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Excitation transfers within the fine structure of the 3 D helium
level in a helium glow discharge
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Fine-structure-changing collisions within the 3 D state of atomic helium are investigated by a laser

perturbation method in a helium low-pressure glow discharge, Measurements, performed for diA'erent

experimental situations, lead to the determination of thermally averaged values for the excitation transfer
0 0

cross sections: o.33~(~ », 3D(~, »
——180+60 A' and cF, 3~&J, » 33~(J» ——42+5 A'.

I. INTRODUCTION

While fine-structure-changing collisions have
been widely studied for alkaline-rare-gas colli-
sions, ' few works have been devoted to the case of
binary encounter of rare-gas atoms. In helium,
to our knowledge, the only recently reported study
concerns the estimation by a laser saturated-ab-
sorption experiment of the excitation transfer
cross section between the 2'&, and 2'P, sublevels
by collisions with ground-state atoms in a helium
glow discharge. ' As reported in a previous work
dealing with excitation transfers in then =3 He I
sublevels, ' an unexpected nonlinear behavior of
the 3'g) state quenching rate coefficient has been
observed for pressure values lower than 2 torr.
This result was tentatively explained as being due
to fine- structure-changing collisions. This hy-
pothesis is confirmed by the study presented in
this paper.

II. EXPERIMENT

The experimental device has been described in
detail in previous papers dealing with radiative
and collisional processes in helium, ' hydrogen, 4

argon, ' and nitrogen' glow discharges. Let us just
recall the essential features of the experiment.

The excited helium states are populated in a
capillary glow discharge, with pressure range
0.1&P„,&1 (torr) and current intensity 10&i &50
mA. The other characteristics of the discharge
are the same as in Ref. 3.

For various experimental conditions, corre-
sponding values of the electronic density are mea-
sured by a microwave cavity perturbation method
(10' &yg, &10" cm '} and of the electronic mean
kinetic energy are calculated from glow discharge
theory (O &K&20 eV).

The gas temperature is measured by a thermo-

couple in contact with the discharge tube: T, =325
+5 K. A tunable dye laser excited by a nitrogen
laser (energy jpulse &10 p, J, pulse width 4 nsec,
spectral width 0.15 A at 5876 p, ) is used to induce
a population perturbation on a selected state by
optical pumping. The discharge is longitudinally
traversed by the laser beam, and the fluorescence
emitted by a cross section of the positive column
is observed in a perpendicular direction by means
of a 2-m grating spectrometer (resolving power
200000 in order 2) and a, photomultiplier tube.
The time dependence of the laser-induced fluo-
rescence light intensity EI(t} is analyzed by a
Princeton Applied Research boxcar averager PAR
162 (time resolution 5 nsec) connected to a Data
General minicomputer (Nova O).

III. MEASUREMENTS

Recently improved in a laser saturated-absorp-
tion spectroscopy experiment, ' very accurate mea-
surements have been achieved on the g= 5876-A
He I spectral-line structure (O'D-2'P radiative
transition) using level-crossing methods and radio-
frequency spectroscopy. "As schematically
shown in Fig. 1, this fine structure is composed
of a group of components distributed on a 3.6-0Hz
range, 30 GHz away from the isolated one. Since
the Doppler width at 325 K is about 4 QHz, the
main part of the fine structure is hidden. Then
the y=5876-p Her line emitted by the positive col-
umn of our glow discharge appears to be composed
of only two spectral components. The one center-
ed at X= 5875.9V A is composed of the 3'g), -2'&0
transition alone, and the other, centered at g
=58V5.63 p, contains the contributions of the other
O'D-2'P radiative transitions (see Fig. 1}. The
light intensities I,(t) andI, (t) emitted in these two
spectral components can be written
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I,(t)=KN, (t)A s so

Is(t)=K[Ns(t)As so ssp +Ns(t)(As so ssp +Asso ssp )+N, (t}(As so ssp +Asso ssp )] i

I,(t) = Q fN (f)(O.7O6)+N, (t)(O Ol4)], (2)

where Q is a constant.
A population variation is induced on the 3

sublevel by selective pumping of the 3'Dy 2 &0
transition. Fluorescence is only detected in the
3 sD, -2'P, (resonance fluorescence} and 3 sD»
-2sP» (induced fluorescence} components. The
spectrometer slits are adjusted in order to inte-
grate the light intensity emitted in each spectral

where K, N, (t), Ns(t), and Ns(t) are respectively
a constant and the population densities of the
O'D„3'D„and 3'D, sublevels. The A„~ „~, are
the transition probabilities of the ~J —o.'J' radia-
tive transitions and are deduced from the indivi-
dual line strengths. ' Since we cannot distinguish,
from spectroscopic measurements, the population
variations on the 3'D, and 3'D, sublevels, in the
following they are considered as one state, O'D, „
the population of which is Ns s(t)=Ns(t)+Ns(t). Nu-
merically system (l) becomes

l
component on its profile while keeping a good
separation between them (see Fig. l). Particular-
ly in all experiments, we have checked that stray
laser light (X~ =5875 97 A) is not detected when

the spectrometer is tuned to the induced-fluores-
cence wavelength (X=5875.63 A).

Vfe have shown in Ref. 3 that the collisional cou-
plings between the 3 SD, 3'P, and 3'$ He I levels
are sufficiently weak that in the pressure range
under study the 3'D-level population behaves al-
most independently. Indeed, in the present experi-
ment no significant transfer is detected in the
3'5 and 3'p' states, so that we can neglect the con-
tributions of the back processes,

He(3 'P)+ He -He(3 'D)+ He,

He(3 'S )+He -He(3 sD)+ He,

to the 3 D, 2 3 sublevel populations.
The "perturbated system" reduces to the 3

and 3 D2 3 states, whose popu lation variations
AN;(t) are described in relaxation regime (laser-
free) by the rate equations:

d&N, (f} +N (I)(A s se +R s ss tl so+S s ss B )++Ns s(f) (Rs s $Bs +Ses s ]8)i'
d&Ns s(t) = &N, (t)(R. s sn„,+S, s sn, )-ANs s(t)(Asso +R, so na,+S,so n, ).

t s

(4)

ln Eq. (4), Asss andAsso„are the total radiative
transition probabilities of the O'D, and O'D»
states; Rsss (Ssso ) andRsso (Ssso }are the

total quenching rate coefficients for atomic (elec-
tronic) collisions. n„, and n„respectively, repre-
sent the atomic and electronic population number
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FIG. l. (a) Fine struc-
ture of X=5876-A helium
spectral line (as in Ref. 2).
(b) typical recording of A,

=5876-A helium spectral
line profile emitted by the
discharge. Spectrometer
slits are the same as
those used jn laser-in-
duced fluorescence mea-
surements. (c) Schematic
diagram of 33D 23P ra-
diative transitions. Indi-
vidual transition probabil-
ities are given in 10 sec
units, and the dotted arrow
indicates the optically
pumped transition 2 3Pp
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densities. Furthermore, It», and S», (and,
respectively, It, » andS, ») are the rate co-
efficients for the reactions:

R2 3~1He(3'D»)+He ' ' -' He(3'D, )+He,
R1

pressure values.
The coefficients of matrix A do not depend on

discharge current intensityi, so that the electron-
ic contributions in Eq. (4} are negligible. How-
ever, as expected, they depend linearly on the
helium pressure:

2,3 ~1
He(3 'D, ,)+e — He(3 'D, )+e.

S1~2 3

Equations (4) may be written in vector form:

(6)

(7)

(8)

These coefficients are plotted in Fig. 3 as functions
of the helium pressure. Confidence intervals are
obtained through numeri'cal data analysis by vary-
ing the experimental points in their error bars.
For radiative coefficients we obtain

whereA is a square matrix of order 2.
The quantities h&, (t} and b&»(t} are deduced

from measurements of the variation of resonance-
and induced-fluorescence intensities AI, (t) and
b, I,(t) by relations (2).

IV. RESULTS

For various experimental situations (P„„i}, the
relaxation curves are analyzed using the identifi-
cation method extensively described in a previous
paper. ' Let us just recall that the coefficients a;&
of matrixA intervening in Eq. (7) are determined
so as to minimize the difference between experi-
mental curves and solutions of Eq. (7). An exam-
ple of identification is shown in Fig. 2 for two

o, »=A, s =(7.3+0.4)x10' sec ',
1

o.»=A, s =(6.4+0.5)x10' sec '

8»——(9.4+1)x10' sec 'torr ',

g»=(3+1)x10' sec 'torr ', (10)

and for collisional excitation transfer coefficients
we obtain.

p»=(9+3}x10' sec 'torr ',

p»= (2.3 + 0.3)x10' sec ' torr '.

values which are in good agreement with previous
measurements' A330=(6.56+0.07)x10 7 sec ' and
the accepted result" (7.06+0.2)x10 ' sec '. For
collisional quenching coefficients we obtain

N;
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FIG. 2. Comparison,
for two helium-pressure
values, of results given
by the identification meth-
od (continuous curves) and
the experimental relaxa-
tion curves: , 33D2 3

population variation re-
laxation; a, 3 Di popula-
tion variation relaxation
R is the residual identifi-
cation error.
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a. IQs
TABLE I. Thermally averaged quenching cross sec-

tions &33D& and &33D2 3
of the 3 D& and 3 D2 3 states and

thermally averaged excitation transfer cross sections
[reaction. (5)l 02 3 ( and &f 2 3.

10- I I/
r ~

03 3g)i

3 D2, 3

~2, 3-&

Oi 23

0 ( 2)

175 +15

60 +20

42~ 5

180 +60

'2,3

quenching processes of the O'D level as a whole
outside the fine structure, mainly O'D-O'P ex-
citation transfer and associative ionization, as
reported in Ref. 3.
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FIG. 3. Coefficients a&& of matrixA tsee Eq. (7)] as
functions of the helium pressure: total destruction co-
efficient of the 3 D~

stateand~

(g); total destruction co-
efficient of the 3 D2 3 state a22 {); excitation transfer
coefficient 3 D~ 33D2 3a~2 {O); excitation transfer co-
efficient 33D2 3 3 Dga~ (~).

The velocity-averaged cross sections deduced
from the g„are summarized in Table I. We ob-

t O3 3D o 1 2 3 and 03 3D o2 3 1'2 3
This indicates that for IH, &1. torr the quenching
processes of each considered state are mainly due
to fine-structure-changing collisions. For higher-
pressure values (Ps, &2 torr), these efficient pro-
cesses tend to equilibrate the populations within
the fine structure with characteristic times much
shorter tha, n the time resolution of our experiment.
Under these conditions, we observe only the

V. CONCLUSION

Despite the quasiresonant character of the stud-
ied excitation transfer (energy gap-0. 05 cm '),
the measured cross sections g &200 A' imply that
for low-pressure values (p„,&0.1 torr) a nonsta, -
tistical population redistribution can be obtained
for the 3 L), and O'L)» helium states. Measure-
ments of the line-component intensity ratio per-
formed in one continuous operation as a function
of the helium pressure confirm this result.

The experimental ratio o», /o, »=0.23+0.1
agrees well with the theoretical value of 0.25 giv-
en by the microreversibility principle. More-
over, the obtained cross sections are of the
same order of magnitude as that proposed by Ca-
huzac et a/. for the 2'I', -2'&, excitation transfer
(o,3~,3~ =70 A) in a helium glow discharge.

As proposed for the cases of alkaline-rare-gas
and Na(3'P)-Hg fine-structure-changing collis.-
ions, "the observed O'D, -O'D» excitation trans-
fer in helium suggests a long-range potential
curve crossing of the two states.
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