
of 232~h Relative to 2 3 5 ~  from 0.7  to 30 MeV 

- . - _ ,J. W.  Magana , 
3 ,  

6. , J. C. ~rowne ' " "  - .  

'7- 8 < ,-""" 5- ' i,,, 

This is an informal report intended 
primarily for internal or limited 
external diqtribution. The opinions 
and condusions stated are those of 
the author and may or may not be 
those of the laboratory. 

Prepared for U.S. Energy Research & 
Development Administration under 

L 
i 



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. 



MEASUREMENT OF THE NEUTRON-INDUCED FISSION CROSS SECTION 

OF 232~h RELATIVE TO 2 3 5 ~  FROM 0.7 TO 30 MeV 

ABSTIZACT 

Continuing our fission cross-section ratio studies at Lawrence Livermore 

Laboratory, we have measured the 232~h/235~ fission cross-section ratio from 

0.7 to 30 MeV. Using the threshold method, we obtained a value of 0.1081 

+ 0.0022 for the average cross-section ratio in the interval from 1.75 to 
4.00 MeV. 

PRELIMINARY RESULTS 

We measured the fission cross section of 232~h relative to that of 235~, 

using ionization fission chambers at Lawrence Livermore Laboratory's 100-MeV 

.electron linear accelerator. The time-of-flight technique was used to measure 

the cross-section ratio as a function of neutron energy over the energy range 

from 1 keV to 30 MeV. Using the threshold we obtained a value of 

0.10811 0.0022 for the average cross-section ratio in the interval from 1.75 

to 4.00 MeV. We conducted the measurement at the 15.7-m time-of-flight 

station. 

Figures 1-3 show and Table 1 lists our preliminary data for the 232~h/ 

2 3 5 ~  ratio from 0.7 to 30 MeV. The. lines shown in Figs. 1 and 2 were obtained 

by using files of evaluated fission cross sections. 4 

Figure 3 shows the fission cross-section ratio in the energy range 0.6 

to 1.3 MeV. Below 0.7 MeV the cross-section ratio drops rapidly and the 

sensitivity of the present measurement limits us to the energy range above 

0.7 MeV. Gross structure resonances are observed near 750 keV and 950 keV. 

Verification that these structures are from the 232~h(n,f) cross section awaits 

further data analysis and a detailed isotopic analysis of the thorium sample. 

If the gross structures remain after these analyses are completed, a publica- 

tion is planned. 

The Cross Section Evaluation Working Group (CSEWG), responsible for the 

upcoming ENDFIB-V evaluations, requested this brief report. We plan a more 

complete and formal presentation of this measurement, 
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Neutron energy - MeV 

Fig. 1. Ratio of 2 3 2 ~ h  to 2 3 5 ~  fission cross sections in the energy range 
1 to 30 MeV. The line denotes the 2 3 2 ~ h / 2 3 5 ~  ratio obtained by using the 
ENDFIB-IV evaluated fission cross-section files. 



Neutron energy - MeV 

Fig. 2. Rat io of 235 ' 

2 3 2 ~ h  t o  U f i s s i o n  c ros s  s e c t i o n s  i n  t h e  energy range 
1 t o  10  MeV. The l i n e  denotes  t h e  2 3 2 ~ h / 2 3 5 ~  r a t i o  obta ined  by us ing  t h e  
ENDFIB-IV eva lua ted  f i s s i o n  c ros s - sec t ion  f i l e s .  



Neutron energy - MeV 

Fig.  3. Ra t io  of 2 3 2 ~ h  t o  2 3 5 ~  f i s s i o n  c ros s  s e c t i o n s  i n  t h e  energy range 
0.7 t o  1 .4  MeV. The s t a t i s t i c a l  e r r o r  b a r s ,  r e p r e s e n t i n g  one s t anda rd  
d e v i a t i o n ,  a r e  shown f o r  each po in t .  



Table 1. Fission cross-section ratio of 2 3 2 ~ h  to 2 3 5 ~ .  

Neutron 
energy 
(MeV) 

Statistical 
a 

uncertainty 
(%I 

Neutron 
energy 
(MeV) 

Statistical 
a 

uncertainty 
(%) . Ratio Ratio 



Table 1. (Continued). 

Neutron Statis ticala Neutron Statisticala 
energy uncertainty energy uncertainty 
(MeV) Ratio (2) (MeV) Ratio (%) 

- -  - -  - 7 - . -  - ... - .  

a This indicalles a counting' error expressed as one standard deviation. Total 
errors may be estimated by combining the normalization error of 2.0% and the 
estimated overall systematic error of 1% with the counting errors in the table. 
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