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ABSTRACT 

The de tec t ion  and q u a n t i t a t i v e  determination of t h e  
presence of hydrogen is of prime concern t o  t h e  cap tu re  
gamma-ray experiment. 
ref lector  has i n t e r f e r e d  w i t h  t h i s  measurement, due t o  t h e  
de t ec t ion  of hydrogen capture  gamma rays  produced i n  t h e  

The use of t he  hydrogenous neutron 

r e f l e c t o r .  During t h i s  repor t ing  period, a s tudy w a s  begun 
t o  determine how t h e  detect ion of hydrogen could be  
accomplished without f o r f e i t i n g  t h e  use  of a n e u t r m  r e f l e c t o r .  
Resul t s  i n d i c a t e  that* t h i s  can be done'successfully i f  t h e  
c r y s t a l  i s  sh ie lded  from the gamma rays  produced i n  t h e  neutron 
r e f l e c t o r  

IIT Research I n s t i t u t e  has been assigned t h e  t a s k  of 
designing and f a b r i c a t i n g  t h e  de t ec to r  probe t h a t  w i l l  be  used 
i n  t h e  formal demonstration o f  t h e  combined neutron experiment. 
To accomplish t h i s  task, it is necessary t o  select  a s u i t a b l e  
material and shape f o r  t h e  f a s t  neutron s h i e l d ,  t o  determine 
t h e  neutron r e f l e c t o r  thickness necessary t o  ob ta in  good 
q u a l i t y  capture  gamma-ray spectra ,  t o  determine t h e  effect  
o f  a neutron r e f l e c t o r  on the i n e l a s t i c  spectrum, and t o  decide 
whether sh i e ld ing  w i l l  be necessary t o  e l imina te  electromagnetic 
i n t e r f e rences .  

molybdenum w a s  chosen as a good compromise material f o r  t h e  fast  
neutron shadow sh ie ld .  
i n e l a s t i c ,  and c y c l i c  ac t iva t ion  s p e c t r a  are e s s e n t i a l l y  
independent of t h e  shadow sh ie ld  material i f  reasonable  materials 
are used. Experimental d a t a  a l s o  i n d i c a t e  t h a t  t h e  neutron 
r e f l e c t o r  has no apparent e f f e c t  on t h e  i n e l a s t i c  spectrum. 
The thickness  of t h e  neutron r e f l e c t o r  t o  be used has no t  y e t  
been determined. While more experimentation wi th  d i f f e r e n t  
samples w i l l  be  necessary before t h e  thickness  dec is ion  can 

- 

On t h e  b a s i s  of c ros s  sec t ion  and o ther  cons idera t ions  

Experiments i n d i c a t e  t h a t  t h e  capture ,  
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be made, it would appear t h a t  a t h i  8 cm 
will be necessary.  
t h e r e f o r e  been designed t o  accommodate both a 4-cm- and an 
8-cm-thick neutron r e f l e c t o r .  
w a s  designed t o  s h i e l d  t h e  crystal from f a s t  neutrons and from 
g a m a  rays  o r i g i n a t i n g  i n  the  r e f l e c t o r  and i n  t h e  neutron 
genera tor  i t s e l f ,  

e lectromagnet ic  sh i e ld ing  mater ia l  around t h e  neutron genera tor ,  
photomul t ip l ie r  tube,  and preamplif ier  w i l l  be necessary t o  
e l imina te  electromagnetic i n t e r f e rences  produced by t h e  vol tage  
m u l t i p l i e r  i n  t h e  generator  . 

The bas i c  geometry o f  t he  probe has 

The shape of t h e  shadow s h i e l d  

Experiments a l s o  ind ica t e  t h a t  t h e  placement of 
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I. DETECTION OF HYDROGEN 

The use  of a hydrogenous neutron r e f l e c t o r  has been 
shown t o  i n t e r f e r e  wi th  t h e  de tec t ion  of hydrogen i n  t h e  
sample. Since t h i s  i n t e r f e rence  i s  a s e r i o u s  concern, a s tudy 
w a s  begun during t h i s  repor t ing  per iod t o  determine how t h e  
de t ec t ion  of hydrogen using capture  gamma rays  can be 
accomplished without f o r f e i t i n g  t h e  use  of a neutron r e f l e c t o r .  

Figure 1 shows t h e  capture gama-ray spectrum from 
b a s a l t  obtained during t h e  sampling per iod 20 t o  254 psec 
after t h e  neutron bu r s t .  The pulse  r a t e  w a s  530 pps, t h e  
neutron output  w a s  4150 + 540 neutrons per  pulse,* and a 
4-cm-thick polyethylene r e f l e c t o r  w a s  l oca t ed  above t h e  t a r g e t .  
Figure 2 shows t h e  capture  gamma-ray spectrum from b a s a l t  obtained 
under t h e  same condi t ions as f o r  Figure 1 wi th  t h e  exceptions 
t h a t  the neutron output w a s  4740 + 610 neutrons per pu lse  and 
t h a t  no reflector w a s  used. 

hydrogen i n  t h e  b a s a l t  sample, s i n c e  no r e f l e c t o r  w a s  used. 
A comparison (after normalization t o  a common thermal neutron 
f l u x  by means of t h e  number o f  counts i n  t h e  7.6-MeV Fe(n,y) 
peaks) of  t h e  2.22-MeV H(n,y) peaks i n  Figures 1 and 2 i nd ica t e s  
t h a t  approximately 50 percent of t he  counts i n  t h e  H(n,y) peak 
i n  F igure  1 are due t o  t h e  r e f l e c t o r ,  t h e  remainder coming 
from the b a s a l t  sample. 

basalt  obtained under t h e  same condi t ions as f o r  Figure 1 wi th  
t h e  exceptions t h a t  t h e  neutron output  w a s  3920 + 520 neutrons 
per pu lse  and t h a t  a 4-in.-thick lead  s h i e l d  w a s  loca ted  between 
t h e  c r y s t a l  and t h e  polyethylene neutron r e f l e c t o r .  The purpose 
o f  t h e  l ead  s h i e l d  w a s  t o  prevent hydrogen capture  gamma rays  
o r i g i n a t i n g  i n  t h e  r e f l e c t o r  from reaching t h e  c r y s t a l  (4-in. of 

- 

- 
I n  Figure 2 t h e  2.22-MeV H(n,y) peak i s  due s o l e l y  t o  

Figure 3 shows t h e  capture  gamma-ray spectrum from 

- 

*See Appendix A f o r  a descr ip t ion  of t he  present  neutron 
monitoring sys t em. 
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l e a d  a t t e n u a t e s  t h e  2.22-MeV hydrogen cap tu re  gamma rays  by 
about  a f a c t o r  of  200) .  I n  Figure 3,  t h e  number of counts 
i n  t h e  2.22-MeV H(n,y) peak has  indeed been reduced t o  about 
t h e  number occurr ing i n  t h e  spectrum obtained using no neutron 
r e f l e c t o r  (Figure 2 ) .  

t h e  de t ec t ion  of  hydrogen can be accomplished using cap tu re  
gamma rays  w i t h o u t f o r f e i t i n g  t h e  u s e  o f  a neutron r e f l e c t o r  
i f  t h e  c r y s t a l  is sh ie lded  from t h e  gamma rays  produced i n  
t h e  r e f l e c t o r .  Aside from t h e  b e n e f i c i a l  effect  of e l imina t ing  
t h e  counts due t o  gamma rays  produced i n  t h e  r e f l e c t o r ,  t h i s  
s h i e l d  appears t o  have no e f f e c t  on t h e  cap tu re  gamma-ray 
spectrum, 

The r e s u l t s  of  t h e  above measurements i n d i c a t e  t h a t  

I I T  R E S E A R C H  I N S T I T U T E  
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11. DEVELOPMENT OF A PROBE 

I I T  Research I n s t i t u t e  has been assigned the  t a s k  of 
designing and f a b r i c a t i n g  t h e  probe t o  be used wi th  t h e  neutron 
genera tor  b u i l t  by the  SANDIA C0rp.J To accomplish t h i s  t a s k ,  
decis ions had t o  be made concerning var ious  experimental 
parameters. These included choosing a s u i t a b l e  material and 
shape f o r  t h e  fast -neutron shadow s h i e l d ,  s e l e c t i n g  t h e  
th ickness  of t h e  L i  thermal neutron s h i e l d ,  determining the  
r e f l e c t o r  thickness  necessary t o  ob ta in  good capture  gamma-ray 
spec t r a ,  and determining whether sh i e ld ing  would be necessary 
t o  e l  iminat e e l  ectromagnetic i n t e r f e rence  . 

6 

Se lec t ion  of t h e  Fast-Neutron Shadow Shie ld  Material 

The first screening of poss ib l e  s h i e l d  m a t e r i a l s  w a s  
based on the  fast-neutron-removal c ros s  s e c t i o n  which is  
approximately independent of  energy over t h e  range of  0.1 
t o  14 MeV. Figure 4 shows the  macroscopic-removal c ros s  s e c t i o n  
(C,) as a func t ion  of atomic number f o r  a l l  elements. 
shows t h e  same data a f t e r  dividing by the  dens i ty  t o  convert  
t o  a mass absorpt ion c o e f f i c i e n t  (pr). For a minimum leng th  
s h i e l d ,  t h e  value Cr should be la rge .  
s h i e l d ,  t h e  value of pr should be l a rge .  

m a t e r i a l s  were s e l e c t e d  with a l a r g e  va lue  f o r  t he  product 

- 3  prCr 
of  prCr = 2 x 10 , 2.5 x loo3 ,  and 3 x 
genera l  t r end  of  t h e  p Cr product. 
va lue  c1. C = 2 . 3  x 10 -5 were r e t a i n e d  f o r  f u r t h e r  evaluat ion.  
This cu to f f  value of prCr w a s  chosen so  t h a t  most  of t h e  common 
s h i e l d i n g  materials would be  included ( lead ,  however, with 
pCr = 1 - 2  x 
i s  given i n  Table 1. 

Figure 5 

For a minimum weight 

A s  a compromise between weight and l eng th  cons idera t ions ,  

Contour l i n e s  are  drawn on Figure 4 f o r  f ixed  values 
t o  i n d i c a t e  t h e  

All m a t e r i a l s  above t h e  

r r  

is  excluded). This i n i t i a l  l i s t  of elements 

I I T  R E S E A R C H  I N S T I T U T E  

6 



0 
0 

0 

0 
O0 

0 
0 
0 

OO 
O O  

0 ao 
0 

0 

0 

0 

0 

O O  

0 

0 

0 

7 

0 
d, 

0 
QD 

0 
b 

0 
(P 

N 

o w  

P 
3 
2 

00 

0 
l- 

a 
a m  

* %  
a 

0 m 

0 
6J 

0 - 

0 
0 



0 
0 

0 

8 
3 4 
0 

0 

0 

8 
8 

0 

0 

0 
CI 

0 
0 

8 



I .  
t 
I 
I 
I 
I 
8 
I 
I 
I 
8 
I 
I 
I 
8 
I 
8 
I 
1 

n 
0 

- 0  
m o  
m o  
u \ o  

rl 

o m  

w 

al 
rl a 
E -  a m  
rnm 
c 
c, 
*rl 
3 
al 
0 

k 
al 
w 
k 
a, 
U 

U 

5 

n E n 
0 
0 
N 

N 
n 

W 

rn 
Ln 
m 
m 
U 

n 
0 
0 
0 

N 
m 

W 

n n  
0 0  
0 0  
d a  
N d  
. ~ n  

w w  

n h  
0 0  
0 0  
4 r l  

m N  
f i n  

w w  

n 
m a 
m 
U 

U 

5 c  
E O  a k  
4 0  
w F 9  

N 

lf 

E 
P 
k a u 

Q 

m 

5 
.rl 
rn 
r/l 
cd 
U 
0 
P.l 

d 
m 
. 

U 
rl 
cd 

u Po 

N 

m 

rl 
a, 

.d 

.”u 
z 

rl 

m 

k a a a 
0 
V 

rl 

m 
e 

E 
k 
H 

b 

N 

5 

s 
.rl 
m a 
C 

a 
N 

0 

5 
.d 
E 

d 
N 

0 

5 
5 
-4 

c 
d 

rn 
Q) 
3 
d a > 

0 ... 

9 



I .  
I 
8 
1 
8 
I 
8 
I 
t 
I 
8 
1 
1 
1 
I 
I 
I 
I 
1 

A t  t h i s  po in t ,  elements l i k e l y  t o  be abundant i n  a 
luna r  sample o r  which would r equ i r e  an excessively long s h i e l d  
w e r e  a l s o  excluded. These included i r o n ,  aluminum, Lithium, 
and carbon. 

of  t h e  elements remaining i n  Table 1. These were (1) fas t -neut ron  
a c t i v a t i o n ,  (2) thermal neutron a c t i v a t i o n ,  (3) thermal neutron 
cap tu re  gamma-ray production, and (4)  gamma-ray absorpt ion 
a t  2 MeV. 

i n  Table 1 by published estimates of t h e  minimum de tec t ab le  
m a s s  when t h e  i n t e r a c t i o n  i s  used f o r  elemental ana lys i s .  
Values f o r  t h e  thermal neutron macroscopic absorp t ion  c ross  
s e c t i o n  (Za) and gamma ray  macroscopic c ros s  s e c t i o n  (pp ) Y 
a r e  a l s o  given i n  Table 1. 
a r e  enclosed i n  parentheses  and poor values  a r e  i n  square 
b racke t s  . 
has gene ra l ly  exce l l en t  c h a r a c t e r i s t i c s  except f o r  a somewhat 
l a r g e  cap tu re  gamma production r a t e .  
good but  is  no t  gene ra l ly  ava i lab le .  Zinc and molybdenum a l s o  
a r e  a t t r a c t i v e .  However, other t abu la t ions  of  elemental  
s e n s i t i v i t y  using fast-neutron a c t i v a t i o n  ind ica t ed  a g r e a t e r  
s e n s i t i v i t y  f o r  z inc  than t h e  t a b u l a t i o n  reproduced here.  
Zinc w a s  t h e r e f o r e  excluded. (Tungsten w a s  e l iminated because 
i t  has a high thermal neutron a c t i v a t i o n  c ros s  sec t ion . )  
Molybdenum w a s  f i n a l l y  chosen over n i cke l  as a compromise 
material t o  avoid l a r g e  rates f o r  any of t h e  i n t e r a c t i o n s  
which could i n t e r f e r e  wi th  experimental measurements 

shadow s h i e l d  on t h e  observed spec t r a ,  cap ture ,  i n e l a s t i c ,  and 
c y c l i c  a c t i v a t i o n  s p e c t r a  were obtained from t h e  l a r g e  b a s a l t  
sample using four  d i f f e r e n t  shadow s h i e l d s :  a 6 in.-long 

+ M; (?) 

Four o the r  c h a r a c t e r i s t i c s  were then examined f o r  each 

The s e n s i t i v i t y  t o  t h e  f i r s t  two i n t e r a c t i o n s  i s  ind ica ted  

Favorable values  (low Za, high pp,) 

N o  one m a t e r i a l  w a s  found t o  be idea l .  A n icke l  s h i e l d  

Ruthenium a l s o  looks 

I n  order  t o  determine the  e f f e c t  o f  t h e  fas t -neut ron  

I I T  R E S E A R C H  I N S T I T U T E  
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t runcated tungsten cone, a 6-in.-long t runcated copper cone, 
a 7-in. -long copper cy l inder ,  and a 7-in.-long molybdenum 
cyl inder .  Figures  6 through 9 show t h e  capture  and c y c l i c  
a c t i v a t i o n  s p e c t r a  obtained using t h e  four  shadow sh ie lds .  
The condi t ions (including source- t o - c r y s t a l  d i s tance)  under 
which these  s p e c t r a  were obtained were i d e n t i c a l  except f o r  
s m a l l  d i f f e rences  i n  t h e  neutron output.  Figures  10 through 23 
show t h e  i n e l a s t i c  s p e c t r a  obtained using t h e  four shadow 
sh ie lds .  

o f  t h e  capture ,  i n e l a s t i c ,  and c y c l i c  a c t i v a t i o n  are n o t  
a f f e c t e d  by t h e  d i f f e r e n t  shadow s h i e l d s .  However, t h e  0.51-MeV 
a n n i h i l a t i o n  peak is smaller f o r  tungsten o r  molybdenum shadow 
s h i e l d s  than it  is when a copper shadow s h i e l d  i s  used. 
a l s o  show t h a t  t h e  i n t e n s i t i e s o f  t h e  peaks are g r e a t e r  f o r  a 
t runca ted  cone than f o r  a c y l i n d i r c a l  shadow sh ie ld .  
i s  probably caused by t h e  c y l i n d r i c a l  shape sh ie ld ing  p a r t  of 
t h e  sample between t h e  target and t h e  c r y s t a l  from t h e  neutrons,  
and thus moving t h e  a c t i v e  volume f a r t h e r  from t h e  c r y s t a l .  

Figures 6 through 13 ind ica t e  t h a t  t h e  s p e c t r a l  shapes 

They 

This 

Ref lec tor  Thickness 

In  order  t o  determine what r e f l e c t o r  thickness  i s  
necessary t o  ob ta in  good qua l i ty  cap tu re  gamma-ray spec t ra ,  t h e  
i r o n  capture  gamma-ray peaks i n  Figures 1 (no r e f l e c t o r ) ,  
2 (4-cm-thick polyethylene r e f l e c t o r )  , and 9 (8-cm-thick 
polyethylene r e f l e c t o r )  were analyzed. However, t h e  l a r g e  
u n c e r t a i n t i e s  due t o  t h e  crude methods o f  ana lys i s  p re sen t ly  
being used (no s u i t a b l e  computer program f o r  da t a  ana lys i s  
i s  p resen t ly  ava i l ab le )  permit only a q u a l i t a t i v e  ana lys i s  
Q u a l i t a t i v e  r e s u l t s  i n d i c a t e  t h a t ,  al though a reasonable  capture  
gamma-ray spectrum can be  obtained from basalt without a neutron 
r e f l e c t o r  (Figure l), t h e  use of a r e f l e c t o r  increases  t h e  
i n t e n s i t i e s  of t h e  capture  gamma-ray peaks and thus  increases  
t h e  q u a l i t y  o f  t h e  spectrum. 
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Since t h e  capture  gamma-ray spectrum from b a s a l t  e x h i b i t s  
r a t h e r  i n t ense  high-energy peaks (e.g. ,  peaks from i ron ,  
t i tanium, and calcium), fur ther  experiments w i l l  be necessary 
t o  determine how t h e  r e f l e c t o r  thickness  a f f e c t s  t h e  capture  
gamma-ray spec t r a  from g r a n i t e  (which contains  less i r o n ,  
t i t an ium,  and calcium) and from duni te  (which contains  less 
t i t an ium and calcium but  more magnesium) . 
w i l l  have t o  be performed before  a f i n a l  decis ion can be made 
regarding t h e  neutron r e f l e c t o r  thickness  t o  be used i n  t h e  
probe. However, i t  i s  expected t h a t  t h e  f i n a l  th ickness  w i l l  
be  between 4 and 8 cm. 

I n  order  t o  determine what e f f e c t  t h e  r e f l e c t o r  has on 
t h e  i n e l a s t i c  spectrum from b a s a l t ,  i n e l a s t i c  s p e c t r a  were 
obtained without a r e f l e c t o r  using t h e  6-in. - t runcated con ica l  
copper shadow s h i e l d  (Figure 14) and t h e  7- in . -cy l indr ica l  
copper shadow s h i e l d  (Figure 15). These spectra were obtained 
under t h e  same condi t ions as those of Figures 11 and 1 2  except 

f o r  s m a l l  d i f f e rences  i n  the neutron outputs  . Comparisons 
of Figures  11 and 14 and o f  Figures 12 and 15 i n d i c a t e  t h a t  t h e  
use  of  an 8-cm-thick polyethylene r e f l e c t o r  does n o t  a f f e c t  
t h e  i n e l a s t i c  spectrum. 

These experiments 

Magnetic and E l e c t r o s t a t i c  Shielding 

It w a s  found t h a t  t h e  vol tage  m u l t i p l i e r  i n  t h e  SANDIA 
neutron generator  produces electromagnetic i n t e r f e r e n c e  which 
degrades t h e  s p e c t r a l  d a t a .  Shie ld ing  of t h e  genera tor ,  t h e  
c r y s t a l  p reampl i f ie r ,  and the photomult ipl ier  tube wi th  
electromagnetic sh i e ld ing  material w a s  found t o  e l imina te  t h i s  
i n t e r f e rence .  It w a s  decided t h a t , r i n  t h e  probe, t h e  phota- 
m u l t i p l i e r  tube,  t h e  preamplif ier ,  and t h e  neutron generator  I would a l l  have t o  be shielded wi th  electromagnetic sh i e ld ing  
material e 
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General Probe Configuration 

Since t h e  thickness  of t h e  hydrogenous neutron r e f l e c t o r  
material t o  be used is  s t i l l  uncertain,  t h e  bas i c  geometry 
of t h e  probe w a s  designed t o  accommodate both a 4-cm- and an 
8-cm-thick polyethylene r e f l ec to r .  A genera l  view of t h e  probe 
wi th  no r e f l e c t o r  is shown i n  Figure 16. A view wi th  t h e  8-cm-  
r e f l e c t o r  i n  place is  shown i n  Figure 17 .  

The d i rec t  s h i e l d  interposes  6.5 in .  of molybdenum 
between t h e  neutron source and t h e  c r y s t a l .  This provides t h e  
same t o t a l  neutron removal cross sec t ion  as 6 in.  of copper. 
A c y l i n d r i c a l  shape is used for  t h e  back 4.5-in. por t ion  of 
t h e  d i r e c t  s h i e l d  t o  absorb t h e  hydrogen capture  gamma rays 
produced i n  t h e  l u c i t e  and o i l  contained i n  t h e  neutron generator .  
For 2-MeV gammas, t h e  transmission of  4.5 in .  o f  molybdenum i s  
less than 1 percent  o r  about t h e  same as t h a t  of 3.25 in .  
o f  lead .  

surface.  This dimension is determined by t h e  o v e r a l l  s i z e  of 
t h e  sh ie lded  NaI c r y s t a l  which r e s t s  almost on t h e  sample 
sur face .  The d i s t ance  from t h e  neutron source t o  t h e  cen te r  
of  t h e  c r y s t a l  is  11 1/4 in .  

t abu la t ed  i n  Table 2 f o r  each of t h e  t h r e e  probe conf igura t ions ,  
The e s t i m a t e d  t o t a l  weight va r i e s  from 50 t o  92 pounds, 
depending on t h e  r e f l e c t o r  thickness.  

The c e n t e r l i n e  o f  t h e  probe is  2 5/8  in .  from the  sample 

Estimates f o r  t h e  weight of t h e  var ious components are 
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111. SUMMARY AND CONCLUSIONS 

During t h i s  r epor t ing  period t h e  design of  t h e  de t ec to r  
probe w a s  completed. Since experimental r e s u l t s  ind ica ted  t h a t  
t h e  measurement of hydrogen can be accomplished i f  t h e  c r y s t a l  
i s  shielded from the  gamma rays  produced i n  t h e  neutron 
r e f l e c t o r ,  t h e  shape of t h e  shadow s h i e l d  w a s  designed t o  s h i e l d  
t h e  c r y s t a l  from f a s t  neutrons and from gamma rays  o r i g i n a t i n g  
i n  t h e  r e f l e c t o r  and i n  t h e  neutron genera tor .  Also, s i n c e  
t h e  experimental  r e s u l t s  obtained by taking t h e  capture  gamma-ray 
spectrum of b a s a l t  f o r  varying neutron r e f l e c t o r  thicknesses  
were inconclusive,  t h e  b a s i c  geometry of t h e  probe was designed 
t o  accommodate both a 4-cm- and an 8-cm-thick neutron r e f l e c t o r .  
Further  experiments w i l l  be undertaken during t h e  next r epor t ing  
per iod  t o  e s t a b l i s h  t h e  necessary neutron r e f l e c t o r  thickness.  

A sample of  crushed o l i v i n e  i s  present ly  being obtained 
from t h e  Northwest Olivine Company, S e a t t l e ,  Washington. Capture 
gama-ray and c y c l i c  ac t iva t ion  analyses  w i l l  be  performed on 
t h i s  sample during t h e  next  repor t ing  period, 

used t o  ob ta in  capture  gamma-ray, i n e l a s t i c ,  and c y c l i c  
a c t i v a t i o n  spec t r a  of  t he  various samples ( b a s a l t ,  g r a n i t e ,  
and duni te) .  

In  add i t ion ,  t h e  probe w i l l  be f ab r i ca t ed  and w i l l  be 

I I T  R E S E A R C H  I N S T I T U T E  

27 



. 

APPENDIX A 

NEUTRON MONITORING 

Previously (see Repor t  No. IITRI-A6155-5), t h e  1 4 - M e V  
neutron output of t h e  Van de Graaff generator  w a s  monitored 
by a BF3 counter posi t ioned under  t h e  l a r g e  sample container .  
Neutron output  measurements were performed using copper 
a c t i v a t i o n  f o i l s  t o  obta in  the 1 4 - M e V  neutron output  pe r  BF3 
count,  enabling a BF3 count r a t e  t o  be r e l a t e d  d i r e c t l y  t o  
14-MeV neutron output.  This i n d i r e c t  method of monitoring t h e  
14-MeV neutron output  had t h e  disadvantages t h a t ,  f o r  a given 
1 4 - M e V  neutron output ,  t h e  BF3 count ra te  w a s  s e n s i t i v e  t o  the  
sample material and t o  t h e  amount o f  r e f l e c t o r  ma te r i a l  used. 

monitoring system employing a p l a s t i c  s c i n t i l l a t o r  and a Teflon 
sample* placed near  t h e  t a rge t  (neutron source) w a s  devised. 
The p l a s t i c  s c i n t i l l a t o r  output passes through a d iscr imina tor  
which is set  (using a Pu-Be neutron source) t o  pas s  only counts 
from neutrons whose energies  a r e  g r e a t e r  than about 9 MeV. 
The F18 a c t i v i t y  i n  the  Teflon produced by t h e  F1’ (n,Zn)F 18 

r e a c t i o n  (Q = -10.4 MeV) is gross-counted a f te r  a run by a 
wel l -c rys ta l .  
were c a l i b r a t e d  using copper a c t i v a t i o n  f o i l s  so  t h a t  a 
s c i n t i l l a t o r  count r a t e  and a Teflon count r a t e  can be re la ted 
d i r e c t l y  t o  14-MeV neutron output. Since these  two methods a r e  
s e n s i t i v e  only t o  high-energy neutrons,  they a r e  independent 
of sample material and r e f l e c t o r  thickness.  

s e t u p  of  t h e  capture  gamma-ray runs t o  monitor t h e  neutrons 
produced between pulses.  
genera tor  is  puls ing co r rec t ly  and not  producing apprec iab le  
dark cu r ren t  (neutronsbetween pulses) .  

Because of t h e  disadvantages of t he  BF monitor, a neutron 
3 

Both t h e  p l a s t i c  s c i n t i l l a t o r  and t h e  Teflon 

The p l a s t i c  s c i n t i l l a t o r  is  a l s o  being used during the  

This i s  done t o  ensure that t h e  neutron 

JCSuggested by W. R. M i l l s ,  Mobil O i l  Corporation. 
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