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ABSTRACT

It is demonstrated that with inerease af the cooled aloms
density the intermediate between paired and multi-particles
processes starl to play a predominant role even under conditions
of small gas parameter [ = n [t << Lowhere nois the trapped
atom density and f is the scatlering anmplitude of the binary
collision. The influence af the environment, i.e. backgronnd
gas density effects, on the process of excilation transfer between
atoms is illustrated throngh the example example of the RDb
isotropes. The condifion on the trapped. coaled aloms density
for ohservation of such ellects is dedneod.

1L.INTRODUCTION

The advances made during the last vears in laser covling and
trapping of neutral atoms open new possibilities of investigation
of atomic collisions. Unlike thermal collisions these processes
have some particular features: (i) the duration ol the collision
is longer or comparable with lifetime af excited state, and (ii)
the kinetic energy E of the relative motion is on the order of the
natural linewidth,

Collisional loss processes are very important for determina-
tion of the particle residence time in an oplical trap [1]. For the
caleulation of the collisional parameters (probahility and cross
section) we limit ourselves to binary collisions. However, with
decrease of Lhe kinetic energy of the particles a new “collisional
channel™ opens. This collisional process is an intermediate one
between binary aud multi-particle processes and has been dis-

enssed, for exanmiple, in the case of cliarge exchange and exci-
tation transfer at conventional femperatures [2,3]. Thus, for
example, in case where the condition of hinary collisions is sal-
isfied for the resonant charge exchange process, the interaction
lietween colliding particles and surrounding background gas may
transform the polential terms of the colliding pair and convert
this process o a nonresonaut one. O the other hand, for a
nonresonant two-hody process. the interaction with surronnding
particles may diminish U effective detuning A and convert this
process inte the resonant one. Obviously, the influence of the
environment begomes important for not-so-low densities onlv.

2. THEORETICAL MODEL

Mere we investigate the process of the excitation ransfer
tween cooled isotopes of S RE and STRL. This system is
pspecially siitable due 1o comparable vatio ( 3:1) of the natural
isolope coficentritions.  Differences in ground state hyperfine
strueture of the Rb isolopes result v a shift of the optical
vransitions of the order of a few GIlz. At typical temperatures
for magneto-optival traps of a few hundred microkelvins the
process of two-body excitation transler lias an exponentially
small cross section. 1M one of the hyperline levels 5Py o of b
is excited (see Fig. 1) then the dipole - dipole interaction forms
the quasimolecule (F"Rb 4 8RBT, An exeited level of ST
hecomes degenerate with one of the terus of this quasimolecnle
al some quasimolecular internuclear distance ry (see Fig. 2).
The prebability of the excitation transfer between quasimolecule
(%Rb + 3Rb*) and atom STRb is determined by the Landau -
Zener formula in which conpling matrix elements depend on the
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distance B between the atom and the gnasimalecile. Tt miy he
shown that typical values of B are larger than the characteristic
internuclear distance of tie quasimolecale rg. Tw other words,
in the vicinity of the atom ¥R, the binary collisions of the
atoms SRE and SRL take place and the cofliding atoms with
the impacl parameter p snvaller than the eritical parameter pp
excile isotape *TIth.  Denote the Landan-Zeuer probability of
the excitation transfer process as W( p, B, 1), where v is the
relative velocity of the collision. Here and further we restrict the
term collision rm lo notion of aloms foruing the quasimoleculs:
although from the process of exeilofion trunsfor s the result of
interaetion {"collision”) of this quasimoleenle with isetope 37 Rb
atom. Further we imply thal all B atoms have the same binelie
energy . Al he considercd aptical trap conditions the deluning
A s larger than the kinelic cuengy (A > 1) and e only
possible pracesses are ones wheve the level of RN is sitnoted
lower than all excited level of ¥ RY (sec Fig.2).

We diseuss too possible: provesses with purticipation of the

Ith isotopes:

(SR 43 Y457 B as™ Ry g 0T e (1en)
(76" +57 Bb) 45 RO &5 RN RS BYT (10)

The competitive binary proccss is:

85 ppe 487 b -5 RO+37 R

The cross seclipn of this lafter process s delermined by the
Stickelberg formula [4]. For & >> (hv)*?[d, where d is the
dipole matriz element of the transition, the cross seelion 15
exponentially small. I ouwr case we dube = 3.2 a0, r
300 pk, v = 30 em.s™ dand A = 4§ Gllz. The resulling exponent
is equal 4o 2407 Therefore, a dirvect transfer of the czeitation
due to the binary process {ic) is cxtremely fmprobable and may
be negleeted.
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IYig. 2 - The schematic pallern ol crossing
of the quasimolecular (**Rb + 8"Rb*) lerm
with the *"RDL level withoul taking into
account ol the splitting 3, 1L

3.CALCULATION OF THE RELAXATION FRE-

QUENCY

The concept of the cross sertion is not nseful for the processes
(la), (1b) buv they way he characterized by the exeitation
relazation frequency [3.5)0 This frequency is equal to the rate
of formation ol quasimoleenlar pair collisions BiRht + ®Rb
neenrring in a unit e around Lhe atom 5T, e

y=au"nv [N"(p, i, Ii)f:?p{—r.\-;inrrprlpdaﬁ (2)
W o=2e"81-¢"")
21 ; -
L A o [
m ()| Fy = Pyl '
The meaning ol equation (2} is the following.  The

factor Wi(p, ,u) in the integrand describes (he probability
of excitation transfer to the atom STRL at the distance R
alter passage by the pair of colliding *RRb atoms at two
Landau-Zener ( LZ) points. The exponential factor describes the
probability survival against spontaneous emission during time of
tvhe collision, and 1/T a7 is the lifetime of a quasimolecule due to
the spontaneons radiation. Ilere »*, w are the densities of the
excited and gronnd state **Rb atows. @ is the unitless angular
function depending on the orientation of the vectors Randd, E
is the kinetic energy and v, is modulo of the radial component
of the relative velocity of the collision.
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In thie caleulation of the coupling walris element of the
interaction V' between atom and quasimolecule we take the
dipole moment of the quasimolecule equal 1o twice the atomic
dipole moment. Finally time ¢ in Eq.(2) is a olassical time spent

by atom in moving from a turning point 7, where v.(F) = 0,
throngh two LZ-points
¥ d'l' o fi?'
= S T2 (1)
o U Jyp Py

In distinction to the case considered in Rel. [L]. for the preseut
situation the distances betwean LZ paint rp and turning point t
is comparable. Then similar to Ref.[3] calculations give for the
exitation relaxation frequency ¥ the following vesult:

A

{(!—)mﬂnl}‘l
o= [ 8 ]

)
3

e

NG ®

v = 1600 n

Lar o
a@=———

2 v

. B 3 )
ely) = —!IJ\/1 —y?= %'_’j\/l -+ gﬂrrsm Y

The factor in the eurly hrackels in Eq.(5) Is larvge for cooled
colliding atoms only.  Tor thermal atoms iv rediees 1o Lhe
constant 2/3. The physical veason Tor this distinetion is evideny
[romw Eq.(3):
A formation of a quasimolecule takes place with lager impact
parameter p. than for thermal atoms.

under small kinetic enorgy £ oand lixed detuning

4.DISCUSSION

We presm[l here some iimerical estimations: for 1= 300pK,
r=30cms ', A =4 GHz, d =320, 'y =204=7.4107 s,
where [y is Lhe atomic livewidth. As a result from Eq.(5) we
obtain o 2 0.08 and 5 ~ 2.6 10~ yp~s1,

The formulas (2). (5) do not take into account the possibility
of multiple escillations of atows in quasimolecule during the
excited states lifetime, a5 was considered in Rell[1]. owever,
the proper allowance of this effect gives anly an additional factor
C > 1in formula (5). It may be shown that this Tactor varies
within the limits 1.5 < ' < 3.

The probability of such process during lifetime of excitation

in quasimelecule is equal lo T.I"'],'. We st compare Lhis
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densities of the exeited and nnexeited atoms.  For the given
parameters il takes U form:
an® > 0¥ em " (%)

5.CONCLUSION

[n the Fig, 3 the optical transitions of Rb isotopes with the
excited 51 is shown [6i]. A possible scheme for abservation
of the effect may be the following. Referring to Fig.3, we may
excite A or B-lines of the ®Rb isotope. Then we will see only

% Rb ¥ Rb
b 2
520,
1
A B a b
2
3
2
5%5y/2
2 o
A B
[ I
™ .\I
/- i \ / :"\
AW N_ 8sp,
-] b
| i
AN /o
\ N .y,

Fig. 3 -

isotopes.

The pattern of the optical Lransitions i the ribidivm
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flworescence from the red-shifved a- Tine of < Rh. arising from
the process of Eq.(la), Towever, il we oxcire hline of 500 it
gives the possibility to obsorve A and B-lines of 1L, avising
Tronn bl IRIGGE ol ]‘:rl.( LBy D eontrast esoitation el e s line
of 7RI does wat allow possibility o observe anyal e S
isotopes lines. Ba.(S)shpws that sueh a vivid distinetionol the
Muorescence patterns ander exfation ol e dilforent isolope lines
may be observed experimentally at densitios o = 10"2em=. For
smaller densities whis distinetion wonld be difficult fo revenl, We
cousidered here one of the examples whoen the environment ot
only influenees on thie binary processos it apens the possibilities
for obsepvation of the new pracesses. Suel an influcuee of the
environment may wanifest iself inoa lorn of the ficld from
nearest neighbonr atom, as in the considored case, or in e
situation when contribmtion of all the environment. in, colloetive
effects. is Tmportant, as v a cose of the resonanee charge
exchange [2]. What is the phvsical reason of such a distinction?
Due to the symmetry considerations i1 is eviden! that an average
force from the randon gas medium acting on tle colliding pair
of wloms is equal zoro. If for any given confignation to separale
this foree juto two parts as a force from e nearest peighbour
and all the rest atoms then the correspanding average energies of
interaction any of these parts will be equal. I otlier words. the
distribution funetions of the detunings for the nearest neighbonr
and collective eflocts models wust be similar.  Therefore. Tor
any nonfesonance process with sufliciently larse detuping irs
compensation due Lo interaction with the enviromment may be
[airly described in the limits of the nearest neiglibonr model, as

it was done here. Ilowever, lor essentially resonance processes, |

when not average form of the distribution Tietion liut its
behaviour namely at small detunings is important, the situation
clianges in a cardinal manner. Sinee small detunings arise duye
to the symnetrical or nearly symmetrical spacial distributions of
atoms around the colliding pair sueh disteibntions cannot spring
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ap due to the interpetion with sole ncighbour atom. Therefore
distribution funetions ot small detnnings in those models tiurn
out Lo be very different and theonearest neighbonr model might
;|;11 B aspplied and s naniely colloctive aifoets medel is 5|lj'||.i|l'1l!:.
Phese general argnmonts tatally carrespoid Lo the lnctuating
gravitation Torce in thie stellar dynamies processes where nearest
neighbour model cannnt provide satislactory accuracy al small
detunings and must he replaced for more general collective model

{the Holtzmark’s disteibition funetion),
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