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High Efiiciency Hyyerfine Pumying of Cesium Vayor
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The hyperGne pumping of cesium vapor has been obtained by using a magnetic Biter for the pumping
light. The 6lter transmits the hyper6ne component of the D1 resonance line which starts from the F=4
sublevel of the ground state. The level which is populated with the hyperQne pumping is therefore that with
F=3. Neon has been used as a buffer gas, and the best results were obtained for a pressure of 20 Torr. In
this condition, 15jo of the Cs atoms in the hyper6ne level F=4 are transferred into the F=3 level. The
relaxation time, as a function of Cs vapor density, has been measured for 6ve values of the neon pressure,
and the Cs-Cs spin-exchange cross section has been determined to be (2.20+0.15)&10 '4 cm~.

HE hyperGne optical pumping in the ground state
of the alkali metals requires a good Gltering of one

of the hyperGne components of a D line. No CS.cient
method exists for obtaining such a Gltering, except for
rubidium. For rubidium one uses the isotope shift of the
resonance lines between "Rb and "Rb.' tA"c were able
to obtain hyperGne pumping of Cs vapor by using a
magnetic Glter constructed in our laboratory. 2 The CS.-
clcncy of this type of Gltcl. ls good, pcIhRps bcttcl. than
that of a "Rb Alter for the srRb. s The Dr pumping light
after passing the Glter cell contains only the component
which starts from the hyperGnc level of the ground state
with higher Ii (Ii =4 for Cs). The optical pumping leads
then to a depopulation of this level in favor of the level
with lower F (F=3 for Cs). A large population difference
between the ground-state hyperhne levels can be ob-
tained, and the hyperGne relaxation can be studied.

A sketch of the experimental apparatus is shown in
Fig. 1.All the cylindrical Pyrex cells used in this experi-
ment were 8 cm long with a radius of 3 cm. The relaxa-
tion times were measured by Franzen's method. A sili-
con cell was used instead of a photomultiplier in order
to minimize the low transient response of the detector. '

As explained in Ref. 2, the magnetic filter works with
linearly polarized light. The cell is placed in a weak mag-
netic Geld orthogonal to the direction of the pumping
beam and at about 45' with respect to polarization of
the pumping light. In this way the transitions m and 0

are equally probable and there is no possibibty of creat-
ing an alignment in addition to the hyperhne pumping.
We can infer the fraction of the atoms transferred from
the level F=4 to the level P=3 by measuring the pump-
ing Signal.
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FIG. 1. Experimental apparatus: C, cell; F, Dj 61ter; L, lamp;
L', lens; M, mirror; MF, magnetic Biter; 0, oven; P, linear
polarizer; S, shutter; SC, silicon cell.
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As a bu8er gas, we used neon at a pressure of 74.0,
37.2, 28.0, 18.2, and 10.7 Torr at O'C. At 15'C (low Cs
vapor density) and 18.2 Torr of neon, 1&go of the atoms
of the sublevel Il =4 are transferred into the level 8=3.
At higher temperatures, the pumping CSciency de-
creases because of spin-exchange relaxation. At 33'C it
reduces to about 2%%uo. No pumping signal was obtained
when using cells coated with methylhydrogenpolisilox-
Rnc Rnd without R bu6cr gRS. A very smRll slgnR1 was
obtained using a cell coated with dimethylpolisiloxane
and without a burr gas. It is worth noting that we have
obtained a good optical pumping of Na and Rb in cells
coated with dimethylpolisiloxane. The failure in the case
of cesium is probably due to the greater chemical reac-
tivity of cesium. This is in agreement with the results
obtained with the stored-beam technique. s

We can calculate the spin-exchange cross section be-
tween Cs atoms from the measured value of the relaxa-
tion time of the quantity (S I), i.e., of the hyperlne
pumping. Since (S I) relaxes with only one time con-
stant, ~ we can put

1/r = 1/re+ 1/rex,

where r is the total observed relaxation time, 1/re is
the relaxation probability due to collisions between Cs
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atoms and the bu6er gas atoms or the cell's walls, and
1/v, „ is the relaxation probability due to the spin-
exchange collisions. 1/r, is proportional to the density
of the Cs atoms while vo is practically independent of
the temperature of the cell. A temperature dependence
of 7'0 appears at higher pressures of the buffer gas, and
it is due to the diGusion process which prevents the uni-
form distribution of the pumped atoms in the cell. ' At
low pressure, however, this effect is negligible. This has
been directly tested, at the above values of the bu6er
gas pressure, in the following way. The Cs vapor was
also pumped with un6ltered and circularly polarized Dj.
light at several temperatures. The relaxation of the
quantity (S,) was then measured, which is independent
of the spin-exchange collisions. The diffusion problem
is identical for both (S I) and (S.), if the corresponding
relaxation times are of the same order of magnitude.
Then, if the relaxation time of (S,) is found to be tem-
perature-independent, v o is also temperature-independ-
ent. This was found to be the case at 10.7, 18.2, 28.0
and 37.2 Torr of neon. A temperature dependence ap-
pears at 74.0 Torr of neon. Then for the 6rst four pres-
sures of neon the spin-exchange cross section can be
calculated by the formula
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where P=4[E2'/rrJiI 'J~' is the mean relative velocity of
the Cs atoms, if several values of 1/r and corresponding
densities of the cesium vapor are determined. The value
1/r, extrapolated to zero vapor pressure gives 1/r p

The measurements were made in the range of tempera-
tures between 13 and 35'C. For higher temperatures the
optical pumping signal was strongly diminished and the
relaxation time was so short that it proved too dificult
to measure it.

A plot of the measured values of 1/r versus E (num-
ber of Cs atoms per cm') is given in Fig. 2. The values
of J were calculated using the Taylor-Langmuir for-
mulas. ' The value of O.,„between Cs atoms determined
in this way was found to be

o; = (2.20&0.15)X10 '4 crn'.
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The main source of error is due to the uncertainty of the
density of the saturated cesium vapor.

Our value is in good agreement with that obtained by
Bouchiat and Grossetete. '0 Also, Moos and Sands" ob-
tained in a completely diferent way a value in agree-
ment with ours.

"M. Bouchiat and F. Grossetete, J. Phys. (Paris) 27, 353
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measured the spin dephasing cross section by paramagnetic reso-
nance at a higher temperature (546K') and for a high magnetic
Geld (4100 G). The value obtained is (2.3&0.5) )&10 '4 cm', from
which it follows that cr,x =(2.6+0.5))(10 " assuming a nearly
complete decoupling between I and S for the Geld intensity of
4100 G.

Fro. 2. The measured values of 1/r are plotted as a function of
the density of the Cs atoms. The values of o;x obtained are
(2 31+020) X10 r' (2 16+020) X10 " (2 20+0.20) X10 r'
and (2.13+0.20))(10 ' cm', respectively, for pressures of 10.7,
18.2, 28.0, 37.2 Torr of neon.


