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the higher electron mobility at a given electric field. 

These features are clearly seen in our data. Although 

nearly Gaussian near the peak, both the 24tAm and 

21°po spectra in liquid xenon show a tail on the low 

energy side which, increases with increasing field 

strength. The effect is however less pronounced than in 

liquid argon. Fig. 4 shows the corresponding 241Am 

alpha particle spectra measured by us in liquid argon at 

four different fields. Despite the large electronic noise 

contribution in these data, the distributions are more 

asymmetric and the effect becomes clearly visible at a 

lower electric field than in liquid xenon. 

The field dependence of 241Am charge distributions 

in liquid hydrocarbons and tetramethylsilane [23] shows 

a similar trend. An analysis of these data in terms of 

Jaffe and Kramers models leads to the conclusions that 

neither model fully reproduces the observed change in 

spectral shape with applied field and suggests that other 

effects, such as the production of delta electrons and the 

internal field arising from the different positive and 

negative ion densities must be taken into account. 

To obtain the collected charge and the total energy 

resolution at each field, the measured charge spectra in 

liquid xenon were approximated with a Gaussian distri- 

bution. 

Fig. 5 shows the electric field dependence of the 

collected charge, normalized to the total number of 

electrons liberated in liquid xenon by 5.49 MeV and 

5.31 MeV alpha particles. The results obtained with the 

two sources are in good agreement. The collected charge 

from 5.49 MeV alpha particles in liquid argon is also 

shown for comparison. For the normalization we have 

used W = 15.6 eV and W = 23.6 eV as average energies 

to produce an electron-ion pair in liquid xenon and 

argon, respectively. The characteristic nonsaturation 

feature of the ionization yield of heavily ionizing par- 

ticles in dense media is observed. The fraction of total 

charge collected in liquid argon at a field of 10 kV/cm 

is close to 10% and agrees well with previous measure- 

ments [22,24]. At the same field much less charge is 

collected in liquid xenon. For fields lower than about 3 

kV/cm the situation is reversed. The slope of the curve 

is steeper in liquid xenon, indicating that more charge is 

liberated at a given low field. The different ionization 

densities along the alpha track in the two liquids ex- 

plains the different response observed. 

In general, the ionization track produced by an 

alpha particle in a medium can be visualized as a 

primary track (the "core" part) surrounded by sec- 

ondary tracks produced by delta-rays (the "penumbra" 

part [25]). The density of electron-ion pairs produced is 

highest in the core-part and near the end of delta-rays. 

Recombination in these high charge density regions is a 

much faster process than the separation of electron-ion 

pairs caused by the external electric field. The amount 

of charge observed at high electric fields corresponds 

mostly to electrons liberated from these regions. The 

effective diameter of the alpha ionization track is de- 

termined by the range of delta-rays, which is inversely 

proportional to the density of the liquid. The much 
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higher density of liquid xenon with respect to argon 

implies shorter delta-rays and therefore stronger recom- 

bination. This results in the observed slower increase of 

the collected charge with increasing field strength. The 

same effect explains the different slope of the saturation 

curve measured in liquid xenon and argon with elec- 

trons and gamma-rays [18,26]. 

On the other hand, the low field electron mobility in 

liquid xenon is much larger than in liquid argon. The 

longer mean free path is such that electrons are more 

easily separated from the positive ions in liquid xenon 

at a given low field. This is consistent with the observed 

slope of the curves below 3 kV/cm.  

A graph of the field dependence of the energy reso- 

lution in liquid xenon and argon leads to similar conclu- 

sions. Fig. 6 shows the results from our experiments. 

Only the electronic noise contribution was subtracted 

from the width of the measured charge distributions. 

The 241Am and 21°Po energy resolution in liquid xenon 

agree fairly well. The slightly worse resolution obtained 

with the Z~°Po source can be explained by the presence 

of background from 2°7Bi activity in the chamber. The 

energy resolution of alpha particles in liquid xenon is 

much better than in argon and less field dependent  at 

low electric fields. This is due to the smaller recombina- 

tion rate and dependence on the alpha track emission 

angle in liquid xenon. This is true until recombination 

fluctuations associated with delta-rays start to be domi- 

nant, influencing the resolution at high electric fields. 

4. Conclusions 

The charge distributions of 241Am and 21°po alpha 

particles stopping in liquid xenon were measured as a 

function of applied electric field. The noise subtracted 

energy resolution of 2.5% F W H M  at 5.49 MeV, mea- 

sured at a field of 10.5 k V / c m ,  is dominated by statisti- 

cal fluctuations in the loss of electrons due to recombi- 

nation. The energy resolution is much better than in 

liquid argon and less field dependent  at low electric 

fields. The difference in ionization density distribution 

along the alpha track and in recombinat ion variation 

with track emission angle can explain the different 

ionization response of the two liquids. 

Acknowledgements 

This work was supported by a grant from the Na- 

tional Aeronautics and Space Administrat ion (No. 

NAGW-2013)  and is contribution number  456 of the 

Columbia Astrophysics Laboratory. 

References 

[1] C. Jaffe, Ann. Physik 42 (1913) 303. 

[2] H.A. Kramers, Physica 18 (1952) 665. 

[3] L. Onsager, Phys. Rev. 54 (1938) 554. 

E. Aprile et al., 
NIM A307 
(1991)119-125

2009年 6月 25日 木曜日



S. Kubota et al., 
PR B20 
(1979)3486

2009年 6月 25日 木曜日


