
ARMOUR RESEARCH FOUNDATION 
of

I ll in o is  In s titu te  of T echno logy  
Technology C e n te r  

C hicago 16, I ll in o is

ARF 1192-3

(Q u a rte r ly  R ep o rt No. 1)

A STUDY OF THE FEA SIBILITY  O F USING SCINTILLATING FIB E R S FOR

LOW ENERGY B ETA  COUNTING

C o n tra c t No. A T ( l l - l ) - 5 7 8  
P ro je c t  A g re em en t N o. 10

to

U. S. A tom ic E n e rg y  C o m m issio n  
C hicago  O p e ra tio n s  O ffice 
9800 South C ass  A venue 
A rgonne, I llin o is

A t:n : F re d  C . M a ttm u e ile r , D ire c to r  
R e se a rc h  C o n tra c ts  D ivision

(C overing  th e  P e r io d  fro m  June 15, 1961 to S e p te m b e r 14, 1961)

Ja n u a ry  5, 1962

A R M O U R  R E S E A R C H  F O U N D A T I O N  O F  I L L I N O I S  I N S T I T U T E  O F  T E C H N O L O G Y



A STUDY QF THE FEASIBILITY Q F USING SCINTILLATING F IB E R S  FOR
LOW ENERGY B ETA  COUNTING

I . INTRODUCTION

N um erous liqu id  sc in t i l la t io n  c o u n te r s  and counting te c h n iq u e s  a re  

d e s c r ib e d  in pa ten t and  p e r io d ic a l  l i t e r a t u r e .  T h e re  a r e  a n u m b e r  of d e ­

s i r a b l e  advan tages  in liqu id  sc in t i l la t io n  c o u n te r s ,  i . e .  , high sensitiv ity , 

sp eed , and the p o s s ib i l i ty  of eas i ly  doing dual t r a c e r  e x p e r im e n t s .  How­

e v e r ,  it is  pointed ou t by p a p e r s  w r i t te n  on the sub jec t and o t h e r s  in the 

f ie ld  that the m a jo r  d iff icu lty  in liquid coun ting  fo r  many a p p l ic a t io n s  is 

th e  n e c e s s i ty  fo r  s p e c ia l  sam ple  p r e p a r a t io n .  This r e s u l t s  f r o m  the 

n e c e s s i ty  to d is so lv e  o r  suspend the s a m p le  in a sc in t i l la t in g  so lu tion  

m a in ta in in g  r e a s o n a b le  op tica l  p r o p e r t i e s  and without "q u en ch in g "  the 

s c in t i l l a to r .  C h e m ic a l  m an ipu la tions  a s  so lu tio n s  to th is  p r o b le m  a re  

o f ten  t im e  co n su m in g  and  expensive . A d e te c to r  sy s te m  with the  ad v an ­

ta g e s  of a  liquid  co u r . t^ r ,  but without the  s e v e r e  r e q u i r e m e n ts  on  sam ple  

p re p a ra t io n s ,  h a s  b e e n  d ev ised  and is th e  b a s i s  of the p r e s e n t  e x p e r i ­

m e n ta l  invest iga tion , 

i i .  TECHNICAL DISCUSSION

In th is  study v/e a r e  c o n ce rn ed  w ith  th e  sen s i t iv i ty  o f  th e  f ib e r  s c in t i l ­

la t io n  c o u n te r .  In o r d e r  to d e te rm in e  th i s  we m ust know w h a t f a c to r s  

l im i t  the s m a l le s t  p u ls e  which we can d e te c t .  The l im ita t io n  on the 

counting  of sm a l l  p u ls e s  is  im posed  by the  p re s e n c e  of b a c k g ro u n d  p u lses  

a r i s i n g  in the s c in : i l la t io n  co u n te r  3 y s te m .  We found th a t  th e  m o s t  

t ro u b le s o m e  b a c k g ro u n d  is  f ro m  the p h o to m u lt ip l ie r  tube  i t s e l f .
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We have exam ined a n u m b e r o f p h o to m u lt ip lie r  tubes fo r  lo w  n o is e . 

The p ro c e d u re  was to  sea l the  in d iv id u a l tube in  a c o m p le te ly  d a rk  

housing and a llo w  each tube to  s e t fo r  tw e lve  o r  m o re  h o u rs  in  th is  en~ 

v iro n m e n t. The tubes w ere  th e n  ope ra ted  fo r  a p lo t  o f  no ise  v e rs u s  h igh  

vo lta g e . A  ty p ic a l noise vs . h ig h  vo ltage  p lo t fo r  the tubes exam ined  is  

shown in  F ig .  1. A l l  o f the n o is e  data  ob ta ined  to  da te  is  w ith  the  P -M  

tubes o p e ra te d  at ro o m  te m p e ra tu re .

A  h ig h  ga in  low  no ise  p r e - a m p l i f ie r  and a m p l i f ie r  su itab le  fo r  th is  

type co u n tin g  w e re  then s e le c te d . W h ile  co in c id e n ce  in s tru m e n ts  w ith  

pu lse h e ig h t a n a ly s is  a re  g e n e ra lly  cons ide red  to  be the  best equ ipm en t 

to use in  th is  type o f coun ting , we a re  us ing  a s in g le  P -M  tube fo r  th is  

p re l im in a ry  in v e s tig a t io n . W h ile  th e re  a re  s p e c ia l hand made lo w  n o ise  

p h o to m u lt ip lie r  tubes to  be had on the m a rk e t a t p re m iu m  cos t, we fe l t  

tha t the co m m o n  v a r ie ty  P - M  tube  re a d ily  a v a ila b le  shou ld  be used in  

th is  te s t.

In o rd e r  tha t 2 jr g e o m e try  be approached, f ib e r s  o f s m a ll d ia m e te rs  

a re  used a ro u n d  w h ich  the sa m p le  is  d is p e rs e d . The d ia m e te rs  o f the  

f ib e rs  b e in g  used a re  0 .5 ,  1 .0 ,  and 1. 5 m i l l im e te r s ,  re s p e c tiv e ly . The 

f ib e rs  a re  c u t to 5 .0  c e n t im e te r  le ng ths  and the ends po lish ed  to  in s u re  

good o p t ic a l coup ling  to  the  m u l t ip l ie r  pho to -tube  in te r fa c e .

C a lc u la t io n s  o f the v o id  (sa m p le ) vo lum e in  a sys tem  o f c lo se  

packed c y lin d e rs  show th a t a co ns tan t f ra c t io n  o f the  vo lum e  can be o b ­

ta in e d  w h ic h  is  independent o f  th e  d ia m e te r o f the  c y lin d e r .  C o n s id e r 

a re c ta n g le  w ith  side d im e n s io n s  o f W and d packed w ith  c y lin d e rs  o f 

d ia m e te r  D . The vo lum e ta k e n  up by the c y lin d e rs  ( s c in t i l la to rs )  fo r  

cub ic  p a c k in g  is
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Fig. 1. TYPICAL NOISE SPECTRUM OF MULTIPLIER PHOTO-TUBES
(512 channel analyzer used) 
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Fig. 2. FIBER BUNDLE END VIEW
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w h ere  L  is  the length of the  sy s tem .  The f r a c t io n a l  volume r e m a i n i n g  i t  

given by

V T V »WdL
X

V * (WdL - /  WdL)
t

Thus

r  ’  0 .215

in d ica t ing  that the  s a m p le  volume i t  2 1 .5  p e r c e n t  <*f the tota l .

In p ra c t ic e ,  h o w e v e r ,  a hexagonal c l o s e  pa r  King is  u t i l i s e d  which 

is  th e  m o s t  na tu ra l  a r r a y  a s  shown in F ig .  2 .  The ideal  s a m p le  v o lu m e  

r e a l i z e d  f r o m  this  a r r a y  should  be a p p r o x im a te ly  15 p e rc en t  of t h e  s c i n t i l ­

l a t o r  volume.  H o w e v e r  the  actual  m e a s u r e !  s am p le  vo lum es  of  the 

f ib e r  d e te c to r  bundles two inches  in length by one  half  inch in d i a m e t e r  

o b ta in e d  for 0. 5, 1.0,  and  1 .5  m i l l i m e t e r  f i b e r s  w e re  11, 16, an d  21 

p e r c e n t  re spec t ive ly .

F a b r i c a t io n  o f  a s im p le  w a te r  j a c k e t  fo r  P - M  tube coo l ing  to 

f u r t h e r  reduce tube n o i s e  and  in c re a se  s e n s i t i v i t y  is  in p r o g r e s s .  With 

th i s  im p r o v em e n t  it i s  e x p e c te d  that  r e l i ab le  and  a c c u ra t e  m e a s u r e m e n t s  

of the  effic iency can be m a d e .  V ar iab les  to  b e  studied will inc lude  f ib e r  

d i a m e t e r ,  f iber  length,  c o lo r  of the counting so lu t ion  and index of  r e ­

f r a c t i o n  of the counting so lu tion .
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