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Specific-ionization-density effect on the time dependence of luminescence in liquid xenon
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(Received 26 October 1979)

We have investigated the influence of specific ionization density on the time dependence of luminescence
in liquid xenon. The experiments have revealed that the luminescence decay is governed by the decay rates
of two excited molecular states ('X+ and 'X+) for alpha-particle excitation (high specific-ionization density)
and by the recombination rate of free electrons and molecular ions for high-energy electron excitation (low
specific-ionization density). A significant enhancement of the formation of 'X+ states was observed for alpha-
particle excitation.

In a recent article' (hereafter referred to as I),
we reported the investigation of the time depen-
dence of the luminescence due to the recombination
process of electrons and localized molecular ions
R; in liquid argon, krypton, and xenon excited by
high energy electrons. 'The two lowest excited
molecular states ('Z„' and 'Z'„) responsible for the
luminescence are formed through a recombination
process. 'The time dependence of the recombina-
tion luminescence depends on the kinetic charac-
teristics of the recombination process of therm-
alized electrons and R; and the lifetimes v', and T2

of the two excited molecular states, 'Z„' and 'Z„',
respectively. The lifetimes 7, and v, for lumines-
cence from liquid argon, krypton, and xenon ex-
cited by high-energy electrons have been studied
with such a high field that all of the observed decay
characteristics have to be attributed to the self-
trapped exciton luminescence in Ref. 2.

It was found in I that the recombination lumine-
scence decay for liquid argon showed two exponen-
tial-decay components whose decay times were
nearly equal to the lifetimes Ti and r„and it was
concluded that the characteristic recombination
time T„(=Iln, n} is much shorter than r, and r,
Here n, and n are the initial number density of
electron-hole pairs and the coefficient of the e-R;
recombination. On the other hand, for liquid xenon,
the recombination luminescence decay is governed
by T„which is longer than 7, . 'This fact suggested
that the recombination cross section for liquid
xenon is about 700 times smaller than that for li-
quid argon.

The initial rise of the recombination lumines-
cence was too fast to be followed experimentally
in I. However, by using Eq. (5} in I, it was shown
analytically that the initial rise is governed by T„
for T, & 2r, (for liquid argon} and 7, for T,& 2r,
(for liquid xenon). '

Here we consider the luminescence decay of li-
quid xenon excited by alpha particles. Because of
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FIG. 1. Time dependence of the luminescence inten-
sity for liquid xenon excited by alpha particles and by
electrons for the long time range (a). Time dependence
for alpha-particle excitation (Q) and that of the self-
trapped exciton. luminescence excited by electrons (~)
are indicated for the short time range (b).

its high specific ionization (about 1000 times) and
excitation density for alpha-particle excitation,
compared with that for high-energy electrons, it is
expected that T„ is much shorter than 7, and 7., and
hence the luminescence decay is not governed by
T„, but by Ti and ~,. Thus luminescence of liquid
xenon excited with high specific -ionization density
should have two exponential decays whose lifetimes
are 7, and 7, 'The present experiment shows that
this is the case.
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The experimental details have been reported in I.
Instead of a '~Bi internal-conversion electron
source, a '"Po alpha source was used. Figure
1(a}shows the decay curves of liquid xenon excited
by alpha particles and by high-energy electrons.
A significant difference in decay curves was ob-
served for different specific -ionization density.
Figure 1(b} shows the decay curve obtained by al-
pha-particl. e excitation for the short time range
and the decay curve of self-trapped exciton lu-
minescence excited by high-energy electrons. 'The

latter was observed by applying an electric field of
SkV/cm. It is clearly seen that the decay excited
by alpha particles exhibits two decay components,
whose decay times are 4 and 27 ns. These decay
times are nearly equal to the 7, and r, values for
self-trapped exciton luminescence excited by elec-
trons. ' Since the luminescence decay for alpha-
particle excitation is not governed by T„but by T,
and v„ it is concluded that T„ is much shorter than
T~, as we expected. Figures l(a.) and 1(b) clearly
show that the relative intensity of the fast compo-
nent increases with increasing specific-ionization
density.

The ratio (A, /A, } of photon numbers from 'Z'„

state to that from the 'Z'„state of liquid xenon ex-
cited by alpha particles is estimated to be about
'l. 5 from Fig. 1(b},which is about ten times higher
than the value of 0.8+0.2, corresponding to elec-
tron excitation from Ref. 1.

The possible mechanisms that may be responsi-
ble for the higher value of (A, /A, ) a,re (1) a large
probability of radiationless annihilation of the 'Z'„
states which are formed at high density by alpha-
particle excitation and (2) preferential formation
of the 'Z'„states.

If the high value of the ratio is due to process
(1), we must have a short lifetime for 'Z'„states
and also have a decrease of the luminescence in-
tensity for alpha-particle excitation compared with
electron excitation. Also, as shown in Fig. 1(b),
the slow lifetime for alpha excitation is the same
as that for electron excitation within experimental
error.

In an auxiliary experiment, pulse-height distri-
butions were measured for a mixed ' Po and ' 'Bi
source under the condition that the photomultiplier
current was integrated over a period of 10 p, s.
From the pulse-height data we find that the ratio
L /L~ is 6.1, where L„and L~ are the pulse heights
for 5.3-MeV a particles (=EN) and for electrons of
energy (E~) about 1 MeV, which are composed of
1.06-MeV L -conversion electrons and 0.976-MeV
L -conversion electrons. This value implies that
the intensities per unit energy are in the ratio
(L /E }(L~/E~) '= 1.15, and hence the luminescence
intensity is proportional to the particle energy
dissipated in the liquid xenon. These experimental
results lead to the conclusion that process (1) de-
scribed above should be ruled out and that process
(2) is plausible.

It was shown in I that V4/q of the luminescence
intensity of liquid xenon is due to the emission of
'Z+„and E„' states formed from the dissociative
recombination process R;+ e-R,**+R and R **
+R -R,*. In alpha-particle excitation highly ex-
cited neutral molecules R,**and excited exciton
states R**are formed densely in the vicinity of
the track and collide with each other, and hence
'Z„' and 'Z„' states should be formed in a ratio that
differs from the case of electron excitation.

The study of the enhancement of 'Z'„-state for-
mation by heavy-ion excitation in the liquid rare
gases is interesting, both theoretically and exper-
imentally. The enhancement of 'Z'„-state forma-
tion under alpha-particle excitation has also been
reported for liquid argon by Kubota et al. ' and
Carvalho and Klein, ' and, for KBr by Kimura and
Imamura. '

ACKNOWLEDGMENTS

The authors wish to thank Dr. T. A. King for
reading the manuscript and for his critical com-
ments. One of the authors (S.K.) would like to thank
the Itoh Science Foundation for their financial
support of this experiment.

S. Kubota, M. Hishida, M. Suzuki, and J. Ruan(Gen),
Phys. Rev. 8 20, 3486 +979).

S. Kubota, M. Hishida, and J. Ruan(Gen), J. Phys. C
11, 2645 |1978).

M. Hishida, M. Suzuki, J.Ruan{Gen), and S. Kubota.
See AIP document No. PAPS PRBMDO-20-3486-19 for
19 pages of detailed original calculation. Order by

PAPS number and journal reference from American
Institute of Physics, Physics Auxiliary Service, 335
East 45th Street, Neer York, N. Y. 10017. The price
is $1.50 for each microfiche {98pages), or $5 for
photocopies of up to 30 pages. Airmail additional.
Make checks payable to the American Institute of
Physics. This material also appears in Current Phys-



2634 SHINZOU KUBOTA, MASAYO SUZUKI, AND JIAN-ZHI RUAN(GEN)

its Microform, the monthly microfilm edition of the
complete set of journals published by AIP, on the
frames immediately following this journal article.

4S. Kubota, M. Hishida, and A. Nohara, Nucl. Instrum.

Methods 150, 561 /978).
5M. J. Carvalho and G. Klein (unpublished).
~K. Kimura and M. Imamura, Phys. Lett. 67A, 159

/978).


