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An enriched “°K source for fermionic atom studies
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We have developed a novel, enriched potassium source for use in trapping and cooling of the
fermionic isotope®®K. The source is clean, easily controllable, and consistent with high vacuum
applications. With this enriched source, we are able to collet*¥ atoms in a vapor cell
magneto-optical trap. €1999 American Institute of PhysidsS0034-67489)00304-4

I. INTRODUCTION occurs inside the vacuum chamber. The metal is released, or
vapor cell magneto-optical trag#1OT) provide a rela- evaporated, simply by Ohmic heating of the dispenser. The

tively simple apparatus for laser cooling and trapgiriepr ~ Vapor pressure can then be controlled with the current ap-
alkali atoms, the atomic vapor is often derived from a reserplied to the device; the source is essentially turned off com-
voir containing a small amount of alkali metal. This reservoirpletely if there is no applied current. Unfortunately we were
may be controlled to some extent with temperature. Heatinginable to find a company willing to make dispensers for
the source will increase the vapor pressure above the inheenriched isotopes upon request, presumably because the
ent room-temperature value while cooling the source can beommercial dispensers are generally mass produced.

used to reduce the background pressure. If additional control  oyr4%K source contains enriched KCI plus calcigRef.

is desired, a valve may be used to separate the reservoirfrogj for the reduction reaction. The KCI contains K that is

the rest of the MOT vacuum chamber. 5%%K, 29.1%*K, and 66.49%°°K.” (Natural abundances

We are interested in studying an ultracold, trapped gas o 040 o041 0,39 .
the fermionic isotopé®. While this isotope is essentially are 0.01296°K, 6.739%"K, and 93.26%°K.) Upon heating

stable(with a half life of 1 years the natural abundance is the source, the enriched K is released while the Cl as well as
only 0.012%. With the usual type of source, this low abun-Cther contaminants are captured by the Ca. _
dance would limit the number of atoms that could be col-  The Ca must be very pure, especially since its dominant
lected in a vapor cell MOT. Therefore, we have developed afontaminant tends to be alkali metals. If proper care is not
enriched source. taken, these alkali contaminants will be released when the
Potassium enriched iffK is available commercially in  source is activated, leading to higher background pressures
the form of a salt, KCI, rather than as a pure métah.  as well as a reduced relative abundance of the desired iso-
addition, the cost of the enriched material is quite hightope. The Ca used in our source was baked at 400 °C under
(roughly $2000 for 100 mg of Kcompared to the cost of yacyum for four days in order to drive out any impurities. As
unenricheq potassium metal. For this reason t_hg ideal SOUrGEcheck on the purity of the Ca, we performed a yield mea-
should deliver potassium vapor for a MOT efficiently using surement(described beloyvand verified that a source con-

only a small amount of material. This introduces new d_e5|gq ining only the clean Ca did not release a noticeable amount
concerns when compared to the usual case of an alkali metai alkali metal

reservoir containing on the ordef @ g of metal. For ex- 0 ] | . f ich
ample, losses due to continuous exposure of the source to the W€ Prepared a 5:1 molar mixture of Ca and enriched
vacuum pumps or due to adsorption of the alkali atoms ont<Cl. With both chemicals in a powdered form. Since the

metal surfaces in the chamber may be significant. reaction depends on adequate fresh calcium surface area, we
used a powder of Ca prepared using a jeweler's file and
1. CONSTRUCTION OF THE ENRICHED SOURCE sieved through a woven wire mefh07 mm wire with 0.15

Our enriched source is based on the design of commer- rur ’ Ixture w tint I v
i i 05—209
ci ”y vailabl Ikali tal di nser |y SAES Getfer .II ade from 0.125 mm thick Nichrom@ef. 9 (80%—20%

These dispensers, developed primarily for use in the mand]lckel—chrom.lum alloy foil that had been flame apnealed,
facture of photosensitive devices, have been used previousiy)€n mechanically cleaned and electropoliskeee Fig. 1

for vapor cell MOT'$ and have even been used successfullyElectrical leads, 1 mm nickel wires, were spot welded to the
in a Bose-Einstein condensation apparétﬂ'ﬁe dispenser foil tabs on both sides of the boat. Several sources were
contains an alkali salt as well as a reducing agent and delivnade, each containing approximately 2.1 mg of KCI. These
ers small amounts of pure alkali metal through chemistry thasources can be incorporated into a glass arm for use in an
ultrahigh vacuum chamber.
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FIG. 1. Schematic of the enriched K dispenser. The longer flap and then thg!C- 2. Yield measurement of the e_nriched_ source. The jumps in the_ rate of
K release correspond to suddenly increasing the cutrémtough the dis-

shorter flap are folded over and gently crimped to form the top of the boat. - ) . .
P genty P P penser. Integrating this curve gives a total K yield of 0.39 mg.

Ill. PERFORMANCE OF THE ENRICHED SOURCE containing unenriched potassium, is shown in Fig. 3. The

. ) enriched source clearly delivers potassium with a higher
To characterize our source, we have examined the levely, \ndance of both°K and %K. In particular, the?K lines

of contamlnar%tos, the total potassium yield, and the relativgynich are imperceptible for the unenriched source, clearly
abundance of K. In addition, we have used this Source gnnear in the spectrum for the enriched source. The fre-

successfglly in a vapor cell M,OT' o guency axis in Fig. 3 was calibrated using the known hyper-
A major concern for ultrahigh vacuum studies is that theg;, splittings for K.

Ie_vel of contaminants released from the source be suffi- \ye have now incorporated the enriched source into an
ciently low. We fired one of our sources, as well as a com-,

- . X _ _ apparatus designed to produce an ultracold, trapped gas of
mercial SAES K dispensérinto an uncalibrated residual gas 4% The source consists of four enriched dispensers

analyzer. With our source, we detected levels of releasefhonted in a single 0.75 in. diam glass arm attached to our
contaminants, such as Cl, water, £@nd other alkalis, that \ioT vacuum chamber. The MOT chamber is based on a
were no higher than that seen for the commercial dispensegix_way glass cross with 1.5 in. diam windows. The trapping

~Another concern is that the useful lifetime of the source iy is”provided by two diode laser systems, each consisting
which is directly related to the total yield, is reasonable. FOlof a diode laser injecting a tapered amplifiérom SDL

a Rb vapor cell MOT, a commercial getter containing 4.5 MYnc ). One laser provides trap light that is 20 MHz red de-

of metal has been showén to provide more than one year qf,neq from the F-9/2 ground state to’F=11/2 excited state
regular use in a glass célWe performed a yield measure- . qjing transition while the other laser provides repumping
ment of our source and compared this to a commercial disg,, the F=7/2 to F =9/2 transition. We have a total of 90

penser. Using a triode arrangement, we measured the amoyfty of trap light and 25 mW of repump light in three ret-
of released potassium by ionizing the gas and counting the

collected ion currert. The source was mounted along the
axis of a helical tungsten filament inside a water-cooled
Kovar tube. The filament was heated to roughly 1400 °C
and maintained at 30 V relative to the source, while the
Kovar was held at-400 V. After baking the apparatus under
vacuum and degassing the tungsten filament, the yield mea-
surement was performed by activating the source and moni-
toring the ion current as a function of time. For calibration,
we performed a similar test using a purchased SAES potas-
sium dispenséraving a nominal yield of 4.5 mg. Assuming
this nominal yield is accurate, we found that our dispenser,
containing 2.1 0.3 mg of KCI, released a total of 0.39 mg of
alkali metal, giving an efficiency of 19%63% (see Fig. 2
Upon inspection of a spent source we found that the effi-
ciency appears to be limited by the availability of fresh Ca , L L ,
surface area for the required reduction reaction. -12 -0.8 -04 00 04 08 1.2
While the above tests show that our source efficiently
delivers potassium, they do not provide a measure of the
relative abundance of the isotope of interé¥¢. To make FIG. 3. Saturated absorption spectra usib our enriched sample com-
this determination, we fired one of our sources into a smalpPared to(@ nonenriched K. Arrows indicate the strongest line 3¢ and

glass cell. Then, using this cell and a 767 nm diode laser WE)r 4K, as well as the two absorption lingfabeled by the ground state
) ’ ’ perfine level for the fermion isotopé%. (The negative peaks are cross-

pe:\rformed saturated absorption spectrgscopy. The results 9\y9er lines located halfway between absorption lines corresponding to the
this test, as well as a saturated absorption spectrum for a cello ground-states of an isotope.

signal (arb.)

frequency (GHz)
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roreflected 1.3 in. diam beams. A pair of coils in an anti-sistent with good vacuum. The design is especially useful for
Helmhotz configuration provides a magnetic field gradient ofradioactive alkalis, which may be available only with small
10 G/cm for the MOT. quantities of enriched metal in a salt form.
With our enriched source, we have seen=(P)x 10°
atoms in the MOT. Florescence from the trap is imaged ontACKNOWLEDGMENTS
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frequencies! we are able to trap any of the three K isotopes.
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or trapp _ y y € SM. R. Matthewset al, Phys. Rev. Lett81, 243 (1998.
more abundant isotopes attests to the success of the enriched, Hackspill, Helv. Chim Actal1, 1008(1928.
source. For*% our results represent an increase in number’Data provided by Isotec, In¢see Ref. 4

of four orders of magnltude over prewoﬁ@K MOT,S_lo,lz Calcium is not n’orma_\IIy qvallable in a powdered form for ob\_/lous_r_ea
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