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muotgroup cross sections for resonance absorbers

by

,h B* Mixes

Discussion

The nuclear cross sections used in Droltigr-oup calculations arc ctistomarily 

obtained by numerically averaging the lethargy dependent cross section over 

the proper lethargy intervale In the case of resonance absorbers such as 

hafnium, the numerical work is considerable and the results are probably 

somewhat inaccurate. The labor can be greatly reduced and accurate results 

obtained by using an analytical formula expressed in terms of the resonance 

parameters. The purpose of this work is to obtain this formula in a nearly 

exact form and then reduce it to a more simple form for practical Usage.

The Breit-Wigner one-level formula is assumed to apply.

The results have been applied to obtain multigroup cross sections for 

hafnium isotopes 177, 178, and 179. Experimental data taken at Argonne, 

Bcookhaven, and Harwell on hafnium resonances in the 1-100 volt region was 

used. The data, as evaluated by Dr. John Harvey of Brookhaven, is given 

in Table 1. The calculated xmiltigroup cross sections are given in Table 2.

II. Derivation of an .Analytical Formula for Obtaining Multigroup Cross 

Sections in Terms of Resonance Parameters.

For a given isotope the contribution of the resonance to the total

th
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v+'

average isotopic cross section of the v group i
- ' fV,
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ard the total average isotopic cross section io

(2)

We now torn om'* attention to the principal part of the problem which is
^ si’*'

Is to find an expression for l g-t c/u «. avoid confusion with other

"j
subscripts wliieh are to be introduced, the subscript i will now be dropped 0 

The I^eit-Wigner ono-level formula can be written in the following

form:

(3)

wtiere (Ji' is the cross section for the decay of the compound nucleus hj 

process i0

A is related to the neutron wave length at energy E bj'

(m is the masa of the neutron)

C) is neutron width at energy E®

is tiie partial width for process i® 

^ is the total level width®

g is a statistical weight factor depending on the spins

involved®

is tlie resonance ep.s^gy®



The neutron width et energy E is assumed to be related to the neutron 

width at resonance by . r & j/gC

Since we are interested ±n resonance absorbers, 4 is replacodby 

the radiation width /^, which is assumed to be constant with energy,,

A subscript or superscript £ indicates that the value of the quantity 

at resonance applies0

It is convenient to write the cross section for absorption In the 

following farm:

€ O (U)

wher'Q

is the peak total cross section,,

Stbntituting expression li for and changing variables to x

'Hie integral in (p) can be put into standard form b; forning partial fraction 

from the quantity —_—S-——------



(6)
/ ' f

/&

where a

b

Note that in the integi-al in equation 5’j -y has been approxinateci by the 

constant value J# a The quantity ^ is usually not significant except 

at, or very close to, resonance where it is well approximated by th3 constant 

value ^ o

liJclng the subsitution indicated by equation (6) gives

, v+ - X^+bx + a
where A

y" • x^-bx + a

The integrals are new expressed in standard fom0 Performing the 1 integration 

over the indicated range and collecting terms gives
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The only approximation involved in obtaining equation (8) other thfa basic 

assripptions, is that of neglecting the energy dependence of Kf 0 Hiero 

is little error introduced by this approximation for resonances -ahich are 

primarily absorbing rather than scattering,, In such cases the total level 

width is mainly the radiation width which is fairly constant with energy0 

Tiie integral in equation (5) has bc.en evaluated by Dr0 John Sampson by 

a different method than that used here. The limits of integration9 however<> 

were such as to give an expression for the total resonance integral-. An 

equivalent expression is obtained .from equation (8) by substituting the 

proper values of '&/ and 0 For this case the two results were

found to be the same.
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Fear Numerical work equation (8) 5.8 rather oonplicatedc Sirple forros valid 

for specified sitmfcLone will now be obtained,,

The quantity ftp is usually quite small «> For hafnium* d'0 is leas 

than a tentho vHien A' is of this order car smaller* then equation (8) reduces

to

The first two arc tangent terms have been dropped because they will essentially

cancel each other for small values of ^ o Hie quantity has been

approximated by either 1 or 1+ - -- , whichever was appropriate in taking
2*

the limiting form. Further simplification is possible. Away from the l/v'” 

region the term — WjJ iS negligible® Also tiien the contribution of 

a resonance to lhe total cross section of the group in which it lies is wanted* 

and the resonance li.es .well within the group* the following form is quite

accurate; 
_ t/i,

V,

= /r(£ r0 ic
0 ro do)

The log term is negligible and the two arc tangent terms are approximately 

equal to .



«W'C<na

HI* Calculation o.? 1-M.bicroup Cross Sections for Hafnium

Ejjperimental data teken at Arconne, Brookhavan and Harwsll iao been 

considered by D. John Harvey of Brookhaveno £i*om the various data he has 

selected '’best values" for the resonance parameters in the 1-100 volt regions, 

These values are sur.imariaed in Table la These values were used in ^aquations 

9 and 10 above, to calculate imilticroup absorption cross sections for hafnium 

iwtopes 177a ITo, and 1?9 in the l«10O volt region. Cross sections for groups 

lying outside this region wero calculated by methods described below*

A. low energy region - the measured thermal cross section was used 

and a 1/1/^1 variation with energy assumed.

B« Energies greater than 100 volts - average values of resoaance para­

meters were calculated from the data taken in the .1-100 volt region. An 

effective cross section vs. the region of a resonance (expressed in terms of 

the average values of :,he resonance parameters) was obtained as a continuous 

function of energy. This effective cross section was then averaged over the 

desired lethargy interval.

TMe method was used only for' the 177 isotope for which data on several 

resonances as available. The cross oecticns obtained are jLven in Table 2.

The author wishes to acknowledge the assistance of Iliss Irene RouiUard 

in performing the numerical calculations, .and the beneficial discus.tions with 

Drs. II. Hurwltz, T. Snyder, J. Stehn, and H. L. Storm*
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Table I

ResonariCe Pararastera of Hal'niuro Isotopes-::-

leotopo iZrYl-ei*) rJfe^
c emimmm^mm

177 1,08 + o02 no + 30 c05 , + ,01 I08

2,36 <■ o02 2U0 + 30 ,083 + ,01
mm

5

5<>8 „1 70+35
■MS

Ar - o0?7 li,2

(><6 ^ cl 3.20 + 20 0057 + ,013 11

8o9 + 1 IS + 10 “ o0?/ iio2

13«9 + ol /i0 + 5 cn _+ ,03 3,9

22o5 + .2 3.7 + li h - o07,/ lioO

23,6 + .2 Ji + 2 Tt 1,0

27c3 + «3 9*3 W 2,6

33,2 + Ji
mm 5+2

mm
W loQ

37oO ^ 0^ h6 _+ 10 n 35

li608 _+ 06 60 + 20 M 23

U9ol ^ o7 210 + 50 «uu tt 60

^6o0 + «,8 60+20 H 2?

^7«2 + ,9 20+7 ts 11

6ka6 * loO 3ii0 + 30 n 55

68Ji ^ 1*1 90+20 w U2

71o3 + 1<>2 lh £ h r? 10

75oO + X<»3 38 + 10 r? 23

^Values given are "best values*5 as selected by Dr0 John Harvey of Brookhaven
from experimental data taken at Argonne, HarwellP and Brooidiaveiio
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Iso!x»po 4

177 85o8 + 1,6

8? o <4. + I06

94 2

100 + J>

178 7»8

179 5.7 + .«w ,1

19 He? i 02

23.9 + 02

26„5 + .3

31 o5 + ol^

3609 + .5

it0„5 + .5

lt2o6 + c6

Table I

(contd.)

....

32+U [rx-c0?^

15 ^ 5 ,3

12 *k ts

32+10 R

1000 u082 

50 +20 \^% « oO?']

11 +3 "

29 + 8 \ „ Oo7^

6+2 "

18 _+ U M

75 + 15

Bo + 15 "«u»

26 + 8 n
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Ttible 2

Ifefnium Isotopic Absorption Cross Sections (btrns)

sthargy Range 177

Isotope

178 179

0—o5 «Brej

— —

1-2 - GSiS

2-3

3-ii csstt

ii«8 2 —

8-11 26 —

11-12„5 109 — 23

12.5-13.75 69 62

13.75-15 6n 963 li]6

15-16 2158 9 7

16-1? 26oi] 15 32

17-17o75 119 26 19

17.75-18.? 163 35 26

IS.? 213 li6 35

(


