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Three-body loss of trapped ultracold 8’Rb atoms due to a Feshbach resonance
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The loss of ultracold trapped atoms in the vicinity of a Feshbach resonance is treated as a two-stage reaction,
using the Breit-Wigner theory. The first stage is the formation of a resonant diatomic molecule, and the second
one is its deactivation by inelastic collisions with other atoms. This model is applied to the analysis of recent
experiments orf’Rb, leading to an estimated value ok10 ' cm®/s for the deactivation rate coefficient.
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The phenomenon of Feshbach resonance has recently iRef. [15]), the natural resonance widih, associated with
ceived an increased attention due to its application to Bosezhannel (1) is two times smaller than the corresponding
Einstein condensatio(BEC) (see Ref.[1] and references width for the case of indistinguishable atoms presented in
therein. Its most outstanding effect is a drastic change of theRef.[7] (see also Refd1,2)). It exhibits a Wigner threshold
elastic scattering length as the collision energy of an atomiclependence of the form
pair approaches the energy of a bound level belonging to
another electronic or hyperfine state. The resonance can be |aau|A
tuned by applying an external magnetic field, as has been Fe=7p, ©)
proposed in Ref[2] in order to control the BEC properties.

Applications include a controlled BEC collap4@] and  wherea, is the nonresonartbackgroundl elastic scattering
bright solitons in BEC[4,5], as well as the formation of |ength, . is the difference of the magnetic momenta of the
molecular BEC[1,6-9, an atom-molecule coherent super- atomic pair and the Rigm) molecule,A is the phenomeno-
position[10,11], and an entangled atomic ggg. logical resonance strengtbee Refs[1,2]), andp is the rela-
Another effect of the resonance is the abrupt increase iflye momentum of the colliding atoms. These parameters
atom loss due to inelastic collisions of the resonant moly|so describe the variation of the elastic scattering leagth
ecules[1,6,8,13, and to the formation of noncondensed at- 55 3 function of the external magnetic fi@dn the vicinity
oms [7,8,13. The determination of the loss parameters isof the resonance @=B,, as(see Refs[1,2])
important for an appreciation of the outcome of applications

of Feshbach resonances. We present here an estimate of the

rate coefficient for the deactivation of vibrationally excited Ares=8a| 1= 55| (4)
resonant’Rb, molecules by collisions with other Rb atoms, 0

based on the results of recent experimg . The total widthI'4 associated with the deactivation channels

The theory presented in Ref§1,6,8,13, based on (2) can be expressed in terms of a two-body rate coefficient
coupled Gross-Pitaevskii equations for atomic and moleculag, , as
condensates, cannot be applied to the analysis of these ex-
periments involving a noncondensed thermal gas. The ap- Ig=kgn (5)
proach used here is based on the Breit-Wigner theory of ) ) _ o
resonant multichannel collisiorisee, e.g., Ref15]), as has IS proportional to the atomic density The rate coefficient
been proposed for the system under consideration by Relkg includes the contributions of all the output deactivation
[7]. The reaction involving the excited resonant moleculechannels(d) of Eq. (2).

Rby(m) includes a reversible input channel of formation  The Breit-Wigner theory leads to the following expression
from (and dissociation foa pair of colliding atoms, for the cross section of resonance-enhanced three-body re-

combination(see Ref[7]):

Rb+ Rb=Rb,(m), (o
_ ) ) o ) wh? | I
and irreversible output channels of exoergic collisions with a o=—0— T e (6)
third atom, pe u(B=Bo) YA+ (Ie+ T4
Rb,(m) + Rb — Rb,(d) + Rb, (2)  This expression does not take into account the indistinguish-

ability of the three participating atoms, in which case the

bringing the molecule down to one of the lower-lying rovi- cross section should be,4=3'!0 (see Ref[15]).
brational levels of the same spin state, or to levels belonging The resonant molecular state Rim) can be formed
to other spin stategAn alternative approach, presented in whenever the detuning from the resonance is comparable or
Refs.[16,17], treats the whole process as a one-stage reconless thanl'y. This state decays producing atoms with a ki-
bination by a three-body collision. netic energy spectrum of widthl",. Under the conditions of

Let us consider all atoms, for the time being, as distin-the experiment$14] (a,~98.96 a.u.,u~2.8 Bohr magne-
guishable particles. According to the standard the@ge tons,A~0.17 G for the strongest resonance at 1007.34 G in
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8Rb, and a collision energy gb’/m~2 uK), the width w(z,t) X2+ y?2

calculated with Eq(3) is given by#I'o/kg~7 uK, where n(r,t)= s Baaeal § (10
™ r r

kg is the Boltzmann constant. Therefore this energy is less
than the trap depth o£20 xK and a spontaneous dissocia-
tion of the resonance molecui&) cannot lead to a signifi-
cant loss of trapped atontas opposed to the case of BEC—
see Refs[7,8]). Each deactivation ever®) leads to the v(z,t)=J dx dy nr,t) (11
simultaneous loss of three atoms. Therefore, the loss rate for

the atomic densityi(r,t) can be written in the form,

where

is a nonequilibrium axial profile and

} 2p 5 3 1 [2kgT
n(r,t)=—3ﬁamdn (r,t)=—Kgn>(r,t), (7) br=w—r s (12

is the characteristic radius of the atomic cloud.
Neglecting effects of axial atom transport, a kinetic equa-
tion for the axial profile can be written in the form

where

 36mhkglagulA . |
3_m[M2(B_BO)2+ﬁ2F§/4] ( ) V(Z,t):_KlDV3(Z,t), KlD:K3/(37TZb:}). (13)

. o o The solution of Eq(13) relates the axial profile at timieto
is the three-body loss rate coefficient. Here the partial inelasge initial one at=0 as

tic width I'y is neglected in the denominator in comparison

to I'e. Even very close to the resonance, as long|Bs »(2,0)
—By|>0.1 G, the widthl', may as well be neglected, lead- v(z,t)= > . (14
ing to an expression similar to E¢Q) of Ref.[12] for the V1+2Kypr%(z,0t

loss in a BEC. However, the rate coefficient given by &j.
is six times larger than the corresponding rate for a BEC.I‘et us suppose that at=0 the atoms have a Boltzmann

This difference, due to the effects of quantum statistics, hag'smbl“'tIon with the temperature and

been predicted for nonresonant three-body recombination in 2

Ref.[18], and observed in experimerits9]. (2,00 = v, exp{ _ Z_) - Ng (15
In the case of BEC, the atomic density profile is deter-

mined by the repulsive interaction between atoms. This in-

teraction can be neglected whenever its characteristic energyhere

proportional to the elastic scattering length, is small com-

pared to the kinetic energy of atoms 1 [2kgT
b,=— (16)
wa ¥ m
4 )
oy i e <kgT. (9 s the characteristic half length of the atomic cloud ahgds

the initial number of atoms. In this case, the number of atoms

_ ) remaining in the trap can be expressed as
For the temperaturé =2 uK used in the experimen{d 4],

this condition is obeyed whenevi —By|>0.01 G. There-
fore we can consider the gas as an ideal one with the equi-
librium density profile described by the Boltzmann distribu-
tion in the trap potential.

The loss rate given by E@7) is density dependent. In the
case of an inhomogeneous trapped gas, the loss processes
modify the equilibrium density profile, leading to an atomic
drift that tends to compensate for this deformation. The char-
acteristic time for this compensation can be estimated as the

trap period. In the experimenf&4] the magnetic field that 0 . .

brings the system close to resonance has been applied during 1006 1007 1008

a time interval oft=50 ms. This time substantially exceeds B(G)

the radial trap periodthe radial trap frequency i&,/2m FIG. 1. Number of remaining atoms as a function of the mag-

=930 Hz), but it is less than the axial trap peridbe axial  netic field in the vicinity of the 1007 G resonance §fRb calcu-
trap frequency isw,/2m=11 Hz). Therefore we can con- |ated with Eq.(17) for three values of the deactivation rate coeffi-
sider the radial density profile as an equilibrium one, de<ient, ky=7x10"* cm®/s (solid line), 10" 1° cm?/s (long-dashed
scribed by a Boltzmann distribution, and write out the atomidiine), and 5x 107! cm’/s (short-dashed line The circles represent
density profile as the experimental results of Mart al. [14].
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Ne (> expl — ¢2) 0.7x10 1% cm’/s. This value is comparable to correspond-

N(t)zz_of d¢ . —, (17)  ing estimates for Na resonances (120 '° cm’/s in Ref.

Valo 7 1+ 2K p vt exp(—2¢?) [8]; 4% 10 ° cm®/s and 10! cm®/s in Ref.[20] following

the theory of Ref[1]). The results of calculations for several
values ofky are presented in Fig. 1 in comparison with the

where¢=2/b, . experimental results of Reff14].

Equation(17) [in combination with Eqs(3), (8), (13), and

(15] allows us to estimate the value &f by a fit to the The authors are most grateful to Dr. StephanrrDior
number of remaining atoms measured in Ha#] for No  providing a preprint of Ref{14] and clarifying details of the
=2.8x10°. The fit produces the optimal value df;= experiment.
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