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We report on the simultaneous trapping of two fermionic species, 6Li and 40K, and a bosonic species, 87Rb,
demonstrating the first three-species magneto-optical trap �“triple MOT”�. The apparatus including the atom
sources and the three laser systems is described, and the single-species MOTs and the triple MOT are charac-
terized. In triple MOT operation, typical atom numbers of 3.2�107 for 6Li, 1.5�107 for 40K, and 5.4�109 for
87Rb were achieved. Trap loss due to interspecies collisions was observed. We describe our way to optimize the
triple MOT and turn it into a suitable source for the goal to achieve quantum degeneracy by evaporative and
sympathetic cooling.
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Following the demonstration of Bose-Einstein condensa-
tion in dilute Bose gases �1� and of quantum degeneracy in
dilute Fermi gases �2,3�, numerous recent experiments fo-
cused on the production of ultracold molecules �4,5� using
Feshbach resonances. Molecules consisting of two loosely
bound fermionic atoms proved to be exceptionally stable
against molecular decay �5,6�, in contrast to the bosonic case
�7�. The demonstration of Bose-Einstein condensation �BEC�
of these molecules �3,8�, the observation of fermionic con-
densates of generalized Cooper pairs �9�, and their superflu-
idity �10� marked milestones in the physics of ultracold mol-
ecules. However, all these experiments were based on
diatomic molecules composed of two fermions of the same
species. Ultracold mixtures of two different fermionic atomic
species are expected to provide stable systems for the inves-
tigation of long-range pairing interactions, for precision
spectroscopy of molecules, or for the study of dipolar inter-
action between heteronuclear diatomic molecules. The first
important step in producing a degenerate Fermi gas of two
different species is to load the mixture into a magneto-optical
trap �MOT�. Simultaneous trapping of a bosonic species in
addition opens the possibility of sympathetic cooling �11� of
the two fermionic species by the bosonic species. So far,
two-species magneto-optical traps were realized only for
Bose-Bose �12� and for Bose-Fermi �13� mixtures. However,
to our knowledge, neither a two-fermion MOT nor a three-
species MOT has been demonstrated yet.

In this paper, we report on simultaneous trapping of three
species, the fermionic species 6Li and 40K, and the bosonic
species 87Rb, using a magneto-optical trap �“triple MOT”�.
This triple MOT will be used as a precooling stage to obtain
the starting conditions for forced evaporative cooling �14� of
87Rb and sympathetic cooling of 6Li and 40K. In the follow-
ing, we present our experimental system and characterize the
optimized triple MOT. With our current setup, we are able to
trap 5.4�109 87Rb atoms, 3.2�107 6Li atoms, and 1.5
�107 40K atoms simultaneously.

In the experiment, the MOTs for all three species are pro-

duced in a steel vacuum chamber �“MOT chamber”� at the
center of a common magnetic quadrupole field. For loading
of the rubidium and potassium MOTs we use atomic vapor
dispensers. In order to make loading efficient, these dispens-
ers are placed only 4 cm away from the center of the MOT
chamber pointing towards the capture region of the MOTs.
This loading configuration does not rely on a sufficient atom
mobility on the chamber walls, as it would do in the case of
loading from a remote reservoir. The central trapping region
of the MOTs is mechanically shaded from the direct atomic
flux from the dispensers. For rubidium, we use commercial
dispensers �SAES Getters�. For potassium, however, dispens-
ers are commercially available with 40K only in the natural
abundance of 0.012%. We therefore use home-built dispens-
ers �15� with enriched potassium �3% abundance of 40K�. In
the case of lithium, vapor loading would be inefficient due to
its comparatively low saturation pressure and due to the
small fraction of atoms at velocities below a typical capture
velocity of the MOT. For this reason, the lithium MOT is
loaded from an atomic beam out of a Zeeman slower in
spin-flip configuration with a length of 60 cm. The difference
between the minimum and the maximum of the magnetic
field is set to 810 G, corresponding to a maximum decelera-
tion of the atoms by 761 m/s. The atomic beam is produced
by an oven filled with 6Li at almost pure abundance. It is
collimated by two tubes of 6 mm diameter and with lengths
of 16.5 cm and 13 cm, both located between oven and Zee-
man slower. Pumping between the two tubes limits the back-
ground gas load from the lithium oven into the MOT cham-
ber.

Figure 1 shows diagrams of the energy levels for the three
atomic species together with the transitions used for slowing,
trapping, and detection of the atoms. All these transitions are
within the respective D2 lines. The laser systems for lithium,
potassium, and rubidium are schematically drawn in Fig. 2.
They are based solely on semiconductor laser oscillators and
amplifiers, namely grating-stabilized diode lasers �M1–M6�,
injection-seeded diode lasers �S1–S5� and tapered amplifiers
�TA1, TA2�. Double pass, quadruple pass, and tandem �18�
acousto-optic modulator �AOM� lines are used to shift the
frequencies and to control the individual beam powers. Typi-
cal AOM frequencies for the MOT operation are indicated in*Electronic address: matthias.taglieber@mpq.mpg.de
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the graph. The power in the output beams from the two TAs
can be attenuated by means of electro-optical modulators
�EOMs�.

The different laser locks are implemented as follows: For
lithium, the master laser M1 is locked to the F=1/2 ,F
=3/2→F� crossover signal using the side-band free
Doppler-free dichroic lock �DFDL� technique �16�. The
MOT trapping and repumping light as well as the imaging
light are subsequently derived from this laser. The second
lithium master laser M2 is referenced to M1 by an offset lock
and provides light for the Zeeman slower. For potassium,
direct locking to a 40K transition is not favorable due to the
very low natural abundance of 40K in the vapor of the spec-
troscopy cell. Therefore, the master laser M3 is locked to the
conveniently located F=1→F�=0,1 ,2−F=2→F�=1,2 ,3
crossover signal of the D2 line of 39K using a standard
frequency modulation �FM� locking scheme. Consecutive
frequency shifting by means of AOM lines provides all re-
quired potassium frequencies. For rubidium, the repumping
laser M4 is fixed at the repumping transition by a standard
FM lock. The master laser M5 is locked to the F=2→F�
=2,3 crossover signal with the DFDL technique. Its output is
used for imaging and, in the future, for optical pumping.
Finally, the rubidium master laser M6 is offset-locked to M5
and provides rubidium trapping light.

All nine resulting laser beams from the three laser sys-
tems are sent through individual optical fibers to the MOT
setup. The MOT beams are then individually expanded to
appropriate intermediate beam waists and combined using
edge filters and polarizing beam cubes. The resulting beam
containing all three wavelengths is split by polarizing beam
splitter cubes into the six arms of the MOT. A telescope in
each of the six MOT arms expands the beams to their final
1 /e2 radii of 7.5 mm for Li, 10 mm for K, and 13 mm for
Rb. In order to adjust the intensity balance of the counter-
propagating MOT beams simultaneously for all three wave-
lengths we first use zero-order � /2 plates for 780 nm in front
of the splitting cubes. This guarantees centering and efficient
molasses cooling of the rubidium cloud, while at the same
time also centering the potassium cloud. We then adjust the

intensity balance of the lithium beams by inserting a stack of
two additional � /2 plates for the 780 nm wavelength. The
two wave plates are mounted together in one rotatable mount
with their fast axes aligned. Therefore, the effect of these
plates on the polarization of the rubidium light is negligible.
The desired splitting ratio of 50% for lithium at the subse-
quent beam splitter was achieved by careful selection of the
plates used in the respective stack. The selection also ensured
that the intensity balance for the potassium light is not af-
fected so that all three atomic clouds can be well centered
simultaneously.

The atoms are detected with two different methods: fluo-
rescence detection and standard absorption imaging. For the
first method the three superimposed MOTs are imaged onto
three different photodiodes so that the fluorescence from the
different MOTs can be monitored independently. Separation
of the fluorescence light originating from the three MOTs is
achieved using edge filters and additionally optical band
passes. Cross-talk between the three channels is below noise
level. The atom numbers derived from the MOT fluorescence
signals are calibrated by absorption imaging.

For the realization of the triple MOT we optimized its
parameters with the goal to produce an optimally cooled ru-
bidium sample with a large atom number. For future experi-
ments a large rubidium thermal bath for sympathetic cooling
of only comparatively small lithium and potassium samples
is required. The most obvious constraint imposed on the
triple MOT parameters is that for all three species one com-
mon magnetic field gradient has to be applied. We therefore
started the optimization process by adjusting the laser detun-
ings for maximum atom number of each single-species MOT
at several magnetic field gradients. The achievable atom
numbers for lithium and potassium were found to be insen-
sitive to the magnetic field gradient over a wide range. For
rubidium we found the number of trapped atoms to be high-

FIG. 2. Laser systems for lithium, potassium, and rubidium. All
three laser systems are based on semiconductor lasers. The frequen-
cies are shifted with double pass �dp�, quadruple pass �qp�, and
tandem �td� AOM lines.

FIG. 1. Atomic energy levels and transitions used to slow and
trap lithium, potassium, and rubidium atoms.
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est at a magnetic field gradient of 16 G/cm. Table I summa-
rizes the relevant optimized parameters for the single-species
MOTs at this magnetic field gradient. In the case of lithium,
we were able to trap 4.2�107 6Li atoms at an initial loading
rate of 1�108 s−1 in the single-species MOT using a detun-
ing of −4.3�Li for the repumping and trapping light. The
average peak intensity per beam was 0.7 and 0.8 times the
saturation intensity Isat of the respective transition. In the
potassium MOT the peak intensities of the trapping and re-
pumping light were 4 Isat and 1.1 Isat, respectively. The high-
est atom number of 2.6�107 40K atoms and an initial load-
ing rate of 5�107 s−1 in single-species MOT operation were
achieved at a detuning of −4.2�K for the trapping light and
with resonant repumping light. For the rubidium MOT we
used average peak intensities of 8 Isat for the trapping light
and 0.5 Isat for the repumping light. In the single-species case
we found a maximum atom number of NRb=5.6�109 atoms
and an initial loading rate of 8�109 s−1 for resonant re-
pumping light and a detuning of −4.8�Rb for the trapping
light.

In triple MOT operation, atom numbers of 3.2�107 6Li,
1.5�107 40K, and 5.4�109 87Rb were simultaneously
trapped. In comparison to single MOT operation, this corre-
sponds to a reduction of the steady state atom numbers of the
lithium and potassium MOTs by 24% and 42%, respectively.
For the rubidium MOT, however, no significant reduction
was observed.

Figure 3 depicts a typical time evolution of the atom num-
bers as inferred from the fluorescence signals for a particular
sequence used to study the triple MOT. It shows the simul-
taneous trapping of the three species in the triple MOT and
illustrates the influences between the different species. Dur-
ing the whole sequence, the trapping light for all three spe-
cies and the comparatively strong repumping light for
lithium were kept switched on. At times t�0 however, load-
ing of the lithium MOT was avoided by a mechanical shutter
blocking the lithium atom beam in front of the Zeeman
slower. Loading and trapping of potassium and rubidium

were suppressed by switching off the corresponding repump-
ing light. At t=0 the lithium atom beam shutter was opened
and the lithium MOT loaded to its steady state atom number
for single-species MOT operation. After 5 s the potassium
repumping light was switched on and the potassium MOT
loaded to its steady state atom number. We could not observe
any decrease in the lithium atom number due to the presence
of a potassium MOT in any of our measurements. The same
holds true for the potassium MOT in the presence of a
lithium MOT. However, when the rubidium repumping light
was switched on at t=10 s, the lithium and potassium atom
numbers decreased to the steady state values for triple MOT
operation within one second. At t=15 s, the rubidium re-
pumping light was switched off again. The lithium and the
potassium MOTs then both regained their initial single-
species steady state atom numbers on a time scale typical for
their loading in the single-species MOT operation. The re-
maining part of this particular sequence illustrates that no
significant reduction of atom number in the rubidium MOT
due to the presence of the potassium MOT could be ob-
served.

We attribute the decrease of the steady state atom num-
bers in triple MOT operation compared to single MOT op-
eration to additional losses in the MOTs due to collisions
between trapped lithium and rubidium atoms and between
trapped potassium and rubidium atoms. We therefore studied
these losses in the two-species MOTs Li+Rb and K+Rb.
The rate equation for the potassium atom number in a
K+Rb two-species MOT is given by

dNK

dt
= LK − �KNK − �K� nK

2 dV − �K,Rb� nKnRbdV ,

where LK is the loading rate and �K is the coefficient for
losses due to collisions with the background gas. The third
term accounts for losses due to collisions between two dif-
ferent trapped potassium atoms and the last term reflects
losses due to interspecies collisions of trapped atoms. Be-
cause of the comparatively low potassium atom number, the
losses due to intraspecies collisions can be neglected when
compared to the two other loss terms. The interspecies loss
coefficient �K,Rb is then easily obtained from the potassium

TABLE I. Characteristic parameters of the three MOTs: Wave-
length and width of the D2 line, saturation intensity, intensities for
trapping and repumping light in each of the six MOT beams, opti-
mized laser detunings, typical atom numbers in single and triple
MOT operation, and typical temperature �rubidium molasses tem-
perature in brackets�.

6Li 40K 87Rb

�D2,vac �nm� 670.977 766.701 780.241

� /2� �MHz� 5.87 6 6.07

Isat �mW cm−2� 2.54 1.80 1.67

Itrap / Isat 0.7 4 8

Irepump/ Isat 0.8 1.1 0.5

	
trap ��� −4.3 −4.2 −4.8

	
repump ��� −4.3 0 0

Nsingle 4.2�107 2.6�107 5.6�109

Ntriple 3.2�107 1.5�107 5.4�109

T ��K� 900 40 800 �50�

FIG. 3. Typical loading sequence of the Li+K+Rb triple MOT.
Trapping of Rb and K is controlled by switching the corresponding
repumping beam on or off. In the case of Li the atomic loading
beam from the Zeeman slower is blocked and unblocked by a me-
chanical shutter. The atom numbers are monitored by calibrated
fluorescence detection.
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loading rate, the steady state atom numbers NK
� and NK

�� in
single and double MOT operation, and the peak density
nRb

�0�=1.4�1011 cm−3 of the rubidium MOT. Under the as-
sumption that the atomic clouds have Gaussian shapes it is
given by �K,Rb= �LK/nRb

�0����1/NK
���− �1/NK

���. In this equa-
tion,  is a factor of the order 1 that accounts for the different
waists of the potassium and rubidium atom clouds. The ru-
bidium peak density and  are obtained from absorption im-
aging whereas all other values are extracted from the cali-
brated potassium MOT fluorescence monitor signal. Our
experimental data for the K�Rb double MOT and analogous
measurements for the Li�Rb double MOT yield �K,Rb=1
�10−11 cm3 s−1 and �Li,Rb=8�10−12 cm3 s−1, which gives
the order of magnitude of these loss coefficients.

A second important parameter for future experiments is
the temperature of the atomic clouds. Therefore the tempera-
tures of the MOTs in single and triple MOT operation were
measured. We found them to be identical within measure-
ment accuracy. Typical MOT temperatures were on the order
of 900 �K for lithium, 40 �K for potassium, and 800 �K

for rubidium. The temperature of the rubidium cloud could
be reduced to a minimum of 50 �K after only 2 ms of mo-
lasses cooling. The potassium temperature could not signifi-
cantly be lowered by molasses. In the case of lithium, a
molasses phase led to heating. The short time needed for
molasses cooling of rubidium is therefore an important result
for the application of the triple MOT, since the lithium and
potassium clouds will have to expand freely during the ru-
bidium molasses before they can be recaptured in a magnetic
trap.

In summary, we have demonstrated simultaneous trapping
of fermionic 6Li and 40K and bosonic 87Rb in a three-species
MOT. We have presented the apparatus including the Zee-
man slower and the laser systems by which we were able to
simultaneously confine 3.2�107 6Li atoms, 1.5�107 40K
atoms, and 5.4�109 87Rb atoms. This triple MOT is a suit-
able source of precooled atoms for magnetic transport �17�
into an UHV chamber and subsequent evaporative and sym-
pathetic cooling into quantum degeneracy.
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