increases with decreasin@?.

not require théNg, value. The fit of the loading curves by the
exponential loading of Eq$4) and(5) determinedRp . Ex-
perimental results foRp versus the total intensity?° of the
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check, the MOT loading was used to measure ghelues
and to verify their good agreement with those presented in
Ref.[18].

The steady-state technique applied in the Brazilian experi-
ment consisted of three steps. The experiment began by
blocking one laser beam of each MOT to prevent any kind of
species from being trapped. The rubidium laser beam was
then unblocked. By imaging the rubidium cloud fluorescence
onto the calibrated photomultiplier, the transient loading
curve and the steady-state number for the trapped rubidium
atoms were determined. When the rubidium MOT reached
its steady-state number, its volume was derived from an im-
age taken with a CCD camera. In the second step, the Cs trap
was allowed to form, and the loading process was monitored
by the same photomultiplier used to observe the Rb fluores-
cence. When the steady state of the Cs trap was reached, a
new CCD image of the overlapped samples was recorded. In
the following, the Cs MOT was suddenly emptied by block-
ing the trap light, and the number of trapped Rb atoms was
determined through the variation of the PMT signal. At that
point, a new CCD picture of the remaining Rb trap was
taken. This procedure defined both the total number of
trapped rubidium atoms and the dimensions of the sample
with cold cesium present. The CCD recording process took
under 3 ms, a time insufficient for the rubidium cloud to
change, thus preserving the rubidium cloud shape and num-
ber assumed in the presence of Cs. As a final step, the re-
covery of the number and density of rubidium atoms in the
MOT was checked to ensure stability throughout the record-
ing procedure, verifying the full recovery of the initial val-
ues. Figure (b) shows a typical fluorescence spectrum dur-
ing the entire sequence described above. When Cs was
introduced, a reduction of as much as 10% was observed in
the total number of trapped Rb atoms. TRé value was
erived from the above procedure making use of(By.The
reduction in fluorescence determined that the number of
ped Rb atoms in the steady state as well as the number of
trapped rubidium atoms in the presence of cold cesium de-
creased relatively to the initial number. The dimensions of
the rubidium and cesium samples were derived from sample
images framed during the entire procedure and a digital sub-
traction. TheB'’ values have also been derived applying the
loading approach, i.e., through records of the loading process
of one species in the presence and absence of the second
species using optical filters, as in previously reported work

Rb trap lasers are shown in Fig(a2 for both cases of Rb 6] @nd as performed in the Italian experiment. However, the
only and Rb in presence of Cs atoms. Using the definition oPrazilian group observed that the data obtained by the
Eq. (5), the difference between these exponential rates givesteady-state technique varied considerably less in compari-

the additional loss ternB’ncgs due to heteronuclear colli-

son to those derived from the loading rates, mainly because a

sions. The value o8’ was derived from the measurement of shorter time was required for data acquisition. Hence, this
the density of cesium atomse,. The loading measurements technique is less sensitive to long-term variations of trap
reported here suffered from the long-term variations of trapconditions.

conditions, explicitly avoided in the steady-state procedure We have not included the error bars on the plotsRer
applied in the Brazilian experiment. However, it was verifiedand 8’ in Figs. 2 and 3 in order to keep the different data
that repeating the measurements of the Rb trap in randomsets as clear as possible. Nevertheless, the existence of two
sequences with respect to the absence or presence of Cs points for each intensity in the Brazilian experiment, Fig. 3,
oms, consistent values f@ were obtained. As an additional shows that the statistical uncertainties are around 30%. Fur-
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10 measured the effect of Rb on the Cs trap, obtaini®f-ag,
— %8 20 times smaller thaBg,.c., @ result showing the nonreci-
£ 10 . . .
- 3 rocity for B’, as discussed before. The observation of such
g 7 procity
:" 1 © a large difference, much larger than that expected from the
s ] [ | ™ mass ratio alone, is a strong indication that other important
= 0 = E = parameters such as interatomic potentials, or the changes in

' | n n trap depth, are very important to explain {Beobservations.
] Simple calculations show that all those parameters are able
T T T I 1

s 100 150 200 250 t[O modlf}/ considerably the absolute valu@sd the behav-
IRbtot (mW/em?) ior) of B’. N o
As an additional contribution to the large’ value, for
FIG. 3. Rubidium trap laser intensity dependencegoffor Rb  heteronuclear collisions the atom pairs come into resonance
in the presence of Cs. The open and closed squares refer to the twyith the trap lasers at a much smaller internuclear spacing
different data sets from the Brazilian experiment, while the hollowthan for the homonuclear case. Therefore in the hetero-
circles report the data_ frqm the Italian experim_ent, a part of thosgyyclear case, the quasimolecule acquires a large probability
plotted in Fig. 2b). This figure has to be examined with care, re- 1, gissociate, undergoing intramultiplet mixing that results in
membering that the two experiments were performed in dn‘feren%?1 change of the fine-structure level. The kinetic energy
conditions. We have not included error bars to avoid congestion o ained in this process by far exceeds the MOT depth and all
the plot. A typical 20% uncertainty is associated to fiemeasure- 9 - P . .y . pth and a
ments, as estimated from the scattering of the data in the BraziliaH']e fine-structure collisions result in tra_p '95593- However,
experiment. we do not know the actual FSC contribution to the total
heteronuclear trap loss rate.

) , . .
thermore, it has to be mentioned that those were mainly due Notice that tth values obtained by the two expenr_nents
to errors in the volume measurements of the trapped atomicorrespond to different MOT parameters and also different
species. Rb isotopes, as presented in Table |. We believe that the
different MOT parameters have a small influence on ghe
values because of the very large energy gained by the Rb
IV. RESULTS AND DISCUSSION atoms in collision with Cs atoms. On the contrary, for the
éb—Rb collisions, the3 values in the range of low trap laser
. . tensities are very sensitive to the MOT parameters, and
due to heteronuclear collisions with G8, (5 , Versus INtens . . : '
@B, (Brocd then it results in considerable differences between the two

the rubidium trap laser intensith2° for both experiments. . .
The hollow and solid squares refer to two different data Setlssotopes. Thes dependence on the MOT parameters arises

for the ®Rb from the B experiment, while the solid circles mainly when Fhe small energy gained by the Rb atoms
refer to the®Rb data from the Italian experiment. Notice through hyperfine change collisions may be counterbalanced

that the two data sets from the B experiment were derive(!?y the MOT Frap_depth.
from the loading rate and steady-state approaches and the}/1 The data in Fig. 3 show for a small range a very large
have produced similag’ values. We have to point out that change on the absolug values a'; Iqw trap laser intensities.
Fig. 3 has to be carefully examined, observing that both exOn the other hand, a small variation gf was observed
periments have been performed in different experimentaYVhe” the laser intensity was increased. The overall change of
conditions. The observed overall behaviorgfwith the Rb B8’ is roughly one order of magnitude, in agreement with the
trap laser intensity does not differ a lot from tBeradition- ~ change measured in other heteronuclear alkali mgfals
ally observed: an increase @f is observed at both ends of The asymptotic internuclear potentials for heteronuclear
the intensity axis scale. Nevertheless, a comparison betweegound-excited pairs are not all attractive. For example, the
B and B’ should always be done with care, once differentRb(5P)-Cs(6S) potentials are all repulsive because the ab-
mechanisms of atomic losses could be involved. solute energy value of the Rb first excited state is larger than
Notice that the Rb-Cg3’ values are higher up to two that of the Cs atom. The perturbative approach applied to
orders of magnitudes than the Rb-RBbvalues, for instance calculate the quasimolecular potentials produces a repulsive
the accurate measurements reported1i@). One contribu- R™® interaction for those interacting atoms, as analyzed in
tion to this large value arises from the mass ratio effect: sinceetail in Ref.[13]. Therefore, collisions between excited Rb
the Rb mass is smaller than the Geg,/mcs=0.64), at the and ground Cs atoms cannot contribute to the trap loss rate
end of the collision loss process the energy sharing producd®ecause their internuclear distance are not allowed to reach
lighter atoms with greater kinetic energies. Therefore the surthe small values required for the RE and FSC processes to
plus of energy compared to the trap potential depth inducetake place. On the other hand, for the case of excited cesium
higher trap loss rates for the lighter atom, rubidium in thisatoms and ground rubidium atoms the attractive interacting
case, with 62% of the released energy picked up. The larggrotential allows the atoms to reach a short internuclear dis-
values expected for the lighter species represents the maiance, with an increase of the trap loss rates.
reason why in the present investigations attention was con- In order to analyze the dependence @f on the laser
centrated on rubidium. The Brazilian experiment has alsdntensity, the Rb(%)-Cs(6P) collisions may be considered

(=

Figure 3 reports the measured values for the Rb loss ra
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as the main loss channel. It may be supposed that the olbhose we shall emphasize the two excited atoms channel:
served increase at low trap laser intensities is associated wilRb(5P)-Cs(6P); a similar process has been reported in
the hyperfine change collision mechani$@8]. However, [6,20]. These additional mechanisms may be important in the
rough calculations with the energy gained during those coleomplete interpretation of our data.
lisions taken into account show the importance of this
mechan_lsm_ only at intensities lower than _the minimum ob- V. CONCLUSIONS
served in Fig. 3, even if the 9-GHz hyperfine energy differ-
ence is supposed to be completely transferred by the Cs at- To summarize, we have measured the heteronuclear trap
oms to the Rb. In fact, the RB loss data of 18] present a loss rate for the mixture of trappéd®Rb and*3Cs atoms.
minimum at lower intensities. On the other hand, an impor-We have determined as in previous works for the other two-
tant role associated with the Cs HCC would support the simieomponent MOT'g3-9], that the absolute values @f are
lar behavior observed for the two isotopes. To understand thiarger than those of homonuclear loss ragedor similar
trap laser dependence, note that the &y(@opulation re- experimental conditions. This result is consistent with the
mains constant when the Rb trap laser intensity changes, amdass ratio effect, i.e., the lighter atoms will gain more ki-
two different mechanisms play a role. The rubidium trapnetic energy and escape more easily from the trap. Further-
depth decreases with the rubidium trap laser intensity, thumore, we believe that the increase observed at the low inten-
the rubidium atoms escape more easily from a shallow posity of the rubidium trap laser is associated both with the
tential. Furthermore, the Rb ground population increasepresence of a shallow trap potential and an increase of the Rb
when the Rb trap laser intensity decreases, providing a largground-state fraction, i.e., of those atoms contributing to the
number of Rb(%)-Cs(6P) colliding pairs and therefore an trap loss collisions. The nonreciprocity Bf.¢ r, and Bry.cs
increase of the trap losses since, as explained before, thisay be related to the mass ratio, the nature of the loss
represents the main loss channel for the crossed species. Tiiechanism, the relative values of the attractive potential co-
combination of both mechanisms, the decrease of the tragfficients, etc.
depth and the increase of the Rb ground population, pro- The present investigation of the inelastic collisions be-
duces higher escape probabilities and higérvalues at tween Rb and Cs cold atoms represents an important step
low laser intensities, below 30 mW/&rFig. 3. In order to  towards a new class of experiments involving binary atomic
test the relative role of the two processes, we have plotted imixtures. Moreover, the Rb-Cs system, chosen because of its
Fig. 2(c) B’ versus the Rb ground-state fractibi,, calcu- large relative Franck-Condon factor, will bring new perspec-
lated as the complement to one of the excited-state fractionsves to the heteronuclear photoassociation experiments.
whose expression was given [ih9]. If the maodification in
the number of ground-state colliding Rb atoms was the pre-
dominant mechanism fop’, the data in Fig. &) should
show a linear dependence gf onIlg,. Although this lin- The Brazilian work was supported by FAPESRInda@o
ear dependence is not evident, then we believe that both trie Amparo &esquisa do Estado degRaulg, Pronex(Pro-
ground-state occupation and the trap depth play an importamgrama de Naoleos de Excélecia em dtica Baica e Apli-
role. This observation reinforces the above statement that theada, and Finep(Financiadora de Estudos e ProjetoBhe
Brazilian and Italian results should be examined taking intdtalian work was supported by the INFM through the PRA
account the different trap depths. on BEC, by the Consiglio Nazionale delle Ricerche through
For laser intensities above 60 mW/er’ still increases a Progetto Integrato in collaboration with the IFAM of Pisa,
but the variation is smaller than that obtained in the low-and by the MURST. D.W. gratefully acknowledges financial
intensity range. It should be mentioned that other trap lossupport from the European UniofTMB Contract-Nr.
mechanisms are allowed at high laser intensities, and amorlgRBFMRXCT960002
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