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Inelastic cold collisions of a Na/Rb mixture in a magneto-optical trap
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We report results on inelastic cold collisions for a mixed species magneto-optical trap containing Na and Rb.
The rate of collisional trap loss of Na is due to different contributions: Na-Na and Na-Rb collisions. Both parts
are investigated with respect to trap laser intensity and frequency. The observations are explained based on a
Gallagher-Pritchard model. Possibilities for studies and applications involving mixed species traps are dis-
cussed[S1050-2947®9)51301-3

PACS numbse(s): 32.80.Pj, 33.80.Ps, 34.50.Rk, 34.80.Qb

Studies of loss mechanisms for trapped neutral atoms correteronuclear inelastic collision process. Furthermore, we
tinue to provide important information about inelastic pro- compare the experimental results with a model, based on the
cesses occurring in the regime of ultralow energy. Many asexisting the Gallagher-Pritchard theo(P mode), origi-
pects of the mechanisms of trap loss collisions involvingnally proposed for Na aton{®] and adapted for the hetero-
only one species of atom have been extensively investigateauclear binary case. A reasonable understanding of the ex-
[1-4]. A particularly interesting class of inelastic processesperiments is obtained with this simple model.
is the one involving a pair of identical atoms where one isin  The production of cold atomic mixtures consisting of dif-
the ground state and the other is in the excited state. In thiferent alkali-metal atoms was first demonstrated by Santos
excited-ground quasimolecule state, th&€;/R® attractive et al. [10], using a Na/K combination. Other experiments
interaction accelerates the cold atoms against each other. lifave also started to investigate systems such as Na/Cs and
the pair decays to the ground state during this process, tHga/Rb[5]. However, no systematic studies involving the de-
energy difference between the absorbed and emitted phototarmination of the trap loss rate for binary heteronuclear cold
caused by change in potential energy on the excited potentiabllision has been reported.
will go to kinetic motion. If this gain in kinetic energy ex- The MOT operates in a closed stainless-steel vapor cell,
ceeds the trap deptltypically 1 K) the pair will escape from and is loaded with the slowest atoms of a Maxwellian veloc-
the MOT. This mechanism is referred to as radiative escapiy distribution from the gas. Details about the vapor cell
(RE). MOT operation have already been described elsewfidre

For alkali-metal atoms there is another possible losA peculiarity of our cell is that it contains separate reservoirs
mechanism: fine-structure changeSQO. For this case, the for sodium, potassium, rubidium, and cesium that were as-
collision starts in th&+ P, attractive molecular asymptotic sembled in a six-way cross on one arm of the main chamber.
state. During the course of the atomic encounter the pair makach reservoir has an independent control for temperature
change molecular state, going to t8e- P/, state. The en- and a valve that provide the desired flux of atoms from the
ergy difference goes again to kinetic motion; and for mostspecies picked to be trapped. The background pressure inside
alkali metals it is enough for the pair to escape from thethe cell is kept to about I torr, which is obtained using a
MOT. Most experiments use a single atomic species in theombination of turbomolecular and ion pumps. The control
trap and obtain only the combined effects of both mechaef partial pressureévia the reservoir temperatyres impor-
nisms. In this Rapid Communication we presghl a sys- tant because of the considerably different vapor pressures of
tematic study of the total trap loss rate for heteronuclear coldhe various alkali-metal atoms when at the same temperature.
collisions occurring in a mixed species MOMSMOT). If the partial pressures are too different the excessive back-
This is an important step taken with the major aim of under-ground vapor of one species compromises the performance
standing the fundamental issues of intraspecies interactioraf the other species trgd0]. In this work we use only Na
in the cold atomic regime. We also believe that such a studgnd Rb atoms, and their partial pressures are on the order of
may be of fundamental importance for the development ofl0™°torr.
technigues that will allow the achievement of recently pro- Light from a monomode-ring dye laséCoherent 699
posed two-species quantum systeiis8] opening up new passes through an acousto-optic modul&@M), introduc-
and exciting possibilities. ing an extra beam whose frequency is separated from the

In the following, we shall present some considerationscarrier by 1712 MHz, before dividing into three beams of
about our MSMOT, the binary alkali-metal mixture, and the equal intensity along the orthogonal trapping axes. We tune
experimental procedure to determine the trap loss rate for thime carrier laser frequency close to the sodiu8y,gF=1)

—3P3,(F'=2) transition, which works as the repumper,
and the extra generated frequency provides the trapping laser
*Permanent address: Institut d'Optique’ dhetique et Appliqgte, beams working close to the 3 (F=2)—3P3,(F'=3)
URA 14 du CNRS, UniversiteParis—Sud, Btoe Postale 147, transition. Both frequenciedrap and repumpegrarry prac-
F91403 Orsay Cedex, France. tically the same total power.
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For trapping®Rb we used light coming from a Ti:sap- 18
phire (Coherent 89plaser whose frequency was tuned close [
to 5S;,(F=3)—5P;,(F'=4) transition. In this case, the
repumping transition, S;(F=2)—5P5,(F'=3), was
provided by a frequency stabilized diode laser. Here the trap
frequency had about six times more power than the re-
pumper. It is important to emphasize that both Na and Rb
traps were spatially overlapped, although independent optical
components for each trap laser were used.

The number of trapped atoms of both species was deter-
mined by imaging their fluorescences onto calibrated photo- I
multiplier tubes(PMTs) (an individual PMT was used for 4t
each species of atomwhile their dimensions were measured -
with a charge-coupled-device€CCD) camera. The atomic 2
densities were obtained using these parameters. To perform
separate trap measurements for each, we used passband op-
tical filters and dichroic mirrors. For trap laser intensities of g5 1. Experimental results for the trap loss rageand 8’ as
about 150 mW/crh for Na and 230 mWi/cf for Rb, we g function of sodium trapping laser intensity. The dashed line is the

measured the spatial atomic distributiof®., density pro-  normalized result obtained from the GP mof@#ifor Na alone. The
files), which are close to Gaussians. We foumg,~5 solid line is the normalized result obtained from our adapted GP
X 10 2cm, and total numbeNy,~ 10° atoms for sodium; model for the Na/Rb mixture considering Na/Rband the dotted
andwg,~10"1cm, Ng,~ 10° for rubidium Rb), wherew line is the result considering Rb/KaNote that the predicteg’ for

is the Gaussian waist. The small sodium atomic cloud stayethe mechanism involving Rb/Nacollisions gives much lower val-
inside the large rubidium cloud during the experiments. Weues than that for Na/Rband a much weaker intensity dependence.
observed densities as high ax 20'°atoms/cm for sodium

and 4x 10'%atoms/cnf for rubidium. The sample parameters where we have considered the rubidium density as spatially
(density, volume, number of aton$or each species pre- constant across the sodium cloud. This is in fact a good
sented here are applied individuallin the absence of the approximation because the size of the Rb cloud is consider-
other species ably larger than the Na cloud.

The experiments were carried out as follows: looking at A two-step procedure was used in the determination of
the PMT signalwhich is proportional to the total number of g’ we first blocked one arm of the Rb trap laser, avoiding
trapped atoms we observed the loading process for sodiumthe formation of the cold Rb cloud while leaving most of the
atoms in either the presence or absence of the rubidiungser light on. In this situationg,=0 and the term contain-
cloud. In the Steady'state Operation we could observe a d%g B’ in Eq. (2) drops out. We observed the |0ading process
crease as high as 40% of the total number of trapped Naf Na atoms with a PMT. From that, and with the images of
atoms when thést cold cloud was introduced. This de- the CCD camera, we obtained the ramdlg by ﬁtting the
crease is due to the additional loss channels, for sodium aloading curves usin@g,=0 [Eq. (2)]. Second, the Rb trap
oms, introduced by the presence of cold rubidium. arm was unblocked, allowing the complete formation of the

The time evolution for the number of Na trapped atomsRp cloud, and we again observed the loading process for Na.
when the cold cloud of Rb is present is given by the rateBoth clouds were then observed and measured. Finally we
equation as follows: fitted the loading curve with the solution of E(@) and ob-

dN tained the rateB’, using y and B values previously mea-
—Na_ | _ VNNa—,BJ ”rleadgr—ﬂ'J NnaNrpdr, (1) sured. Values of3 and B’ over a range of laser intensities
dt v v are shown in Fig. 1. The error bars represent the variances

. : . .- obtained from several independent measurements.
wherelL is the loading ratey is the loss rate due to collisions The first clear observation is th& decreases with the
between the trapped Na atoms and the hot background 9%crease in the trapping laser inteniiit whitancreases in
composed mostly of thermal Na and R®,is the loss rate . rapping Y, .

i the same intensity range. FBr the values and the behavior
due to cold collisions among the trapped Na only, #tids were as expected following previous experimdnts| and it
the loss rate due to cold collisions between trapped sodiurp ualitati\f)el well ex Iaigngd by the r?mdel roposed b
and rubidium. Here our main interest is the measurement of._J y W P y €1 prop y
B’ as a function of Na trap laser intensity and detuning. In allqghe_r and Prl_tcharc_GP-mode) [9]. In t_)”ef' the model
", consists in a semiclassical treatment, which accounts for the

Eq. (1), ny, andng,, are the density profiles of sodium and ; . 3
rubidium atoms. The integration is performed over the Wholefrequency dependence in the absorption due toGs/R

volume () of the Na cloud of trapped atoms. Since for the potential and spontaneous emission during the collision be-
conditionvs that we are oresentl prijsin the .s atial tra et een sodium atoms. The application of the GP model to the

. re p y g the sps PPERa trap alone is presented in Fig. 1 as the dashed line after
atoms distribution is close to Gaussian, i.er,t)

(w2 ) introducing a scale factor.
=no(t)e » Eq. (1) can be rewritten as To interpret the behavior g8’ we have adapted the GP

16 |
14 |-
12 |

10 |
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dN 2 BN2 model for the heteronuclear case with the following assump-
Na | N M—B’n N (2)  tions:(i) Only the RE loss mechanism was considered. This

dt y Na 3 _3/2 Rb'¥Na> . P . .
wer can be justified on the basis of recent experiments where RE
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seems to be the dominant mechanism for trap [a5516.
(i) There are two main exoergic collision possibilities: T
Na/RbB* and N&/Rb, which involve either rubidium or so- 1 =
dium excited states. These attractive potentials at long range 10 AN
are represented by C4/R® (we have used interatomic po- ]
tential information contained in the paper by Bussetyl.
[12] and Aubert-Freon[13]). (iii) The escape velocity of the
Na trap is considered as being intensity dependent. To obtain
such dependence we have carried out numerical simulations
about the capability of trapping different velociti€smilar
to [11]). We should point out that due to their mass ratio
(mpa/mgp=0.27) Na atoms will acquire velocities greater
than Rb. The main limitation for the application of the GP
model in the heteronuclear case is the fact that the range ™ T —
of the potential cannot be considered much greater than the 100 1000
de Broglie wavelength of the atoms. IAl (MHz)

To understand the behavior of the experimental points for o _ o
B’ as shown in Fig. 1, we have separately considered the FIG. 2. Variation of total trap loss Wlth_laser detuning in the
contribution of N&/Rb and Na/Rb collisions. The results ¢aS€ Of the pure Na trapk) and the combined Na/Rb tra®)
are shown in Fig. 1 as full and dotted lines. For the mechapbtalned using the tatalysis technique [14]. The total intensity of

nisms involving N&/Rb the model predicts a very weak in- the SOdigm trap in both ce(1jse§ s 14()fmw3_‘cmh$ :nset ?hows the
tensity dependence; a stronger dependence is predicted fe)FpeCte variation O.B and 5 ,a.s a function of laser frequency.
: . . .. Note the lack of variation i3’ in the frequency range of these

the Na/RB5 case. Because of the difference in the mtensnyexperiment&
dependence, we believe that the main contributiongto
comes from collisions involving the Na-ground state with anRef.[14]. To ensure the reliability of this procedure special
excited Rb. In fact, introducing an overall scale factor in thecare must be taken to verify that the “catalysis laser” is not
results of the adapted GP model, a very good agreement &ffecting the optical pumping rate or the loading rate, and
obtained between theory and experiment, as shown in Fig. that it is not causing extra force on the atomic cloud.
(full line). As the intensity goes down, the Na trap depth For our experimental conditions, we verified that, for the
decreases but the population of excited Rb is kept constantatalysis laser frequency closer than70 MHz from the
producing an increase i8’. The consistency of our data atomic resonance, the trapping performance was affected.
with the model shows that this interpretation is plausible. Therefore we restricted ourselves to a detuning range from
The reason that the Na/Rb interaction dominates —100 to—1000MHz. In the case of homonuclear trap loss,
the N&/Rb in the GP model is the fact that the interatomic potential dependenceC,;/R® causes a
Ce(Na/RbB*)~10G;(Na*/Rb). This difference causes Na to variation in the trap loss rate, with the detuning well de-
acquire greater velocities during the radiative decay of thescribed(in this range by B A ~7®[14]. Near the resonance,
pair, causing higher loss rate. the survival factor due to the occurrence of spontaneous

As for the relative experimental values betwggandg’, emission becomes more important modifying this depen-
that difference is due to the mass ratio. Since Na is mucllence, and the trap loss rate suffers a sudden decrease as the
lighter than the Rb atom, the former will move faster thandetuning gets closer to the resonance.
the latter after the energy division following spontaneous For the case of heteronuclear trap loss collisions, where
emission. One must remember that both the energy and thbe internuclear long-range part of the potential varies as
momentum have to be conserved during the process. So thisC4/R®, the 8’ dependence on detuning is expected to be
results in higher loss rates than the homonuclear case whesi <A ~5®. To observe the\ dependence on the loss rate of
the Na atoms keep only half of the acquired kinetic energyNa in the combination Na/Rb there are two possibilities for

In the study of excited—ground-state collisions within applying the catalysis technique. We can either introduce a
cold atoms, the rate variation of the loss rate with the laselaser near resonant with Rb or near resonant with Na. We
frequency is important and provides additional informationchose to start with a catalysis laser near resonant with Rb,
about excitation occurring at different internuclear separabut still looking for losses in Na. For these conditions, we
tions. Also these kinds of data allow one to observe the imbasically did not observe significant variation of the Na num-
portant role of spontaneous emission in the process. Nomber (at least, not above the noise levelo understand this
mally, the investigation of the loss rate dependence omesult we performed calculations using the adapted GP
detuning is done using the technique namegptical cataly- model to obtain the expected loss rate dependence on the
sis’ [14]. It consists in adding an extra laser to the systemgdetuning. The result is presented in the inset of Fig. 2. No
whose frequency is scanned, introducing extra collisionakignificant variation orB’(A) is expected, except in a very
losses(reducing the total number of trapped atgmBo ob-  narrow region forA=—20 MHz, which was not reached in
tain information about the dependence@for B’, on the the experiment. This flat behavior is a consequence of the
detuning, one has to keep the number of atoms constant, f@mall value of theCg coefficient for the case Na/Rb The
each laser frequency, while the intensity of the extra lasesmallC4 makes the potential flat at long range, resulting in a
(“catalysis laser’) is adjusted. Iflc(A) is the intensity re- very small dependence with. Only close to resonance is
quired to keepN, then B(A)o1/lc(A), as demonstrated in this variation important. Just for comparison we had also
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plotted theB(A), which presents a much broader variation simple GP model. We should point out that such a channel
than theB’ (A), due to the stron€;/R® dependence. does not need to be included in the intensity-dependence trap
The second catalysis possibility was carried out using d0ss experiment. The detunings are small and the colliding
laser near resonant with sodium, either in the presence dair does not survive in the doubly excited potential to get
absence of the rubidium cloud. The results for both cases af@netic energy enough to escape from the trap. From our
shown in Fig. 2. The detuning dependence observegior ~ intensity-dependence results, whege agrees well with the
the absence of Rb atoms was %91 which is consistent adapted GP theory, we strongly believe that this explanation
with the expectea ~ 7. However, we observe a much stron- is plausible. However, it is necessary to do a more detailed
ger A dependence than predicted by our simple theory, wheﬁtUdy to support this hypothesis. In any case, this should be a

we only considered the contribution of crossed SpeCiegnotivation for further theoretical/experimental studies in
?xoergic heteronuclear ultracold collisions. Further experi-

—5/6 P
(A %, The experimental results show a dependence 0ments involving K/Rb, Na/K, and Na/Cs are in progress and

A~2002 yery different from the homonuclear case. We il hel dorstanding about the inelast
have performed the experiment for trapping intensities rang\-NI €lp our understanding about the In€lastic processes.
For the realization of two-species Bose-Einstein conden-

ing from 40 to 140mWicrh and no observable intensity sation, the MSMOT is a necessary first step. The correct

dependence was obtained. nderstanding of trap loss processes in such a system seems
A possible explanation for this result is the existence ofnder 9 P P . 4
very important for the achievement of a higher number and

other collisional channels. One example would bé /R&. density of atoms, which appears as an important constraint
In this case the “catalysis photon” would transfer the col- y . PP P
on those experiments.

liding pair from the Na/Rb potential (—C4/R®) to the
Na*/Rb*(—Cs/R%). And the whole process would behave  This work was supported by FAPESPunda@o de Am-
like a “two-color” trap loss. This may introduce a stronger paro aPesquisa do Estado dé @&®&aulg, PRONEX (Pro-
detuning dependence, and enhance the losses. At the presgrama de Naleos de Excélecia em (otica Basica e Apli-
stage this possibility cannot be implemented within thecada, and FINEP(Financiadora de Estudos e Projgtos
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