DEUTSCHES ELEKTRONEN-SYNCHROTRON n E SY

| DESY SR-77/22
“December 1977

DESY. Ribliothal
10 Jan 9

Xenon 5d Emission in Pure Xenon and Xenon Doped Argon

by

R. Brodmann and G. Zimmerer

II. Institut filr Experimentalphysik der Universitdt Hamburg
and

Deutsches Elektronen—Synchrotron DESY, Hamburg

NOTKESTRASSE 85 - 2 HAMBURG 52



To be sure that your preprints are promptly included in the
HIGH ENERGY PHYSICS INDEX ,
send them to the following address ( if possible by air mail ) :

DESY

| Bibliothek
Notkestrasse 85
2 Hamburg 52

- Germany




Xenon 534 emission in pure Xenon and Xenon doped Argon

by

R. Brodmann and G. Zimmerer
II. Institut fiir Experimentalphysik der Universitédt Hamburg,

D-2Q00 Hamburg 50, Germany

and
Deutsches Elektronensynchrotron DESY, D-2000 Hamburg 52,

Germany

Abstract

The radiative decay of Xe 5d(3/2)1 states in photo-excited
Xe and Xe doped Ar is investigated. The Xe 5d fluorescence
contains new information about the deactivation of highly
excited states of Xe and about the energy transfer from

Ar to Xe.

Now at Projektgruppe fiir Laserforschung der MPG, D-8046
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1. Introduction
The vacuum-ultraviolet (VUV) fluorescence spectra of rare gases
consist. of atomic resonance lines and melecular emission bands.
The relative intensities sensitively depend on pressure and on
excitation energy [1]. For pressures above -~ 10GO Torr conly the
"second conlinuum™ persists, It stems from vibrationally relaxed
1,3 _+ . C .

ql excimer states. At lower pressures the radiative decay of
vibrationally excited excimers {"[irst continuum") and resonance

I

L. 3 .
emission of P Pl atoms compete with the second continuum.

1"
Recently it was shown that the Xe 5d(3/2)1 state is also a possible
fluorescence channel provided an appropriate excitation energy is
chosen [2]. The properties of this’"Xe 5d emission” will be discussed
in more detail in this paper. Xe 5d emission is of particular interest
not only in pure Xe but also in Xe doped Ar because it yields new
information on the energy transfer (ET) from excited Ar to Xe. This

E T plays an important role in VUV lasey physics for two reasons.

(1) Even a minimal amcunt of Xe in Ar leads to gquenching of the
ar fluorescence and thus decreases tne efficicncy of the Ar;
excimer laser.

(ii) Controlled doping of Ar with Xe rosults in efficient Zel
<

excimer lasers which are pumped via the Ar buffer gas [3-5].

2.  Expoeriment

The experiment is described in Ref.[:land Ref.[6). Here only the
essentlals are given. Flutrescoence is cxeited with monochromatic

YUV Llight from the electron storage ying DORIS at DESY. “he cxciting



light is focused 1lnto a LiF gas cell. The illuminated
part of the cell serves as entrance slit for a VUV mono-
chromator for the spectral analysis of fluorescence. The
whole illuminated part of the cell is accepted by the
analysing monochromator. The width of the exciting light
beam limits the band pass in the fluorescence spectra to

-30 .

The excitation wavelength can be chosen arbitrarily for

A > 1040 § (LiF cut off) with a band pass of -4 8. In this
"way well defined states can be excited. Measuring a
fluorescence spectrum the excitation wavelength is kept
constant. In an excitation spectrum, however, the intensity
cf a wavelength selected fluorescence band is measured as a
function of excitatlion wavelength.®The excitation spectra
in this paper are normalised to the intensity of exciting

light penetrating the gas cell,

3. Pure Xenon: Results and Discussion

Under resonant excitation of Xe 5d(3/2)1 states (1192 %)

three fluorescence bands are observed (Fig. 1).
(i) Xe 5d(3/2), emission (1192 %).

(ii) The first continuvum (1470 g - 1520 g, dependent on

pressure) inqludiﬁq Xe 65(372)1 3P1 atomic emissicn

not resolved here.

(iii) The second continuum (~1700 8).

The Xe lp1 band at ~1300 & [1,2] is absent in pure Xe

under Xe 56(3/2)1 excltation.

For pressures above ~30 Torr the Xe 5d band could no longer
be detected. Below ~10 Torr it may even dominate in the
spectra. This is difficult to be measured because of lack
of intensity (only a small fraction of exciting light is
absorbed at low pressures). The width of the Xe 5d band in

Fig. 1 is due to the band pass of the analysing monochromator.

The excitation spectrum of the Xe 54 band is shown in

Fig. 2, together with a transmission curve. The Xe 54 band
can be excited in the absorption band A {Xe 5d(3/2)1 ab-
sorption), its blue wing B, and in the red wing C of

Xe 75(3/2)1 absorption D. C obviously stems from Xe 73(3/2)2
states [7]). Excitation of higher Rydberg states of Xe does

not lead to Xe 5d emission (see also Fig.5 and [21).

The survival of Xe 5d emlission against competing Qeactivatiun
processes like molecule formation via cellisions is obviously
due to its very large oscillator strength. The radiative

lifetime of Xe Sd(3/2]1 states (1.4 ns, [8]) is much smaller

than, e.g., the radiative lifetimes of Xe 65(3/2)1 3P

(3.46 ns, [81) or 6s(1/2), ’pl (3.44 ns, [8]) states.
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The excitation spectrum is explained by an interaction of
molecular Xe: states terminating in the atomic 56(3/2)1 and
7s(3/2)2 states {insert in Fig. 2}. The avcoided crossing of
molecular lu states was proposed by Castex [7], based on a
high resolution analysis of the absorption bands B and .

The minimum of the upper lu state approximately coincides with
the Van der Waals minimum of the Og+ ground state of XEZ.
Absorption C is due to transitions into vibrational levels
of the lu(7s(3/2)2) state [7]. Vvia collisions, the upper

1u state can be relaxed into the lower one. If the
attractive part of the potential curve is reached, the
molecule survives and the Xe 5d(3/2)1 state is bypasseg.

If the dissociative part of the lu state is reached, atomic
5d(3/2)1 states are populated and Xe 5d emission shows up.
The Xe 54 band may also contain a contribution from the

lu(7s[3/2)2) state itself not resolved here,

The survival of the Xe 54 emission under monochromatic

excitation of the very few states discussed above and its
< . : * ¥

absence under excitation of higher Rydberg states, Xe ,

is ilmportant for a better understanding of the deactivation

x
of Xe in dense pure Xe.

The deactivation model for Xe' ' presently under discussion
[9] (electron impact excited dense Xe) is based on the
assumption of successive formation of highly excited excimers,

Xe;’ and dissociation into lower excited states

(Xe;*

+ Xe + Xe*) via potential curve crossing. It
essentially predicts the transient population of lower
excited atoms after excitation of a high Rydberg state. The
absence of Xe 54 emission {and also Xe 1P1 emission [2])
under excitation of Xe™ indicates that lower excited atomic
states are bypassed and that the deactivation medel of (9]

cannot be applied to our experimental conditions (pressure

below 100 Torr, photon excitation, neutral system).

Our results are better explained by intramoleccular cascading
of excitation energy (2} and it should be proved whether
intramolecular cascading plays also an important role in

electron impact excited rare gas lasers.

4. ZXenon Doped Argon: Results and Discussion

56[3/2)1 states of Xe in Xe doped Ar can be excited either
directly or via E T from Ar to Xe. In Fig. 3, fluorescence
spectra of 700 Torr Ar doped with 100 ppm Xe are shown.

The dotted curve has been obtained under direct excitation
of Xe 5d states (1192 X]. The full curve is found under

Ar 4s(3/2)1 excitation (1066 g). In both cases Xe 5d emission
is found, together with the first and second Xe continuum
and the Xe 1P1 band (-~1300 2, absent in pure Xe under Xe 54
excitation). The existence of the Xe 5d band in Xe doped

Ar 1s in contrast to results cobtained under electron impact
[10], excitation with a-particles [11] ar in an electric

discharge [12].



In Fig. 4, the concentration dependence of the fluorescence
spectra is shown (Ar 45(3/2}1 excitation, Ar pressure 700 Torr,
partial pressure of Xe between -0.004 Torx and 10 Torr),

Even with the smallest amount of Xe, Xe 3P1 emission at

1470 § is found. Xe 191 emission at ~1300 R is superimposed to
the second continuum of Ar excimers (~1280 g}. The blue tail
of the Ar continuum could either be due to the first con-

tinuum of Ar or to Xe 5d emission.

With increasing Xe concentration, the Ar fluorescence is
‘"quenched in favour of the Xe bands. If we subtract the Ar
background in the region of Xe 1P1 emission it turns out

that the Xe 5d and Xe 1P bands have similar intensities.

{
The excitation spectrum of the Xe 5d band in Xe doped Ar
demonstrates that excitation of higher Xe Rydberg states
leads to Xe 5d fluorescence {(Fig.5, curve in the middle) in

contrast to the case of pure Xe (lowest curve of Fig.5).

The existence of Xe 54 emission under Arx 45(3/2)‘ excitation
gives new insight into E T from Ar to Xe. Gedanken et al

[12] considered two different mechanism,.

(i) Atom~atom E T to highly excited states of the acceptor.
A dipole-dipele type E T requiring near resonance

energy level coincidence, was considered.

(ii) Molecule-atom E T. It is assumed that the excgitation

energy cascades down within the Ar sub-system and

1,3

+ . |
that ar¥ { Zu } excimers are created before E T

2

takes place. The Ar; second contlnuum perfectly

overlaps with Xe 6s'{(1/2)  absorption. An efficient
1

* 1,3

dipole-dipole type E T with Ar2 { Zu+) as donors

and Xe 65'(1/2]1 as acceptors was stated.

Chesnovsky et al [11] excluded case (i) at high total

pressures (-~1000 Torr). The model (ii) was adopted in more

recent papers {3-5,101.

According to our results additional transfer mechanisms must

be considered.

(i}

{ii)

Molecule-atom transfer which directly‘results in
Xe 5d atoms. A dipole-dipcle type E T can be excluded
because the spectral overlap between the second con-
tinuum of Ar (~1260 8) and Xe 54 absorption (1192 %)
is bad compared to Xe 65'(1/2)1. We assume the formation
of short lived complexes (Arzxe]* via collisions of

¥ 1,3

+
sz { Zu }) molecules and Xe ground state atoms. Pre-

dissociation of this complex may lead either to xe¥ 54

or to )(e’r 6és' atoms.

Interaction of Ar¥ 45{3/2)l atoms with Xe atoms leading
to a short lived Ar"Xe molecule. Via potential curve
crossing this molecule may relaxe (Ar” Xe ~+ arxé). and
dissociate. Among others xe¥ 54 states can be excited

in this way.
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Figure Captions
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Fig., 1§ Fluorescence spectra of pure Xe at different

pressures obtained under Xe 5d(3/2}1 excitation.

00¢!

Fig, 2 Excitation spectrum of the Xe 5d band of pure Xe
{10 Torr) together with a transmission curve. The
insert shows the potential curves of the Xe;

molecule which are essential for an understanding

00El

of the excitation spectrum (schematic).

Fig. 3 Fluorescence spectra of Xe doped Ar under Ar

45[3/2)1 excitation (full curve) and Xe 5d(3/2)1

0071

excitation. Partial pressure of Xe: 0.07 Torr,

(uonenoXa "(Zig) PS ) 9X

Ar pressure: 700 Torr.

Fig. 4 Concentration dependence of the fluorescence

00s!

spectra of Xe doped Ar under Ar 4s(3/2)1 excita-
tion. The Xe concentration is given in the figure.

Ar pressure: 700 Torr.

0091

Fig. S Excitation spectra of the Xe 5d band in pure Xe

(y) HLON3T13AVM 3ON32S340NM1S

{10 Torr, lowest curve) and Xe doped Ar (100 ppm

Xe in 700 Torr Ar). At the top, 4 transmission

spectrum of 100 ppm Xe in 700 Torr Ar is given.
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FLUORESCENCE INTENSITY(arb.units)

Ar 700 Torr
Xe 007 Torr

o

excitation energy:

_""Ar 45 (3/2)1
----Xe 5d(3/7)
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