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Trapping and cooling of potassium isotopes in a double-magneto-optical-trap apparatus
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We report on the efficient operation of a double-magneto-optical{k&pT) apparatus for potassium
isotopes. Mechanisms for the cooling and the transfer between the two MOTSs are studied. A magnetic quad-
rupole trap has been loaded from the second MOT; density and temperature appear to be promising for starting
runaway evaporative coolingS1050-294{©9)03201-1

PACS numbsd(s): 32.80.Pj, 42.50.Vk

Experiments on cooling and trapping of potassium iso+y=2—F,=3 transitions are necessaf§]. The optimal
topes are strongly motivated by the occurrence in nature dbading rate and number of atoms in MOTs%K or 4K are
three isotopes®K, “%K, “K with a relative abundance of achieved when both laser fields are detuned with respect to
93.26%, 0.012%, and 6.73%, respectiyelJwo of them, the whole hyperfine structure of the’B,, state using rela-

3% and 4K, are bosons whiléK is a fermion. Potassium tively high intensity. With this configuration, atoms are
therefore offers the opportunity to investigate the propertiesrapped at low density and high temperaturel( mK) be-

of different bosonic isotopes and eventually could allow thecause sub-Doppler forces are suppressed. Recently we have
study of Bose condensates, a degenerate Fermi gas, or bofhund that by reducing intensities and detunings we can re-
Unlike other alkali-metal atoms, potassium has not beemover some of the usual characteristics of cooling other
widely investigated. Magneto-optical tragslOTs) for the  alkali-metal atomg5].

most abundant isotopes do not have a long higtbab] and We demonstrate that the double-MOT scheme is success-
only recently was trapping reported for the rare fermion fromful for potassium and we report on a systematic study of the
a natural abundance samplg 7] and for unstable isotopes transfer of atoms between the two MOTs and the loading of
from an on-line isotope separaid]. Theoretical predictions the second MOT, with eithef*K or K. The atoms were

for the collisional behavior at ultralow temperature reportedalso transferred to a quadrupole magnetic trap with a lifetime
so far are contradictory9,10]. As a consequence, experi- in the trap of about 30 s.

mental investigations on potassium are challenging but also Laser light requirements fof°K and 'K double MOTs
stimulating because of the large amount of original informa-are somewhat complicated since intense radiation at two dif-
tion which they are likely to provide. ferent frequencies is necessary for the two MOTs. Two fre-

With the final goal of cooling atoms at high densities quencies are also necessary for the transfer. As is schemati-
starting from rare or expensive enriched isotopes, we haveally shown in Fig. 1, all the laser light used in our
developed a double-MOT apparafsl] which allows effi-  experiment is provided by a cw Ti:sapphire lag€oherent
cient loading and long trapping lifetime. An alternative to model 899-21 with an output power of up to 1 W. The laser
this approach is a MOT loaded by a slow beam generated ifrequency is offset locked using an acousto-optic modulator
an atomic funnel7]. In view of a possible future sympa- (AOM1) in double pass configuration to a saturated absorp-
thetic cooling of °%K by evaporatively cooled bosons, it is tion signal obtained in a potassium vapor cell. Using six
necessary to start working with the bosonic isotopes of podifferent AOMs we obtain independent beams for the two
tassium. However, the physics of laser cooling and the trans-

fer process between the two MOTs fdPK and #K are N N
different than for alkali-metal atoms such as Rb. Similar to ds——s—s ey
’Li, the hyperfine level spacing in the upper state is compa- MMM N
rable to the homogeneous broadening and it is not possible tc aoul - Jaoml laoM jaowl  faom
isolate a single cooling transition. For potassium further
complications arise from the noninverted hyperfine structure e I Sl I G D Gt D Gy P
in the excited level. Hence, two laser frequencigsand v, H““w" I v o’ e
red detuned with respect to th&;,=1-F.,=2 and V:;Z‘.?;';es«—%v"w 4 HWP HWP ML

:

*Permanent address: JILA, National Institute of Standards and "p“'& X 0 1o MOT2
Technology, University of Colorado, and Department of Physics, e e
University of Colorado, Boulder, CO 80309-0440.

TPermanent address: INFM, Dipartimento di Fisica, Univerdita

Mot XL SR, MOT:
\ (10! Torr)

Trento, 1-38050 Povo, ltaly. FIG. 1. Experimental apparatus of the double-MOT system for

*Permanent address: INFM, Dipartimento di Scienze Fisichepotassium isotopes. Ti:sa, titanium sapphire laser; QWP, quarter
Universita di Napoli “Federico 1l,” Complesso Universitario di wave plate; HWP, half wave plate; AOM, acousto-optic modulator;
Monte S. Angelo, via Cintia, 1-80126 Napoli, Italy. PD, photodiode. Lenses are not shown for clarity.
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MOTs and for the pushing beams necessary for transferring T T T
atoms from the first to the second cell. Each beam is fre- [

guency and intensity controlled by an AOM in double pass 4x10% -
configuration. By changing the lock position and the AOM I
frequencies, we are able to switch from one isotope to the L3Ix108
other. The first MOT (MOT) was operated with a total laser E I
power of ~150 mW for /K and ~500 mW for K di- 725108 |
vided between the two laser frequencigsand v, with 60% -
of the power in the beam at frequengy. The 1£ diameter 1x108 |

of the beams is 2 cm and the MOT magnetic field has an .
axial gradient of 15 G/cm. The second MOT (Mg)Toper- — L
. 0 10 20 30 40 50
ates at a slightly lower power100 mW) and the beams ]
have a diameter of 1 cm, limited by the cell windows. The time (s)
typical axial magnetic field gradient is 10 G/cm and can be FIG. 2. Fluorescence from MQTas a function of time moni-
increased up to 80 G/cm for purely magnetic trapping. Ad-tored with a photodiode. Every second during the first 25 s atoms
ditional coils are necessary in both MOTs to compensate fof'® transferred from MOTand accumulated. For the last 25 s the
residual magnetic fields. In MQTthe trapping beams are transfer is stopped and the fluorescence decays following a double
retroreflected using curved mirrors. This compensates for thg<Ponential.
intensity imbalance due to the uncoated cell windows. In the
second cell we use a six-independent-beam configurationHz with respect to theFy=2—F.=3 transition that is
avoiding also the intensity unbalance due to the absorptiogircularly polarized to apply a strong optical force to the
from the trapped atoms. A photodiode and a charge-couplegtoms and to optically pump them into the “low-field seek-
device(CCD) camera monitor the number of atoms and theing” Fg=2, Mg=1,2 Zeeman sublevels that are radially
size of the atom cloud in each trap. confined by the transfer tube’s hexapole magnetic field.
The vacuum system consists of two cells joined in theHowever, strong optical pumping to near resonant states
horizontal plane by a 40 cm long transfer tube with an inneimakes repumping light desirable for transfer. The repumping
diameter of 1.1 cm. The first cell (MQJ is made of stain- push beam is resonant with thigy=1—F.=2 transition.
less steel. It is connected to an ion puf@p I/s) and a valve  The transfer efficiency is optimized when the first push beam
connects this cell with the potassium reservoir. The vapohaso™ polarization and the repump push beam usésor =
pressure in the cell is controlled by adjusting the temperatur@olarization. The two pushing beams, with a power of
of the reservoir. The second cell (M@T made of Pyrex,is ~2 mw each, are superimposed and weakly focused to a
maintained at a much lower pressure 0~ ** Torr) usinga  point near the center of MQT After ~15 ms the atoms
second ion pumg55 I/s) in conjunction with a titanium-  reach the second cell, where they are captured in MOT
sublimation pump. Six strips of uniformly magnetized rubberMOT; is turned on again and the cycle is repeated. By opti-
surrounding the transfer tube create a hexapole field thahizing all the parameters, we were able to obtain a maxi-
gives a radially confining potential for spin-polarized “low- mum single-shot transfer efficiency of 30%. We note that the
field seeking” atomg11]. single-shot efficiency drops to 10% if the cooling phase in
The working temperature of potassium in the reservoir ishe first MOT is omitted. A similar reduction is observed if
around 50°C for*K and 40°C for *K. The maximum the magnetic guide is removed.

number of atoms collected in MQTis 3x 10° for 'K and After a few loading cycles the number of trapped atoms in

3% 10° for 3K, with a loading time of 3—4 s depending on MOT, approaches a steady val(gig. 2. The maximum

the potassium reservoir temperature. number of atoms is limited mainly by two factors. The first is
The procedure to transfer atoms from MPO# MOT,  light assisted collisions between cold atoms which become

starts with the loading of MOfTfor 1 s. High-power fields more and more important as the density increases. The sec-
detuned with respect to the whole hyperfine structure of thend is due to the finite dimensions of the trapping region. We
D, transition are used to maximize the number of atomsoptimized all the trap parameters to balance between these
loaded into MOT: for “!K the laser fields are detuned by two effects. The importance of light assisted collisions can
—24 MHz and—36 MHz with respect to thé& =1—F. be extracted from the decay of the fluorescence coming from
=2 andF = 2—F.=3 transitions, while fo*K the detun-  MOT, when the loading is stoppé#ig. 2. The fluorescence
ings are—30 MHz and—50 MHz, respectively. Next the decay curve can be fitted by the sum of two exponentials
atoms trapped in the first cell are further cooled for 5-10 mwith different time constantéhe first of a few seconds, the

by changing the laser field parameters. As expected from theecond of the order of a hundred secgrtlsmonstrating the
results of a previous work on the cooling mechanism®  existence of two loss mechanisms, one dominating at high
[5], we observed a strong temperature reductfoom a few  densities, the other limiting the MOT lifetime for low densi-
mK down to less than 20QwK) for both isotopes by de- ties.

creasing the detuning of the beams and the intensity of the ~ The operation of MOT has been characterized by varying
v, beams. Then, the laser beams of MQife turned off and parameters of the trapping fields. The number of atoms re-
the pushing beams are flashed on for 1 ms to accelerate tlwaptured in the second trap is independent from the intensity
atoms into the transfer tube. In contrast to double MOTs obf the trapping laser fields over a wide range and can be
87Rb [11], potassium requires two frequencies for efficientoptimized by using the same detunings as in MQ@iring
transfer. One push beam consists of light blue detuned by 1the loading phase. The maximum number of atoms we can
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collect in MOT, is 1.5x 10® for 4K and 5x 10 for 3K, at = T T T T
a temperature of a few mK and a density § 2.0 [ ]
[(n)=1/NSn?(x)d%, whereN is the total number of atoms s 16] ]
and n(x) is the density at the space poir} of up to s - .
10® atoms/cm for both isotopes. E 12 ]
To compress the cloud of cold atoms and decrease the 8 ost o 4 -
temperature we apply a “cooling” phase for 5-10 ms: for - - 39 1
4K we change the detuning of the, field to —12 MHz g 04r + 7K A
and to—20 MHz for thew, field. For 3K optimum condi- C ool oy ]
tions are found when the detuning of the field is 0 2 4 6 8 10 12
—30 MHz and that of thev, field is —12 MHz. In both time (ms)
cases the intensity of thev; field is reduced to FIG. 3. Free expansion of a cloud of cold atoms after the release

~1.5 mWi/cnt. During “cooling” and “loading” phases from the MOT, in the “compressed” phase. Data are taken imag-
the quadrupole magnetic field is the same. After this periodng with a CCD camera the fluorescence of the atoms illuminated,
we let the cloud expand in the dark for different times, thenduring the expansion, for 10@s with resonant laser light. The
we flash the atoms with the, and v, trapping beams, both fitted curves give a temperature of 142K for *'K and 136 xK
shifted into resonance, for 10@.s and image the cloud fluo- for K.

rescence on a CCD camera. This allows us to measure both

the temperature and the spatial distribution of the trappeH'ave about ten qollisional processes during a lifetime. This
atoms. could be promising for the next steps to be followed for

We obtain a minimum temperature 6f150 xK (Fig. 3) Bose-Einstein condensatidi2,13, such as, for instance,

and a density of 510° atoms/cr for “)K and 1x 10° magnetic compression and evaporative cooling.
atoms/crd for ¥K. This leads to a transient increase of al- Ve demonstrated the operation of a double-MOT appara-

41 39 . .
most three orders of magnitude in the phase space densifyyS for " and K. The use of a double-MOT configuration
with respect to the uncompressed MOT. iS also particularly suited for trapping of the small abundance

The loading of a quadrupole magnetic trap from the mMoTfermionic 4% indeed in this case, still better performances

in the cooling phase is achieved by turning off the trapping®'® expected becausg Qf the inverted hyperfing level structure
light and by increasing the current in the anti-Helmholtzthat should allow efficient sub-Doppler cooling. We also

coils of MOT,. The maximum axial gradient was 80 G/cm. |0aded cold atoms into a quadrupole magnetic trap with a
Without any effort to pump all the atoms to a particular Ilfetl_me of 30 s. This is promising in view of evaporative
“low-field seeking” Zeeman state, but merely pumping the cooling of the trappe(_j atoms towards _the achievement of
atoms to the trappei,=2 states, we transfer 30% of the quantum degeneracy in a gas of potassium atoms.

atoms from MOT, to the magnetic trap. The lifetime in the This work was supported by the European Community
magnetic trap is about 30 s and strongly depends on theouncil (ECC) under Contract No. ERBFMGECT950017,
pressure in the first cell. To evaluate the number of elastigy the INFM “Progetto di Ricerca Avanzata,” and by the
collisions during this lifetime one should know the relevantcNR “Progetto integrato” Contract No. 96.00068.02.
cross section. If one assumes a value of the order of A.C. and J.R.E. acknowledge support from the National
10 m? with our densities and temperatures we shouldScience Foundation and the INFM.
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