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Isotopic difference in the heteronuclear loss rate in a two-species surface trap
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We have realized a two-species mirror-magneto-optical trap containing a mixt8few{®°Rb) and 33Cs
atoms. Using this trap, we have measured the heteronuclear collisional loggsatelue to intraspecies cold
collisions. We find a distinct difference in the magnitude and intensity dependengg, of, for the two
isotopest’Rb and®®Rb which we attribute to the different ground-state hyperfine splitting energies of the two
isotopes.
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Since the first experiments in 1999] demonstrating the and trapping light of each species. The adjustments were
trapping of atoms using micron scale wires fabricated on anade to optimize the size, shape, and overlap of both atomic
reflective substratéhe so-called “atom chipthere has been clouds.
increased interest in techniques for cooling, trapping, and The surface used for this TSMMOT configuration was
controlling atoms at surfaces. Various devices have been prdabricated in-house using thin-film hybrid technoloy: a
posed and are now being realized in the laboratory includingop layer 0.7um thick of highly reflective(95%) Ag was
atomic beamsplitters and wave guides-5. Indeed, suffi- evaporated onto a &Zm SiO, sputtered layer, all deposited
cient progress has been made that a Bose-Einstein condesnto a 300um-thick Si wafer. Similar techniques were used
sate(BEC) can now be created and manipulated using atomto pattern chips capable of magnetic surface trapping. The
chip techniques([6,7]. In a parallel development, the typical TSMMOT hovered~3.5 mm above the mirror sur-
investigation of cold atomic clouds of mixed atomic speciesface to ensure that surface effects play no role. Taking the
has also attracted substantial attention, giving rise to intensgeometry into accounfl5], the maximum total intensity
efforts to generate cold heteronuclear moleci#9] for ap-  within the TSMMOT region is 13 mW/cimfor Rb and
plication to fundamental measuremef$ and for quantum 53 mw/cn? for Cs. A set of anti-Helmholtz coils produced a
information technologie$9]. To date, however, there have magnetic field gradient of up to 40 G/ cftypically we used
been no reports of mixed species trapping with surface trago G/cn). The specific value of the field gradient did not
technologies. qualitatively affect our results. Three orthogonal Helmholtz

In this paper we report the realization of a two-speciespairs (“trim coils”) were used to compensate for residual
surface trap — the two-species mirror-magneto-optical tragtray magnetic fields. In combination with small displace-
(TSMMOT). As with other atom traps, the performance of ments of the trapping laser beams, the trim coils assisted in
the trap(e.g., density, number, ejds strongly affected by optimizing the overlap between the two atomic species. The
collisionally induced trap los$10-13. We have therefore pressure in the chamber was maintained-a0® Torr. The
used the TSMMOT to investigate the cold collisions of atoms were introduced using getter sources placed inside the
atomic Cs with 8Rb (*Rb). We focus on measurements vacuum chamber approximately 5 cm from the B-field mini-
made in the low intensity regim@lg,<|<8lg, wherelgy,  mum[16].
is the atomic trapping transition saturation intensitvlixed To assure full three-dimensional overlap of the two
species Cs-Rb trap losses have been recently characterizediiapped species, the clouds were imaged with a pair of
a standard MOT over a broad range of laser intensjtiés charge-coupled devic€CCD) cameras aligned on separate
Our results are distinct in that we find an isotopic differenceaxes perpendicular to the chip. A third high-performance
which to our knowledge has not been previously observedCCD (high linearity) was used to image the MOTs and mea-
and which we attribute to ground-state interspecies hyperfingure their spatial distributions. The shape of the two clouds
changing processes. was that of an oblate spheroid. The measured waists are

In our experiments, trapping light was provided by line- noted in Table I. The number of trapped atoms was deter-
narrowed extended cavity diode lasers locked to the trappingnined by measuring the fluorescence using two calibrated
transitions using a dichroic scherfie3,14. Acousto-optical photodetectors combined with narrow-band interference fil-
modulators were used to detune the light from the lockingers(bandwidth of about 9 nincapable of isolating the fluo-
point to the cooling transition by -Igy(-2.1Tg,) for rescence of the individual atomic species. The fluorescence
8Rb(®’Rb) and by -1.3I'cs for Cs. To assure uniform measurement was converted to an absolute atom number by
Gaussian beams, all trapping light was passed througtaking into account the trap-laser intensities at the position of
single-mode optical fibers. After the fibers, the beams had athe trap[15], the detunings, polarizations, and spatial profiles
1/€? waist of 0.4 cm. A series of polarizing beam splitter of the lasers, and by using a weighted and averaged Clebsch-
cubes and half-wave plates were used to mix the trappin§ordon coefficient to determine the atomic saturation inten-
light and to tune the individual intensities of the repumpingsity. The total number of trapped atoms was typically 2
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TABLE |. Experimental parameters used to characte??Rb and®’Rb with Cs.

Parameter 85Rb 13%cs 8Rb
Cooling transition 5 ,(F=3) 6S,/(F=4) 5S,5(F=2)
—5P3(F'=4) —6P3,(F'=5) —5P3(F'=3)
Natural linewidthI'(MHz) 27X 5.98 27X 5.22 27X 6.07
Saturation intensitys,(mW/cn?) 1.64 1.10 1.67
Detuning from cooling transition -1.DRrp -1.3Tcg -2.1TRp
Total intensityl (mW/cn?) 4-13 53 4-13
Atom numberN 1x10°-2x 10 1x 10 3x10P-9x 10°
Vertical waist with(without) Cxm) 215-300260—330 447 250—396340—845
Horizontal waist with(without) CS(xm) 420-470420-570 169 115-15Q130-170
Peak densityr with (without)y Cs(cm ™) 2X 10'(3-4.5x 10 1.5x 10 6X 1094 x 101°-1x 101

X 107(9x 10°) for ®5Rb(®’Rb) and 1x 10’ for Cs. This along  rate, y, is the loss coefficient due to background collisions,
with our waist measurements yields peak densities of 4.8Brp.rpiS the loss rate due to homonuclear collisions of atoms
X 1011 x 10'Y) atoms/cm  for 8Rb(®’Rb) and 1.5 of one species, ang, o is the loss rate due to hetero-
X 10 atoms/cm for Cs. nuclear collisions of atoms between the two species. The
The amount of collision induced traploss depended criti-atom number densitiesics and ngy,, are experimentally de-
cally on the overlap between the two atomic clouds. Duringfined as the peak number of atoms divided by the total vol-
all experiments, the overlap was95% by volume. ume, calculated using the Gaussiare’lWaists. Similar to
The Cs MOT was imposed onto the Rb MOT by con-previous treatments in the literature, we find that for our
trolled blocking and unblocking of the repump light for Cs. trapped atom number and density, we are in the density-
Figure 1 shows the loading behavior of the Rb atoms in thdimited regime[12].
absence and presence of Cs. Losses as large as 78% in theln our experiments, we observe that the trapped atom
Rb atom number due to Cs were observed. By fitting thigiumber and density for the Cs trap is essentially undisturbed
data to a transient loading rate equat[d0,12, the hetero- by the introduction of Rb atoms into the trap, as also seen in
nuclear loss rate was obtained. The dependence of trap lo&ef. [12]. Hence in our analysis we treat the Cs density as a
on the total intensity of the Rb trap laser was measured bgonstant. By contrast, the number of trapped Rb atoms is
keeping all parameters of the Cs tréiptensity, detuning, dramatically affected by the presence of Cs atoms in the trap.
number of Cs atoms in the traponstant. We begin our analysis by noting thgg, S Bro-rb
The collisions of atoms in a MOT can be characterized by[12,17,18. Equation(1) can then be written as
the interplay of the loading and loss rate of trapped atoms. , .
The time-dependent rate equations that model this processdNro(t) = 7ro = (¥ro + Bro-cdled Nro()= 7ro = YroNRb(b)

can be written (2)
ciNro(t) = 7o = ¥RoNRo(Y) ~ Bro-cNedNRo(t) where yf, is the total loss rate of the mixed trap. For the
~ BrortruNry(1). (1) parameters of our experime@hamber pressure, etceven

) . . in the absence of C¥gp.rp Can be neglected and EflL)
whereNgy is the number of Rb atomsgy, is the trap filling  pecomes

4.5~ load without Cs
— diNro(t) = 7Trp = YroNRo(t) - 3
£ - ,
S 4.0 Combining Egs(2) and(3), Bgry.csiS given by
£ 45 ,
& 3.5 ’ _ (be_ ‘}’Rh) (4)
B Ioad with Cs Pro-cs™ n '
5 30+ l Cs
§ ] Figure Z2a) shows the measured average losses of Rb due to
2.5 unblocking Cs .. .
S Cs. The error bars correspond to standard deviations in mean
§ 20 blocking Cs value, averaged over repeated experiments performed while
5 keeping experimental parameters constant. The losses de-
2 154 . _ . . . ' crease almost linearly with increasing Rb laser intensity.
15 30 45 They also show a distinct isotopic difference: the losses for
time [s] 8'Rb are greater than those f&tRb. This behavior is also

seen in the total loss rate which is shown in Figo)2vhere
FIG. 1. The transient loading signal 6fRb, both with and we plot the total loss rategy, (for pure Rb and the total loss
without Cs, as a function of time. rate yg, (for Rb+C9 on the same graph. We observe no
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851 intensity, is approximately the same for the two isotopes
80 (@) whereas the ground-state hyperfine splitting energy is
_ 7] }{ { } $ smaller for 8Rb(3.04 GH2 than for 8’Rb (6.83 GH2. As
&2 LA # { hyperfine changing collisions involving at least one ground-
8 701 ] ‘} { state 8’Rb release more energy than those involviiigb
% 654 they cause more trap loss in the low intensity regime. In
é 60 a? { ‘§ particular, as a function of the trap laser intensBy,.g, has
2 5] ¢ { @ been observed to decrease with increasing intensity, reach a
minimum and increase again for higher intensities. For an
50 1 3 3 s o ) ideally aligned MOT, the minimum is reached when the trap
depth equals the hyperfine splitting enefdy]. As the hy-
90, (b) perfine energies for the two Rb isotopes are different, this
80, minimum occurs at different trap intensities. For a slightly
70, misaligned MOT this minimum is shifted to higher intensi-
o 601 ties, but the shape of the curves and the isotopic difference is
% 59 preserved.
:: 401 { X We find that the behavior oBf, . parallels the homo-
= 301 Q{ 4 i 3 nuclear Rb experiments. In the low intensity regime, we see
2 20 e ¥ e 2 @ L0 4 a decrease 0Bg,_,With increasing intensity10,12. In ad-
10] 4 aada adhade 4dada dition, the slope of the curve is found to be smaller fRb
00— z 3 o 5 T than for 8Rb, as the hyperfine splitting energy &Rb is
smaller and therefore the minimum is reached at lower in-
407 © tensities.
3.5 It is well known that trap-loss measurements integrate a
& 301 variety of collisional loss processes, and our measurements
‘”g 25 P share this feature. Therefore, other collision processes are
T 20 likely contributing to the value of3g;, s and so we briefly
= 45l { § é review the d_ominant possibilities and_ their.potential effect_on
g 10] $ ;{ ? § our conclusion. Because the laser intensity for Rb is fairly
&an - 2 9 ° @ ; e ., ¢ low, we have assumed in our discussion that most of the Rb
0.5 e o7 @ atoms are in the ground state. However, given the high Cs
00— 3 3 o s 4 trap-light intensity, a larger fraction of the Cs atoms are in
. . . the excited state. As a result, both Cs fine structure and Cs
total laser intensity [mW/cm"] hyperfine structure changing collisions between a ground

FIG. 2. Trap losses for both isotopes as a function of Rb Iase;State Rb and an excited state Cs are possible. Since the Cs
intensity. The solid and hollow symbols in all plots repres&€mb parameters are kept constant, these processes will only add a

and®Rb, respectively. Plata) shows the overall losses in percent, constant(Rb laser-intensity independenoffset to the ob-

plot (b) the total loss rategy,, (circles and ygy, (triangles, with and served values oz, cs thus shifting.both curves in t.he same
without Cs, and plotc) Bhy.ce way. Hence, the observed isotopic difference will be pre-

served independent of whether a Cs collision partner is in the
change imyg,, (pure Rb trapfor this intensity regime and see ground or excited state. Furthermore, changes of the excited-
no isotopic difference. This is consistent with previous workatom hyperfine state will not make a significant contribution
[17,19. However, the total loss rater, changed dramati- to trap loss because the excited-state hyperfine splittings are
cally in the presence of Cs. Again, the averaged loss rate fanuch smaller than the ground-state splittings. Last, we note
87Rb is consistently higher than f8PRb. This isotopic dif- that we have not included either radiative escape or Rb fine
ference is transferred onig, s [Fig. 2(c)] which was cal-  structure changing collisions. For excited Cs, this again can
culated using Eq4). be justified by noting that the associated loss will be inde-
We note that the absolute valuesgff, - have significant pendent of Rb trap-laser intensity. For the case ofvaak
uncertainties which arise from systematics in determining thexcited state population of Rb atoms, we point out that each
exact atom numbegnot included in our error baysHow-  of these loss processes should contribute losses that increase
ever, this uncertainty does not change the observed isotopigith increasing Rb laser intensity, whereas all of the ob-
difference. served rates decrease over the range of laser intensities stud-
We believe that the the isotopic difference is due to theied.
difference in the hyperfine ground-state splitting energy of Finally, we note that ground-state heteronuclear hyperfine
the two isotopes of Rp17,19. Experimentally, isotopic dif- changing collisions have also been observed in mixtures of
ference in trap loss due to ground state hyperfine structureodium and rubidium in our labl1], however, that work
were first observed in experiments performed using pure Riwas not performed in the environment of a surface trap.
traps[17]. Phenomenologically, the effect was explained by In summary we presented heteronuclear trap loss mea-
noting that the trap depth, which decreases with decreasingurements in a mixed Rb-Cs TSMMOT. At low intensites,
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there is an isotopic difference betwegiRb and®Rb. Our  tion processing. In this regime, surface effects could play a
loss measurements agree well with previous data obtainekey role in total losses mainly arising from decoherent ef-
for a mixed Rb-Cs trap, however no isotopic difference wadects.

reported in that work. With well overlapped cloud centers,

losses up to 78% can be obtained. To our knowledge, this is The authors would like to thank Michael Wulf and Mark
the highest loss reported for a mixed Rb-Cs MOT. The two-J. Feldman for providing the mirror surface. They are grate-
species mirror MOT can be used as a robust atom source fdul for contributions from Jim Steinman, Laura Pickel, and
loading a double species atom cHP-5], and of creating Jeremy Weeden. This work was supported by the National
ultracold heteronuclear molecules close to the surf@e  Science Foundation, the Office of Naval Research, and the
Both experiments would open up ways in quantum informa-Army Research Office.
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