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An Enriched *°’K Source for Atomic Cooling *
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We have developed an enriched *°K source used in *° K-8"Rb atomic mixture cooling experiment. The enriched

4K source is a home-made dispenser which releases “°K atoms by the redox reaction between “°K enriched

KCI and calcium. 1t is efficient and easy to be made and used. We collect 107 ~10° *°K atoms in collection

magneto-optical trap. With this dispenser, we perform a quantum degenerate Fermi gas experiment.

PACS: 32.80.Pj, 39.10. +j, 03. 75. Ss

In the field of atomic physics, experimental and
theoretical studies on quantum degenerate Fermi gas
(DFG) and quantum degenerate boson-fermion mix-
tures (BFM) have attracted much attention in recent
years. DFG and BFM present a new path for under-
standing high-T,. superconductivity and strong inter-
action, producing ultracold molecules as well as in-
vestigating BEC-BCS crossover regime.
the Pauli exclusion principle, the S-wave collisions be-
tween fermions are prevented in a spin polarized Fermi
gas, while higher order partial waves are suppressed at
low temperature. Evaporative cooling which is suc-
cessfully used in achieving BEC cannot be utilized in
cooling fermions into quantum degeneracy. In order to
circumvent this limitation, two methods have been de-
veloped. One is to cool fermions by collisions between
different spin polarized states. Two states, (9/2,7/2)
and (9/2,9/2), of “°K atoms were used in the first
achieved DFG.[Y The other is called the sympathetic
cooling in which fermions are sympathetically cooled
by inter-species collisions between boson and fermion.
Boson and fermion may be two different isotopes of
the same chemical element or two different chemical
elements. Until now, many studies on DFG and BFM
have been realized in several combinations of boson
and fermion: *0K-87Rb,[2:3] 61 7L [4-9] 61 23Ng, [10]
6Li-87Rb.1'"] 40K and 87 Rb mixtures are selected in
our laboratory. The goal of our experiment is to sym-
pathetically cool a gas of fermions *°K down below its
Fermi temperature by bosons 3’Rb in order to obtain
a DFG.

Laser cooling and trapping atoms!*?! in a vapour
cell is popularly used with magneto-optical traps
(MOT) because of its relatively simple apparatus. In
the MOT apparatus, the atomic source usually is a
reservoir containing a small amount of alkali metal or
a dispenser releasing alkali metal by redox reaction.
The alkali atom vapour pressure can be controlled by

Because of

heating or cooling the reservoir or by controlling the
passing current through the dispenser. In our exper-
imental apparatus, the rubidium source is a reservoir
containing 5g pure rubidium metal (natural abun-
dance 72.2% % Rb, 27.8% 3"Rb), which was sealed in
a vacuum system and separated from the MOT cham-
ber by a valve. The natural potassium source is un-
acceptable for the experiments because the low abun-
dance of the isotope “°K (natural abundance is 93.26%
K, 0.012% 1°K, 6.73% *'K) limits the collected atom
number in MOT. Using a natural source, only 103 4°K
atoms were trapped in MOT in the past.'>'4 En-
riched 4°K is available in the form of potassium chlo-
ride (KCI) rather than pure metal. The enriched 4°K
dispensers are not available commercially (the natu-
rally available potassium dispensers may be obtained
from SAES Getters[15]). Thus, it was necessary to
construct a 4°K source in house. In the first DFG
experiment, DeMarco et al.1% developed an enriched
potassium source using the dispenser and collect 108
40K atoms in a vapour cell MOT. This method has
been popularly used in many groups. In this study,
we build an enriched #°K dispenser based on SAES
getters and Refs. [16,17]. Enriched “°K in the form of
KCIl is very expensive, so it is important to build an
efficient dispenser.

The dispensers use a redox reaction between an
alkali metal chromate and a reducing agent to deliver
pure alkali metal. The alkali metal is released by pass-
ing current through the dispenser and thus heating it
by Ohmic heat. In our experiment, we use °K en-
riched KCl plus calcium (Ca) to generate potassium
by redox reaction. The react equation can be written
as

2KCl + Ca % 2K + CaCl,. (1)

The condition of this reaction is under the certainly
high temperature inside a vacuum chamber. The
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reservoir of our dispenser is made of 0.125mm thin
nichrome (80% nickel, 20% chrome). The nichrome
is chemically inert and behaves well at high tempera-
tures, which was successfully used in Refs. [16,17] and
commercial dispensers. The design of the reservoir
in our experiment shown in Fig.1 is quite different
from the dispensers described in Refs.[16,17]. Two
trenches are made symmetrically in the two sides of
linel and fold over linel, then fold back two sides of
the trench and spot weld. Spot welding is a popu-
lar method used for joining sheet metal parts. The
material to be welded is clamped between two copper
electrodes of spot welding machine, a small ‘spot’ that
is quickly heated to the melting point after the cur-
rent is flowed, forming a nugget of welded metal. In
this design, the reservoir has not only more space to
contain enough reactants, but also a slit on the top
of the two trenches for loading reactants and releasing
atoms. The slit is upward for preventing escape of the
reactants and big enough for the releasing “°K atoms.
The leads are cut directly from the sheet of nichrome.
On the end of the lead, a hole is made to be used to
combine the dispenser with the electrode. The two
dispensers are spot welded on a common cathode and
can be used one after another. The two dispensers
are placed on a CF35 flange electrical feedthroughs,
as shown in Fig. 2.
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Fig. 1. Schematic of the enriched 4°K dispenser. The top
drawing is dispenser planning sketch. Two trenches are
made symmetrically in the two sides of linel and folded
over line 1, then fold back two sides of the trench and spot
welded. Note that the unit of length is millimetre and the
depth of the two trenches is approximately 2mm. The
lower drawing is dispenser in side view.

The reaction materials used in this chemical reac-
tion, Ca and KCl, need powder form and are mixed
uniformly. The high purity Ca is in the dendritic form
and the KCl is in small granular form. The works that
convert reaction material into powder form and mix
them are accomplished in a glove box which is pumped
by a turbo and then filled with high purity argon. The
reason is that Ca reacts strongly with the oxygen and
humidity in air to produce calcium hydroxide. Ca is
filed using the metal file and then sieved through a
copper mesh (100 mesh). Creating powdered Ca is a
difficult work. On the one hand, Ca is soft and duc-

tile. It becomes more soft and does not flake off easily
because heat is created during the filing process. On
the other hand, a piece of dendritic Ca is easily split
into several small pieces. We use the tweezers to hold
a piece and file it once by once instead of a to and fro
movement so as to reduce the heat due to friction. KC1
crystals are crushed in a mortar with a pestle. The
40K enriched KC1'8! contains 6.2% °K, 64.47% 3°K
and 29.33% “'K. KCl is easy to be crushed into very
thin powder so it does not need to be sieved through a
mesh. We take out the required amount of Ca powder
and put it into the mortar according to 2:1 volume
ratio of Ca to KCI, then mix them uniformly. We
carefully take some mixtures using a measuring spoon
and load the reactants into the reservoir from the top
slit of the dispenser. When the dispenser is fully filled,
we use the tweezers to reduce the slit until it is small
enough to prevent the escape of the solid reactants.

Fig. 2. Two dispensers with a common cathode on a vac-
uum flange.

We fabricate several dispensers according to the
above process and test them for obtaining detailed
information. First, we determine the relationship be-
tween the temperature of the dispenser and the pass-
ing current. A thermocouple is attached to a dispenser
and they are required to contact well each other. The
thermocouple is connected to the CF35 flange elec-
trical feedthroughs. This can help us determine the
dispenser temperature inside the vacuum. The dis-
penser is sealed in a simple vacuum system with pres-
sure less than 10~*Pa by a turbo pump. Figure 3
shows the temperature versus current. Then, we fab-
ricate a natural abundance K dispenser for practicing
the entire constructing process and testing the effi-
ciency of dispensers. For unenriched dispenser, Ca,
purity 99.5% and KCl, ultra-dry, purity 99.998% are
used. The unenriched dispenser is placed in a sim-
ple vacuum system which is a CF four-way crosses
as shown in Fig.4. A pair of windows provide access
for the laser beam. The vacuum pressure reaches less
than 1074 Pa by a turbo pump. We use the satu-
rated absorption spectroscopy (SAS) apparatus to de-
tect the released K atoms. An external cavity diode
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laser (ECDL) (Toptica DL100) is used with the wave-
length near 767 nm. We adopt a counter-propagating
scheme. The forward laser beam serves as the pump
field and the retro-reflected laser beam as probe is fo-
cused into the photodiode. The frequency of the laser
is scanned across the 3°K atomic Dy transition line.
The four-way crosses is heated to 50°C using thermo-
coax for preventing the released K atom condensation
on the wall. The valve is opened and the vacuum sys-
tem is pumped continuously by the turbo. With a 6 A
current passing the dispenser, a natural abundance K
SAS is observed as shown in Fig.5. The SAS signal
drops to half the amplitude of the beginning after four
hours with the dispenser burning for 10min. With
the successful experience, an “°K enriched dispenser is
constructed and installed in the experimental vacuum
system. In order to make the “°K enriched dispenser
having a good efficiency, Ca with the purity 99.99% is
used. Each dispenser contains about 15 mg KCI. The
two CF35 flanges with dispensers are installed onto a
CF tees. When all of work has been carried out, we
open the glove box and take out the CF Tees. The
following work is to install the CF Tees in the vacuum
system. In order to prevent reactant contact with
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Fig. 3. The relationship between the dispenser’s temper-
ature via the passing current.

Turbo

- Valve
ECDL Isolator PBS ;\,/4
i [ A
I_f/ A |J
Thermocoax
FD Dispenser

Fig. 4. Experimental setup for saturated absorption spec-
troscopy in vapour cell with dispenser.

air, an operation plastic bag is used. We place all
required tools and CF tees with dispensers into the
plastic bag, then connect the plastic bag with the vac-

uum system. Letting the argon gas pump the bag
continuously, until the air is exhausted and the argon
is full filled, we remove the covered flange and install
the CF Tees into the vacuum system. We fire one of
our enriched sources in the vacuum system and ob-
serve the SAS, in which #°K transition lines can be
seen clearly as shown in Fig. 6.
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Fig. 5. The experimental results of saturated absorption
spectroscopy for natural abundance K dispenser.
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Fig. 6. The experimental results of saturated absorption
spectroscopy for 40K enriched dispenser. The places la-
belled by circles are two absorption lines for the fermion
isotope 40K.

In order to test our source efficiency, we cool and
trap “°K atoms in collection chamber from the back-
ground vapour released by our enriched dispenser.
The vacuum pressure dropped to 2 x 1076 Pa when
the dispenser is fired. The trapping beams are red-
detuned 14 MHz from 4281/2 F =9/2 - 42P3/2
F' =11/2, and each beam is with the power 15 mW.
The re-pump light is red-detuned 11.2 MHz from the
4281,y F =7/2 = 4°Py)5 F' = 9/2. All of beam di-
ameter is 25 mm and the configuration of the MOT is
three retro-reflected laser beams. More detailed infor-
mation can be found in Ref. [19]. The magnetic field
is 9Gem~!. We have obtained the atom number of
approximately 107-10%. Figure 7 presents a photo of
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40K MOT.

Fig.7. The MOT performed using °K enriched dis-
penser. The atom numbers approximately 107 ~ 108 are
monitored by calibrated fluorescence detection.

In summary, we have constructed and installed an
enriched *°K source in a vacuum system. The dis-
penser is efficient and easy to be made and used. With
this source, we can perform DFG and BFM experi-
ments.
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