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Vol. 59, 1986 Wall relaxation rates for an optically pumped Na vapor 653

Both high field relaxation of <SZ> and the low field relaxation of the
hyperfine level population difference <S*I>, at low Rb atom density, are
almost entirely due to the second interaction. Thus the high field
relaxation rate of <SZ> and the low field relaxation rate of <S*I> at low
alkali density are the same. The relaxation rate of <S*I> varies linearlywith the alkali atom density due to spin exchange collisions. The
relaxation rate of <SZ> is only slightly affected by spin exchange. The
paraffin coated surfaces used by Bouchiat and Brossel are unsatisfactory at
the temperatures required for the Na vapor target used in the optically
pumped polarized H ion source. We measure the relaxation rate for <S*I> as
follows. We generate an intense pump beam that is absorbed by one of the
ground hyperfine levels thereby pumping the atoms into the other hyperfinelevel. When this beam is suddenly cut off the Na vapor relaxes. The weak
probe beam measures the relaxation as a function of time. A schematic of
our apparatus is shown in Fig. 1

-SOLENOID PHOTODIODE

PROBE BEAM s
GLAN-FOUCAULT

WAVELENGTH Q\ J-U
MEASUREMENT* |\\ >/

DYE LASER
CR 699-21

S

COOLED BAFFLESPRISM

| I ^PMT
ODIUM RESERVOIR

VAPOR CELL

N.D.
FILTER

AOM

-VACUUM CHAMBER

XPUMP BEAM GLAN-FOUCAULT
PRISM

Fig. 1 A schematic diagram of the apparatus. The beam from a dye laser is
split to form an intense pump beam and a very weak probe beam. The
pump and probe beams have orthogonal linear polarizations. The
beams are combined in a Glan-Foucault prism and pass through the Na
vapor along the same path. After the target they are split by a
second Glan-Foucault prism. The output of the photomultipler,
which detects the probe beam, is recorded using a transient
digitizer.
The Na vapor target is a tube with an inner diameter D and a

length of 15 cm. The target is made of stainless steel, and the walls of
the target are easily changed by sliding in liners. The Na target islocated inside a vacuum chamber where the pressure is maintained at 10-^
Torr or less. Glass windows in the vacuum chamber permit the dye laser
beams to pass along the axis of the Na target. The Na target is in a weak
magnetic field (1-20 Gauss) that is parallel to the axis of the target. The
Na vapor enters the target from the reservoir through a hole about 2 mm in
diameter at the center of the target. The Na density is maintained very low
outside the target by cooled baffles at each end of the target. The
temperatures of the target and the Na reservoir are measured with
thermocouples. The temperature of the target is maintained about 25 C



654 Swenson and Anderson H.P.A.

hotter than the temperature of the Na reservoir to prevent condensation of
Na in the target.

We have measured the relaxation time, Tle, of <S*I> for Na vapor
relaxing on several wall surfaces. The relaxation rate T7g is given by
Tjg - T-j"1 + Tp1 where T^1 is the wall relaxation rate and Tp1 is the flow
rate of Na atoms out of the target tube. From the temperature and geometry
of our target we calculate the conductance for molecular flow out of the
target. Using the conductance we calculate Tp From the measured T^j"g and
the calculated T

measuring Tle

•1 -1
'1

given in Table I.
the relaxation times T, for <S*I> on various surfaces are

1.0

0.1

2.0 4.0
TIME (msec)

6.0

Fig. 2. Experimental data showing a semi-log plot of transmission of probe
beam as a function of time after the pump beam was cut off.
T1e 1.3 ms and T1 2.07 ms. which corresponds to 490 bounces
before depolarization.

Table I. Na vapor wall relaxation times. The relaxation time has
converted into the number of wall collisions before relaxation.

been

MATERIAL NUMBER OF BOUNCES

stainless steel (250 C)

graphite (250 C)
anodized aluminum (250 C)
chrome plated copper (250 C)
teflon (200 C)
Kel-F (200 C)
Kapton (250 C)

polyethylene (125 C

fluorocarbon rubber (250 C)

Viton
Fluorel

silicone rubber (225 C)
RTV 3115 (250 C)

"dry film" (275 C)
on glass (CH-,)3SiCS,, (CH3)2SiCS-2
on copper (CH3)2Si(0CH-,)2, CH,Si(0CHo)3

15

20
15

150
200

>250
150
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