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1. Introduction 

Because of its well-known activation cross section, sold is the most 

employed detector material for absolute thermal neutron flux measure- 

ments (11, ( 2 ) .  

More properties that make it important as a neutron detector are: 

1. Gold has only one isotope. 

2. Gold foils have good mechanical properties and 

are obtainable with high chemical purity, 

3. The activation cross section is hizh (o (0,0253 eV) = 

98.3 * 0.3 b (3) ) and approximately proportional 

to l / v  in the thermal region. 

4. AU"' has a simple decay scheme and an appropriate 

half-life. 

Using the extension of the 13-y coincidence method to the 4113-y 

coincidence method (4) it is possible to determine the foil activity 

with high accuracy. On the other hand, using a 4'1113 counter the 

equipment and the measurements are simple and low disintegration rates 

can be determined, Therefore, it is practical to use a 47i'ß detector 



and c a l i b r a t e  it by gold f o i l s  which were measured by t h e  4'7fß-y 

coincidence method, 

This  paper contains some general comments on absolute f l u x  measurements 

with gold (sec t ion  2) and repor t s  on t h e  absolute counting method 

which is i n  use a t  Karlsruhe (cect ion 3). 

2 . Activat ion i n  a  Thermal Neutron Flux 

2.1. Activat ion of Gold F o i l s  

The ac t iva t ion  r a t e ,  C [ c m 2  secelJ,  of a c i r c u i a r  f o i l  of th i ikness  d, 

l r r a d i a t e d  i n  a  thermal neutron f lux ,  gth(E), is 

(E ) being the  ac t iva t ion  cross  sec t ion  a t  E = kT, and eth t h e  
'act T T 
absolute neutron f lux. The f  unction includes the  self sh ie ld ing  

0 

of the  f o i l  and the  averaging over t h e  !.laxwell spectrum (5) : 
;O 

%ot is the  t o t a l  cross sec t ion  and E t h e  t h i r d  of t h e  well-known 
3 

Placzek-functions, For d+O, t h a t  is f o r  t h e  s e l f  sh ie ld ing  approaching 

zero, bscomes iden t i ca l  with t h e  g($) f a c t o r  given by WESTCOTT ( 6 ) .  
0 

The f a c t o r  takes ca re  of neutrone s h i c h  have undergone a  s c a t t e r i n g  1 
c o l l i s i o n  within the  f o i l  and contr ibute  t o  t h e  ac t iva t ion  afterwards. 

Assuming i so t rop ic  sca t t e r ing ,  it is given by (7) 



where C is the  s c a t t e r i n g  Cross sec t ion .  
6 

and G? were averaged 

over the  Maxwell spectrum (8); they a r e  given i n  Tab. 1 and shown i n  

Fig. 1, 

2.2 Corrections Per ta in ing t o  t h e  Flux Determination 

The assumptions underlying equation (2 , l )  a r e  only s a t i s f i e d  t o  a 

f i r s t  approximation. Therefore, it is appropriate t o  give a discussion 

of the  necessary correct ions.  

2.2.1 Activat ion by Epithermal Neutrons 

I t  is poss ib le  t o  descr ibe  the  neutron spectrum by two groups: 

where 0 is  t h e  epithermal f l u x  Per le thargy u n i t  and A(E) a 
t l  

e p i  
joining functiontl  ( see  f o r  ins tance  JOIUINSSON e t  .al .  (9) ) . 

To e l iminate  the  epithermal ac t iva t ion  by a cadmium d i f fe rence  

measurement, the  d i f fe rence  Li1 betveen the  resonance i n t e g r a l  I 
e p i  

and t h e  epicadnium resonance i n t e g r a l  I niust be considered. For 
Cd 

ac t iva t ion  one obta ins  

C„ - f , , ,  - C , ,  - c; G , )  

- , & J  

L , ,  = C ,  ( ' 4  4 

N being t h e  number of and I were evaluated by 
e p i  Cd 

f o r  BROSE (10). Tab. 1 gives the  values and Fig. 2 shows 1 + - 
gold f o i l s  a t  a cadmium thickness of 1 mm. 

' ~ d  

2.2.3 Perturbat ion of t h e  F o i l  Activat ion 

Eq, (2.1) i s  cor rec t  f o r  a s c a t t e r i n g  medium with t r anspor t  mean f r e e  

path At,--* X. . For t h e  r e a l  case with htr $00 t h e  a c t i v a t i o n  is 

given b y 



X c i s  the  f o i l  depression f a c t o r  and is proport ional  t o  the  absorption 

by the  f o i l  

/I " = 
/ T - E,.. (L, d )  / . ., 

I 

Ca is  the  absorption Cross sec t ion ,  g is  given by SIffRFvlE (11): 

where L is  the  d i f fus ion  length and R is t h e  radius  of t h e  c i r c u l a r  

f  o i l  . 
2.2.3 Correction f o r  the  F i n i t e  F o i l  Radius 

Eq. (2.1) was derived f o r  an i n f i n i t e  f o i l .  Taking account of t h e  

f i n i t e  f o i l  radius R ,  one obtains 

1 was derived by HANNF, (12) 

.- J 5- .J(* d h . 
'1 C,',, C/ - C -  -- , f,_ -. 

.-.- - J3 ( 2  , , T j  ) // i2' 61 )* 
2.2.4 Corrections f o r  the  Geometry of the  Neutron Fie ld  

Eq, (2.1) holds f o r  an i so t rop ic  f l u x ,  In a medium with grad @ 

+ C  eq. (2.1) is  a l s o  co r rec t  i f  t h e  a c t i v i t y  is measured i n  a 4 ?T 

geometry (7) . 
A f u r t h e r  assumption f o r  the  der iva t ion  of eq. (2.11 is t h a t  t h e  neutron 

f  lux  is  constant over t h e  f  o i l  surf ace. If t h i s  is not t h e  case,  t h e  

ac t iva t ion  r a t e  is proportional t o  t h e  average f l u x  3 = { $ ? f ( ~ ) d [ / ~ d [ ~  
To a f  irs t approximation, one has 



where @ (I?) is t h e  neutron f l u x  a t  X, t h a t  is, a t  t h e  c e n t r e  of t h e  
0 

f o i l  , 

3. Absolute  Determination of t h e  hu lBC A c t i v i t y  

Various experiments w i th  t h r e e  d i f f e r e n t  4 T ß  p ropor t i ona l  d e t e c t o r s  

showed t h a t  t h e  count ing r a t e s  f o r  a  gold f o i l  d i f f e r  only by 0,1 

per  c e n t ,  The long - t ime- s t ab i l i t y  of t h e  d e t e c t o r s  was checked us ing  

t h e  ,Srg0 a c t i v i t y .  It was found t o  be b e t t e r  than 0,l per  cen t  over 

a  per iod of two years .  Therefore ,  t h e  4 7 ß  counter  appeared t o  be a  

good instrument  f o r  s tandard  measruements and i t  was decided t o  uoe 

it a s  a  s tandard  instrument .  

The r e l a t i o n s h i p  between t h e  4'iTß count ing r a t e ,  Na, and abso lu t e  

d i s i n t e g r a t i o n  r a t e ,  No, i S  

Eq. (3.1) d e f i n e s  t h e  e f f i c t i v e  ß-self  absorp t ion  f a c t o r  S (d) .  
13 

Sß(d) inc ludes  t h e  ß-self  absorp t ion  i n  t h e  f o i l ,  t h e  count ing of 

i n t e r n a l  conversion e l e c t r o n s  i n  t h e  ß-channel, decay schene e f f e c t s ,  

y - s e n s i t i v i t y  of t h e  ß-de tec tor ,  bremsstrahlung e f f e c t s ,  e t c .  

S  (d) depends on t h e  manner of t h e  a c t i v a t i o n .  For  i n s t ance ,  t h e r e  is  
13 

a  d i f f e r e n c e  between S  f o r  thermal and epi thermal  a c t i v a t e d  f o i l s  
ß 

( s ee  f  i g ,  3) . 
Sß(d) was determined by two methods which w i l l  be b r i e f l y  descr ibed .  

3.1 Determination of S,(d) - F i r s t  Method 

The abso lu t e  d i s i n t e e r a t i o n  r a t e ,  
No , can be determineZ by t h e  

4 %  ß y  coincidence method (4) .  If P? i s  th.-. c o u n t i n ~ ;  r a t e  i n  t h e  
ß 

B-channel, N t h e  count ing r a t e  i n  t h e  y-channel and id t k e  coia- 
Y C 

c idence count ing r a t e ,  t h e  fo l lowing  r e l a t i o n  holdc: 



: - The f unc t ion  f (d) = I! hi inc ludes  a l l  c o r r e c t i n n s ,  hi ,  ivhich depend 
L 

on t h e  f  o i l  t h i cknes s  (E).  Nß, N and N have t o  be co r r ec t ed  f o r  
Y C 

background, dead-time and random coincidence.  

For t h e  f i r s t  method t o  determine Sß(d) gold f o i l s  of var ious  t h i cknes s  

were i r r a d i a t e d  and t h e i r  a c t i v i t i e s  were neasured by t h e  4Yß-y 

coincidence method. The abso lu te  d i s i n t e g r a t i o n  r a t e s ,  No, were 

determined by eq. (3.2) wi th  a ca l cu l a t ed  c o r r e c t i o n  f u n c t i o n  f ( d ) .  

Then Sa(d) r e s u l t s  from eq. (3.1). 

The f u n c t i o n  f ( d )  i n  eq. (3.2) can be neglected on t h e  fo l lowing  

condi t ions :  

1. The deex i t a t i ons  of t h e  ~ ~ ~ ~ ' - 1 e v e l s  ( s ec  decay schene Fig.3) 

occur only by y-decay (do not  occur through i n t e r n a l  con- 

vers ion)  . 
2. The B- and y -e f f i c i enc i e s  are independent of t h e  p o s i t i o n  

i n  t h e  de t ec to rc .  

3 .  I so t rop i c  emission of source  and no angular  c o r r e l a t i o n ,  

i f  t h e  p r o b a b i l i t y  t o  d e t c c t  t h e  ß- o r  y-decays d i f f e r s  

from one. 

4. The p robab i l i t y  I o r  d e t e c t i o n  of a ß- o r  y-ray is equal  f o r  

a d i s i n t e g r a t i o n  a t  any po in t  i n  t h e  source .  

5. For each decay t h e r e  r e s u l t s  only one ß, and a t  l e a s t  one y. 

6. The ß-detector  counts  only B ' s .  

7. The y-detector  counts  only y ' s .  

For  gold f o i l s  t he se  condi t ions  nro a a t i s f i c d  only i n  a E i r s t  apgroxi- 

mation, Therefore ,  t h e  corresponding c o r r e c t i o n s  m r r s t  be  d l scussed  

and evaluated . 



3.1.1 In t e rna1  Conversion E lec t rons  

198 
For  4 pe r  cen t  of t h e  d e e x c i t a t i o n  of t h e  f i r s t  l e v e l  of H g  , t h e r e  

r e s u l t s  a  conversion e l e c t r o n .  Thercfore ,  t h e  ß-counting r a t e  w i l l  be 

increased:  
-1 

- , )  ' { K  j ( 

fiIc = P,3 #Lj.. ( 4  . - & I  I\.;., , ( 3 . 3 ~ )  
' -1 

Here, a '  = ( 1  - a )  a where a i s  t h e  t o t a l  conversion c o e f f i c i e n t .  

j2 ß 
is  t h e  p r o b a b i l i t y  t o  d e t e c t  a  13 decay i n  t h e  B-counter ,?  is  t h e  

Y 
p r o b a b i l i t y  t o  d e t e c t  a  y decay i n  t h e  y-channel and 1 -  is t h e  proba- I- 4 
b i l i t y  f o r  d e t e c t i o n  of t h e  conversion e l e c t r o n .  

The energy of t h e  K-conversion e l e c t r o n s  is :'L 330 l:eV, of t h e  L-, M-, 

PJ-, ... conversion e l e c t r o n s  400 IreV. From t h i s  d i f f e r e n c e  i n  energy 

fo l lows  a differente i n  t h e  p r o b a b i l i t y  t o  d e t e c t  t h e  conversion e lec-  

t r o n s ,  because of t h e  13-self absorp t ion  i n  t h e  f o i l .  Cor?sequcntly, 

i n s t e a d  of eq. (3.3a) one must w r i t e :  

With t h e  equat ions (3.3) and (3.4) one ob t a in s :  

q ß  was obtained from measured valuec N - 
Y - EY "0 arid "C 

-2, No 

a ~ c  = (2.95 * 0.15) 10-~ is t h e  conversion c o e f f i c i e n t  of t h e  K-level 

(131, (141, (15) and a = 1.22 10-2 is t h e  coeff i c i c n t  f  o r  t h e  
L,M,. . . -2 

f u r t h e r  l e v e l s  (14) , (15) . These va lues  g ive  u:~ = 2.36 10 and 
-2 = 1.21 . 10 . aL,?>f, . . . 

MEISTER (16) has  evaluated t h e  13-self absorp t ion  f o r  monoenergetic 

e l e c t r o n s  by m e t a l l i c  indium f o i l s .  The agreernent wi th  t h e  er:perirnent 

is good. For gold t h e  assunpt ions of LTZISTER's theory  a r e  even b e t t e r  

s a t i s f i e d  than  i n  t h e  c a s e  OB indium, Therefore ,  V , .  fi (d)  and I ) ,  .. L ,  ,V . . <-U') 



were eva lua ted  h e r e  by t h i c  theory.  The func t ions  a r e  shown i n  F i g ,  4. 

The ca l cu l a t ed  h a r e  given i n  Tab. 2. 
1 

3.1.2 Detec tor  Geometries and . n g u l a r  Cor re l a t i on  

To be  e x a c t ,  one must average t h e  B- and y - e f f i c i e n c i e s  over  all p o i n t s  

of the  d e t e c t o r s  and over a l l  po in tc  i n  t h e  source  whcre decays occur  

(171, Taking t h e  angular  c o r r e l a t i o n  i n t o  account,  one ob t a in s  

/ ?  n/ 2 . 4  
/' -) 3 

- 
an - ; - ( i ,  J } V  - ,{/, , y; 

J- - qj- J .! 

V and V are t h e  volume of t h e  B- and y-de tec tors ,  r o spec t ive ly .  V is 
13 Y 

-9' -4 - 3 1 1  
t h e  volurne of t h e  source.  tR  ( r , r l )  anc! ? (T, r ) a r e  t h e  p robab i l i -  

4 

t ies  f o r  d e t e c t i o n  of a  decay a t  r i n  t h c  source  by t h e  B- o r  y-detector  

a t  o r  T", r ecpec t ive ly .  ~ ( 3  i c  t h e  d i c i n t e g r a t i o n  r a t e  a t  -if and 
7ll w ( r ' ,  r i s  t h e  angular  c o r r e l a t i c n .  The c o r r e c t i o n ,  hs, which is 

given by 

was ca l cu l a t ed  (8) f o r  t h e  extreme c z s e  of a r e c t i l i n e a r  pa th  for 

ß-rays i n  t h e  f o i l .  h and t h e  c o r r e l a t i n g  geonetry is shoivn i n  Fig.5. 
2 

3.1.3 Correct ion f o r  Complex Decay Scheme 

190 Fig. 3 shows t h e  decay schenc of Au . The d i i e c t  ß-decay of Au 19 8 

t o  t h e  ground s t a t e  of c i n  be neglec ted .  Bccause of t h e  d i f f  er- 

ence of y - s e n s i t i v i t i e s  of t h e  t h r e e  Y-energics ,  t h e  equakions f o r  

t h e  coincidence method must be expanded (4):  



a = 0:99 and b = 0.01 ( s e e  F ig .  3 ) .  I h  t h e s e  experiments t h e  412 keV-y- 

l i n e  was used. Therefore ,  i t  is p o s s i b l e  t o  w r i t e  
I;iYa = y l Y  arid Tyb  

0 . 3 2  ?j . The f a c t o r  0.32 r e s u l t s  from t h e  branching r a t i o  f o r  deexci- 
Y 197 

t a t i o n  of t h e  second l e v e l  of Hg (1C). The r e s u i t i d g  express ion  is  

# z - ijnk 
o , , ,tlJ =,.*I+- U ~ ~ 3 . 1 7  -„n+ 4 E[ ,/ (3.9) 

p . j s  + i.pp,& 
r/ßn Ind vßb a r e  ca l cu l a t ed  from (19):  ., 

The ß-absorption coeff i c i e n t ,  a ,  a s  given by MEISTER (20) and 

GLEASON (21), is 

- A I .? q<.rs- - 
oc. = A ?, LJ C 

G . 
One ob ta in s  f o r  gold 

( C .  10) 

Evaluated va lues  of h a r e  given i n  Tab. 2. 
3 

3.1.4 y-Sendi t iv i ty  of t h e  ß-Detector 

The y-quanta can produce counts  i n  t h e  ß-detector  (e .g .  by p h o t o e l e c t r i c  

e f f e c t  on t h e  wal l  of t h e  ß-de tec tor ) .  The necessary c o r r e c t i o n  i s  

given by CAivIPION (4): 

t- , 

4; = / + (4 -. 79,) Y{- 1 14, , I 
( y l ,  f j s  t h e  p r o b a b i l i t y  i o r  d e t e c t i n n  n y-quantum i n  t h e  ß-counter, 

is t h e  p r o b a b i l i t y  t h a t  a coincidence occurs  when t h e  ß is not 

counted. I n t e r p o l a t i n g  CABIPIOM's ( ( ' 7 0 )  L-curves, one 

ob t a in s  : 
Y - 7 F- 



For  values of h4, See Tab. 3. 

3.1,s E;lectrons from PhotoelectPic  - Ef fec t  and Compton S c a t t e r i n g  

The monoenergetic e l ec t rons  from t h e  pho toe l ec t r i c  e f f e c t  i n  t h e  f o i l  

can be counted by t h e  4' jrß-detector,  i f  t h e  assoc ia ted  B-par t ic le  is 

not  r e g i s t e r e d ,  The counting r a t e  of t h e  ß-detector  is 

C i s  t h e  t o t a l  l i n e a r  a t t enua t ion  c o e f f i c i e n t  a n d 6  is t h e  l i n e a r  
ph 

a t t enua t ion  c o e f f i c i e n t  f o r  t h e  pho toe l ec t r i c  e f f e c t .  1 - f; (C(/) 
i!7d 

is t h e  p robab i l i t y  t h a t  y- in te rac t ion  has taken p lace .  a  and b ~ a r e  t h e  

r e l a t i v e  occurances of pho toe l ec t r i c  e f f e c t s  a t  t h e  K-level o r  L-, 

M-, ... l e v e l s ,  r c spec t ive ly ,  A t  t h e  Same t ime,  by t h e  Compton e f f e c t ,  

one obta ins  : 

where yL,is t h e  p robab i l i t y  f o r  counting t h e  Compton e l e c t r o n  i n  t h e  

ß-detector  a n d F r _ , i s  t h e  l i n e a r  a t t enua t ion  c o e f f i c i e n t  f o r  t h e  Compton .- L 
e f f e c t .  

If t h e  energy l o s s  of t h e  y-quantum is  sma l l e r  than  t h e  "half window' 

energy width", dE, of t h e  d i f f e r e n t i a l  d i sc r imina to r ,  t h e  coincidences 

which can occur a r e  given by 

M. ( A E )  is t h e  r e l a t i v e  occurance of t h e  Compton e f f e c t  wi th  t h e  

energy l o s s  0 . . . dE/2. is t h e  p r o b a b i l i t y  of d e t e c t i n g  t h e s e  

Compton e l ec t rons .  From t h e  equat ions (3.13), (3.14) and (3.15) 

f  ollows : 



-1 -1 G' = 2.45 cm and r) = 1.42 cm a r e  given by DiIVISSOM and EVANS 
ph C 0 

(22).  a = 0.25 and b= 0.15 (23) .  n ( d E )  was evaluated from enei-gy 

s p e c t r a  of Compton e l e c t r o n s  (24). 

I t  would have been poss ib l e  t o  c a l c u l a t e  t h e  s e l f  absorpt ion f a c t o r s  

? ( J  and of Compton e l e c t r o n s  with well-known energy s p e c t r a  by 

MEISTER'S theory  (16).  However, because of t h e  ex t ens ive  c a l c u l a t i o n s  

involved wi th  t h i s  theory ,  7 and 7ii were determined by eq. (3.11). 

The e r r o r  was assumed t o  be 20 per  Cent. Values of h5 a r e  given i n  Tab.2, 

3.1.6 Bremsstrahlung 

The rnost f requent  ß-energy of 0.959 MeV is h igher  than  t h e  0.412 MeV- 

y-peak. Therefore,  it is  poss ib l e  t o  count bremsstrahlung quanta i n  t h e  

y-channel. The bremsstrahlung quantum and t h e  B can produce a co inc i -  

dence if t h e  y is not  counted. The equat ions a r e  

= ' 1 8 3  /L:, 

, s!c " 
n i  )I)-I5 f//- + ( t - .  - I ? ~ <  . -  , Y - L&l-& - - -  AL- . 

/V ,I I 

T%,  :X 72 Y- is  t h e  p r o b a b i l i t y  f o r  d e t e c t i n g  t h e  bremsstrahlung 
I 

quanta N (L.? E) of energy E t 9. f?; is t h e  p r o b a b i l i t y  f o r  detec-  
B r  V 

t i n g  t h e  8 -pa r t i c l e s  which have caused a bremsstrahlung quantum wi th  

t h e  Same energy. The c o r r e c t i o n ,  h , becomes 6 

Monoenergetic e l ec t rons  of energy E '  produce i n  a t h i c k  t a r g e t  brems- 

Strahlung of energy E (24) : 

k = 7  I O - ~  M~v-', Z is  t h e  atomic number. The average va lue ,  over t h e  

ß-energy s p e c t r a ,  is: 
!?'., a , 



A f u r t h e r  i n t e g r a t i o n  over  t h e  window energy width of t h e  d i f f e r e n t i a l  

d i s c r imina to r  g ives  - .Li t- 
e.17 7 

T;- .. 9 
For a  t h i c k  t a r g e t ,  t h e  absorp t ion  f a c t o r  is 1. Therefore ,  f o r  a  "se l f  

absorp t  i o n  t a r g e t  " one ob ta in s  

where 1 - 2iii is t h e  absorp t ion  p robab i l i t y .  The equatioti  (3.22) ahct 

(3.23a) were evaluated g raph ica l ly .  One ob ta in s  &C'. = 0.008 f o r  
H, J 

AE/E = 0.1. i(/: was ca l cu l a t ed  by eq. (3.11) wi th  a  maximum energy 
Y 

E * 0.55 MeV. Values of h a r e  given i n  Tab. 2. 
Y G 

3.1.7 Determination of S  (d) n-- 
L 

The f unct ion f  (d) = ,n h is shown i n  F i g ,  6. 
4 - 4  i . . 

N N 
The mensured va lues  N nnd -!?-Y- , used t o  determine Sg(d) f o r  thermal 

13 N, 
and f o r  epi thermal  i r r ad i a t edLgo ld  f o i l c ,  a r e  given i n  Tab. 3. Fig.  7 

shows s th(d)  and F ig .  8 f3iPi/cß a s  f u n c t i o n s  of f o i l  th ickness  d. 
ß 

3.2 Determination of S,(d) - Second Method 
W 

The a c t i v i t y ,  No , of a  f o i l  of t h i cknes s  d  and s u r f a c e  F ,  i r r a d i a t e d  

i n  a  thermal f l u x  f3, is ( s e e  t h e  equa t ions  (3.1) and 3.2) i n  s e c t i o n  2): 

I n  t h e s e  equa t ions ,  f o r  d  -t 0, t h e  f a c t o r s  



Furthermore, N , N and N approach Zero causing t h e  c o r r e c t i o n s  
Nß, y  C 0 

f o r  randorn coincidences and dead-time t o  ~ p p r o a c h  Zero. 

Therefore ,  f o i l s  of var ious  t h i cknes se s  were i r r a d i a t e d  i n  t h e  Same 

neutron f l u x  and countecl wi th  t h e  47rß-y coincidence equipment. I n  

each c a s e ,  --- W (with ß = weight of t h c  f o i l )  was formed and t h e  
lu. , V  

r e s u l t i n g  f i g u r e s  p l o t t e d  a ~ a i n s t  W. Extrapola t ion  t o  W t O  y i e l d s  

Using t h i s  r e s u l t ,  eq. (3 .24)  becomes 

and permits  immediately t h e  c a l c u l a t i o n  of S (d) s i n c e  g (E ) ,  
13 T 

/oth + +F] , 1 + & and I + X can bc ca l cu l a t ed  by t h e  rnethods out- 
C 0 

l i nod  i n  s e c t i o n  2. The values  of s th(d)  thuc obtained a r e  given i n  
13 

Tab. 4 atrishown i n  Fig.  7 ,  One Sees i n  t h i s  f i g u r e  t h a t  t h e  agreement 

of s F ( d )  wi th  t h e  s th(d)  from t h e  f  irst method is  very good. 
B 

l9Z 
With t h e s e  ~ ~ ~ ( d ) - v a l u e s  it is pocs ib l e  t o  determine t h e  Au - ac t i -  

13 
v i t i e s  of gold f o i l s  by 4 r ß - d e t e c t o r  measurements wi th  an accuracy 

of 0,2 - 0.3 %. Therefore ,  it should be p o s s i b l e  t o  determine t h e  

absol i i te  thermal neutron f l u x  wi th  an acciiracy of 0.5 per  cen t .  
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t h tlz 
Table 1: Go (Ctot d; 9.0253 cV); Gi (Ztot d; 0.0253 eV) 

AI and 1 4 - 
=ccf 



Table 2: Corrections for determination of the gold foils activities 

by the 47713-y coincidence method 



Table 3: B - s e l f  absorption for thermal and epithermal irradiated 

gold foils 

d//u 

3.35 

5.27 

5.42 

5.70 

9.49 

10.50 

11.01 

20 '04 

21.87 

24 r 50 

26.94 

32.03 

50.53 

52.78 

5,43 

16.71 

23.26 

32.14 

52.12 

f (d) 
th sg (d' nc 

s 
C in 'j?, 

16.446 18.735 0.9966 0.8808 0.2 

13.497 16.142 0.9924 0.5425 0.3 

25.242 30.307 0.99 20 0.3396 0.3 

10.587 12.783 0.9916 0.8352 0.3 

22.655 29.532 0.9861 0.7779 0.4 

13.624 18.274 0.9845 0.7573 0.4 

22.450 30.372 0.9842 0.7510 0 e 4 

14.434 23.333 0.9737 0,6353 0.5 

16.376 27.483 0.9716 0.6133 0.5 

14.637 25.705 0.9694 0,5874 0.6 

16.377 38.048 0.9673 0.5634 0.6 

74.002 149.070 0.9636 0.5152 0.7 

17,436 47.603 0.9536 0.3841 0.8 

24.337 68.775 0.9525 Oe 3715 0.8 

sepi (d) P 

10.932 13.103 0.9920 0.841 0.4 

54.135 E1.140 0.9768 O.GC3 0.4 

36,705 61.497 0.9705 0.615 0.5 

41.509 7C.131 0.9637 0.536 0.7 

30.651 77.687 0.9530 0,414 0.8 



Table 4: Determination of the sth (d) by the exfrapolation nethod 
ß 

zi/ i1 
/ - 

2.99 

4'91 

11,03 

11.04 

31.97 

32.02 

52,13 

52,15 

98,29 

100.15 

tll 
S, (d )  

0.879 

0,348 

0.749 

0,748 

0,5170 

0,5134 

0.3740 

0,3723 

0.2184 

0.2139 

Nß - t" Sh i + x c  
N /min G " + G ~  
13 W 0 

min/mz l i  C 

14 698.7 1003.3 0.097 1,0004 

23219.6 961 , l  0.991 1 . 3 3 i O  

45 662.9 841.9 0.9S4 1,0024 

45648.3  840.8 0.984 1.0024 

38 315.1 561.2 0.955 1.0055 

G7 665.4 556.9 0.955 1 .G@55 

101346.6 397.3 0.934 1,0373 

101 430.5 395,6 0.934 1.0073 

106 521.8 220.4 0.359 1,0103 

106 418.5 216.1 0.890 1.0109 

45 
s 

=- 

in % 

0.3 

0,: 

0.3 

O . 3 

0 , 3  

0,s 

0.3 

0.3 

Q,3  

0 , 3  







Fig. 3 Decay scheme of 













NßN4 
Fig, g Extrapolat ion 0f N ~ . W  for a resolving power of 10 % 


