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Magneto-optical trapping of Fermionic potassium atoms

F. S. Cataliotti, E. A. Cornelt, C. Fort, M. Inguscio, F. Marin, M. Prevedelli, L. Rictiand G. M. Tind
Dipartimento di Fisica and European Laboratory for Nonlinear Spectroscopy (LENS), Univeiisiimenze,
and Istituto Nazionale per la Fisica della Materia, Largo E. Fermi 2, I-50125 Firenze, Italy
(Received 13 August 1997

We have trapped in a vapor-cell magneto-optical trap starting from a natural abundance sample. This
rare, weakly radioactive atom is a fermion. The number of trapped atoms is approximately 8000, with a density
of ~10° atoms/cm. Contrary to what is observed for the other isotopes of potassium, our data indicate that
temperatures lower than the Doppler-cooling limit can be reached%arWe discuss the interest of these
results in view of possible experiments to study a degenerate Ferm{if#350-294®8)05601-7

PACS numbd(s): 32.80.Pj, 05.30.Fk, 32.30r

The observation of Bose-Einstein condensatBEC) in  laser detuning typically used to trap other atoms result in
87Rb[1], "Li, [2] and ?®Na[3] opened the way to the study strong optical pumping. In order to overcome this problem,
of the effects of quantum statistics in dilute gases. One of thé the experiments performed so far, two sets of laser beams
most interesting prospects in this field is now to investigatevere used, one exciting the atoms from the lower 1 hy-
the properties of an ultracold gas of fermionic atoms. Atperfine level, the other interacting mostly with the atoms in
phase-space densities similar to the ones achieved in BEthe F=2 level. For optimum operation of the trap, both
experiments, the behavior of a degenerate Fermi gas may l¢ams were detuned to the red by an amount larger than the
studied and, at still lower temperatures, the superfluid phasavhole hyperfine structure of the excited state; a relatively
transition could be observed,5]. The choice of the fermi- high laser power was needed for trapping. As described in
onic atom is, however, more restricted because the numbetetail in the following, trapping of*°K proved, in this re-
of naturally occurring fermionic species is much smaller tharspect, to be simpler than for the other isotopes. The hyperfine
the number of bosonic ond$]. In particular, among the structure in“%K is indeed slightly larger with respect to the
alkali-metal atoms only lithium and potassium have fermi-other isotopes and, more important, the structure is inverted
onic isotopes. In recent experiments, trapping®f was  (see Fig. L It is possible in this case to trap the atoms with
demonstrated7]; no result has previously been reported for the trapping laser tuned on the red side of Fre3—F'=

the fermionic isotope of potassium, namef{k. 4 cycling transition and the optical repumping light tuned to
We report herein on trapping dfK in a magneto-optical the F=_ %—fl_:’=§ transition. _ _
trap (MOT) from an unenrichednatural abundangeample. A simplified scheme of the apparatus we used is shown in

Ordinary potassium is composed of three isotop&¥ Fig. 2. It was designed to allow trapping of any of the three
(93.26%, *'K (6.73%, and “°K (0.012%. The bosonic at- K isotopes. As can be seen from the saturation spectrum in
oms 3% and “)K are stable*)X is weakly radioactive, with  Fig. 3, the frequencies of all the relevant transitions are
a half-life of 1.28x< 10° years. Therefore potassium offers the within ~1.3 GHz. Therefore, all of the laser beams required
opportunity of investigating the properties of different for trapping are derived from a Ti:sapphire laser pumped by
bosonic isotopes, for which different signs of the scattering
length and the possibility of observing Feshbach resonance
were predicted8], and eventually will allow the comparison F'=5/2
of a Bose condensate with a degenerate Fermi gas. F'=1/2
Magneto-optical trapping of%K and *'K was demon- Freo/ 2 32.88 MHz
strated considerably later than the other alkali-metal atom A 43.36 MHz
[9-11]. Recently, trapping oB-decaying®®K™ (with a half- F'=11/2 ’
life of 0.925 9 and ¥K (half-life 1.226 3, produced usingan ~ _ _ _ _ _ _ _ _ _ _ __ | _ _ I A
on-line isotope separator, was reporfé@).
A major difference of**K and *K MOT’s with respect to
most other alkali-metal atoms comes from the small hyper cooling repumping
fine splitting of the 45, excited statd13]. The values of

23.96 MHz

(A =766.7 nm)

*Permanent address: JILA, National Institute of Standards ani  F=7/2
Technology and University of Colorado, and Department of Phys-
ics, University of Colorado, Boulder, CO 80309-0440. 1285.79 MHz
"Permanent address: Dipartimento di Fisica, Univeritarento, F=9/2
1-38050 Povo, ltaly.
*Permanent address: Dipartimento di Scienze Fisiche, Universita FIG. 1. Simplified energy-level schentrot to scalg showing
di Napoli “Federico Il,” Mostra d’'Oltremare Pad. 20, 1-80125 the hyperfine structure of the?8,,, and #P5, states of*’K, and
Napoli, Italy. the laser frequencies used for magneto-optical trapping of this atom.
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posemmmmmmmmm e modulator driven at a frequency around 208 MHz. The
P Kcell QWP optical-repumping light was obtained by passing four times
E H’E_H'E’DP through a 202-MHz acousto-optic modulaig@OM3). The
i AOMI ¢ maximum total power at the trapping region was 200 mwW
: [I""H'l:lr % for the trapping light, and 40 mW for the repumping light.
pooQwe 4 The output beams from AOM2 and AOM3 were combined
: [Sewo_ Ti-sa laser on a polarizing cube, and then split into three beams that
were sent in orthogonal directions into the trapping cell. The
diameter of the beams was 1.5 cm for the trapping beams
to MOT HWP . .
vertioal - i and for the repumping beams. After passing the cell, the
axis 9= beams were retroreflected using curved mirrors to compen-
coils "bsorption sate for losses on the uncoated cell windows. Two coils in
diode QWP signal the anti-Helmholtz configuration produced the magnetic field
laser H - ﬂ:a[l for the magneto-optical trap, with a maximum gradient at the
/ QWP trap region of~18 G/cm. The trapping chamber is a glass
HWP, ccb cell connected to an ion pump. Potassium was introduced in
rpfference g to data the cell from a reservoir containing natural-abundance me-
v signal --» acquisition tallic potassium at a temperature of 40 °C. The pressure of K

_ vapor in the trapping chamber, kept at room temperature,
l_:IG. 2. Scheme of the experlmental apparatus. AOM, acoustoyas~3% 102 Torr. The fluorescence of the trapped atoms
optic modulator; PD, photodiode; HWP, half-wave plate; QWP a5 detected with a calibrated, triggerable charge coupled
quarter-wave plate; Ti:sa, titanium:sapphire laser. Lenses are n%tevice(CCD) camera
shown for clarity. The main constraint in the study of tH&K trap was the
intense background due to the fluorescence from the other

a 15-W Ar-ion laser. In addition, in this experiment we used : . . ;
an external-grating-stabilized diode laser that provided anore abundant isotopes. With the trap operating under opt

probe beam. Using an acousto-optic modul&&®M1) in a mum conditions, the intensity of the fluorescence from the

trapped atoms was onhly 2.5 times larger than the fluores-

double-pass configuration, the Ti:sapphire laser frequency Bence light from the background atoms. This made it difficult

offset. locked to gsub-DoppIer feature of the lsaturathn SPeGH use a photodiode to detect the light scattered from the
trum in a potassium cell. The two frequencies required for,

40
the MOT are then obtained using acousto-optic modulatorg"jlppeoI K atoms. Therefore, t_he usua_l methods 1o study
(AOM2 and AOM3. In particular, for*X trapping, the fre- magneto-optical traps, such as tlm(_a-of-fllght measurement of
quency of AOM1 was modulated around 85 MHz. USingthe temperature, could not be applied. We used a CCD cam-

phase-sensitive detection, the laser frequency was locked 1702 which gave a betterr] spatial d!scr:c_mlnatmn anq, by lfjs'ﬂg
MHz blue of the E=1—F'=012-F=2—F' =123) image-subtraction methods, a significant reduction of the

crossover signal of%. Trapping light with a red detuning background signal. This allowed us to estimate the number
A~18 MHz below theF = 3—F' = I transition was gener- of trapped atoms and to measure the diameter of the trap.

; . The number of atoms in the trap measured with this method
ated by double passing through the AOM2 aCOUStO'Opt'?NasN~3><103 foralaserintensﬁy of 10 mW/chper beam

and a detuningA ~18 MHz (~3T",,;) with respect to reso-
nance. The trap shape was spherical with a diameter of 1
mm. It did not show a critical dependence on the beam align-
ment. The loading time in these conditions was 3 s. A more
accurate value for the number of trapped atoms was obtained
K 39K by measuring the absorption of a weak probe laser beam
¥K interacting with the trapped atoms. Light from the diode la-
ser was sent through the trap and detected with a low-noise

40K photodiode. The laser frequency was modulated at 20 kHz to
] allow lock-in detection. The absorption spectrum in Fig. 4
i 1 e | shows the three hyperfine componehts 3 —F'=1 3 1

Fo7r2 Freo2 The peak absorption is »510 °. This corresponds tdN

1 =9/2-52 =8x10°® for the number of atoms in the trap, in fairly good

agreement with the value estimated from the measurement of

saturated absorption (arb.units)

Pl the fluorescence intensity. The number of trapped atoms is
200 MHz i limited by the low abundance oi%K in the vapor. Indeed,
PR EE Ay S SRV S using the same apparatus, we trapped1®’ atoms of 3K
probe detuning 4 [14]. The trap-loading time, essentially determined by colli-

sions with 3% and #)K background gas in the cell, was3

FIG. 3. Derivative of the saturated absorption signal recorded irf in both cases. The ratio in the number of trapped atoms is
a potassium cell. The weak signal 8K, which cannot be seen on therefore given by the ratio of the loading rates. From our
this scale, was observed with an enlarged vertical scale. c.o., crosgata, this is consistent with the ratio of the densities of the
over resonance. two species in the vapor.
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this result should be considered only as an indication to be
further investigated.

In conclusion, we have capturetfk atoms in a MOT
starting from a natural abundance sample. This is a demon-
stration of the potentialities of laser trapping as a method to
study extremely rare isotopes in the presence of other more
abundant species. In an optimized trap, we collected
~8x10% atoms with a density of about 4@toms/cm. The
estimated minimum temperature 4550 uK.

The possibility of collecting rare atoms from a natural
abundance vapor is of particular interest considering the re-
cently demonstrated methods to trap the atoms in a higher-
pressure cell and transfer them into a lower-pressure cell
where they can be accumulatgét6,17. We are presently

probe absorption (arb.units)

50 MHz setting up an apparatus based on a double-MOT scheme
: . i A . [18]. 4% atoms will be collected in a first MOT, similar to
probe detuning v the one realized in this work, and transferred into a second

chamber where they can be accumulated; this will allow us
FIG. 4. Derivative of thee=3—F’=1! 2 T apsorption signals t0 obtain a larger number of trappé® atoms with essen-
from the cold4°%K atoms in the MOT. tially no background atoms, and eventually to load them into
a magnetic trap.
The results of this work can be considered as a first step

In order to estimate the temperature of the trapped oMy vard the study of a quantum degenerate gas of fermionic

we used a release-and-recapture mettic). After loading atoms. As already proposed for [19], further cooling can

the trap, the trapping beams and the magnetic field Werg. Schieved by simultaneously trappifi and either®K

switched off, and the number of atoms remaining in the ob-_" 41, - - - . .
servation region for different values of the dark time WasOr K in a magnetic trap and using sympathetic cooling

. . . O . .
measured using the CCD camera. With this method, we me 18], or by producing coexistind subsystems in different

sured temperatures down 1050 zK. This would indicate a yperfine states. The choice of the right procedure requires,

temperature lower than the Doppler cooling lirfit = 150 however, the knowledge of collision parameters; some of
K F;t is interesting to note that 51pe tem era?ure rr[%e_asured ithem have been calculated &K and K [8] but they are
K 9 P Yo far unknown for*K. Another possibility is sympathetic

39 41 I ..
miﬁ i?nnudm tKePn/lOe-l;;ttljsreal\\/lvvsyri::::rizéh%?(oevﬂsr 1';;?)”' Ihe cooling of “°K with a different atomic species, such as ru-
P K bidium, for which efficient evaporative cooling down to

[14]' This is due to the small hyperfine strupture in the EX“quantum degeneracy conditions is now a well-developed
cited state that prevents sub-Doppler cooling mechanism ethod

from working. In %K, the hyperfine structure is slightly
larger, and it is inverted. It therefore represents a much sim- This work was supported by European Community Coun-
pler system where sub-Doppler cooling can be effectivecil (ECC) under Contract No. ERBFMGECT950017, by
Also, our experiment involved a low number of atoms in theINFM “Progetto di Ricerca Avanzata,” and by CNR “Pro-
trap, so that heating mechanisms that become important f@etto integrato” Contract No. 96.00068.02. E.A.C. acknowl-
high numbers of trapped atoms are negligible in this case. kdges support from the NSF and ONR. V. S. Bagnato is
is clear, however, that because of the poor signal-to-noisgratefully acknowledged for discussions, advice on the han-
ratio in our data, and the well-known limitations of the dling of potassium, and for providing optics from Instituto de
release-and-recapture method due to the presence of gravifyisica de Sa Carlos, Universidade dé &#&aulo.
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