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Abstract. Studies of an ultra-cold jet of polarized hydrogen atoms are described.
This atomic beam is formed by the acceleration of cold (0.3 K) atoms emerging from
a region of high magnetic field (12 T). The maximum measured density was about
10'? atoms cm~3. The beam’s full width half maximum size was less than 4 mm.

We are developing an ultra-cold jet of polarized hydrogen atoms to study spin
effects in high energy collisions. The jet, in its test configuration, is shown in Fig. 1.
Atoms from a room-temperature dissociator are cooled to 30 K and guided into a
12 T magnetic field by Teflon tubes. In this field, the atoms enter a separation
cell in the mixing chamber of a dilution refrigerator and are cooled to 0.3 K by
interactions with the superfluid-*He-coated cell walls. Atoms in the two lower-
energy hyperfine states are trapped in the high field, recombine, and are pumped
away. Hydrogen atoms in the two upper hyperfine states accelerate out of the field
to form an atomic beam. The separation cell’s exit aperture is at 6 T, which gives
the beam an energy corresponding to about 4 K; thus, its internal energy of 0.3 K
makes the beam quite monochromatic.

Emerging from the cell, the cold atoms are first focused by a superfluid-*He-
coated parabolic mirror; this reflection is mostly specular. The atoms are then fur-
ther focused by an 11-cm bore sextupole magnet into a compression tube detector
for absolute intensity measurements. The compression tube also allows measure-
ments of the azimuthal and radial beam distributions. The maximum flux measured
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so far is about 2.8 10 atoms s~! into the compression tube’s 12.5 mm x 2.5 mm

aperture. This corresponds to a density of about 102 atoms cm™®, within the
beam’s measured full width half maximum size, which was less than 4 mm.

We are also testing a maser, run in transient mode, to monitor the beam po-
larization. After injection of a power pulse, we integrate the free induction decay
signal to obtain a number proportional to the difference in state populations of the
two mixed states. By driving Zeeman transitions between the J=1 hyperfine states
before the maser transition, we learn about other state population differences. We
have seen the main decay signal from the Jet’s beam, but not the signatures of
its Zeeman transitions. We are also developing a large-bore, cryogenic rf unit to
drive transitions between the mixed hyperfine states, to enhance the final beam
polarization. A room-temperature prototype rf unit has a measured transition ef-
ficiency of 97% with less than 150 mW of rf power. A new cold prototype rf cavity
has a measured Q value of over 16,000 at 5 K. We have also built and tested a
1.2 107 liters s~} cryocondensation pump for the jet’s use in a storage ring.

Tests to improve the jet’s beam intensity and operational characteristics continue.
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FIGURE 1. The test configuration of the Michigan ultra-cold polarized jet.
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