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Deactivation rates of the n = 3 states of the triplet system of helium by collisions ~ith ground-state helium

atoms have been measured by time-resolved selective excitation spectroscopy ~ith a short-pulse dye laser as a
function of gas temperature from 300 to 600'K. Results are in generally good agreement with predictions of
the multistate curve-crossing model for scattering recently proposed by J. S. Cohen; they bring complementary
information on the relevant intermolecular potential and on coupling between states.

I. INTRODUCTION

Two inelastic processes may occur in a slow
collision between an excited-state and a ground-
sta, te helium atom: either nonresonant excitation
transfer

He(P) + He(l 'S) —He(q) + He(l 'S)

or associative ionization, for large enough excita-
tion energies

He(P) + He(l 'S) —He, '(u, K) + e,

where p and q represent different quantum states of
the atom, and v and K represent a distribution of
vibrational and rotational quantum states of the
molecular ion.

Significant theoretical advances have been made
recently toward an understanding of these process-
es for states of low principa. l quantum numbers. ' '
Using a, multistate curve-crossing model for scat-
tering, Cohen' has presented averaged cross sec-
tions for associative ionization of helium in the
n'S, n'D, and n'P states (n =3, 4} and for excitation
transfer through ground-state atom collisions from
the n = 3 state to states with n = 2, 3, and 4, for
collision energies from thermal to 100 eP.

Extended experimental results were obtained at
a neutral temperature around 320 'K by %ellen-
stein and Robertson. ' They used a two-step ex-
citation scheme involving first the creation of a
relatively large population of singlet [He(2 'S)] or
triplet [He(2'S)] helium metastable atoms in the
positive column of a discharge; the concentration
of any n = 3 state was then modulated by selective
absorption of radiation from a second helium dis-
charge. The transfer rates between levels were
finally inferred from the modulation of the con-
centrations of the other n = 3 states, related to the
modulations of the corresponding light intensities.
Associative ionization ra.tes were deduced from the
modulation of the concentration of the molecular

helium ion He, ' detected with a quadrupole mass
spectrometer. A bibliography of earlier theo-
retical and experimental work will be found in
Hefs. 1 to 4.

Although Cohen's theory reproduces well the
overa, ll features of %ellenstein and Hobertson's
experiment, several potentially significant dis-
crepancies remain. Furthermore, the relative sim-
plicity of collisional processes originating from the
n = 3 states makes the temperature dependence of
the transfer rates particular ly useful and interest-
ing in determining the detailed features of the in-
termolecular potential curves. It was thus felt
necessary to obtain detailed measurements of the
effect of neutral temperature changes on the col-
lisional relaxation mechanism of the n = 3 states.

Our interest in these topics was also stimulated
by the recent development of tuneable pulsed dye
lasers and of the associated techniques of time-
resolved selective excitation spectroscopy. ' '

In the stationary afterglow of a ultrapure helium
discharge at pressures of a few Torr, at neutral
temperatures ranging from 300 to 600'K, He(2'S}
metastable concentrations in excess of 10" cm '
are maintained for several hundred microseconds
after cessation of the active discharge. ' %e have
used a short-pulse dye laser tuned to the 3888.6 A,
2'S —3'P transition to transfer a small fraction
(=0.5/g} of the He(2'S) population to the He(3 'P)
level in a, few nanoseconds, i.e., in a time short
compared to the He(3'P) lifetime. The steady-
state unperturbed populations of the n = 3 levels
were measured" under similar experimental con-
ditions and were found to be of the order of 10'
cm '. As a. result, the He(3'P) population is in-
creased by a factor of 10' to 10' at the end of the
laser pulse. Collisional or radiative transitions
may then readily transfer the excitation to the
neighboring helium states; the relevant part of the
triplet term system of helium is shown on Fig. 1.
Hadiative lifetimes and transfer cross sections
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FIG. 1. Term diagram of the relevant triplet states
of helium with corresponding transitions (wavelengths
in A).

were deduced from the time-resolved fluorescent
emission originating from all the n = 3 triplet lev-
els.

II. EXPERIMENTAL SYSTEM

The experimental system is largely similar to
the one described in a previous paper on energy
relaxation in molecular helium, ' hereafter referred
to as I, as well as in a preliminary report on exci-
tation transfer in atomic helium. ' Only significant
modifications will be reported here.

The high-purity helium cell was made of fused
silica; it was centered inside a standard X-band
waveguide for microwave diagnostics of after-
glow parameters at room temperature. To obtain
elevated neutral temperatures, the waveguide was
removed and replaced by a small oven with a
longitudinal slit for fluorescence light measure-
ments. The wall temperature of the cell was mea-
sured with an iron-constantan thermocouple.

Discharge energy is very low and the correspon-
ding heating can be shown to be negligible; in view
of the large thermal conductivity of helium, one
may fairly assume that gas and wall temperatures
are equal; the corresponding systematic error
should be negligible.

No impurity lines were observed after prolonged
bakeout of the cell and cataphoretic cleaning of the
gas, even when the cell was heated to the highest
obtainable temperature (600 'K).

At room temperature, electron density and tem-
perature were routinely measured by microwave
diagnostics' as a function of time in the afterglow.
As usual, the electron temperature could be
changed at a selected time by a medium-power

(s 1 W) pulsed microwave heating field at X-band
frequencies around 9 6Hz. This was found par-
ticularly useful for distinguishing between elec-
tron- and neutral-induced excitation transfer. It
was possible to raise the average electron energy
to a sufficiently high value for ambipolar diffusion
(which is linearly proportional to electron tem-
perature) to become the dominant loss term during
the heating pulse, while still keeping inelastic
electron-metastable collisions to a negligible lev-
el." As a result, the electrons could be swept out
of the afterglow cell and their influence on excita-
tion transfer could be suppressed, while the other
parameters remained unchanged.

The excitation wavelength at 3888.6 A was ob-
tained from a nitrogen-pumped dye laser" which
operated with a xylene solution of an equal volume
mixture of 2, 5-Di-(4-biphenylyl)-1, 3, 4-oxadiazole
(BBD) and 4, 4"'-his-(2-butyloctyioxy)-p-quater-
phenyl (BIBUQ). It delivers a typical pulse power
of 2 kW in a 3.5-nsec (full width at half maximum)
pulse. The spectral width at half maximum was of
the or der of less than 0.1 A as measured with a
plane Fabry-Perot interferometer.

The fluorescence light observation system was
the same as in I. The resolution of the monochro-
mator was set to 2 A and light intensities were
measured with a Hamamatsu B446UH photomulti-
plier tube (PM) followed by a wide-band, imped-
ance-matching amplifier having an integration time
constant of about 6 nsec. The monochromator-PM
combination was calibrated for absolute intensity
measurements with a tungsten-ribbon filament
lamp, itself calibrated by the Bureau National de
Metrologie, Paris. The nearly constant sensitivity
of the PM over the observed spectral range was
particularly appropriate to this experiment. Its
linearity range under transient conditions was
ascertained by illuminating the photosensitive sur-
face with the laser light after variable, calibrated
attenuations; fluorescence light intensities were
then kept well below saturation level.

The shape of the fluorescence decay curves was
also monitored as a function of laser power over
a 1 to 20 range. No saturation of the pumped tran-
sition was detected; fluorescence decay time was
independent of laser power on all observed tran-
sitions and fluorescence intensities were linearly
proportional to laser power over the range cov-
ered.

An auxiliary, low-resolution monochromator was
used to record the maximum fluorescence light in-
tensity on the 3 'P-2'8 transition. This intensity
was proportional under constant experimental con-
ditions to the laser power available on the width of
the line; it was used for normalization of the flu-
orescence signals and for constant monitoring of
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the laser output power.
The laser output bea.m was linearly polarized

(-60%%uo} in the vertical plane, parallel to the
grooves of the grating. Polarization of

fluoresc-

encee may in some cases" constitute a significant
source of systematic errors in fluorescence in-
tensity and decay measurements. The results re-
ported here are independent of the direction of
polarization of the pumping light; fluorescence
light on all observed transitions was unpolarized.

The data collection system has been described
in I. The output of the multichannel analyzer was
punched on paper tape for off-line processing by a,

computer. The delta-function response of the PM-
amplifier combination is identical to its single-
photon response, which is easily measured. It was
used to deeonvolute the data to compensa, te for the
finite integration time constant of the photon de-
tection system; it wa, s thus possible to optimize
simultaneously the pulse response and the signal-
to-noise ratio of the measuring system. The in-
terva, l 7' between samples was calibrated against
a precision pulse generator a.nd the corresponding
systematic error was easily made negligible.
Figure 2 shows typical deeonvoluted results for
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FIG. 2. Fluorescence light intensity in arbitrary units
as a function of time. Experimental conditions [He] = 4.6
X10' cm 3, T~ =300 K, [e]=2.9&10 cm, T~ =600'K.
Statistical error bars are representative of data repro-
ducibility.

the evolution of the absolute populations of the
three n = 3 triplet levels dux ing and after selective
optical pumping of the O'P level.

III. THEORY OF THE EXPERIMENT

The rate equations for the population of the three
n = 3 triplet levels with a, laser pumping term L(t)
on the He(2 'S) to He(3 'P) transition at 3888.6 A

may be written at time t:

'(t) = A„n, (t)+A, n (t)+A, n (t), (1a}

~(t) =A„n,(t)+A~~n~(t)+A, ~n, (t)+L(t), (lb)

'(t) = A„n, (t) + Ap, n~(t}+ A„n~(t). (1c)

The labels s, p, and d correspond to the He(3 '8),
He(3'P}, and He(3'D) levels, respectively. The
rate coefficients A, have a simple physical in-
terpretation: diagona. l elements (i.e. , where I
=m) are the total deexcitation rates per unit time
of level I (these loss terms are negative) while
off-diagonal elements (I Wm) are the l to m trans-
fer rates (these transfer terms are positive).

The experimental system yields as raw experi-
mental data the absolute populations n, (t,.) of each
level at N predetermined times I;,. =i7 for i varying
from 1 to N after the beginning of the laser pump-
ing pulse (see Fig. 3); the time interva. l rbetwee'n
consecutive data points was 4 or 8 ns, depending
on experimental conditions. The derivatives (dn, /
dt)(t) are easily deduced from these data, provided
v' is short enough for second-order terms to be
negligible. The source term f.(t} is deduced di-
rectly from the shape of the la,ser pulse.

After substitution of the measured population
densities and of their derivatives at a given time,
the system of coupled differential Eqs. (1) reduces
to a set of three independent linear equations, each
with three rate coefficients as unknown. To be
specific, let us focus the discussion on Eq. (la):
after substitution of the measured values of (dn, /
dt)(t, }, n, (t, ), n~(t, ), and n~(t, } o. btained under given
experimental conditions at the N times t,- after the
beginning of the laser pulse, we obtain a set of N
linear equations with the three unknowns A„, A&„
and A„,; provided, as is always the case, that N
&3, this is easily solved by a, least-squares method
yielding the '*best" values of A„, A~„and A~, and
the corresponding estimates of the statistical er-
ror bars.

In fact, it turns out that four of the rate coef-
ficients appearing in Eqs. (la), (1b), and (1c) can-
not be determined significantly within our range
of experimental conditions: the first two are A.,~
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in Eq. (lb) a.nd A,~ in Eq. (lc), because the energy
difference between the He(3'S} and He(3'P) or
(3'D) levels (2328 or 2865 cm ') is considerably
larger than the average thermal energy (210 to
420 cm '), leading to a small Boltzmann factor in
the excitation rate; the other two factors that can-
not be significantly determined are A~, in Eq. (la)
and A~~ in Eq. (lb), because the population of level
He(3'D) is always considerably smaller than the
populations of the other two levels (see Fig. 2).

As a consequence, the least-squares resolution
of Eqs. (1) with the full set of coefficients as de-
scribed above yields always error bars which are
comparable or larger than the coefficient itself
for these particular four coefficients. This in-
troduces additional statistical fluctuations on the
five remaining coefficients, and it is desirable to
use as much a priori information as possible to
reduce the number of degrees of freedom of the
system, in order toimprove accuracy. We have
thus constrained the four coefficients A,~, A,~,
A~„and A~~ in Eqs. (1) to remain equal to zero.
As predicted, this reduced scatter on the remain-
ing five statistically significant coefficients while
introducing no detectable systematic bias.

IV. EXPERIMENTAL RESULTS

The rate coefficients appearing in Eqs. (la), (lb),
and (1c) include radiative and collisional contribu-
tions and are expected to have a linear dependence
on neutral helium concentration [He] and on elec-
tron concentration [e]

(2)

l is the radiative transition probability and k„, and

k, are two-body rate coefficients for deexcitation
through neutral and electron collisions, respec-
tively.

The five statistically significant coefficients,
viz. the total deexcitation rates A„, A», and A«
of the He 3'S, 3'P, and 3'D levels, and the ex-
citation transfer rates A~, [He(3 'P) to He(3'S)] and

A~~ [He(3 'P) to He(3 'D)] are shown on Fig. 3 as a
function of electron density at a neutral density of
9.7&& 10" cm ' at 300'K. The measured rate co-
efficients are seen to be essentially constant over
the range 10" to 3 & 10" cm ', the influence of
electron-induced excitation transfer becoming dis-
cernible at an electron density around 4 & 10" cm
Typical error bars result from the statistical an-
alysis described in the preceding section; they
are representative of the errors introduced through
the analysis of each decay curve, and are of the
same order as data reproducibility. They are
much larger for the rate coefficients deduced from
the O'D-2'P transition at 5875 A which has a much
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FIG. 3. Measured absolute value of rate coefficients
as a function of electron density, for [He] =9.7&& 10'7
cm 3 and T~=300 K. Inthenotationof Eqs. (1), triangles
correspond toA», dots toA~, crosses to~, open
circles to A&&, and squares to A&&. Solid lines are
drawn as an aid to the eye and error bars result from
the least-squares analysis described in Sec. III.
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FIG. 4. Total deactivation rate coefficient of He(3 3P)

as a function of helium density at 300'K; the solid line
is the linear least-squares fit to the data.

lower signal-to-noise ratio (see Fig. 2).
Similar results were obtained at lower neutral

densities in the range (2.6-9.7}x 10" cm ', and it
was always possible to obtain electron-density in-
dependent rate coefficients around [e]-10"cm '
over this neutral density range. Measurements at
lower neutral densities were not retained because
the electrons were not thermalized during the pe-
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TABLE I. Summary of radiative and collisional deactivation rates at 300 K.

Level

Two-body co11isional
rate at 300'K

(10 ~~ cm3sec ')
Accepted

va1ue

Radiative transition probability
(106 sec ')

Measured in this
experiment

0.268 + 0.01
7.14+ 0.2
8.0+1

0.20+ 0.05
5.37 + 0.5

29+ 3
9.15 ~2

60+15

27.8
9.48

70.6

1.08

' Reference 1g.

riod over which measurements could be made.
Whenever possible, the electron population was
swept out of the afterglow cell with a microwave
heating pulse, as described in Sec. II, to verify
that the measured rate coefficients were indeed
independent of electron density.

According to Eg. (2), the rate coefficients should
fall on a straight line when plotted vs neutral den-
sity, with a slope proportional to the pressure-in-
dependent collisional rate constant k„, and with a
zero-pressure intercept proportional to the ra-
diative deexcitation rate I' of the upper state of
the observed transition. Typical results are shown
on Fig. 4 for the 3'P-2'8 transition. Error bars
are statistical and represent one standard devia-
tion around the average value of results similar
to those shown on Fig. 3 at a particular neutral
density, in the limit where they are independent of
electron density. In the case of Fig. 4, the slope
corresponds to a rate of two-body quenching by
neutral collisions of 7.14&& 10 "cm'sec ' and the
zero-pressure intercept to a radiative transition
probability of 9.15 && 10' sec '.

Measured radiative and collisional deexcitation
rates at 300 K are summarized on Table I. Ra-
diative transition probabilities compare well with
accepted values

Similar measurements were made at various
neutral temperatures over the range 300 to 600'K.
As indicated in Sec. II, the waveguide was then re-
moved and replaced by a small oven to vary gas
temperature; it was thus not possible to keep a
close control on afterglow plasma parameters
through microwave diagnostics. However, as elec-
trondensity decreases monotonically with time in the
afterglow while neutral density remains constant,
the effect of electron collisions can be easily mini-
mized by waiting long enough for the measured
rates to become independent of time in the after-
glow. This is in fact equivalent, with a change in
horizontal scale, to the procedure used on Fig. 3
to identify rates independent of electron density,
and it yields obviously the same results at 300 K.

U. DISCUSSION

The thermally averaged cross sections Q are
related to the rate constants k„, defined by our Eq.
(2) by

k„,= QV. (3)

where 6= (8kT/vM„)'~' is the average thermal ve-
locity, M„being the reduced mass of the collision
partners (2 a.u. for 'He).

The two nondiagonal excitation transfer rates
A&, and A&~ lead directly through Eq. (3) to ther-
mally averaged experimental cross sections for
excitation transfer Q„which may be directly com-
pared to the values listed by Cohen in Table I of
Ref. 2; they are shown on Fig. 5.

Q,„(3'P to O'D) is shown on Fig. 5(a). Our ex-
perimental points as well as the results of %ellen-
stein and Robertson' are markedly below the theo-
retical predictions of Cohen. The main contribu-
tion to this transfer in the low-energy range comes
from the 3p-3d channel (a diaba. tic curve is denoted

by the Rydberg electron) in the 'Il„symmetry,
with a sharp threshold at 537 cm '. At higher en-
ergies, an additional 3p-3d contribution in the '~'„
symmetry arises from tunnelling through the 0.3
eV barrier of the 3d state. '

The position of the threshold is beyond doubt for
such an endothermic transition and the discrepancy
can only arise from the absolute value of the cross
section. The full line on Fig. 5(a) corresponds to
the thermally averaged transfer cross section
quoted by Cohen' while the dashed line was com-
puted from the inverse process using detailed ba, l-
ance

q (3'P 3'D) =Q (3'D-3'P) ' exptr tr

with obvious notations. It is interesting to note
that Cohen's results do not satisfy detailed bal-
ance despite his explicit use of microreversibility
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A«are related to linear combinations of the in-
dividual cross sections tabulated by Cohen. Under
our experimental conditions, deexcitation of a
given level occurs mainly through the excitation
transfer process

He(n'Z, )+He(l 'S) -He(n"I, ')+He(l 'S),

O.Q I NR" i

3 4

and through associative ionization, often referred
to as the Hornbeck-Molnar process

He(n 'L) + He(l '&) -He, '(~, K) +8,

3 3
3P-3S

I b I

Ol l5

IQ
NR I

z

Q

T ('~ooK)

FIG. 5. Thermally averaged excitation transfer cross
sections of He{3 ~P) as a function of neutral temperature
{dots: this experiment; WB: Bef. 4). {a) 3 I'-3 D
transfer; solid line, theory of Cohen; dashed line, Eq. 4
of text. {b) 3 P-3 ~8 transfer; solid line, theory of
Cohen.

where in our case n = 3, n'=2, 3, or 4 and L, L'
=S, I', or D. Direct measurement of the associa-
tive ionization rate is not possible with our ex-
per imental method.

The probability that an atom initially on any O'L
level may be transferred onto any O'L' level by
collision with a ground-state thermal atom is neg-
ligibly small, the threshold energy being of order
1 eV. Transfers between singlet and triplet states
are negligible under the present experimental con-
ditions, as determined by monitoring the lines
originating from 3 'L states. However, exothermic
collisions from O'L states to either 2'S or 2'P
states are possible and the corresponding cross
section may a priori be large. "

and that our experimental points are in much better
agreement with the results of Eq. (4). We do not
have any satisfactory explanation for this fact; de-
tailed balance was verified by the experimental re-
sults of Nellenstein and Robertson.

Excitation transfer cross sections from the O'P
to the 3'3 levels are shown on Fig. 5(b). While the
overall agreement between theory and experiment
is good at neutral temperatures above 400 'K, our
experimental point at 300 K as well as the result
of Wellenstein and Hobertson4 at 320'K are sig-
nificantly above the theoretical curve. The only
symmetry which contributes to the transfer cross
section is 'Z, with an almost zero threshold and a
sharply rising edge at energies close to 10 ' eV.
The 'Z„' symmetry gives no direct contribution to
this process as the 3p diabatic molecular state
undergoes no crossing with the 3s state. A pos-
sible explanation may conceivably lie in a slight
overestimate of the potential barrier of the 3p state
of '&' symmetry, ' but systematic or statistical un-
certainties cannot be ruled out for this particular
point, especially if one considers the fact that the
total O'P deactivation cross sections are nearly
equal at 300 and 380 'K (see Fig. 8 below).

Diagonal global deexcitation rates A„, A», and

~BKIN

3 4

~0

5 ~

Ii

iiKDK

QQ I I+R I

3 4 5 6

(~oo K)

FIG. 6. Total deactivation cross section of He{3 8)
as a function of neutral temperature; dots are present
experiment and BKM, KDK, and WR correspond, res-
pectively to Refs. 15, 16, and 4. See text for dis-
cussion. {a) Solid line: addition of g; and Qt~ tabulated
by Cohen; {b) dashed line: Q; tabulated by Cohen.
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The diagonal global deexcitation rate is related
through Eqs. (2) and (3) to the total averaged cross
section Qtpt for destruction of any 3'L level. It is
the sum of the cross sections for the individual
processes:

Q„,(3 'L ) = Q;(3 'L ) + Q {Q,„(3'L —3 'L ')
L'WL

0
IQ

3 I

-30

piWR ~BKM

yQ (3 3L -2 I ')j.

The individual theoretical cross sections Q,. and Q„
are given in Table I of Ref. 2.

The total deexcitation cross section for the 3'S
level is shown on Fig. 6. It was already noted in
Sec. III that the transfer rates of He(3'S) to 3'P or
3'D are negligible at thermal energies because of
the small Boltzmann factor. The only two signif-
icant deactivation channels which remain open to
this state are associative ionization to form mo-
lecular ions and an exothermic transition to the
2'P state.

The solid line in Fig. 6(a) corresponds to the
sum of these two processes according to the pre-
dictions of Cohen, as a function of gas tempera-
ture. Experimental results are considerably be-
low theoretical predictions (the points labelled
BKM, WR, a.nd KDK correspond to measurements
by Bennet, Kindlemann, and Mercer, "by Wellen-
stein and Robertson, ' and by Kubota, Davies, and
King" ). However, if we assume that Q, „(3'S-2'P)
=0, agreement becomes quite good in absolute val-
ue and in temperature dependence between our ex-
perimental results and the thermally averaged
cross sections for associative ionization Q, (3'S)
computed by Cohen. This can be understood by
noting that in the diabatic states model for scat-
tering, the main contribution to the 3'S-2 'P exci-
tation transfer cross section is through a curve
crossing' around 4 a.u. between the 3s attractive
diabatic potential and the 2p repulsive potential of
'Z„' symmetry. Small potential barriers occur in
most of the diabatic states of Z symmetry; this
explains why the cross section has a nonzero
threshold for 3'$-2'P transfer. The present ex-
perimental results strongly suggest that the height
of the potential barrier which was previously esti-
mated to be of the order of 1.1 && 10 ' eV at a dis-
tance of 10 a.u. is undervalued in the existing
calculations. Moreover, the strength of the radial
coupling near the above-mentioned curve crossing
ma. y be overestimated. Further theoretical studies
would be extremely useful.

Figures 7 and 8 show the results for the total
deexcitation cross sections of the 3'D and 3'P
states. Again, the theoretical individual compo-
nents of the total cross sections tabulated by Cohen
are shown together with the present experimental

0 I I I

4 5 6

TQ (100 K)

FIG. 7. Total deactivation cross section of He{3 3D);
dots are present experiment, and BKM and WR corres-
pond, respectively, to Refs. 15 and 4. The lines are
predictions of Cohen's theory: dash-dotted line, total
cross section; full line, same neglecting n=3 to n=2
transfer; dashed line, associative ionization cross sec-
tion.

~BKM

0
'4i0

I I

3 4 5 6

(~00'K)

FIG. 8. Total deexcitation cross section of He(3 I');
same comments as for Fig. 7. The open squares cor-
respond to the experimental associative ionization
cross section obtained by subtracting the transfer cross
sections to 3 D and 3 S [Fig. 5(a) and 5(b)] from the
total deactivation cross section.

results and with former measurements. ' " Brid-
gett et al."have reported maximum values of these
cross sections of 2 && 10 ' a,nd 1X 10 " cm', re-
spectively, without indicating neutral gas tempera-
ture. Overall agreement is good between theory
and experiment, but some points are worth dis-
cussing.

In Fig. 7, the dash-dotted line corresponds to the
total theoretical cross section, while the full line
corresponds to setting Q,„(3'D 2'P)=0 and -re-
taining only associative ionization and collisional
transfer between n = 3 states. In this case, the
strongly exothermic collisional transition between
n = 3 and n = 2 triplet states appear to be negligible
both theoretically and experimentally.

If we turn now to Fig. 8, we note that while theo-
ry predicts a small contribution of the n = 3 to n
=2 transfer, this does not seem to be substa, ntiated
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experimentally either. Subtraction of the experi-
mental transfer cross sections to 3'S and 3'D from
the experimental total deactivation cross section of
He(3'P) results in the open squares; they are in

good agreement, except at 300'K, with the theo-
retically predicted cross section for associative
ionization (dashed line).

VI. CONCLUSIONS

The present work complements the theoretical
study of Cohen" in that experimental determina-
tion of cross-section values and of their tempera-
ture dependence bring complementary and useful
information on the intermolecular potentials and
coupling between states. The multistate curve-
crossing model appears to be remarkably suc-
cessful in describing associative ionization and ex-
citation transfer by collision with neutral atoms

among the n =3 terms of the helium triplet system.
Its description of collisional transfer between n = 3
and n =2 states, on the other hand, is unsatisfac-
tory —particularly for He 3 S-2 'P transfer; the
'Z'„scattering contribution is apparently consider-
ably overestimated, either because of small errors
in the computed potential curves, or because of in-
correct est:imates of the coupling matrix elements.

The techniques of time-resolved laser fluores-
cence spectroscopy are particularly promising for
studies of excitation transfer in thermal collisions,
from cryogenic temperatures (below 4.2 'K in he-
lium) to elevated temperatures well above 1000 'K.
They can be readily applied to many other atomic
and molecular systems, where most excited states
of interest can be reached either from the ground
state or from a long-lived excited state, under
closely controlled conditions in a low-power, sta-
tionary after glow.
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