Lawrence Berkeley National Laboratory
Recent Work

Title
FREE-ION YIELD IN LIQUID ARGON INDUCED BY 241 Am-a IRRADIATION

Permalink
https://escholarship.org/uc/item/2dw5p7dm

Author
Gruhn, C.R.

Publication Date
1979-03-01

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/2dw5p7dm
https://escholarship.org
http://www.cdlib.org/

Submitted to Physical Review B LBL-8968 C- o
: Preprint

FREE-ION YIELD IN LIQUID ARGON
~ INDUCED BY 2*!Am-o  IRRADIATION

"RECEI¥ED
LAWRENCE ,
BERKELEY LABORATORY,

MAY 91979

LIBRARY AND
DOCUMENTS SECTION:

C. R. Gruhn and A. Mozumder

March 1979

Prepared for the U. S. Department of Energy
under Contract W-7405-ENG-48

TWO-WEEK LOAN COPY

-

Thisis a Library Circulating Copy
which may be borrowed for two weeks.
For a personal retention copy, call
Tech. Info. Division, Ext. 6782

/

o > §755-T€)7T



DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



Free-Ion Y1e1d in Liquid Argon
Tnduced by 241 Am o Irrad1af1on*

C.R. Gruhn

Lawrence Berkeley Laboratory
~ University of California
Berkeley, California 94720

A. Mozumder

‘Radiation Laboratory
University of Notre Dame
Notre Dame, Indiana 46556

*The research described herein was partially supported by the Office of
Basic Enerqgyv Research of the Department of Energy. This is Document No.
NDRL-1991 -from the Notre Dame Radiation Laboratorv and LBL- 8068 from
Lawrence Berke]ev Laboratory.



(2)

Abstract

‘Receht measurement of free-ion yield .in liquid argon by'Gtuhn and

241Am-a irradiation has

Edmiston (Phys. Rev. Lett. 40, 407, 1978) using
'been_analyzed usihg a track'modél. - Because of denseAionization'
recombihation-dominatés in the cbre giving insignificant free fons.. In
the time scale of observation.the S-rays mqsfly'degenerate into ion-pairs
fo whﬁch the 0nsaQer>probab1|ity is app]itab]e. Electrdn thermalizétion‘ 
distance is found to he 232 nm, the same as for y radiolysis and_ih
. agreement witthreeman (Phys. Rev. E pfeyiOus tomﬁént). Secondary

electrons of energy about 200 eV can effectively penetrate the core.
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Tn a recent work 1, Gruhn and Edmiston have determined the free-ion

28) pna irradiation. The G-value, or

yield in 1iquidvargonfusﬁng
.100-eV radiation yield, is found to be 0.046 in tHe limit of zero
externé] e]ectric fie]d'and 1t}increases liﬁear1y with that field as
predicteqbby the Onsager theoryz. Freeman3 criticizes several |
circumsténtiai and interpretive aspects of this work. Indeed in two
.réspeCts the'conclusioh of Gruhn and Edmiston may be.modifiéd:"(l)‘their
work is the ffrst free-ion yield measurement using a heavy ion, not the
first ohservation of geminate recombination in 1iqufd afqpn which was
6bservediear11er 4. (2) The electron thermalization 1eﬁgth need not be
28.nm‘as étated. In fact it can be; and probahly is, about the same as
for y-irradiation. A somewhat detailed track model can rationalize these
observations with the Ohsager model as shbwn in the following
paragraphs. On the other hand, certain featufes of the work.of Gruhn and
Edrﬁ_iston1 are eminently Qe]] defended. These are: - (1) Although a

cylindrical track model is much better suited for o~irradiation,in the .

time scale of measurement it is an entirely reasonable hypothesis that

.mOSt reagions of dense'ionizafioﬁ, including the tfack core, afevfu11y
neutralized leaving isolated ion-béirs few and'far hetween. To these the
Onsager theory7 of geminate recomhination can be'applied.v Mozumder and
Maqee‘q essentiajly did this while analyzing the work of Hummel et

6 in n-hexane Usinq 37Ar-1‘rrad1’ation.. (?) Alternative model using

al.
explicit columnar recombhination was actan]y tried,hy Gruhn and
Edmistonl. Thev rejected this interpretation decisiveTyvon_the,basis
that the line widths were too narrow by a factor of about 5 to fit the
predictfon of the‘mode1. (3) The Tow field data of Gruhn and Edmiston1

fit the Onsager equation:



. : (1)
G(E)/G(o) = 1 + e3E/2 ek®T? .

within 5% with values of x2 as 0.92 and 1.18 for two sets of data.
Since there are no adiustable parameters'in Eq. 1, the agreement may be

taken to he a strong evidence in favor of the Onséger model. -

A current model of heavy-ion tracks in condensed matter consists of a
cyiindrica] éore surrounded 5y penetratiﬁg secondary electron ( 8-
rays)7. The core does not contributé significantiy to Gfi-since the
ionization density and the axial fie]ds'are high. The d&-rays must have a
minimum energy € to efféctiVe]y penetrate the core. Those having less
enerqy are gradually engu]fed by fhé core and indistianishéb]é from it.
'ThUs only 6-rays of energy 2€, may contribute to Gfi" ionization-on 8-
ray tracks are also'more-or—less'dense, meaning that the 1htervening_ibns

quick1y-neutfalize leaving those at the track extremities which behave

1ike geminate pairs. It is Seljevéd that ffee-ions escaping from such
geminate pairs are the on]y ones observed by Gruhﬁ’and Edmistonl in the
us tihe scale. A similar orocedurévWas used by.Mbiumder and Maqees-for
34 and ¥ ar radﬁatianinducéd free-ion yield in hexane. We assume,

as thev did, that the geminate pairs_do not interfere with each other;
otherwiée the Onsager theory'pfevai1s. Let S be,the.sfopping power of
the medium toward the o~particles and-f the fraction of deposited enerqy

7. Assuming a Rutherford distribution in energy,

contained in the core
the average number of S-rays per unit track length is given by_A/EZ'-

‘such that



)

(1-f)S = Nn (e fe ). | (2)

In Ea. 2 Ais a track constant and €n =-2mv2 where m is electron mass
and-vis the a-particie‘velocity. From Eq. 2 the mean number of
'penetratinq (e>eo) secondarr'eléetrons in energy interval de ate is
given hy (1-f)S (1ne /s Yo de/e . If e < Zeo,'then these

electrons do not have any tertiaries that can contribute to the free;ion
yieid For 2¢ 0 <€<Ey the mean numbher of energetic (> € ) tertiaries
produced by a secondary of energy € is given by (- 1) (inK) v where K=
e/?e Since €n for a 5.3 Meva from ? *Am- decay is 2.88 keV, the
confrihution of hiqher qeneration eiectrons may safely be ignored Thus
- the total numher of G—ravs produced per unit track length and’ |

contributinq to Gf is qiven by

em/2£0

B € A O | k=1, dc |
[k %ﬁz—%)i%] AR
o 0o ' . :

- There is considerahle uncertainty reqarding‘thé range of low enerqy
electrons in matterg’]]. ‘FOrtuhateiy in 1iquid argon, the

thermalization 1ehqth_rth is soliarge that the range obtained by
inteqrating the e]ectronic stopping power is aiwa&s negiigible. Thus, to

a gqood approximation, the numher of free-ions obtainable per unit track

length is given from Eq. 3 as follows:
: : € /Ze

o o ) , |
ne./L = (zég)exp ( -r /rth _[] +d/ﬂ(] an E; ]. - (4)

In Eq. 4 re is the»Onsagerviength. Since S is the energy loss per
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un1t track 1enqth fhe 100-ev frpe ion yield is qiven from Egs. 2 and 4 as

. > /25
. 100 (1-f) : : ) ' "/'( K- 1 ) dx (. \
Gp: = — —— exp(-r_/r ) [] + 1+ — -—*]« 5
fi -, ¢’ th : 2
250 In (em/eo) Jy Tnk 3

Equation (5) is only apparentlv 1ndependeht of S; f depends on partic]e'
energyv ahd is thus indirectly a function of S. The'max1Umum transferahle
enerqy €., of course, depends 0n,baft1¢1e'9é1ocity, but this fs a minor |
dependence. Physicaily speakinag, if S is not sufficiently large, a
cyiindricai core will nqt'be obtained. In additiqn f is also a'mild-

function of €.

 The Onsager length (rc)vin 1iquid argon is 127 nm. Taking the
ionization vield and'y=induced free-ion vield as 4.5 and 2.6 respective1y4
the mean thermalizaion length (r, ) becomes 232 nm. With particles of

energy 1.32 Mev/amy, the'track mode] of Mozumder et al. 7 gives f =

0.73. For uncerfawnf1es of low -energv electron. penetrahon8 -11

sometimes a core radius about 1.nm is used in unit density materia112.
Considering the density of liquid argon (1.4 g/ml), we ohtain, on the

hasis of rms penetration of Mozumdern,'eo = 140eV. We shall

_neverthe1ess treat € 35 an adiustable parameter. Taking ¢ m 28

2.88 KeV, we have used Eq. 5 to ca]dléfe Gey as a functioh of € with
f =.0.73 and the result is shown in Fig. 1. From this figure we obtain
| Gf1_= 0.046 for € 5" 200eV in agreement with experiment'of Gruhn:and
Edmiston’. The value of f is expected to increase slightly with

€qe .Figurelé Shqws thé variation of Gfi with f at three vé1ues of .
€o* From such calculations we fihd thatveo_Qaries from 186 eV to 140
eV to 100 eV as f is varied in the important ranqe 0.75 to 0. 8 to 0.85

wh11e keeo1nq G ; constant a1l a1onq at 0 046.
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In conclusion we may state that: (1)d'~inducéd free-ion yield in

liquid araon can he explained in terms of ibn-pairS'arising'out of S-rays

from tracks. The external field effect'is-then normal as for Y -

irradiation. - (2) The thermalization length (232 nm) may be assumed to be

the same as.for'y-irradiation. .(3) Secondary electrons of ehergy about

200 eV can effectively penetrate the core. Rahges of variation of €

and f, to obtain agreement with experiment, are entirely consistent with

- track model,
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_ Fiqurequptions'

Fig. 1.  Variation of caICU1ated free jon yield induced hv 24 JAm—d in
11qu1d argon w1fh €g> the enerqv of secondarv e1ectrnn needed to
-penetrafe fhe core f denofes the fract1on of depos1ted energy to be
found in the core. - |
241

Fig. 2. Dependence of calculated free-ion yie1d induced by Am-o in

Tiquid arqon upon f, the fract1on of energy depos1ted in the core, at,

three-va]ues of €02

" the core.

the secondary e1ectron energy. needed to penetrate _
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