
PHYSICAL REVIE%" A VOLUME 26, NUMBER 6 DECEMBER 1982
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pl J mixing in 4 P ~/2 and 4 P3/2 potassium atoms as well as atomic multipole relaxation
induced in K-K and K-Ar collisions were investigated by methods of atomic fluorescence
spectroscopy. K vapor, pure or mixed with Ar, was placed in a kG magnetic field and irra-

0
diated with a single Zeeman component of 7665- or 7699-A resonance radiation, causing
the selective excitation of the P&/2 i/2 or P3/2 3/2 substate. Collisions of the excited
atoms with ground-state K or Ar atoms caused mJ mixing which was monitored by
analysis of the resulting fluorescent spectrum with a scanning Fabry-Perot interferometer.
Intensity measurements on the fluorescent Zeeman components in relation to ground-state
atomic densities yielded the following multipole relaxation cross sections AJ '. K-K (10
cm j: A)/'2 ——5.7+0.9, A3/2 ——8. 1+1.4, A3/2 —11.4+2.0, A3/'q ——9.8+1.5; K-Ar (10
cm ): AIq'2=65+10, A3')2 —175+25, A3)2 ——230+35, A3/p —190+30. The QJ{m~m')
cross sections for mJ mixing were derived from the AJ ' as well as the cross sections for
multipole decay oJ '——AJ '+o.J'. The experimental results are in good agreement with
theoretical calculations.

I. INTRODUCTION

When alkali-metal vapor contained in a fluores-
cence cell is irradiated with polarized alkali-metal
resonance radiation, the atoms become preferential-

ly excited to certain Zeeman sublevels of the reso-
nance states; this results in the creation of a bulk
multipole moment in the vapor, which manifests it-
self in the polarization of the emitted resonance
fluorescence. Collisions between the excited alkali-
metal atoms and ground-state alkali-metal or other
atoms tend to equalize the Zeeman populations and
cause relaxation of the atomic multipoles accom-
panied by the depolarization of the fluorescence.
The study of such depolarization or of changes in
the populations of the (excited) Zeeman substates in
relation to the density of the ground-state atoms in-

ducing the relaxation leads to cross sections for m J
mixing or multipole relaxation. ' When the
fluorescing vapor is placed in a magnetic field
strong enough to effectively decouple the nuclear
from the electronic moments, the measured cross
sections are not perturbed by the "flywheel effect"
of the nucleus. Experiments of this kind, employ-
ing a modified Zeeman scanning method, yielded
cross sections for dipole and quadrupole relaxation
(disorientation and disalignment) in 4 Pt~2 and
4 P3/2 potassium atoms induced in collisions with
noble gas atoms and in resonant collisions with

ground-state potassium atoms. To detect octa-
pole relaxation it is necessary to resolve the indivi-
dual Zeeman components in the fluorescent light.
Such spectroscopic resolution of the Zeeman
fluorescent spectrum was employed by Gay and
Schneider, who determined cross sections for
transfers between the 3 P Zeeman components in
sodium and for relaxation of the multipoles induced
in collisions with noble gases" and with ground-
state Na atoms. Most recently, Boggy and Franz
measured similar cross sections for collisions of po-
tassium with Ne, Kr, and Xe atoms.

In this investigation, we report the results of an
experiment in which we excited selected 4 I'~/2 or
4 I'3/2 Zeeman substates in potassium at a magnetic
field of about 8 kG and followed transfer of popula-
tion between the Zeeman sublevels induced in col-
lisions with ground-state K or Ar atoms. The re-
sulting cross sections for Zeeman mixing, multipole
relaxation, and collisional decay of the multipoles
are compared with previously reported experimental
results and with theoretical calculations of Lewis,
Wheeler, and Wilson' for K-Ar collisions and of
Carrington, Stacey, and Cooper" for the resonant
K-K collisions.

II. THEORETICAL

The method by which light emitted from an rf
potassium discharge may be used to selectively
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populate Zeeman sublevels of 4 P potassium reso-
nance states has been described previously. Col-
lisions with atoms of an added buffer gas or with
ground-state potassium atoms tend to equalize the
Zeeman state populations:

K(4 Pi/2 ~)+X~K(4 Pi/2 ~ )+X,
K(4 P3/2 pg ) +X~ K(4 P3/2 pg')+X,

where X is a ground-state atom and m or I'=3/2,
1/2, —1/2, —3/2. Continuous optical excitation
results in a steady state which involves spontaneous
decay to the ground state as well as collisional
transfers between the Zeeman substates, and which

may be represented by the following rate equations:

(0)n 3/2 (N3/2+Ni/2+N —i/2+N —3/2),

the dipole or orientation component (L =1) is

n3/2 ( 3N3/2+Ni/22~5

N —in 3N 3n) ~—

the quadrupole or alignment component (L =2) is

(2) 1
~ 3/2 = (N3/2 Ni/2 N—i/2—+N 3/2 ), (9)

and the octapole component (L =3) is

dN~ Nm
N~ g—Z(m~m')

m'Qm

+ g N~ Z(m~m')+S~ =0, (3)

(3)il 3/2 — ( N3/2 3Ni/2
2V5

+3N i/2 —N 3/2) . (10}

where Z is the frequency of collisions per excited
atom, corresponding to transfer between the optical-
ly populated state m and the other states m'. N is
the population density of the Zeeman substates, S~
is the density of atoms excited per second to state
m, and r =2.77)& 10 s is the mean lifetime of the
4 P state. ' The nJ mixing cross sections may be
defined analogously with the gas-kinetic cross sec-
tion,

Z(m ~m') =NQ(m ~m')v„, (4)

(0)n i/2 —— (Nin+N in},v'2

and the dipole or orientation component (L =1) is

where N is the density of the ground-state collision
partners, and v„ is the average relative speed of the
colliding atoms. Equations (1)—(3) take no account
of collisional P, /2 P3/2 fine-structure mixing or
quenching to the ground state.

The multipole densities n' ' may be expressed in
terms of N by means of the following equations
yielded by an application of density-matrix formal-
ism in its irreducible tensor representation. "'

For the P&/2 state, the monopole or occupation
component (L =0) is

(L) (L)/( 1+ (L)
) (12)

In the absence of collisional depopulation, yJ
' ——0

and nz
' rs/ '. This res—u—lt together with Eq. (12)

yields an expression

(L) (n(0)/n(L))(s(L)/g(0)) (13)

from which it is possible to calculate y/
' and the

cross sections AJ ' for collisional relaxation of the
multipole moments, since

yJ ——NAg U, .(L) (L) (14)

Equations (5)—(10) take no account of nuclear spin
and assume the absence of off-diagonal coherence in
the P3/2 state. The dynamic equilibrium involving
the populations of the Zeeman substates may also
be represented in terms of rate equations involving
the multipole moments. Because the collisions are
isotropic, each multipole moment relaxes indepen-
dently:

{L)
{I-) (I ) (&) {L)

dt
=sJ nz /r —yz —nj ——0, (11)

where sz
' is the 2 '" multipole component of the

excitation function, which may be expressed in
terms of the S~, and yq

' are the multipole relaxa-
tion rates. Equation (11)has a solution

By monitoring the populations of the individual
Zeeman substates in relation to the buffer gas pres-
sure and substituting these in Eqs. (6)—(10), it is
possible to obtain the nJ ' densities which, used in
conjunction with Eqs. (13}and (14},yield the mul-

For the P3/2 state, the monopole or occupation
component (L =0) is

(&)&(/2= - (Nin N in} . —-
'V2
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tipole relaxation rates yq
' and cross sections AJ '.

The latter are related as follows to the cross sec-
tions QJ(m ~m').

For the P&/2 state

tipole relaxation cross sections.
According to the generally accepted definition, '

the total cross sections crJ ' for the collisional decay
of the multipole moments may be represented as

(15) (I-) A(L )+ (0)+J J ++1 (21)

For the P3/2 state

(&) ' (2)
Q3/2( 2 2 ) 2p A3/2 4 A3/2

(3)+ —,OA /

Q3/2( 2
~

2 ) 2p A 3/2+ 4 A 3/2
3 1 3 (]) 1 (2)

+ A3/2
(3)

(1) (2)
Q3/2( 2~ 2 ) 2p 3/2+ 4A3/2

(3)——„A3/2,
3 3 9 ()) 1 (p)

Q3/2( 2
~—

2
=

2p A 3/2
—

4 A 3/2

(3)+ A 3/2

(17)

(18)

Because the Zeeman splitting &&kT, there is sym-

metry in the m& mixing cross sections:

Q(m~m')=Q( —m~ —m') . (20)

It can be seen that, if the populations of the Zeeman
sublevels can be determined in relation to the buffer
gas density, it is possible to obtain the cross sections
for transfer between the individual Zeeman sub-
states as well as for relaxation of all the multipole
moments. The populations are derived from the in-
tensities of the Zeeman components of the fluores-
cent spectrum, bearing in mind that the fluores-
cence was circularly polarized and was observed in
a direction parallel to the magnetic field surround-

ing the fluorescence cell, and that 2 ':A

=6:2:4, where A and 2 are the transition proba-
bilities for the decays of the P3/2+]/2 substates
taking place by emission of u+-and ir-polarized ra-
diation, respectively, and A~ is the corresponding
transition probability for the P3/2+3/2 substates.
Accordingly, while the intensity of the o +--polarized

fluorescent radiation emitted in the decay of the

P3/2 +3/2 substate is proportional to its population,
the o-+intensity arising from the P3/2 +&/2 substate
is proportional to —, its population. In the P~/2
state, the 0.-+ intensity represents —, population of
the IJ ——+1/2 state. '

The connection between the measured intensities
of the Zeeman components and the Zeeman mixing
cross sections QJ(m —+m') is provided by Eqs. (3)
and (4), while Eqs. (5)—(10) together with (12) and
(14) connect the Zeeman intensities with the mul-

where in this case O.z
' is the cross section for J—+J'

fine-structure mixing.

III. EXPERIMENTAL

The arrangement of the apparatus is shown in
Fig. 1. Light from an electrodeless rf lamp, '

placed together with a totally reflecting prism in a
magnetic field of 5.4 kG, was passed through an in-
terference filter, quarter-wave plate and linear po-
larizer and brought to a focus inside the fluores-
cence cell containing potassium vapor and located
in a constant magnetic field of about 8 kG. (Spec-

0
trolab interference filters transmitting the 7665-A
component for the excitation of the P3/2 state or
the 7699-A component for the excitation of the
P, /2 state had a transmission of about 35%%uo and re-

jection of 0.1%.) The resulting fluorescence, emerg-
ing at right angles to the direction of the excitating
light beam through a hole in the pole piece of the
magnet, was resolved with a scanning Fabry-Perot
interferometer and detected with a photomultiplier
whose signal was amplified and registered on an x-y
recorder.

The Pyrex fluorescence cell was semicylindrical

RG

A

n n lL I II
pMfpU U11

F-p

FIG. 1. Arrangement of the apparatus. L, exciting
light source; I', interference filter; P, polaroid; C, fluores-
cence cell; M, electromagnets; I'-P, interferometer; A,
electrometer amplifier and RG, ramp generator, both
connected to X-Fplotter.
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in shape, 6 cm long and 2.5 cm in diameter. It was

equipped with a side arm, 4 cm long and 1.5 cm in
diameter, which contained an excess of metallic po-
tassium, and with two plane windows at right an-

gles to each other located at the front end. The cell
was mounted in an oven consisting of two compart-
ments: one containing the body of the cell in which
a constant temperature was maintained using nonin-
ductively wound heaters, and the other containing
the side-arm in which a precisely controlled tem-
perature in the range 344—387 K was produced by
a copper coil through which silicone oil was circu-
lated from an ultrathermostat. Temperatures were
measured using several copper-constantan thermo-
couples attached at various points on the fluores-
cence cell and side-arm. In order to prevent con-
densation on the cell windows, the main oven was
always kept at about 35 K above the temperature of
the side-arm. The cell was connected by a capillary
folded inside the oven to a vacuum and gas-filling
system.

The fluorescence was excited in the rectangular
corner between the semicircular entrance and rec-
tangular observation windows so that the fluores-
cent light traversed a distance of about 3 mm in the
vapor before emerging from the cell. It was then
collimated and made incident on a piezoelectrically
scanned Fabry-Perot interferometer (Burleigh
model RC 140), fitted with mirrors of flatness
A, /200 and 96 /o reflectance in the range
7400—9200 A, spaced 0.34 cm apart, providing an
effective instrumental finesse of 30 and a free spec-
tral range of 1.47 cm '. The light leaving the inter-
ferometer was focused at a 0.5-mm pinhole, whose
size was determined so as not to detract from the
overall finesse. ' The fluorescent spectrum pro-
duced by scans of the interferometer was focused
onto the photocathode of an ITT FW 118 pho-
tomultiplier, whose output signal amplified with a
high-speed current amplifier (Keithley model 427),
was applied to the y axis input of an x-y plotter to
whose x axis was applied a fraction of the ramp
voltage used to activate the piezoelectric element of
the interferometer. At the beginning of each experi-
mental run, the temperature of the cell and side-arm
was lowered to "freeze out" the potassium vapor
and determine the level of stray scattered light,
which amounted to less than 0.2% of the direct
fluorescence.

With the correct adjustment of the two magnetic
fields to produce a coincidence between Zeeman
components in the exciting light and in the absorb-

0

ing vapor, excitation with cr -polarized 7665-A or

0
7699-A radiation resulted in the selective popula-
tion of the 4 P3/2 3/p state or the 4 P~/2
state, respectively. At low vapor densities and in
the absence of a buffer gas, the observed fluores-
cence would be expected to consist of just one com-
ponent arising from the decay of the optically popu-
lated Zeeman substate. However, because of imper-
fection of the circular polarizer, the exciting light
contained a small u+ admixture, which caused the
excitation of the P3/p 3/p (or P&/q &/z) state. This
"cr+ leak, " which was accurately determined,
amounted to about 2%%uo of the incident intensity and
required appropriate corrections to spectral intensi-

ty measurements.
An increase in the potassium vapor density or the

addition of a buffer gas caused the appearance of
collisionally induced Zeeman components in the
fluorescent spectrum, whose intensities depended on
the density of the ground-state atoms acting as col-
lision partners. A typical P3/2 Zeeman spectrum

1]p
r

FIG. 2. Fluorescent spectrum produced by an interfer-
ence scan of 0.—-polarized radiation emitted in the decays
4 Sf/2+]/2 P3/g gg with the upper and lower Zeeman
substates indicated. (a) In pure K vapor density 5)&10
cm ' the spectrum consists of one component arising
from the optically populated 'P3/2 3/2 state,' the faint
P3/2 3/p component is due to o.+ leakage through the po-

larizer. (b) Addition of 1-Torr Ar produces transfers to
and emission from the other Zeeman substates. The

1 3 1 3
(—2

—
2 ) and ( 2 2 ) peak heights measured in this

trace were in the ratio 4:1. The spectrum includes a Pl/2
component due to 'P3/2~'P~/2 transfer~ the second com-
ponent is located in the shoulder of the —~—peak.2 2
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produced by K-Ar collisions is shown in Fig. 2; the
peak separations were measured by calibrating the
system using the known hyperfine structure of the
8943.46-A Cs line. ' The intensity measurements
were carried out in three experimental runs with ar-
gon (at constant K densities) and five with pure po-
tassium vapor, each run covering the full pressure
range of the experiment. At each Ar or K density
ten scans of the spectrum were recorded, each con-
sisting of two interference orders. The scatter be-
tween intensities measured at identical temperatures
and pressures did not exceed 10%. The experi-
ments with Ar were carried out at side-arm tern-

peratures of 348 K (corresponding to 6.3X10' K
atoms/cm ) and 356 K (1.3X10" K atoms/cm )

for the P3/p state, and at 344 K (4.8X10' K
atoms/cm ) for the Pi&2 state. In the experiments
with pure potassium, the side-arm temperatures
ranged from 368 to 387 K, corresponding to a den-

sity range (3—12)X 10"atoms/cm . The potassium
densities were calculated from temperature-vapor
pressure relations. '

In order to calculate the cross sections from the
experimental data, account had to be taken of radia-
tion trapping, which causes the effective lifetime of
the resonance 4 P state to exceed its "natural" life-
time. Among the various methods that could be
usual to make corrections for imprisonment of radi-
ation, Milne's radiation diffusion theory ' appeared
most suitable at the potassium densities and optical
depths that were used in the experiments. The
theory permits the calculation of the effective life-
time v in terms of the "natural" lifetime ro,

(r/ro) =1+(kol/P) (22)

IV. RESULTS AND DISCUSSION

The measured (and corrected) intensities of the
Zeeman components in the fluorescent spectra are
plotted in Figs. 3 —5 relative to the intensities of the
components emitted in the decay of the optically
populated P&/2 &/2 or P3/2 3/2 Zeeman sub-2 2

states against the densities of the ground-state K or
Ar atoms. Since it was intended that the intensities
be representative of the Zeeman populations, the in-
tensities I&/2 and I ~/2 in the P3/2 spectrum were
multiplied by a factor of 3. To eliminate effects
due to radiation trapping, which is density depen-
dent, the intensity ratios plotted for pure K vapor in
Figs. 3 and 5 were divided by r, the effective life-
time which was calculated at each potassium densi-

ty. The linearity of these plots and the fact that
they pass through the origin suggest good consisten-

cy of the applied corrections for radiation trapping.
The plots are expected to be linear at low densities
at which the collision frequencies are very low,
amounting to less than one collision per lifetime of
the 4 P state. Under these conditions only one col-
lisional transfer is likely to occur from the optically
populated to another Zeeman substate. At densities
above 5 X 10' cm, subsequent transfers (includ-
ing back transfer) manifest themselves by a curva-

25

where p is the first root of the equation

tanp=kol/p (0&p&n. /2) . (23) $5
5I

M

The opacity kol was evaluated at each potassium
density with I =3 mm and ko calculated assuming a
Doppler shape of the spectral lines which is justi-
fied at the very low pressures. Because of the
Zeeman splitting, all optical depths must be multi-

17 2 3
plied by a factor ~ for the P3/2 level and by —, for
the Pi~2 level. The resulting lifetime ~ exceeded

~o by about 27—50% in the K-Ar mixtures. The
correctness of these corrections was indicated by the
fact that identical results (within stated limits of er-
ror) were obtained from measurements performed at
different potassium densities. In pure potassium
vapor where higher densities were employed to ob-
tain an acceptable signal-to-noise ratio, the effective
lifetime varied with the density and, at the highest
density 12X 10"cm, ~ =12zo.

OJ

10
O

—30

h

N

-5 L
CV

I

0 5 &0 15

DENSITY K(o)(10" cm ~), Ar(&) (10 cm~)

FIG. 3. Plots of Zeeman fluorescent intensity ratios
for the 4'P~/~ state. 0, results from pure K vapor (in

units of 10 s '); CI, effects of K-Ar collisions (in units of
10 ). The solid curves represent least-squares fits to the
data points. The error bars show statistical scatter of the
measurements and are representative of each system.
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50
ture in the K-Ar plots. Under single-collision con-
ditions, the rate equations (3) may be simplified to
yield the following expressions for the transfer cross
sections:

50

O

40
Qq(m ~m') =(I /Nu„r)N /N ) . (24)

C2 40
C4

I

C4

~ 30

0

02 20

I

CV

10

Ol0
30

CV

20 ~
OJ

I
M

10

Equation (24) permits the calculation of the cross
sections Q(m —+m') from the K-K plots and the
linear parts of the K-Ar plots in Figs. 3 —5, except

1

for Q3/2( 2~ 2 ). It was found that the values

thus obtained agreed to within 5/o with the cross
sections calculated from all the data using Eqs. (13),
(14), and (16)—(19), bearing in mind that, under our
conditions of geometry and polarization, for the
2
Pi/2 state,

oo 5 10 &5 20
Ar DENS IT Y (10' cm )

25

(1) (0)
S I/2/S I/2 1

and for the P3/2 state,

(25)

FIG. 4. Plots of Zeeman fluorescent intensity ratios
(in units of 10 ) for the 4 P3/2 state showing effects of
mJ mixing induced in K-Ar collisions. The solid curves

represent least-squares fits to the data points. The error
bars represent statistical scatter of the measurements.

(&) (0) 3 (2) (0)S 3/2 /S 3/2 ~, S ) /2 /S ] /2 = 1,
V5

(3) (0)S 3/2 /S 3/2
——

7v5 (26)

30

O
25

D

PO

w 20

OJ

I
M

15
O

0

OJ

~io

N

CV

I

C4

M

4

oo 4 6 8 10

K DENSITY (10 cm 3)
12

FIG. 5. Plots of Zeeman fluorescent intensity ratios
(in units of 10 s ') for the 4 P3/2 state showing effects of
mq mixing induced by K-K collisions. The solid lines

represent least-squares fits to the data points. The error
bars represent statistical scatter of the measurements.

where the sJ ' multipole components are obtained

by an expansion of S~ analogous to that of N~ car-
ried out in Eqs. (5)—(10). The resulting relaxation
cross sections Az", AJ ', and Aq ', upon substitution
in Eqs. (15)—(19), gave the Q/(m —+m') Zeeman

mixing cross sections. Finally, the relaxation cross
sections AJ ' were combined in Eq. (21) with OJ ',

the Pi/2 P3/2 fine-structure mixing cross sec-
tions to produce o~ ', the cross sections for mul-

tipole decay. In the case of K-K collisions
o.z

' «Az ' and oz '=—AJ '. For the K-Ar system,
recently remeasured values o.J ' were used. All the
cross sections, which are listed in Tables I and II,
are estimated to be accurate within +15% or better
with the uncertainty arising from scatter in intensi-

ty measurements and from the possible systematic
error in the K and Ar densities. As expected, the
cross sections for resonant K-K collisions exceed by
over 2 orders of magnitude the K-Ar cross sections.
The K-K cross sections are significantly smaller
than the values o$/2 03/2 and o3/2 reported previ-(i) (i) (2)

ously, ' which were inflated because of the o.+

light leak through the circular polarizer, which was
discovered and for which corrections were made in
the present experiment. There is adequate agree-
ment with the theoretical values calculated by Car-
rington et al. " though the relative sizes of their
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Designation

A1/2 Or 01/2
(1) (1)

(1) (1)A 3/2 or 0 3/2

A 3/2 or 0 3/2
(2) (2)

(3) (3)A 3/2 or 0 3/2
1 1

Qin( —
& ~& l

1 1

Q3n( —
z
~—,l

3 1

Q3n( —
2
~——,l

3 1

Q3n( —2~& l

3 3
Q3n( —z~zl

This

investigation

5.7+0.9
8.1+1.4

11.4+2.0
9.8+1.5
2.8+0.5

2.0+0.8

3.1+0.6

2.6+0.5

1.3+0.4

Carrington

et al. "
(theory)

4.9

5.6
6.1

2.4'

1.7'

1.4'

14
17'

Other

results

40'
17"

21"

0.8'

'Reference 5.
"Reference 6.
'Derived from Ref. 11 and Eqs. (15)—(19).
Reference 8 for Na.

TABLE I. Cross sections for K-K collisions (in 10

cm ).

cross sections differ from those found here. There
is also agreement within order of magnitude with

Gay and Schneider's Q3/f( 2
~

2 ) for Na.~ 8 3 3

As is apparent in Table II, depolarizing collisions
with noble gases have been studied much more ex-
tensively than K-K collisions. For the P&/q state,
the previously reported K-Ar cross section was
determined at K densities at which radiation trap-
ping was significant, though no allowance for it was
made. A recalculation using the corrected value of
~ produces very good agreement with the present
cross section Ai/'2 which, as expected, ' lies be-
tween the recently determined values for Ne and
Kr; a parallel relationship may be seen in the P3/2
state with respect to A3/2 A3/2 and A3/2 where(&) (2) (3)

there is excellent accord with previously measured
disorientation and disalignment cross sections and
satisfactory agreement with 0.3/2 approximately
calculated by Lewis, Wheeler, and Wilson' who
also determined o3/2 using the Hanle effect and
correcting their measurements for the effects of nu-

clear spin. The agreement is not nearly as good for

TABLE II. Cross sections for K-Ar collisions (in 10 ' cm ).

Designation

This

investigation

Berdowski

et al. '4

corrected

for ~ Lewis et al. '
Boggy and Franz

Ne Kr

(1)~ 1/2
1 1

Qin( —
& ~& l

(0)0 1/2
(1)0 1/2
(1)A 3/2
(2)

(3)A 3/2
1 1

Q3/2 ( — ~ i

3 1

Q3/2( ——,~——,l

3 1

Q3/2( —
z ~, l

3 3
Q3n( ——,~z l

(0)
03/2

(1)
O3/2

(2)
03/2

(3)
03/2

65 +10
32 +5
16'

81 +12
175 +25
230 +35
190 +30
36.8+ 16.0

59.8+ 3.0

55.3+ 2.0

30.8+ 2.0

11.2'

186 +27
241 +37
201 +32

73

36

164

240

278 35'

187
346"

225

56

103

146

111

18.6"

37 7d

353

iS.4'

. 270

341

276

52.5

86.2d

844
50"

'Reference 23.
"Approximate theory.
'From Hanle experiment.
Derived from Ref. 9 and Eqs. (15)—(19).
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TABLE III. Ratios of A3/2 relaxation cross sections.

Designation
This

investigation
Boggy and Franz

Ne Kr

Okunewich
and Perel

(theory)

Lewis et al. '

(theory,
"case c")'

0.76
1.21
0.92

0.79
1.24
0.98

0.71 0.81
1.32 1.13

A "'p/A 3/2 0.93 0.91

A 3/2 were obtained by subtraction of 0.3/2 taken from Ref. 24, from authors' 0 3/2 ~

0.69
1.57
1.08

the P~/2 case, where the calculated 0~/2 cross sec-2 (1)

tion greatly exceeds all the experimental values. A
worthwhile comparison can be made with the pre-
dictions of Okunewich and Perel who calculated
ratios of the P3/Q relaxation cross sections assum-
ing van der Waals interaction between the colliding
atoms. Table III shows the predicted A3/2 ratios,
which are in total harmony with the corresponding
ratios found in this investigation as well as those
calculated from the values of Boggy and Franz for
Ne and Kr. The corresponding A3/p ratios were
also derived from the theoretical o3/2 of Lewis
et al. '

by subtracting from them the experimental-
ly determined cT3/2 The resulting agreement is

not nearly as good as with the values of Okunewich
and Perel, perhaps reflecting the approximate na-
ture of the theoretical treatment. '
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