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1. INTRODUCTIOH

An a c cu ra te  knowledge o f  the shape o f  the neutron spectrum  
i s  o f  primary i n t e r e s t  in r e a c to r  p h y s ic s  c a l c u l a t i o n s .  This i s  true  
f o r  the  f i s s i o n  s p e c tr a  o f  i s o to p e s  o th e r  than the e x t e n s i v e l y  in v e s ­
t i g a t e d  2 ’ * U . Such data can a l s o  lend in s i g h t  by comparisons w ith  s im i­
la r  measurements on 2^ U .  Most o f  the measured n eutron  sp e c tr a  are  de­
s c r ib e d  very w e l l  by the M axwellian d i s t r i b u t i o n .  E xperim ental neutron  
spectrum  data on 2^2Cf spontaneous f i s s i o n  are com piled  in  Table I and 
are d isp la y e d  P i g .  1 ,  which g iv e s  the M axwellian temperature (T )  a s  a 
c h a r a c t e r i s t i c  parameter o f  the s p e c t r a l  shape. When s tudy ing  th e  tab le  
one i s  struck  by the o b se r v a t io n  that in  s p i t e  o f  the r e l a t i v e l y  sm all  
e r r o r s  quoted th e r e  are r a th e r  large  d iv er g en ces  betw een the v a lu e s .
This in d ic a t e s  la r g e  s y s te m a tic  u n c e r t a i n t i e s .

Prom the  t h e o r e t i c a l  p o in t  o f  v ie w , T e r r e l ’ s r e l a t i o n  [2 l]  
between T and v /a v era g e  number o f  neutrons from f i s s i o n /  r e p r e se n ts  
a gu id e  fo r  an exp ected  tren d .  However, i t  g iv e s  a la r g e  s c a t t e r i n g  be­
tween data p o in t s  and a t  b e s t  one can o n ly  say th a t  the T-v r e l a t i o n  
dem onstrates some degree o f  tren d . I t  i s  c l e a r ,  t h e r e f o r e ,  th a t  there  
i s  a need fo r  new accurate  measurements and fo r  a s e r io u s  e v a lu a t io n  o f  
a l l  important s o u r c e s  o f  e r r o r .

252The in c r e a s in g  a v a i l a b i l i t y  o f  Cf has made i t  a co n v en ie n t  
n eutron  source and thus i t  i s  very  d e s ir a b le  to have an a ccu ra te  know­
led ge  o f  i t s  n eu tron  energy d i s t r i b u t i o n .  We have attem pted in  t h i s  paper 
to e x p la in  the la r g e  spread i n  the  ̂ Cf f i s s i o n  n eutron  spectrum  data  
and to  est im ate  the b es t  va lu e  o f  T from a d e t a i l e d  a n a ly s i s  o f  the 
experim enta l c ircu m stan ces  and the n e c e s s a r y  c o r r e c t io n s .

2 . BACKGROUND CORRECTIONS IN TOP MEASUREMENTS

Most o f  the measurements r e fe r r e d  to were c a r r ie d  out using  
t i m e - o f - f l i g h t  (TOP) te c h n iq u e s .  Before d e a l in g  w ith  the measurements 
we s h a l l  d iscuBs the p o s s ib l e  sou rces  o f  background and the c o r r e c t io n s  
th at  they  e n t a i l  in  TOP measurements on f i s s i o n  neutron  s p e c t r a  in  gene­
r a l .  The d i s c u s s io n  i s  a p p l ic a b le  to experim ents where:

t

a /  the s t a r t  s ig n a l  to  the t im e - to -p u ls e  h e ig h t  c o n v e r te r  i s  
provided  by a neutron  d e t e c t o r  s e n s i t i v e  to both n eu tron s  and gamma rays:.
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b/ the atop  s ig n a l  i s  provided by a f i s s i o n  d e t e c t o r  s e n s i t i v e  
tó  f i s s i o n  fragm ents  o n ly .  The f i s s i o n  d e te c to r  record s  a l l  the  f i s s i o n  
e v e n t s ,  so th a t  the t o t a l  neutron spectrum  averaged over a l l  a n g le s  can  
be measured.

A. Random background .

The random c o in c id e n c e  background can be measured s im u lta n e o u s ly  
in  a g iven  range o f  the spectrum by su p p re ss in g  sy s te m a t ic  e v e n ts  in  
t h i s  region  w ith  ap p ro p r ia te  d e la y s .  The d i s t r i b u t i o n  o f  background 
caused  by the random c o in c id e n c e s  i s  f l a t .

A s p e c i a l  type o f  random c o in c id e n c e s ,  th e  '’system atic-random "  
c o in c id e n c e s ,  emerges in  the  f i s s i o n  neutron spectrum  measurements,  
but these are n ot measurable d i r e c t l y .  The number o f  a c c i d e n t a l  c o in ­
c id e n c e s  i s  g iv e n  by N = 2t Nn Nf , where т i s  the time r e s o l u t i o n  o f  the
c o in c id en ce  u n i t  and N and ÍL. are th e  count r a t e s  o f  the n eutron  andn I
f i s s i o n  d e t e c t o r ,  r e s p e c t i v e l y .  I t  i s  n e c e ssa r y  to  c a l c u la t e  N f o r  each  
channel o f  the m u lt ich an n e l a n a ly se r  because Nn v a r i e s  from channel to  
c h a n n e l .  i s  the number o f  events  proceed ing  an event in  the i - t h  
c h a n n e l .  The number o f  eystem atic-random  c o in c id e n c e s  in  the i - t h  chan­
n e l  i s  g iven  by

N1 = NJ
i = 3 + i n

where т i s  th e  channel w idth in  tim e, u n i t s ,  the f i s s i o n  r a te  per
u n i t  time and the number o f  e v e n ts  in  the j - t h  ch annel.  The f a c t o r  n
o f  2 d isa p p e a r s ,  because the even ts  cannot occu r  in  the r e v e r s e  time 
d ir e c t io n .

This type o f  background depends on the shape o f  the measured 
spectrum. In  g e n e r a l ,  the  d i s t r i b u t i o n  o f  the sy stem atic-ran d om  c o in ­
c id e n c e s  i s  n e a r ly  f l a t ,  s l i g h t l y  d e c r e a s in g  w ith  in c r e a s in g  channel  
number. I f  t h i s  type o f  background i s  n e g le c te d  the va lu e  ob ta in ed  f o r  
T w il lb e lo w ,  because th e  system atic-random  background i s  im portant o n ly  
i n  the low -en ergy  part o f  the spectrum .

B. S c a t te r e d  background

The r e l a t i v e  number o f  s c a t t e r e d  neutrons  th at  are d e te c te d  
depends s t r o n g l y  on the exp er im en ta l  c ir c u m sta n c e s .  I t  can be measured 
by p la c in g  a shadow cone between the  source and the neutron  d e t e c t o r  
t o  s h ie ld  a g a in s t  d i r e c t  neu tron s.

The d e t e c t i o n  o f  s c a t te r e d  neutrons i n  c o in c id e n c e  w ith  f i s s i o n



-  3 -

fragm ents w i l l  d e c r e a se  the v a lu e  Of the average n eu tron  en ergy , and 
hence the value o f  T w i l l  a l s o  be low ered. /  Assuming M axwellian d i s ­
t r ib u t io n ,  the average neutron energy /  Ё /  i s  ^ T . /  •

C. Delayed gamma rays

252The e x i s t e n c e  o f  de layed  gamma rays  in  the  ̂ Of f i s s i o n  p ro ­
c e s s  was po in ted  out f i r s t  by Johansson [10] . I t  was l a t e r  shown th a t
the d e t e c t i o n  o f  d e layed  gamma rays cou ld  s t r o n g ly  d i s t o r t  the low -  
-en erg y  p a r t  o f  the neutron spectrum [б] . The background caused by  
these  d e la y ed  gamma rays can be measured a t  sh ort  f l i g h t  p a th s .  I f  the 
spectrum d i s t o r t i o n  caused by the d e t e c t i o n  o f  de layed  gamma rays  i s  
n e g le c te d  T w i l l  a g a in ib e  too low .

No c o r r e c t io n  was made f o r  delayed  gamma rays i n  data p u b l ish ed  
before Johansson’ s work. We have e s t im ated  the magnitude o f  the d e la y ed  
gamma ra y s  using the recen t  d ata  o f  John e t  a l .  [ l l ]  , who measured 
the e n erg y ,  h a l f - l i f e  and i n t e n s i t y  o f  144 gamma rays and the mass o f  
the e m it t in g  fragm en ts .  For 0 . 2  < E< 2 MeV and t < 1 0 0 n s e c ,  the t o t a l  
gamma ray energy o f  unresolved  l i n e s  i s  a t  most 20 % o f  th a t  o f  r e s o lv e d  
l i n e s ,  so  that our c a l c u la t io n s  can g iv e  a low er l i m i t  f o r  the magnitude 
o f  the de layed  gamma rays .

3 .  METHOD OF EVALUATION OF NEUTRON AND GAMMA RAY DISTRIBUTIONS

We c a lc u la t e d  the e f f i c i e n c y  o f  d e t e c t i o n  o f  neutronB and gamma 
rays , the  energy d i s t r i b u t i o n  o f  the f i s s i o n  neutrons and the tim e d i s ­
t r ib u t io n  o f  d e layed  gamma r a y s .  Two d i f f e r e n t  types o f  s c i n t i l l a t o r  
were used to d e t e c t  the neu tron s:  organic p l a s t i c s  and 6I i - l o a d e d  g l a s s  
s c i n t i l l a t o r s .  S in ce  very  few d ata  were a v a i l a b l e  on the d e t e c t i o n  o f  
low -energy  neutrons and gamma ra y s  by o r g a n ic  p l a s t i c  s c i n t i l l a t o r s ,  
the c a l c u l a t i o n s  were c a r r ie d  out as f o r  anthracene s c i n t i l l a t o r s ,  which 
have a s im i l a r  ch em ica l s t r u c tu r e  and d e n s i t y .  I t  has been shown th a t  
the r e l a t i v e  l i g h t  output f o r  the d e t e c t io n  o f  d i f f e r e n t  charged p a r t i - ' 
d e s  i s  the same b oth  fo r  anthracene and org a n ic  p l a s t i c  s c i n t i l l a t o r s

O ]  .
The e f f i c i e n c y  o f  neutron  d e t e c t i o n  was c a l c u la t e d  by the fo l lo w ­

ing form ula:

where рд i s  the macroscopic c r o s s - s e c t i o n  o f  (n,p) s c a t t e r i n g ,  Si i s  the
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th ick n ess  o f  the s c i n t i l l a t o r  and E^h Is  th e  energy th r e s h o ld  f o r  neu­
tron  d e t e c t i o n .  The v a l i d i t y  o f  t h i s  sim ple formula has a lr e a d y  been  
proved e x p e r im e n ta l ly  [16] . pH f o r  anthracene was c a l c u la t e d  from 
the app rop ria te  t a b le s  [19] . The va lue  o f  E” h was determ ined  f o r  each  
measurement.

The e f f i c i e n c y  o f  d e t e c t i o n  o f  the gamma rays was c a lc u la t e d  
from data  on the gamma—ray a b so r p tio n  c o e f f i c i e n t s  o f  anthracene [15]
In  the in v e s t ig a t e d  en ergy  range Compton s c a t t e r i n g  i s  the  on ly  p o s s i b l e  
ab sorp tion  p ro c e ss  and th ere fo re  the e f f e c t  o f  the d e t e c t o r  th resh o ld  
on the e f f i c i e n c y  curve was accounted  f o r  in  the same way as  in  n eutron  
d e te c t io n :

S (E) = Eo
-  f y Eth
E

The value o f  E^h was determined f o r  each measurement.
In the case  o f  4 * 6 Li g la s s  s c i n t i l l a t o r s  an a b s o lu te  neutron  

e f f i c i e n c y  curve was used [б] . The th r e sh o ld  f o r  gamma-ray d e t e c t i o n  
i s  about 0 . 8  MeV. We measured the e f f i c i e n c y  o f  L i - g l a s s  s c i n t i l l a t o rСЛ pp
f o r  the d e t e c t i o n  o f  uCo and Na gamma ra y s  and found i t  was 1 .2  % , 
compared w ith  1 #  e f f i c i e n c y  rep o rted  fo r  ^ C o  gamma rays  [6] . Above 
0 .8  MeV d e la y e d  gamma rays  are i n  the energy range o f  1 . 2 - 1 . 3  MeV o n ly  

[ l l ]  and thus  the measured e f f i c i e n c y  v a lu e s  could  be tak en  in to  a c ­
count.

The neutron  en ergy  d i s t r i b u t i o n  was assumed to be M axw ellian ,  
w ith  an en erg y  param eter o f  T=1.5 MeV j i t  was norm alized  to g iv e  v = 
3 .7 7  neu tron s  per f i s s i o n .  Taking in to  account the e f f i c i e n c y  curve  
and the f l i g h t  p ath , the energy d i s t r i b u t i o n  was transform ed in to  a 
time d i s t r i b u t i o n .

The time d i s t r i b u t i o n  o f  de layed  gamma rays was c a l c u la t e d  from  
published  d a ta  [ l l ]  . The d i s t r i b u t i o n  o f  each  gamma ray  was norm alized  
to  g ive  the measured i n t e n s i t y  p e r  f i s s i o n .  The "measured" d i s t r i b u t i o n  
o f  delayed  gamma rays was g iv en  by tak ing i n t o  account th e  e f f i c i e n c y  
and summing up a l l  the gamma r a y s .

By comparing the c a l c u la t e d  d i s t r i b u t i o n s  o f  the neutrons and 
delayed gamma rays we can deduce the magnitude o f  the d i s t o r t i o n  e f f e c t  
caused by the d e t e c t i o n  o f  d e la y ed  gamma ra y s  in  2^2Cf f i s s i o n  h eu tron  
spectrum measurements.

4 .  DISCUSSION OF TOF MEASUREMENTS

The most im portant data on TOF measurements are l i s t e d  in  Table  
I I .  The background e s t im a t io n s  were made from these  f i g u r e s .

А / Smith e t  a l .  (Jaj d id  not rep ort  any data on the th resh o ld
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energy  o f  neutron d e t e c t o r .  Assuming d i f f e r e n t  th r e s h o ld  energy  v a lu e s  
fo r  neutron  d e t e c t i o n  we c a l c u la t e d  the measured n eutron  spectrum by the  
method o u t l in e d  above. The b e s t  agreement between th e  c a l c u la t e d  and 
the measured neutron  spectrum was a ch ie v ed  with a v a lu e  o f  = 100
keV. The 100 keV th resh o ld  en ergy  f o r  neutrons correspon d s to  a 5 keV 
th r e s h o ld  energy f o r  gamma r a y s .  /  The l i g h t  output o f  anthracene fo r  
100 keV energy protons  i s  e q u a l  to the l i g h t  ou tput o f  5 keV energy  
e l e c t r o n s  [ l7 ,  18] . Gamma r a d ia t io n  w ith  an en ergy  o f  5 keV l o s e  i t s  
t o t a l  energy in  the s c i n t i l l a t o r  [18] . /  The c a l c u la t e d  n eu tron  and de­
layed  gamma ray d i s t r i b u t i o n s  can be s e e n  in  P i g . 2 .  The background due 
to the delayed  gamma rays i s  ra th er  im portant. The number o f  d e te c te d  
d e la y e d  gamma rays  r e l a t i v e  to  the number o f  d e t e c t e d  neutrons i s  10 %> 
at 0 . 2  MeV n eu tron  energy, 3 -6  $  a t  0 . 5  MeV and 1 % a t  2 MeV. Taking 
in to  account t h i s  c o r r e c t io n ,  we got  а 5-Ю  % h ig h e r  va lu e  than the 
s in g le  measured v a lu e  fo r  the temperature o f  the M axw ellian  d i s t r i b u ­
t io n .

The e f f e c t  o f  system atic-random  c o in c id e n c e s  was not co n s id e r e d ,  
a lth ou gh  th is  type o f  background a ls o  can d ecrease  the T v a lu e .

В / Bowman e t  a l .  [4] measured the angu lar  d i s t r i b u t i o n  o f  neu­
tr o n s .  The v a lu e ,  o f  T was c a l c u la t e d  from the in t e g r a t e d  a n g u la r  d i s t r i ­
b u t io n .  The s c a t t e r e d  background was measured and the system atic-random  
background was c a l c u la t e d ,  but these  components were d isreg a rd ed  in  
the d a ta  a n a l y s i s .  The a u th o rs  determ ined the background, in  d i f f e r e n t  
p a r ts  o f  the spectrum: in  the  random c o in c id e n c e  r e g io n ,  in  the  v a l l e y  
between the neutron  and prompt gamma-ray peaks; and below 450 keV neu­
tron  en ergy , where the d e t e c t o r  e f f i c i e n c y  was 0 f o r  neutron d e t e c t io n .  
The background d i s t r i b u t i o n  was c a l c u la t e d  from t h e s e  v a lu e s  f o r  the 
whole spectrum, and thus the  r e a l  va lu e  o f  background was determ ined  
w ithout any knowledge o f  the  e x i s t e n c e  o f  delayed  gamma r a y s .

С/ The r e s u l t s  o f  our  c a l c u l a t i o n s 4fo r  the measurements o f  
Condé e t  a l .  [5] w ith  a L i - g l a s s  s c i n t i l l a t o r  can be seen  in  F i g .3 .
Above 200 keV the number o f  d e te c te d  gamma rays i s  n e g l i g i b l e .  In meas­
urements w ith  a p l a s t i c  s c i n t i l l a t o r  the th resh o ld  energy o f  neutron  
d e t e c t o r  was 5 keV fo r  gamma rays [9] , which correspon d s to 100 keV 
fo r  n e u tr o n s ,  a s  noted in  the d i s c u s s i o n  o f  Sm ith’ s measurements. The 
c a l c u la t e d  d i s t r i b u t i o n s  are p lo t t e d  i n  P i g . 4 . The r e l a t i v e  number o f  
d e te c t e d  delayed  gamma rays i s  5 a t  0 . 3  MeV and 2 #  a t  1 MeV. The 
d i s t o r t i o n  o f  the spectrum i s  not n e g l i g i b l e .

There was no measurement o f  s c a t t e r e d  background and the c o n t r i ­
b u t io n  o f  system atic-random  background was not c a l c u l a t e d .  S in c e  a l l  
n e g le c t e d  background sou rces  decrease  the T v a lu e ,  the measured value  
o f  T=1.39 MeV i s  too low.

D/ Meadows [б] a n a ly se d  and determ ined a l l  ty p es  o f  background.
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His maasurements show a sm all d e v ia t io n  from the M axw ellian  shape be­
low 0 . 5  MeV and gave a r e s u l t  o f  T=1.565 MeV c a l c u l a t i n g  between 0 .0 0 5  
and 15 MeV, and T=1.592 between 0 . 5  and 10 MeV.

Е / Zamyatnin e t  a l .  [7] took a l l  ty p es  o f  background in t o  ac­
count e x c e p t  th at  due to the d e la y e d  gamma r a y s .  The d e t e c t o r  th resh o ld  
energy was 59 keV f o r  gamma r a y s ,  which i s  equal to 3^-5 keV f o r  neutro  

[4] . The c a l c u la t e d  d i s t r i b u t i o n s  can be seen  in  P i g .  5-The d i s t o r ­
t io n  caused  by the d e t e c t i o n  o f  delayed  gamma rays i 3  not n e g l i g i b l e ,  
th e r e fo r e  the va lu e  o f  T=1.48 g iv e n  by the authors i s  somewhat low .

5 . MEASUREMENTS WITH OTHER METHODS

When o th e r  methods are  used to determ ine n e u tro n  e n e r g ie s  the 
background so u rces  d i f f e r  somewhat from th o se  in  TOP measurements. Im­
p o rta n t  d i s t o r t i o n  can be ca u sed  by the d e t e c t i o n  o f  de layed  n eu tron s

252a r i s i n g  2-20  sec  a f t e r  f i s s i o n .  In  the spontaneous f i s s i o n  o f  Cf 
0 .8 6  % o f  a l l  the neutrons are  d e layed  [15] . A lthough the average  en­
ergy  o f  th ese  neu tron s  i s  not known, the average e n e r g y  o f  450 keV meas­
ured f o r  235U and 2 ^9Pu [20] may be v a l i d  f o r  2')2Cf t o o .

A/Hjalm ar e t  a l .  [1] measured the neutron spectrum  w ith  photo­
p l a t e s  by computing the n eu tron  energy from the t r a c k s  o f  r e c o i l e d  pro­
tons in  em uls ion . Only 281 t r a c k s  were recorded., and the low en ergy  
p art  below 2 MeV was not c o n s id e r e d .  The s t a t i s t i c a l  v a l i d i t y  o f  t h i s  
measurement i s  d o u b t fu l .

В / The neutron  d i s t r i b u t i o n  rep orted  by Smith e t  a l ,  [2] was 
measured above 2 MeV w ith  p h o t o p la t e s .  The spectrum was ev a lu a te d  by 
Condé [5] I who gave a va lue o f  T=1.57 MeV.

С / Bonner [5] measured the neutron  spectrum by means o f  a 
sphere-m oderated  neutron s p ec tro m eter  [8] . Neutrons were d e te c t e d  in
a s m a ll  6L i l /E u /  s c i n t i l l a t o r  p la c e d  a t  the cen tre  o f  p o ly e th y le n e  mode­
r a t in g  spheres  w ith  s i z e s  ra n g in g  from 5 . 1  to  30 cm i n  d ia m eter .  The 
c o u n t in g -r a te  r a t i o  o f  s p h e r i c a l  co u n ters  w ith  d i f f e r e n t  s i z e s  i s  a 
s e n s i t i v e  fu n c t io n  o f  neutron  en erg y .  Assuming M axw ellian  d i s t r i b u t i o n  
f o r  the f i s s i o n  neutrons  the measured r a t i o  w i l l  be a fu n c t io n  o f  T o n ly .  
The b e s t  va lue o f  T computed from s i x  independent measurements w ith
d i f f e r e n t  d e t e c t o r  p a ir s  was T = 1.367 . Background was measured w ith ou t

252the Cf source in  p o s i t io n  but the number o f  s c a t t e r e d  neutrons  was 
not determ ined , which means th a t  the va lu e  o f  T was low ered.

We c a lc u la t e d  the c o n t r ib u t io n  o f  delayed  n eu tron s  f o r  one o f  
the d e t e c t o r  p a i r B  /  20 and 7 . 6  cm spheres  /  using  th e  e f f i c i e n c y  curves  
g iv e n  by Bonner. T his g iv e s  a v a lu e  o f  T reduced by 30 keV. The decrease  
in  T v a lu e  due to  delayed  n eu tro n s  was la r g e r  f o r  th e  o th er  d e t e c t o r
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p a ir s .  The c o n tr ib u t io n  from the d e t e c t i o n  o f  prompt gamma rays  i s  
n e g l i g i b l e .

6 .  CONCLUSIONS

The e f f e c t  o f  d i f f e r e n t  components o f  the background on meas- 
urementa o f  f i s s i o n  neutron en erg y  s p e c tr a  o f  Cf have been d is c u s s e d  
and i t  has  been p o in te d  out th a t  f a i l u r e  to  a llo w  f o r  them r e s u l t s  in  
a neutron  spectrum w ith  a low ered  temperature p aram eter . The n e g le c t  
o f  a l l  [5] or some [2 ,7 ]  o f  th e  components due to d e t e c t e d  gamma ra y s ,  
system atic-random  c o in c id e n c e s  and s c a t t e r e d  neutrons in  t i m e - o f - f l i g h t  
measurements has meant that c a l c u l a t i o n s  o f  the M axw ellian  temperature  
are too low by 100-150  keY.

Other measurements o b ta in e d  u s in g  d i f f e r e n t  methods [ 2 ,4 ,6 ]  
have p r e c i s e  background c o r r e c t io n s  and g iv e  alm ost i d e n t i c a l  v a lu e s  
fo r  the n eu tron 'spectrum .param eter: 1 .5 7 + 0 .0 5 ,  1 . 5 6 ,  1 .5 6 5  and 1 .5 9 2 ,  
r e s p e c t i v e l y .

I f  the s p e c tr u m -d is to r t in g  e f f e c t s  due to  th e  d i f f e r e n t  back­
grounds are p ro p er ly  accounted f o r ,  i t  seems that the most probable  
value o f  the M axwellian temperature i s  about 1 .57  MeV. This g i v e s  a 
value o f  2 .5 5 5  MeV f o r  the average  energy o f  f i s s i o n  neutrons from the 
spontaneous f i s s i o n  o f  2^^Cf.
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Table I .

R e s u lt s  and methods o f  neutron e n e r g y  spectrum  
measurements f o r  2^2Cf spontaneous f i s s i o n

Л

Authors Method
1

Maxwellian
temperature

MeV
R ef.

E.Hjalmar e t  a l . P h o to p la te 1 402+^*®"^ ± . W _ 0 . o85 1

A .B.Sm ith  e t  a l . P h o to p la te 1 .5 7+ 0 .05 2

T im e - o f - f l ig h t 1 .4 2 + 0 .0 5

T.W.Bonner "Bramblett" counter 1 .367+ 0 .030 3

H.R.Bowman e t  a l . T im e - o f - f l ig h t 1 .5 6 4

H.Condé e t  a l . T im e -o f - f l ig h t 1 .3 9+ 0 .04 5

J.W.Meadows T im e - o f - f l ig h t 1..592} 1 .5 6 5 6

Y.S .Zamyatnin e t  a l . T im e -o f - f l ig h t 1 .4 8 + 0 .0 3 7



T able I I .
C h a r a c t e r i s t i c  parameters o f  the ex p er im en ta l  

arrangements f o r  TOP measurements

Authors R ef . En
MeV

neutron
d e t e c t o r Z cm n d et . t h r e s h o ld  

keY
L
cm

En E

A .B.Sm ith e t  a l . [2] 0 . 2 - 3 P i l o t  В 
p l a s t i c

3 .8 1 80

H.R.Bowman e t  a l . O] 0 . 5 - 6 P i l o t  В 
p l a s t i c

5 .0 8 545 59 93

H .Condé e t  a l . [5,9] 0 . 0 7 - 0 . 5 L i - g l a s s 0 .9 5 800 25

0 . 3 - 7 NE-102
p l a s t i c

5 .0 8 5 100

<T .W. Meadows

»—
\ 

&

0 .0 0 3 -2 NE-905
L i - g l a s s

0 .9 5 800 1 8 .6
3 2 .7

1 3 4 .2

1-15 H y d r . l iq -
s c i n t i l l a t o r

2 .3 5 850
4000
6500

1 3 8 .6

Yu.S.Zamyatnin e t  a l . [7] 0 . 4 - 6 p l a s t i c 3 .0 59 50

Ед -  measured energy  range o f  neutrons  
Л -  th ic k n e s s  o f  the s c i n t i l l a t o r

En , E -  th r e sh o ld  en ergy  o f  the n eutron  d e t e c t o r  f o r  neutron  and gamma ray e n e r g i e s ,  r e s p e c t i v e l y  
L -  f l i g h t  path
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Пл.1
Reported v a lu e s  [ l - 7 ]  o f  the M axwellian tem perature T f o r  the  

energy d i s t r i b u t i o n  o f  neutrons from 2 >̂2 C f  f iB s io n
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C alculated d is tr ib u t io n s  o f  neutrons and delayed gamma rays
fo r  the measurement o f  Smith e t  a l .  [2]
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P1&--Í
C alcu lated  d is tr ib u t io n s  o f  neutrons and delayed gamma rays fo r  the

measurement o f  Condé e t  a l .  [5] w ith  a L i-g la s s  s c i n t i l l a t o r
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P ig .4
C alcu lated  d is tr ib u t io n s  o f  neutrons and delayed  gamma rays fo r
the measurement o f  Condé e t  a l .  [5] w ith  a p la s t ic  s c i n t i l l a t o r
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?Ак-.5
C alculated d is tr ib u tio n s  o f  neutrone and delayed gamma rays 

fo r  the measurement o f  Zamyatnin e t  a l .  [7]
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ABSTRACT

The background sources  a r i s i n g  in  d i f f e r e n t  tech n iq u es  f o r  
measuring f i s s i o n  n eutron  e n e r g ie s  were s tu d ie d  in  d e t a i l  and the back­
ground due to the d e t e c t i o n  o f  d e la y e d  gamma rays  was c a l c u l a t e d .  The 
proposed v a lu e  o f  the M axwellian tem perature f o r  the en ergy  d i s t r i b u ­
t i o n  o f  neutrons  from the spontaneous f i s s i o n  o f  252c f  i s  about T=1.57  
MeV.

РЕЗЮМЕ

Подробно исследовались источники, возникающие при различных методах 
измерения энергии нейтронов деления и был вычислен фон, вызванный ре­
гистрацией запаздывающего гамма-излучения. Для температуры Максвеля 
энергетического распределения нейтронов спонтанного деления 252c f  полу­
чили значение Т ~ 1 . 5 7  мэв.

Kivonat

Különböző módszerekkel tö r t é n t  h a sa d á s i  n eu tro n  energiaspektrum -m éré­
se k n é l  v i z s g á l t u k  a l e h e t s é g e s  h á t t é r f o r r á s o k a t  s k is z á m íto t tu k  a k é s ­
l e l t e t e t t  gammasugárzás d e t e k t á lá s á b ó l  adódó h á t t e r e t .  A 2 ^ 2 C f  spontán  
hasadásánál k e le tk e z ő  neutronok e n e r g i a e l o s z l á s á t  l e i r ó  M a x w e ll -e lo s z -  
l á s  energiaparam éterének  le g v a ló sz ín ű b b  é r té k e k é n t  T = 1 .5 7  MeV a d ó d o t t .
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