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I0 TlfTKOPUCTION 

"During tha preparation of tho p«,par on the 2200 m/е.вс neutron 
data for fissile nuclides, a need for hotter values of the g«factors 
for Pu-241 (for both 0" and СП,) was «moounterede The earlier values 

& x 

(Westcott i960)* wore based on the 1058 and i960 editions of BNL-325, 
and at that time no reliable C?T(B) measurements were avail£<Mo ? it 
чае therefore assumed, f a u t a d^ m i e u x , that g^ « 

Аз some new measurements aro novr available, a more exact cal-
culation oould Ъэ performed. 
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II THE MEASUREMENTS AND REFERENCES 

A0 total cross section 
I, RoB» Schwartz, BNL 
-- Data given in» BNL-325 

Other references Bull „ Am о Raya» Soc e Se r„ II 17 6, 195& 
This measurement is superseded and was not used« 

2и 0oDo Simpson, N«Ho Marshall, MTR 
ÏD0-16679, 1961 

3n Do So Craig, C.Ho Westcott, CRC 

AECL-1948, 1964 

B0 fission cross section 

4„ Y.B» Adamchuk et al,, USSR 

Data given ins P.A„ Egelstaff, NRDC .99, 1957 

Other references Y»B, Adamchuk et al,, 1, ICFUAE 1955, 
Vol, 4j P« 645» 

This measurement was discussed hut finally not used» 

5» R. Richmond, B0T, Price, Harwell 

Data given in* BNL-325 

Other references J0NucleEng0 2j 177, 1956» 

This measurement is superseded and was not used» 

6„ Hanford I 

EeJo Seppi, W.J. Frieser?, B.H. Leonard Jr., HW-53492 pe25, 1957 

7„ Hanford II 

In BNL-325, data from Hanford with reference "unpublished" are 

given? these are different from Hanford I or Hanford III0 

80 Hanford III 

B„Ro Leonard Jre, S0J0 Friesenhahn, HW-62727 P»19s 1959 

9o G0Do James, Harwell 

Private communication 1964 

10a Tff Watanabe, 0»Б„ Simpson 
IDO-16995* 1964 



Ill THE РНОСЕДОНВ 

lo The g~factors were calculated from the crows-section <5(E) acoording 
to од E 

Г Т f b ^ * * T (i) V J JjTJ/et 

where E » 0oG253 eV о * 
T 

вт * Bo F" о 
To » 293>6 К 

2„ Each measurement was treated separately and averages wore taken 
only after the ĝ -factors had "been calculated for each measurement,, 
This avoided having to take care of normalization problems,, 

3o The data for each measurement were plotted on a sufficiently large 
scale, and a Breit«-¥igner«formula with central energy E^, width J7 

and coefficient h as free parameters was fitted Ъу eyea The fit was 
then subtvaoted from the measured valueа0 For all measurements, the 
Breit-Wigner parameters Er « 0,256 e7 and Г/2 « 0,056 eV were usod0 
Using these values, a smooth curve remained after subtraction of the 
B-W»fit0 
4.0 The remaining rest (measured. value3 minus B-W) was fitted to a 
polynomial of the fifth power,. For this purpose, the energy scale was 
split up into several energy vanges with different polynomial fits in 
each» The energy ranges were 0, 0.04, 0o07, 0,1, 0ol6„ 0,28, 0„52, 0*76, 
1,96, 10.0 eV. For reach energy range, sis representative equidistant 
values were chosen by eya, and the polynomial was fitted, to these repre-
sentative values, As the error in the choice of the representative 
values was small against the statistical errors, this method appeared 
to be' sufficiently accurate„ 

5* Thus, the c3V'SS section was fitted to: 

У® tf (E) » ano + anlE + a^E 2 * а ^ З + ^ + a ^ + 

where n indicates the energy range, 
60 In most of the measurements, the lowest energy measured was near 
0,02eVo Therefore, special care was needed in the extrapolation of the 



measured values to aero energy» To estimate the influence of the 
extrapolation, g-factora were calculated for low, middle and high 
extrapolated values. 

7» A constant scattering oross-eeotion of 4 и 11 barns was assumed 8 
and subtracted from the total oroasnaeotion for the calculation of 
the absorption g-faotor g . 

IV RESULTS 

Ai absorption 

T/°C SIMPSON CRAIG 60$ CRAIG estimated 
+4C$ SIMPSON standard error 

— о 20 lo032 1.C29 1.030 
40 1.040 I . 038 1.039 
60 i e 050 I0O47 I .048 
80 1.062 1.059 1.060 

100 lo075 I . 0 7 I lo073 
120 1.089 1.085 1.086 
140 1.105 1.101 1.103 
160 1.122 1.117 1.119 
180 1.140 1.135 1.137 
200 1.160 1.153 1Л56 
220 1.180 1*173 1.176 
240 1.201 1.193 1.196 
260 1.223 1.214 1.218 
280 1.245 I .236 1.240 
300 1.268 1.258 1.262 
330 1.302 1.291 1.296 
360 1.337 1.325 1.330 
390 1.371 1.358 1.363 
420 1.406 1.391 1.397 
450 "1.439 1.424 1.429 
480 1.472 1.456 1.462 
510 1.504 1.487 1.494 



absorption (cont'd) 
T/°C SIMPSON СВАЮ 60$ CRAIO ©otiraated 

SIMPSON standard error 
540 1.534 1.516 1„523 
570 1.564 1.545 1.553 . 
600 .j lo591 1.572 1.5&0 ~ .7$ 

BJ fiaalon 

T/°C (Adam- Hanf 0 Hanf. James (¥ata- o5 Hanf.III .75 Hanf.III estimated T/°C 
ohtik) II III+II nabe) +.5 Jamee .25 James stand.em 

20 1.048 1*043 1.042 1.036 1.046 I0O39 I.O41 t „ 3$ 
40 lo059 1*052 1.052 1.045 1.056 I.O49 I.050 

t „ 3$ 

60 1.071 1*063 1.062 1.056 1.067 1.059 1.061 
80 1.084 I0O75 1.074 1.068 1.080 I.O71 I0O73 
100 I0O98 1 e089 1.087 lc08l 1.093 1.084 1.086 
120 1.112 1Л03 1,102 1.095 1.108 1.099 1.100 
140 lol28 1Л19 1Л17 1.110 1.124 1.114 loll5 
160 lol44 lel36 la 134 1.126 la 141 1.130 1.132 
180 1.161 lol53 1.151 1.143 1.159 1.147 1.149 
200 1.179 1.172 1.170 1.160 le 178 1.165 1.168 
220 1.197 lol91 1.189 1.179 1.197 1.184 1.187 
240 1.216 1.211 1.208 1Л97 1.217 1.203 1.205 
260 1.235 lo232 1.229 1.216 1.238 1.223 1.226 
280 1.254 1-253 1.249 1.236 1.259 1.243 1.246 
300 1.274 1.274 1.270 1.255 1.280 1.263 1.266 I .5fo 
330 1.303 1*307 1.302 1.285 1.313 

I .5fo 

360 1.333 lo339 1.333 1,314 1.345 
390 1.362 lo371 lo365 1.344 1.377 
420 1.390 1.403 1.396 1.372 1.408 
450 1.418 lo434 1.426 1.400 1.439 
480 1.444 lo464 1.455 1.427 1.469 
510 1.470 le 493 1.483 1.452 1.497 
540 1.495 1.521 1.510 1.477 1.525 
570 1o518 1.548 1.536 1.500 1.551 

(1.541) (1.551) 600 1.540 1.573 1.560 1.522 1.576 (1.541) (1.551) (-1$) 
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V DISCUSSION 

Thoте are mainly three sources of error» 
(i) due to normalizationо 

If the normalization of the entire ^(B)-ourve is incorrect, this 
does not affect the calculation of g-factorse However, an uncertainty 
in the normalization value arises due to statistical fluctuations 
around the normalization point0 

(ii) due to extrapolation to aero»enery0 
This error oould Ъо estimated Ъу using different extrapolations; 

it decreases considerably at higher temperatures 0 
(iii) due to the shape of the resonance» 

Statistical errors in the 6"(E)-<ru,rvo do not affect the calculation 
of g-factorso However, any systematic error resulting in different 
peak-heights or peak shapes, may have a considerable influence on the 
g-factorso 

At absorption 
Both measurements agree quite veil. The estimated standard error 

due to normalisation is in both oases i 0«3$» 
The estiioated standard error due to extrapolation is in both oases 

0*08$ at 20°C, 0oОО776 at 600°Ce The error due to the resonance shape 
is - by comparison of both measurementst — 0.02$ at 20°C, at 
600°Ce 

As the measurement of Craig appears a little better with respect 
to resolution and statistics, we would recommend an averaging of 60fo 
Craig + 405S Simpson о 

В» fission 
After subtraction of the Bre jt-Wigner fit, the measurement of 

Adamohuk showed another peak at 0„303 eV, probably due to another 
isotope» This vas subtracted and neglected. This measurement was 
used for comparison only» 

In the measurement Hanford П1 р a very good sample (9606$ Pu-241) 
was used, but measurement vas only done for E>Oel eVB At lower energies 
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Hanford II was used, whioh agrees with Hanford III very well, despite 

in Hanford II a poor sample was used» Hanford II had to i>e re normalized 

by fitting the overlapping region to Hanford IIIe 

The measurement of James extends to 0„008 eV, so that the extra-

polation error is small. The peak shape of James does not agree with 

the Hanford measurements» 

The measurement of Watanabe is apparently wrong in the energy region 

below 0»04 eVç Thus, an extrapolation to aero energy and a determination 

of the normalisation value at 0,0253 eV can only be done by comparison 

with Jameso If one does so, the peek shape of Watanabe confirms that 

of Hanford rather than that of James, 

The estimated standard error due to normalization is £ 0.4$ in 

the oases of Hanford and James (Adamohukt £ VTatanabes query)» 

The estimated standard error due to extrapolation is: 

Hanfordî £ 0.15$ at 20°C, £ 0.02$ at 600°C. 

Jamess £ 0,07$ at 20°C, £ 0*01$ at 600°C» 

Comparison of the Hanford and James /Ё СГ(Е)«-сигте showe a 
difference of в/о in the ratio of the peak cross~section to that at 
о0253 eV0 This gives rise to a difference of g-factors of »5# at 
20°C or У/о at 600°C„ This is a systematic error» Comparison with 
Adamohuk and Watanabe suggests that the Hanford measurements may be 
the better ones» 

Thus we would recommendt 
(a) The discrepancy between James end the other results receive 

further study, preferably further measurements should be made0 
(b) At temperatures below about 300°C, where the systematic error 

is in the order of magnitude of the statistical error, an "average" 
value could be recommended for use, with a weight of «75 given to 
Hanford and «25 to James» 

(c) At temperatures above about 300°C, where the systematic error is 
dominant, we feel we cannot recommend the use of an averaged value 
since the g-factors obtained by using James6 results differ too 
much from the others» 

Notes In im>swa-6l а 50$50 weighting was adopted? in fact, this 
makes little difference at or near room- temperatureо 
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Fission and Absorption g-Factors of ^^Рц 

H.D. Lemmel and C.H. Westcott 

Wuolear Data Unit} International Atomic Energy Agency, Vienna. 

\NT)S>klG~l$ ("Rev.) 

и /1 ̂  I A L: А 
v f e " Î'UCLFAR ПА.ТА U^ÎT 

MASTi-.n CUi'Y4 

The effective cross-section of a Maxwellian neutron spectrum can 
be given as the product of the cross-section at 0.0253 eV and the 
"g-factor". Fission and absorption g-factors of 2^Pu. are cal-
culated from various cross-Bection measurements and tabulated in 
the temperature range 0° to 2000°C. Some discrepanciea between 
different measurements are discussed. 



I. INTRODUCTION 
A 

The effective cross-section О (т) for neutrons having a pure 
Maxwellian distribution of energies n(E;T) for temperature T is 
given as the product of the cross-section at 0.0253 eV and the' 
so-called g-factor (Westcott, 1955)' ^ 

О (T) = 0 (O.0253 eV) . g (T) 

The g-factor is a function of temperature and can be calculated 
from the cross-section curve о (E) in the region of thermal 
energies. Especially for the fissile nuclides, the g-factors g -
for the fission cross-section and g for the absorption cross-section 
are of considerable importance for the physicsof thermal reactors. 

During the preparation of the survey on the 2200 m/sec neutron 
data for fissile nuclides (Westcott et al., 1964? Westcott et al.,, 
1965), a need for better values of the g-factora for 2^Ри } for both 
absorption and fission, was encountered. The earlier values cal-
culated in i960 and reprinted with corrections in 1962 (Westcott, 
i 9 6 0 ) , were based on the 1958 and i960 editions of BNL-325, and at 
that time no reliable measurements of tho total cross-section 0,p(E) ' 
were available; it was therefore assumed that the g-factors for 
absorption and fission were equal. 

Since new measurements have been made for the absorption cross-, 
sections (see section II A below), mora exact calculations based 
on these 19^4 measurements are now possible; preliminary results 
of this work -were reported to the Internationa] Nuclear Data 
'Scientific Working Group (INDSWG) meeting in September 19£>5. With 
the encouragement of this group these calculations have now been 
extended to higher temperatures and, in the case of the ITanford . 
measurements, modified after receiving more detailed information 
by private communication. 

II. ТЛЕ MEASUREMENTS 
For the calculation of '^Pu g-factors, the following measure-

ments were used, whilst some others vioi-d found to Ъе superseded 
with respect to their accuracy. 



t o t a l c r o s s - s e c t i o n : 

1 . O.D. Simpson and N.H. Marshal l ( 1 9 6 1 ) , and o t h e r гоГсгиш^а 

c i t e d in. t h i 3 p a p e r , d e s c r i b e a t i m e - o f - f l i f j h t measurei'iGnt 

011 an 8lv' e n r i c h e d sample u s i n g the 1-iTH f a s t chopper .iri 

the energy r a n g e s 0 . 0 1 5 t o О.46 arid 1 , 5 t o 2000 aV"„ ^ho 

d e t a i l e d t a b u l a t e d d a t a f o r t h e s e measurements ,vmvs oVtai'ie;; 

from 11)0-1 So79 ( u n p u b l i s h e d ) . 

2 . D . S . Cra ig and C.H. W e s t c o t t ( 1 9 6 4 ) , f o r t a b u l a t e d data 

s e e AÏÏCL—I94Q ( 1 9 ^ 4 ) , a t i m e - o f - f l i g h t t r a n s m i s s i o n 

measurement on an 80;i e n r i c h e d a am p i e u s i n g the "5UL-AECL 

f a s t chopper a t Chalk "River i n the e n e r g y ranges G.C25 tu 

0 , 8 and 1 3 . 8 t o 1000 eV. 

f i s s i o n c r o s s - s e c t i o n : 

3* Y.B. Adamchuk e t a l . ( 1 9 5 5 ) , t a b u l a t e d d a t a g i v e n by' 

P.A. E g e l s t a f f ( 1 9 5 7 ) , a t i m e - o f - f l i g h t measurement on 

an 0 8 . 5 $ e n r i c h e d sample u s i n g a mechanica l s e l e c t o r al. 

the USSR RTP r e a c t o r and an i o n i s a t i o n f i s s i o n chamber i n 

the e n e r g y range 0 . 0 1 t o 800 eV. 

<1. Hanford, 1 9 5 7 - 1 9 5 9 . Three measurements wero made xising 

the Hanford c r y s t a l s p e c t r o m e t e r and a gas i o n i z a t i o n 

f i s s i o n chamber. The f i r s t (Seppi e t a l . , 1957) was p e r -

formed i u the e n e r g y range 0 .025 t o 1 . 0 eV on a sample 

c o n t a i n i n g 1 9 . 2 4 $ Pu-241 . The two o t h e r measurements u s i n g 

a e n r i c h e d sample , covered the energy ranges 0 ,0025 

t o 0 .005 eV ( S e p p i e t a l . , 1958) and 0 . 1 t o 23 sV (Leonard 

and F r i e s e n h a h n , 1 9 5 9 ) . The t a b u l a t e d d a t a of the f i r s t 

and t h i r d measurements were r e c e i v e d b y p i ' i va te communication 

5 . O.D. James ( 1 9 6 4 ) , t a b u l a t e d d a t a by p r i v a be communicat ion, 

a t i m e - o f - f l i g h t measurement on samples e n r i c h e d to 95 

97$ Pu-241 , u s i n g the Harwel l e l e c t r o n l i n a c and a s u r f a c e 

b a r r i e r s e m i - c o n d u c t o r аз a f i s s i o n fragment d e t e c t o r i n 

t h e e n e r g y range О.ОО84 t o 3000 eV. 

6 . T. Watanaoe and 0 , D . Simpson ( 19-^4 ) , f o r t a b u l a t e d data 

s e e ID0-15995 ( 1 9 ô 4 ) , a t i m e - o f - f l i g h t measurement on on 

Go;"' enr i ched sample u s i n g tï.'O ;v:TR f a s t chopper and а gas 

s c i n t i l l a t i o n d e t e c t o r in fc!j>e ener,»;,y ran;;e ,0.02/) to 10<". ,o7. 
î ! . -
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I I I . ТПЗ PROCEDURE • ' 
i 

The g - f a c t o r s g ( T ) w e r e c a l c u l a t e d f r o m t h e c r o s s s e p t i o n 

CT(E) a c c o r d i n g t o 
i 

cr E 
7 E, 

е(т) - 7 — f — [ Ув-о(в) ' Ж e (2) 

w h e r e E q » 0 . 0 2 5 3 e V , E T = E Q T / T Q , TQ - 2 9 3 . 6 ° K . -

The e x p e r i m e n t a l c r o s s - s e c t i o n v a l u e s o f e a c h m e a s u r e m e n t 

w e r e f i t t e d t o 

> 1 

y i tf(B) - a n Q + a n l E + a ^ E 2
 + а ^ З + ^ + a ^ + R , ( E ) ( 3 ) 

! 

R(E ) i s a s i n g l e - l e v e l B r o i t — ' W i g n e r f o r m u l a ; • 1 

1 ' • • , 
, ( ! ) - r f a q * "•• M 

[T7ZJ 

w i t h r e s o n a n c e e n e r g y В = О . 2 5 6 e V w i d t h Г = 0 . 1 1 2 e V , a n d 

a m p l i t u d e h a s a f r e e p a r a m e t e r ; f o r t h e p o l y n o m i a l f i t , t h e 
1 

e n e r g y s c a l e w a s s p l i t u p i n t o a n u m b e r o f e n e r g y r a n g e s i n d i c a t e d t , , 

b y t h e s u b s c r i p t n i n e q u . (3), a n d t h e s i x p o l y n o m i a l c o e f f i c i e n t s / - a / . >) 

w e r e f i t t e d t o s i x r e p r e s e n t a t i v e c r o s s - s e c t i o n v a l u e s c h o s e n b y • > 

e y e . s e p a r a t e l y i n e a c h e n e r g y r a n g e . 
. ' : 

As t h e l o w e s t e n e r g y o f m o s t o f t h e m e a s u r e m e n t s w a s n e a r 1 

* ,t 1 1 ' 

0 . 0 2 e V , s p e c i a l c a r e w a s n e e d e d i n t h e e x t r a p o l a t i o n o f t h e m e a s u r e d - , "•! 

v a l u e s t o z e r o e n e r g y ( s e e f i g . l ) . To e s t i m a - t e . t h e i n f l u e n c e , o f t h e ' t ) 

e x t r a p o l a t i o n , g - f a c t o r s w e r e c a l c u l a t e d f o r l o w , m i d d l e a n d h i g h ] v < 1 , t e x t r a p o l a t i o n b u t o n l y m e a n v a l u e s a r e l i s t e d , i n t h e r e s u l t s ' ' ! 
r 1 ч 

( t a b l e s 1 a n d 2 ) . • , ' \ ] 
• ' ' , r 1 - ,1 

A c o n s t a n t s c a t t e r i n g c r o s s - s e c t i o n o f ff = 1 1 b a r n s w a s ' • . '1 s" 1 Л " 
a s s u m e d a n d s u b t r a c t e d f r o m t h e j t o t a l c r o s s - s e c t i o n f o r t h e c a l c u l a t i o n 
1 \ ' ' 1 K 

o f t h e a b s o r p t i o n g - f a c t o r g . 21 

IV. RESULTS AND DISCUSSION 
J ' : • •• 

F o r t h e f o l l o w i n g d i s c u s s i o n , i t i s u s e f u l t o d i s t i n g u i s h 1 • 
• • ' ' ' ' 1 ' 

t h r e e m a i n s o u r c e s o f e r r o r w h i c h , h o w e v e r , c a n b e i n t e r d e p e n d e n t : 1 

S ' ' I ' 
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( i ) d u e t o n o r m a l i z a t i o n . 

I f t h e n o r m a l i z a t i o n o f t h e e n t i r e c ( E ) - c u r v e i s i n c o r r e c t , 

t h i s d o e s n o t a f f e c t t h e c a l c u l a t i o n o f g - f a c t o r s , a s CT(E) i n t h e 

n u m e r a t o r a n d СУ(Eq) i n t h e d e n o m i n a t o r o f e q u . ( 2 ) a r e e q u a l l y 

a f f e c t e d . H o w e v e r , s t a t i s t i c a l f l u c t u a t i o n s a r o u n d t h e n o r m a l i z a t i o n 

p o i n t c a u s e a n u n c e r t a i n t y i n t h e n o r m a l i z a t i o n v a l u e w h i c h may 

i n c r e a s e o r d e c r e a s e t h e w h o l e g ( T ) - c u r v e b y a c o n s t a n t f a c t o r . 

( i i ) d u e t o e x t r a p o l a t i o n t o z e r o e n e r g y ( f i g , l ) . 

T h i s e r r o r c o u l d b e e s t i m a t e d b y u s i n g d i f f e r e n t e x t r a -

p o l a t i o n s f o r t h e c a l c u l a t i o n o f g - f a c t o r s ; i t s m a g n i t u d e d e c r e a s e s 

c o n s i d e r a b l y a t h i g h e r t e m p e r a t u r e s . The e r r o r s d u e t o e x t r a p o l a t i o n 

a n d n o r m a l i z a t i o n a r e n o t i n d e p e n d e n t b u t c a n b e d i s t i n g u i s h e d b y 

t h e i r d i f f e r e n t t e m p e r a t u r e d e p e n d e n c e . 

( i i i ) d u e t o t h e s h a p e o f t h e r e s o n a n c e . 

S t a t i s t i c a l e r r o r s i n t h e a ( E ) - c u r v e a r e e l i m i n a t e d b y t h e 

i n t e g r a t i o n o f e q u . ( 2 ) . H o w e v e r , a n y s y s t e m a t i c e r r o r r e s u l t i n g 

i n d i f f e r e n t p e a k - h e i g h t s o r p e a k s h a p e s o f t h e О . 2 5 6 e V r e s o n a n c e , 

may h a v e c o n s i d e r a b l e i n f l u e n c e on t h e g - f a c t o r s , w h i c h c a n o n l y 

b e e s t i m a t e d b y c o m p a r i s o n o f t h e g - f a c t o r s o f d i f f e r e n t m e a s u r e m e n t s . 

A . a b s o r p t i o n 

T a b l e 1 s h o w s t h e g - f a c t o r s r e s u l t i n g f r o m t h e a b s o r p t i o n c r o s s -

s e c t i o n m e a s u r e m e n t s o f S i m p s o n ( l 9 6 l ) a n d C r a i g ( 1 9 6 4 ) a t v a r i o u s 

t e m p e r a t u r e s . B o t h m e a s u r e m e n t s a g r e e q u i t e w e l l . The e s t i m a t e d 

s t a n d a r d e r r o r d u e t o n o r m a l i z a t i o n i s i n b o t h c a s e s - 0 . 3 $ . The 

e s t i m a t e d s t a n d a r d e r r o r d u e t o e x t r a p o l a t i o n i s i n b o t h c a s e s 

0 . 0 8 $ a t 2 0 ° C , 0 . 0 0 7 $ a t 6 0 0 ° C , 0 . 0 0 2 $ a t 2 0 0 0 ° C . The e r r o r d u e 

t o t h e r e s o n a n c e s h a p e i s - b y c o m p a r i s o n o f b o t h m e a s u r e m e n t s : 

± 0 . 0 2 $ a t 2 0 ° C , 1 . 3 $ a t 6 0 0 ° C , 1 . 5 $ a t 2 0 0 0 ° C . 

As t h e m e a s u r e m e n t o f C r a i g a p p e a r s a l i t t l e b e t t e r w i t h 

r e s p e c t t o r e s o l u t i o n a n d s t a t i s t i c s , we w o u l d r e c o m m e n d a w e i g h t e d 

a v e r a g i n g o f 6 0 $ C r a i g + 4 S i m p s o n . 

B . f i s s i o n 

A l t h o u g h t h e r e a r e more m e a s u r e m e n t s o n t h e f i s s i o n c r o s s - s e c t i o n 

t h a n o n t h e t o t a l c r o s s — s e c t i o n , t h e r e a r e , i n t h e c a s e o f f i s s i o n , 

s t i l l s o m e d i s c r e p a n c i e s i n t h e p e a k s h a p e o f t h e r e s o n a n c e n e a r 



O.tf̂ .j oV unci also in the shape of' the orouo-aootion curve in 
the thermal energy range, Table '?. alum о tho g-.faol.ora fox* Пип.Ion 
calculated from vai'iouf.i measurements, 

Tho measurement of Adnmchuk (1955) showed, after oubtraotion ' i 

of the ^Ireit-Winner fit, another poak at 0 ,303 eV, probably due 
to anothor isotope, This peak was subtracted and neglected,' and 
tho g-factors calculated from thin measurement; were used for corn-
par ison only. 

The Ifanford measurements wore performed with two samples of 
différant qualities with respect to the contamination ot' other 
isotopes. Both measurements agree qui. to well, except for somn O.io 
crepanciea in tho peak shape of the О.256 oV resonance which, 
however, have little influence on the g-factors, Table 2 shows 
the averaged g-facto.ro of both Hanford measurements, which agree 
almost completely in the temporaturo ranges 0-100°С and 100-<!>00°0 
and differ from their average by only - 0.001 in the range 100-
700°C and - 0.005 nt 1500°C. The ! fanford measurements have good 
statistics, but the accuracy is 1 united by higher order contamin-
ations in the neu tron beam generated by the crystal opentrorne ter. 
Tho resulting higher order peaks are moat evident when f.ho data 
are plotted after subtraction of tho Breit-Wigner fit (нее fig. 2) 
In the calculation of g-factors, a smoothed curve was used, whore 
the higher order peaks were cut off. However, the higher order 
contamination may still cause somo error because of a possible 
influence on the monitoring and normalization. 

The measurement of Jamee (19Ô4) extends to 0.008 eV, but bad 

statistics at this low energy still cause some uncertainty in the 

extrapolation to zero-energy. The peak shape of James does not 

agree with that of the Hanford measurement, so that there are con-

siderable discrepancies in the g-factors at higher temperatures. 

The measurement of ¥afcanabe (1.964) is apparently wrong in 

the energy region below 0,04 e7 (see fig. 2). Thus, an extra-

polation to zero energy and a determination of the normalization 

value at 0.0253 eV can only be done by comparuoon with one <•/,' 

the other measurements. 



Pig. 2 Illustrates the aoouraoy of tho fission croso-
seotion measurements In the energy range up to 0,3 eV. Plotted 
ia о/Я after subtraction of the Brelt-Wigner fit H(E) to the 
0,256 eV resonance. The uncertainties of the cross-sections give 
rise to the following estimated standard errors of the g-factors» 
(i) due to normalization: 

Adamohuck: £ Hanford: £ 0,1$, James: ~ 0.4$, 

Watanabe: uncertain. 

(li) due to extrapolation to zero-onergyt 

Adamchuk: ± 0.15$ at 20°C, £ 0.02$ at 600°C, 

. Hanford: £ 0,02$ at 20°C, negligible at higher temperatures, 

James: - 0,07 at 20°C, £ 0,01$ at 600°C, Watanabe: uncertain. 

(iii) due to the shape of the resonance: Comparison of the Hanford 

and Jamee "/Ë cr(E)-curve shows a difference of 7$ in the ratio of the 

peak cross-section to that at 0,0253 eV. This gives rise to a 

difference of g-factors of 1$ at 20°C, 5$ at 600°C, and 7.5$ at 

1500°C. This is a systematic error, and it ia difficult to decide 

which measurement is better. The Watanabe measurement confirms 

that of Hanford, whilst the .Adamchuk measurement tends to confirm 

that of James, at least after neglecting Adamchuk's spurious 

0,303 eV peak. However, the following arguments suggest that the 

Hanford measurement is the better one (compare fig. 2): 1. it extends 

to the lowest energy; 2, it has good statistics even at low energies; 

3, it allows the best fit to a single-level Breit-Wigner formula. 

Thus, we have listed in table 2 a weighted average of 75$ Hanford 

and 25$ James. Incidentally, this average agrees excellently with 

the g-factors calculated from Watanabe's measurement, which, of 

oourse, are somewhat arbitrary because of the doubtful low energy 

cross-section values. Regarding the error width due to normalization, 

the g-factors of James could be raised by a factor of 0.4$. This 

would yield agreement of Hanfo:fd and James in the temperature region 

below 300°C, and would increase the average values by about 0.001. 

It should be pointed out, however, that at temperatures above about 

300°C, where the systematic error is dominant, the use of an averaged 

value cannot be recommended siiAîe the g—factors from various measure-



- 7 -

mente differ too much. The discrepancy of the fission cross-
section in the range of the 0,256 eV resonance receives further 
study, preferably further measurements should be made. 

The authors are pleased to acknowledge the help of 
Mrs, P.M. Attree in programming this problem for the IBM 7040 
computer. 
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T 
(°C) 

оХГ-'PSOTv CRAM 60;' CRATG 
+40$ SII'iPSON 

est 1 iriatud 
standard 
error 

о 1 . 0 2 4 1 . 0 2 2 1 . 0 2 3 
2 0 1 . 0 3 2 1 . 0 2 9 1 . 0 3 0 О ••/ 
40 1 . 0 4 0 I .O38 I .O39 
60 1 . 0 5 0 1 . 0 4 7 1 . 0 4 8 
80 1 . 062 1 . 0 5 9 1 . 0 6 0 

100 1 . 0 7 5 1 . 0 7 1 1 . 0 7 3 (-v 0 — M 
120 1 . 0 8 9 1 .085 1 . 0 8 6 
140 1 . 1 0 5 1 . 1 0 1 1 . 1 0 3 
160 1 . 1 2 2 1 .117 1 . 1 1 9 
180 1 . 1 4 0 1 .135 1 . 1 3 7 
200 1 . 1 6 0 1 . 1 5 3 1 . 1 5 6 
220 1 . 1 8 0 1 . 1 7 3 1 . 1 7 6 
2 4 0 1 . 2 0 1 1 . 1 9 3 1 . 1 9 6 
260 1 . 2 2 3 1 . 2 1 4 1 . 2 1 8 
280 1 . 2 4 5 1 .236 1 . 2 4 0 
30 0 1 . 2 6 8 1 . 2 5 8 1 . 2 6 2 i o„ 4; ' 
320 1 . 2 9 0 1 . 2 8 0 I . 2 8 4 
340 1 . 3 1 4 1 .302 1 . 3 0 7 
ЗбО 1 . 3 3 7 1 .325 1 . 3 3 0 
38О 1 . 3 6 0 1 .347 1 . 3 5 2 
400 I . 3 8 3 1 .369 1 .375 
420 1 . 4 0 6 1 . 3 9 1 1 . 3 9 7 
440 1 . 4 2 8 1 . 4 1 3 1 . 4 1 9 
46О 1 . 4 5 0 1 .435 1 . 4 4 1 
480 1 . 4 7 2 1 . 4 5 6 1 . 4 6 2 
500 • 1 . 4 9 3 1 .477 1 . 4 8 3 
520 1 . 5 1 4 1 .497 1 . 5 0 4 
540 1 . 5 3 4 1 . 5 1 6 I . 5 2 3 
560 1 . 5 5 4 1 . 5 3 6 1 . 5 4 3 
S80 1 . 5 7 3 1 .554 1 . 5 6 2 
600 1 . 5 9 1 1 . 5 7 2 1 . 5 8 0 - 0. Tt 
650 1 . 6 3 5 1 . 6 1 4 1 . 6 2 2 
TOO 1 . 6 7 4 1 .652 1 . ûol 
750 1 . 7 0 9 1 .686 1 . 6 9 5 
800 1 . 7 4 0 1 .716 1 .725 

050 1 . 7 6 6 1 .742 1 . 7 5 2 
900 1 . 7 9 0 I . 7 6 5 1 . 7 7 5 
950 1 . 8 0 9 1 . 7 8 4 1 .794 

1000 I .O25 1 . ' >00 1 , 8 1 0 

1100 1 . 0 4 9 1 .82? 1 . 8 3 3 
1200 1,80*1 1 . 0 35 1 . 8 4 5 
1300 1.86s 1.Я-39 1 . 8 4 9 
1400 1 . 8 6 1 1 • ' jJ 1 . 8 4 6 
1500 1 . 8 5 2 1 .82 6 I . 8 3 6 — 0 * o; -i 
2000 1 . 7 4 9 1 .727 1 . 7 3 5 

Table Is The g-factor g S 
as function of 

(T) for the 2 4 1 

temperature T. 
Pu absorption cross-section 



T 
( ° c ) 

(Adam-
chuk) 

TIanf ord James (Wata-
nabe ) 

75$Hanford 
+250' James 

e s t i m a t e d 
s tandard 
e r r o r 

0 I .O38 1 . 0 3 7 1 . 0 2 7 I .O38 1 . 0 3 5 
2 0 I .O48 I.O46 I .O36 1 . 0 4 6 1 . 0 4 4 - 0 .4: ' 
40 I .O59 1 . 0 5 7 I .O45 1 . 0 5 6 1 . 0 5 4 
60 1. wi 1 . 0 6 9 I .O56 1 .067 1 . 0 6 6 
80 1 . 0 8 2 1 . 0 6 8 1 , 0 8 0 1 . 0 7 9 

100 - 1 . 0 9 7 1 . 0 8 1 1 . 0 9 3 1 . 0 9 3 + Г •'«' — U. О n 

120 1 . 1 1 2 1 . 1 1 2 1 . 0 9 5 1 . 1 0 8 1 . 1 0 8 
140 1 . 1 2 8 1 . 1 2 9 1 . 1 1 0 1 . 1 2 4 1 . 1 2 4 
160 1 . 1 4 4 1 .147 1 . 1 2 6 1 . 1 4 1 1 . 1 4 2 
180 1 . 1 6 1 1 . 1 6 6 1 . 1 4 3 1 . 1 5 9 1 . 1 6 0 
200 1 . 1 7 9 1 . Ю 5 1 . 1 6 0 1 . 1 7 8 1 . 1 7 9 
220 1 . 1 9 7 1 . 2 0 6 • 1 . 1 7 9 1 . 1 9 7 1 . 1 9 9 
240 1 . 2 1 6 1 . 2 2 7 1 . 1 9 7 1 . 2 1 7 1 . 2 2 0 
260 1 . 2 3 5 1 . 2 4 8 1 . 2 1 6 I . 2 3 8 1 . 2 4 0 
280 1 . 2 5 4 1 . 2 7 0 I . 2 3 6 1 . 2 5 9 1 . 2 6 2 t . 
300 1 . 2 7 4 1 . 2 9 2 I . 2 5 5 1 . 2 8 0 I . 2 8 3 - l.<i/J 

320 1 . 2 9 3 1 . 3 1 4 I . 2 7 5 1 . 3 0 2 1 . 3 0 4 
340 1 . 3 1 3 1 . З З 6 1 . 2 9 5 1 . 3 2 3 1 . 3 2 6 
36О 1 . 3 3 3 1 . 3 5 8 1 . 3 1 4 1 .345 1 . 3 4 7 
38О 1 . 3 5 2 1 . 3 8 0 1 . 3 3 4 1 . 3 6 6 1 . 3 6 9 
400 1 . 3 7 1 1 . 4 0 2 1 . 3 5 3 1 . 3 8 7 1 . 3 9 0 

420 1 . 3 9 0 1 . 4 2 4 1 . 3 7 2 1 . 4 0 8 1 . 4 1 1 
440 1 . 4 0 9 1 . 4 4 5 1 . 3 9 1 1 . 4 2 9 1 . 4 3 2 
460 1 . 4 2 7 I . 4 6 6 1 . 4 0 9 1 . 4 4 9 1 . 4 5 2 
480 1 . 4 4 4 1 .487 1 . 4 2 7 1 . 4 6 9 1 . 4 7 2 
500 1 . 4 6 2 1 . 5 0 7 1 . 4 4 4 1 . 4 8 8 1 . 4 9 1 
520 1 . 4 7 8 1 . 5 2 6 1 . 4 6 1 1 . 5 0 7 1 . 5 1 0 
540 1 . 4 9 5 1 . 5 4 5 1 . 4 7 7 1 . 5 2 5 1 . 5 2 8 
560 1 . 5 1 0 1 . 5 6 3 1 . 4 9 2 1 . 5 4 2 1 . 5 4 5 
580 1 . 5 2 6 1 . 5 8 0 1 . 5 0 7 1 . 5 5 9 1 . 5 6 2 
600 1 . 5 4 0 1 . 5 9 7 1 . 5 2 2 1 . 5 7 6 1 . 5 7 8 

А « 

( i 1 . 5 Я 
650 1 . 5 7 4 1 . 6 3 7 1 . 5 5 6 I . 6 1 4 1 . 6 1 7 
700 1 . 6 0 4 1 . 6 7 3 1 . 5 8 6 1 , 6 4 0 1 . 6 5 1 
750 1 . 6 3 1 1 . 7 0 4 1 . 6 1 2 1 . 6 7 8 1 . 6 8 1 
800 1 . 6 5 4 1 . 7 3 1 1 . 6 3 4 1 . 7 0 5 1 . 7 0 7 
850 1 . 6 7 4 1 . 7 5 5 1 . 6 5 4 1 . 7 2 8 1 . 7 3 0 
900 1 . 6 9 1 1 . 7 7 5 1 . 6 6 9 1 .747 1 . 7 4 9 
950 3 . 7 0 4 1 . 7 9 1 1 . 6 8 2 1 . 7 6 3 1 . 7 6 4 

1000 1 . 7 1 5 1 . 8 0 5 1 . 6 9 3 1 . 7 7 5 1 . 7 7 7 
1100 1 . 7 2 9 1 . 8 2 3 1 . 7 0 5 1 .792 1 . 7 9 4 
1200 1 . 7 3 5 1 . 8 3 1 1 . 7 0 9 1 . 8 0 0 1 . 8 0 1 
1300 1 . 7 3 3 1 . 8 3 1 1 . 7 0 6 1 . 7 9 9 1 . 8 0 0 
1400 1 . 7 2 5 1 . 8 2 5 1 . 6 9 7 1 .792 1 . 7 9 3 .i. .. 
1500 1 . 7 1 3 1 . 8 1 3 1 . 6 8 4 1 . 7 7 9 1 . 7 8 1 C- 3 /0 
2000 1 . 6 0 9 1 . 7 0 3 1 . 5 7 5 I . 6 6 9 1 . 6 7 1 

Table 2 s The g-f a c t o r ( ? ) f o r the " Pu f i s s i o n c r o s s - a e c fcion 

as f u n c t i o n of temperature ? . 




