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Abstract 

a and 3 particles were used to study the luminescence of 
condensed argon. The scintillation decay has alvays two components 
independently of the phase and the kind of the exciting particles. 
Decay time constants are given for solid, liquid and also gaseous 
argon, changes in the relative intensity values of the two components 
are discussed in terms of track effects. 
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Some lifetime measurements on the luminescence of the con
densed rare gases (CKG) have recently been published (l) but the de-, 
cay time constants for the various emissions are still badly knovn. 
Ve have studied the luminescence of the condensed and dense gaseous 
argon under a particle ( 1T»o) and p particle { Sr 9 Y) excitations. 
In this paper, we mainly deal with the condensed phase and we report 
on the influence of the nature of the exciting particles and of the 
phase of the mediu.ii on the temporal behaviour of the main luminescence 
band, centered at 1280 A. Thd aim is to get some information on the 
nature, origin and the kinetic scheme of this emission. 

Experimental conditions and results 

Emission spectra as well as lifetime measurements vere per
formed by using the single photoelectron sampling method (2). Optical 
components ware made of lithium and magnesium fluoride, and no wave
length shifter has been used to detect the scintillation. The a and p 
exciting sources were successively immersed in the argon, so as to 
provide always a bulk excitation of the medium. The liquid and solid 
samples were obtained by cooling down high pressure gas using liquid 
nitrogen as a refrigerant. 

According to the experimental results obtained for the VUV 
argon emission (1280 A) the time dependence of the scintillation in
tensity in condensed argon, can be roughly described as the sum of 
two exponential terms. These two emission components have time cons-
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tants T and T , that are respectively in the npnosecond and microse

cond range. Typical decay curves, normalized to their maxima are dis

played on the figure for the solid emission band, in the microsecond 

and nanosecond scales. 

The time constants (T ,T„) and the ratio of the integrated 

intensity values (I ,I 2) for the two components are listed in the table 

below. 

Discussion 

In solid and liquid argon the global form of the scintilla-

tie», 'ecav intensity (two components) is independent on the kind of 

thf exciting particles. The shape is very similar to the one we have 

observed in dense gaseous phase under 3 particle excitation. This 

agrees with other lifetime measurements made in gaseous (3) and li

quid argon (4). 

The nain luminescence band in CRG has the same molecular 

(R 2) origin (5) as the second continuum observed in the dense gaseous 

phase (6). Usually it is also assumed that the two components (T..T

2) 

of the scintillation decay correspond to the radiative decay of the 

two lowest excited states ( -*., Eit)i leading the vibrationally relaxed 

diator.ic molecules ( 1,3,6) to their dissociative ground state ( , T" +). 

Our decay time measurements agree with this interpretation, for all 

the three phases, and we identify T and T as the lifetimes of the 

states ^ ( O * ) and 3ïJ(iu) respectively. 

In the condensed phase the emitting molecular centres are 
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localized excited dimers ( E ) , which can be formed either by dynami

cal trapping of an exciton or by the recombination of a self-trapped 

hole (RI) and a slow free electron (7). Following Mulliken (8), the 

lowest excited states of the diatomic molecules of rare gases are 

1E*(0*) and 3E*(1u,0~), which are respectively related to the atomic 

pair states ( 3?,, 1S 0) and (
3P 2 >

1S 0) at the dissociation limit. On the 

other hand, the excited atomic states T> and 3 P 2 are correlated with 

the lower exciton bands r(3/2), r'(3/2) and also they are the ones 

which have the same ionic core as the lower bound state, A £ , of 

the diatomic molecular ion (9,8). Therefore, the degradation of the 

electronic energy by both of the mentioned trapping processes tends 

to :svo-.ir a population of the ̂  and "* states. 

Segarding the relative intensity values it is convenient 

to discuss separately the cases of irradiation with p and with a par

ticles. Under 3 particle excitation it is _*ound that the slow compo

nent (I-) predominates. In this first case the concentration of ex

citée species is relatively low and from the experimental results we 

infer that the initial isolated excited states decay predominantly 

via the triplet channel, 3 £ * . Like Keto et al. (3) we did not observe 

any change of the fast decay constant, T , with the pressure in the 

gaseous phase, and we even get the saite value in the liquid for the 

wnole range of temperatures we have studied. Therefore, the observed 

difference it. the population of the two emitting states is difficult 

to interpret as resulting from an intersystem crossing between the 

lowest vibrational levels of the molecular ^E* and *E* states. It is 

more likely the consequence of a difference in the populations of the 
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corresponding excitonic precursors. 

For the higher excitation and ionization densities due to 

the a particles, the ratio I /I , as compared with its values for p 

excitation, is enhanced for the solid, and becameseven larger than 

one in the case of the liquid. Under o. particle excitation, high enough 

densities of excited states are obtained so that interactions between 

them r?.ay occur in the track of the particles. These reactions are cer

tainly of a great complexity and we shall consider hereafter three 

different stages at which they can occur along the whole radiationless 

cascade process leading to excitation trapping : (1) in the bottom of 

the lowest excitonbaid where the reactions involve free excitons ; 

(2) during the vibrational relaxation of the quasi-localized dimers 

ana involving these hot molecules ; (3) or after thenralization of 

the medium and in this casé relaxed molecules will be concerned. 

Bearing in mind the results for P-ray excitation the Tiost 

probable interacting species are the excitons r'(3/2) and the molecu

lar excitations £*(VT=0), Jr*(v=0). The results for a-particle exci

tation indicate an increase of singlet states T.* in the tracks ; ne

glecting singlet quenching reactions, we thus consider the following 

processes, taking place at the different r.tentioned stages in the complex 

set of radiationless relaxation transitions, ending up with excita

tion trapping and thermalization. 

0 r'(3/2)+r(3/2) - (2T (3/2))- 2 1 ^ 

2) 3S+(v/0) +

 3^(v/0) - ( 3£ U,V U) - 2'^(v=0) 

3) 3j.+ ( v . 0 ) + 3 r * C v = 0 ) _ (3^,3^) . 1 ^ ( v = 0 ) + 1 S+ 



6 

Experimental observation-; lead to eliminate the last reaction. It 
should provide changes in the shape of the scintillation decay (even
tually one more component)" and a decrease of the total yield of the 
scintillation, we did not notice any important difference in the glo
bal form and ir. the time constants T , T of the scintillation decay 

i of the condensed argon between a and p excitation. The decrease of the 
total scintillation yield would contradict the experimental results of 
Kubota {-} in liquid argon. We are thus left with the reactions 1) 
and 2 ) . These two "bi.r.olecular" reactions have obviously an efficiency 
that is liTited by the short lifetimes of the reactants, which e>xe sub
mitted to the fast radiationless relaxation transitions. On the other 
hand if processes t) and 2) between hot excited species are faster than 
th" rate constants •/'• and I/T„, they will influence neither the de
cay constants nor the overall shape of the scintillation decay. Only 
the relative intensity of its components is modified. As the trapping 
tire in all heavy CRG is about 10 sec (7) the reactions involving 
intermediate excited species, if they occur, should be faster. We re-
ta:.-. :rM^sse5 1) and 2) as the best mechanisms to explain the en
hancement of the fast component with high excitation conditions. 
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SOLID ARGON 
SCINTILLATION 
DECAY 

y B EXCITATION 
P 

t(Ms) 50 t(ns) 100 



T, (ns) T 2 (us) I/I 2 

a 3 a 0 a P 
solid argon (83 K) 2.8 3-2 1.1 1-36 0.1- 0.06 

liquid argon (90-100 K) 4.4 4.6 1.1 1.54 3-3 0.26 

gaseous argon 3 ° ° ^ 4.8 4.5 4.0 2.9 
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