MASTER

s o 1 EES
L ORNL-3089

UC=-34 — Physics
TID-4500 (17th ed.)

PROTON RECOIL ENERGY LOSS DISTRIBUTION

IN PLANE GEOMETRY

H. B. Eldridge
P. R. Flusser
R. H. Ritchie

OAK RIDGE NATIONAL LABORATORY
operated by

UNION CARBIDE CORPORATION
for the

U.S. ATOMIC ENERGY COMMISSION




DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or 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 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. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.



DISCLAIMER

Portions of this document may be illegible in
electronic image products. Images are produced
from the best available original document.



Printed in USA. Price _$D_._75 ¢« Available from the

Office of Technical Services
U. S. Department of Commerce
Washington 25, D. C.

LEGAL NOTICE

This report was prepared as an account of Government sponsored work. Neither the United States,

nor the Commission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, express or implied, with respect to the accuracy,
completeness, or usefulness of the information contained in this report, or thot the use of
ony information, apparatus, method, or process disclosed in this report may not infringe
privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages resulting from the use of
any information, apparatus, method, or process disclosed in this report.

As used in the above, '‘person acting on behalf of the Commission'' includes any employee or

contractor of the Commission to the extent that such employee or contractor prepares, handles

or distributes, or provides access to, any information pursuant to his employment or contract

with the Commission.




e

& ~
) Q -®

ORNL-3089

Contract No. W-7405-eng-26

HEALTH PHYSICS DIVISION

PROTON RECOIL ENERGY LOSS DISTRIBUTION IN PLANE GEOMETRY

H. B. Eldridge, P. R. Flusser, and R. H. Ritchie

Date lssued

JuL 10 1982

Oak Ridge National Laboratoiy
Oak Ridge, Tennessee
operated by
Union Carbide Corporation

for the i
U. S. Atomic Energy Commission



TABLE OF CONTENTS

Abstract . . . . ¢ . i e e e e e e e e e e e e e e e e e 1
l. Introduction . . .« ¢ ¢ v v e v v e e e e e e e e e e e e e 1
11. Method of Computation . . . . . . « . + « « & v « « « « « . 3

References . . . . ¢ v v ¢ v v v v v e e e e e e e e e e e 9 ‘¢

",



‘»

R
N
P

Ve

PROTON RECOIL ENERGY LOSS DISTRIBUTION IN PLANE GEOMETRY
Abstract

Computations- of proton recoil energy losses from neutron irradiation
of hydrogenous systems posseséing plane symmetry have been made for the -
purpose of fast neutron counter design. A digital computer code has
been written to carry out the calculations for two irradiation geometries:
1) the neutron beam is assumed to be normally incident upon the system,
and 2) the system is exposed to an isotropic flux of neutrons. Numerical
results are presented for neutrons of various energies incident on plane
radiators of different thicknesses for these two irradiation geometriés.
These results have been used in the conceptual design of fast neutron
dos imeters employing a generalized dosimetry principle. The applications

are described more fully elsewhere.

I. lIntroduction

In the design of counters sensitive to proton recoils from fast
neutron irradiation, it is of some interest to consider systems possessing
plane symmetry. Figure 1 shows the geometry assumed for this problem.
Fast neutrons incident on the system, which is assumed to contain Hydrogen

in the detector and/or wall materials, generate recoil protons throughout.

‘These protons deposit various amounts of their energy in the detector

volume, depending upon the distance of the point of their origin from
the wall surface F and upon the amounts of enérgy imparted to them by

incident neutrons.



The information required here is the integral recoil distribution,
i.e., the number of recoils depositing energy greater than € in the de-
tector volume as a function of neutron energy E. Theoretical infor-
mation on this function is of importance in adapting plane counting
systems for use as fast neutron dosimeters according to a generalized
dosimetry principle.l

In the past, computations of this quantity have been carried out for
certain plane geometries assuming irradiation by a normally incident
beam of fast neutronsZ in order to design a fast neutron counter with a
first collision dose response. |t may be shown3 that the isotropic
irradiation of a composite plane slab is equivalent to plane irradiation
of a spherical shell of the same composition if the radius of the sheill
is much greater than the maximum range of the most energetic protons.
Therefore, similar computations for isotropic irradiation have been made
i order to obtain a non-directional response. In addition, calcu-
lations of the energy loss under the bias in dosimeters of the Hurst
integrating type have been made using the plane parallel mode1.4’5

The present report presents some results of calculations with a
digital computer code which has been written for the purpose of calcu-

lating the integral recoil distribution function,

00

L/\de' n(e', E)

€

for plane geometries in more detail than has been done previously. Here
n(e, E)de is defined to be the number of recoils which deposit energy

between € and € + de in the detector volume for a specified material
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configuration by neutrons of energy E in a given irradiation geometry.

The code is designed so that one may obtain an arbitrary momenty
co
= ] m ] I
Im(e, E) _L/‘(e ) n{e', E)de
€

of the distribution function.
The method of computation and the input data are given below and a

number of graphical representations of

E

J[‘n(e','E)de'

€

are presented for various geometrical configurations.

1. Method of Computation

FUN

In Fig. 1 the breadth of the beam and the lateral extension of the.

slab are both supposed to be much greater than the range of the most . . <

.energetic proton which may be generated by an (n-p) reaction in the

system. Attenuation of the neutron beam in the system was neglected
in the present study. Recoils other than those from'the H(n,p)
scattering process are also neglected.

One assumes here that if one expresses R(Ep), the range of a recoil
proton of enérgy Ep, in units of gm/cmz, it will be independent of
posftion in the system. This assumption is not vefy.restrictive in a
practical sense. It is well known that the stopping power of a given

atom, expressed in terms of energy loss per gm/cmz, is a slowly varying




'f;netion'of the.atomic-number'ZIOF that atom. Hence;'iffone-Wishes:to-
‘bhdesign:alpiane eyetem having a given:resoonée funCtionlfor neotrons of
'talgiven energy, one may use alternate layers of hydrogenods .and non-f
hydrogenous material in order to obtaln the desnred response It is-
easy to find low z substances not-eontalnlng hydrogen Whlch have nearlyj
- the same, R(E )‘relatnon as most.hydrogenous substances.;_ |

In all of the computatnons descrlbed below it has heen assgmed that
_R(E ) is given by the range-energy‘relation of protoné ina hydroearbon
_havnng the comp051t|on (CHZ)

If unit flux ofineutrons having energny ié'incident normal ly uoon

the_slab.under,tonéideration,fthere_will be generated in an inerementai

'thﬁckness’dx a number of proton recoils dZNp Iying in the interval be- .-

. tween p and u + do given by -
doN = z,AN 0‘-(E) ‘wdp dx
P OHTTT .

where p is -the cosine.of the“angleyatﬁwhichaa‘recoi1 proton. emerges

from an n-p collision-relatiye to the initial neutron direction, A is

the area ot.the system.normal'to the beam direction,fN0 is the number of

hydrogen atoms per unlt »olume at x and oy (E) is the n-p cross section
:at energy E
The number of these recoiis which deposit energy.in de at € in the -

detector reglon is a function of E X, i, and the thlckness of the

) detector Thls leads to the expression o '

16 E)__=f<e')"‘np(e",f_E)de" = 2AN 0, (E) ! fi_i_ ‘dg' f[ () 1"
: e - Hy(eE) oxg (e,Ep)

)
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where the limits on the p and x integrations dgpend upon the range-
energy relations of recoil protons in the materials of the system and
where the depeﬁdence on the detector thickness is not indicated in order
to simplify notation. |If, however; unit fluk of neutrons having energy
E is incident isotropically updn a slab, there will be generated in a
layer of thickness dx a number of proton recoils d3NI lying in the

interval between u and p + du, € and € + de given by:

. d NI = No AUH(E)dX du T
where the symbols have the same meaning as in the normal irradiation
case. In this case,
: xp(e) wyle) ¢
I m No AO-H(E) m
Im(e,E) = L/ﬁ(e') nI(e',E)de' = — J[\dx u/\dp L/ﬂde'(e')
€ ) E x . (e) p,(€) € L
1 1 IS
The integral energy‘distrfbution,
) [o0]
I, (e;E) =fn(€',E)d€'
' €

was evaluated for a variety of detector and radiator thicknesses (here-
after called gas and wall, respectively) for both normal and isotropic
irradiation, utilizing a digital computer. The indicated integrations

were carried out using rather standard numerical methods. The inte-

gration meshes were chosen as small as possible, commensurate with

reasonable computation times. The curves drawn in Figs. 2 through 18

1,



are believed to be accurate to better than + 3% in most cases.

The range energy relation of protons in (CHZ)n was taken from the
numerical work of Herschfelder and Magee.6 A table of 59 values of
range vs energy was stored in the fast memory, and linear interpolation
was used for immediate values (see Table |). |In the calculations which
have been carried out, the thickness of wall and detector and the range
of protons of various energies have all been expressed in mg/cm2 of
material. For the purposes of this compufation, the hydrogen cross
section was represented by the theoretical equation7

m

O_H(E) = 2
1.206 E + (0.422 - 0.1447 E)

3w
+

(1.206 E + 5.383) [0.6506 + 0.007225 (1.206 E + 5.383) ]

where Y is in units of barns and E is in units of Mev.

The results are presented for the case of normal irradiation in
Figs. 2 through 8 where each curve is labeled with the incident neutron
energy, and the thickness of gas or wall is expressed in terms of the
energy of a proton whose residual range is equal to that thickness. A
wall thickness designated as infinite correspbnds to a thickness greater

than the range of the most energetic recoil proton from an n-p reaction

for a given neutron energy. The units of the integral distributions,

E

u/\de' n(e',E)

for all curves shown are (barn) - (mg)/cmz. In order to obtain the number



Table I. Range-Energy Relation in Paraffin [(CHZ)n] Taken from Ref. 6

‘E(Mev) R(mg/cmz) E(Mev) R(mg/cmz)
0.0 0.0 2.0 6.268
0.002 0.014 2.1 6.817
0.005 0.02322 2.2 7.385
0.010 0.03197 2.3 7.974
0.015 0.03732 2.4 8.583
0.02 0.04143 2.5 9.212
0.03 0.04824 2.6 9.861
0.04 0.05462 2.7 10.529
0.05 0.06096 2.8 11.217
0.07 0.07350 2.9 11.925
0.10 0.09613 3.0 12.652
0.15 0.1386 3.5 16.571 "
0.20 0.1891 4.0 20.960
0.30 0.3137 4.5 25.811
0.40 0.4683 . 5.0 31.118
0.50 0.6512 5.5 36.87
0.6 0.8610 6.0 43.07
0.7 1.0968 6.5 49.70
0.8 1.3576 7.0 56.77
0.9 1.6429 7.5 64.26
1.0 1.9520 8.0 72.18
1.1 2.2845 8.5 80.52
1.2 2.6398 9.0 89.28
1.3 3.0176 10.0 1108.02
1.4 3.4175 11.0 128 .40
1.5 3.8393 12.0 150.40
1.6 4.2827 13.0 174.00
1.7 4.7476 14.0 199.17
1.8 5.2336 15.0 225.91
1.9 5.7406

e Wy



of recoils depositing energy > ¢ in the detector for unit flux incident
on a system of area A, atomic hydrogen density NO and density p, one
needs only to multiply the ordinates of all curves by 10-24 ANo/p. In
order to convert the wall thickness expressed in units of energy to
units of length, one must first determine the corresbonding range from
the range-energy table used and then divide by the density of the
material. Figures 9 through 18 show similar results for the case of
isotropic irradiatibn. In all cases considered here it has been assumed
that the density of hydrogen, and hence the density of recoils generated,
is uniform throughout the system. However, the code is designed so that
one may vary the hydrogenic density if desired.

A few calculations were made of Il(e,E) and Iz(e,E), the first and
second moment distributions, respectively, of the deposited energy.
These have been described in reference 1 and will not be given here.
These results have been used in the conceptual design of a fast neutron
dosimeter which is assumed to respond to the second moment Iz(e,E) of
the proton distribution} Reference 1 also describes the use of these
data, shown in Figs. 1 through 18, in the design of an electronic system
which operates on the proton recoil distribution from a simple slab
radiator in order to provide a dose-like response with respect to the

neutron energy.
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