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A B S T R A C T

The t o t a l  neutron cross s e c t io n  o f  Tb has been measured in  the

energy range from  0.062 to  1 eV w ith  a c r y s ta l  spectrom eter using the

B e(101 l) c r y s ta l  p lanes as a monochromator. The data in  the l e f t  wing
159o f the f i r s t  neutron resonance in  Tb were f i t t e d  d i r e c t ly  to  the

one-level B re it-W ign e r  form ula using the method o f  le a s t  squares.

The parameters obtained from the an a lys is  are 6" = 7.96 İ  1.33 b and
i /? P

A = 5.50 + 0.86 b X (eV ) x/ .

159

Ö Z E T

TERBİYUMUN TERMAL VE EPİTERMAL ENERJİ BÖLGESİNDE TOPLAM NÖTRON TESİR 

KESİTLERİ VE POTANSİYEL SAÇILMA TESİR KESİTİ

159Tb'un toplara nötron t e s i r  k e s i t l e r i ,  0.062 eV 'dan 1 eV 'a  

kadar o lan  e n e r j i  a ra lığ ın d a  Be(1011) k r is t a l  düzlem i monokromatör 

o la rak  k u lla n ıla ra k  b i r  k r is t a l  spektrom etresinde ö lçü lm üştür. Deney 

sonucunda, tek  s e v i y e l i  B re it-W ign er formülüne en küçük k a r e le r  meto­

du uygulanarak bahis konusu e n e r j i  a ra lığ ın d a  aşağ ıdak i rezonans para­

m e tr e le r i  ta y in  e d i lm iş t i r ;

6" = 7,96 t  1.33 b , A = 5.50 ± 0,86 b X (e V )1/2 .
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TOTAL NEUTRON CROSS SECTION OP TERBIUM IK THE TEL RİCAL 

AND EPITHERMAL ENERGY REGIONS AND DETERMINATION 

OF THE POTENTIAL SCATTERING CROSS SECTION 1

Ç. Cansoy, H. A tasoy, and Ş. Z e b ita y ' an

I. INTRODUCTION

The experim enta l va lu es o f  the t o t a l  neutron cross s e c t io n  o f

terbium f o r  the en erg ies  between 0.0025 and 0.35 eV sire la ck in g .

T h ere fo re , the t o t a l  neutron cross s e c t io n  o f  terbium  has been measured

in  the energy range from 0.062 to  1 eV w ith  a c r y s ta l  spectrom eter. In

th is  energy range i t  i s  p o ss ib le  to  determ ine the p o te n t ia l s c a t te r in g

cross s e c t io n  6" , and th is  has been done in  th is  paper. On the o th er P
hand, the parameter A due to  the f a r  away resonances was a lso  d eterm i­

ned.

I I .  EXPERIMENTAL DETAILS

159The t o t a l  neutron cross s e c t io n  o f  Tb has been measured

f o r  seven ty d i f f e r e n t  neutron en erg ies  i r  the energy range from 0.062
(1 2 )to  1 eV w ith  the ÇKAEM c r y s ta l  spectrom eter * . This energy range

f a l l s  in  the l e f t  wing o f  the f i r s t  neutron resonance o f  terbium .

The spectrom eter re s o lu t io n  was 1.405 usec/m using the B e ( lO l l )  c r y s ta l 

planes as a monochromator. *

A sample was made by mounting the ox ide Tb^O^ in  an aluminum 

c e l l .  Th is sample had an in verse  th ickness l/N o f  87.92 ± 0.44 b/atom. 

In ca lcu la t io n s  o f  the t o t a l  neutron cross s e c t io n  o f  the ox ide Tb^O^ 

the cross s e c t io n  o f  the oxygen atoms in  the sample v/as taken in to  

account and subtracted  from the t o t a l  cross  s e c t io n . Accord ing to  the 

data g iv en  in  BNL-325^"^ th is  c o r re c t io n  term was found to  be almost 

constant and equal to  5.5 b.

1This work was done in  1973 .



Ill, RESULTS .ALT) ANALYSIS

By the "wraigs" o f  a resonance , we mean those reg ion s  f o r
2 o

which 4(E - E j ^ r ‘ ". For the purpose o f  th is  a n a ly s is , on ly those 
o 2 2

poin ts were used f o r  which the equation  4(E -  Eq ) ^  160 p  holds .

This co n d it io n  g iv e s  E ^  2.34 and E ^  3.8b eV f o r  the 3.35 eV reso - 
159nance in  To. T h e re fo re , the l e f t  wing cross s e c t io n  o f  th is

resonance has been measured in  the energy range from 0.062 to  1 eV.

In  wing reg ion s  the re s o lu t io n  c o r re c t io n  and the Doppler c o r re c t io n

are n e g l ig ib le .  Consequently the experim enta l data  in  the wings can

be f i t t e d  d i r e c t ly  to  the o n e - le v e l B re it-W ign er form ula using the

method o f  le a s t  squares.. On the o th er hand, f o r  the t o t a l  cross

sec tion  one should con s id er the in flu ence o f  the absorp tion  peaks in
1/2

h igher en e rg ie s , which con tr ib u te  w ith  an a d d it io n a l term A/(E) in  

low er e n e rg ie s , where A is  a constant that can be estim ated  f o r  the 

fa r  away resonances. Thus, the data in  the l e f t  wing o f  the f i r s t

(4)

neutron resonance in  
(4 )formula :

159Tb were f i t t e d  d i r e c t ly  to  the fo l lo w in g

r , -

E

(1  -  K) + K e 0r 2 + ( e -  eQ) . d
+ O *f

4(E -  Eq ) 2 + p 2
p ( k ) 1/2

(1)

In th is  equation  we seek to  s o lv e  f o r  the best 'o and A. The va lues o f
,159, (5 )the o th e r  resonance parameters o f  ""Tb as recommended in  BNL-325' 

are En = 3.35 + 0.01 eV, V  = 0.08 + 0.01 eV, p  = (0 .34  + 0 .0 3 ) i  10-3 eV,

J=2, and 1= 3/2. Using these va lues o f  the param eters, K,<5fP , and

g ( j )  have been estim ated  from the fo l lo w in g  equations

k = r  y r ,

( 6 ) 0

n

s 0r 2 = 10
7 : r n r

3.341 E

g ( 4 )  =
2 J + 1

2(21 + 1)

( 2)

(3 )

(4 )



- 3 -

The r e s u lts  are K= 

On the o th e r  hand, 

obtained u sing  the

0.00425, = 13.2 bX (eV )2 , and g ( j )  = 0.625-

an approximate va lue o f  the parameter 'z/ has been

r e la t io n ( 6 )

$  = 4 (g  6~0p 2 K ^ p) 1/2 (5 )

and the t r i a l  va lue o f  11 b f o r  The r e s u lt  i s ^ =  2.5 bXeV. Using 

these va lu es  o f  param eters, the q u a n tit ie s  obta ined  from an a lys is  o f  

the data  are l i s t e d  in  Table I .  The agreement between the experim ental 

points and the B re it-W ign e r  curve is  reasonably good o v e r  the e n t ir e  

range. (F ig .  l ) .  On the o th e r  hand, the nu c lear rad ius was ca lcu la ted  

from the form ula

4 Î İ  R2 , (6 )

and using th is  va lue o f  R, the constant r Q was ca lcu la ted  from the 

formula

R = r  A1/3. (7 )
o

The r e s u lts  are shown in  Table I .

Table I

B r e i t - ’.Vigner Parameters f o r  the L e ft  

Wing o f  Terbium Resonance D erived  from 

A n a lys is  o f  Experim ental Data

= 7.96 t  1.33 b 
P
A .  5.50 1 0.86 b X (e V )1//2

= 2.11 + 0.24 b X eV 

R = 7 .96  + 0.66 fm

r  = I .47  + 0.12 fm o —
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The t o t a l  neutron cross sec tion  o f  Tb has been measured.
(5 )by A. Knorr (Munich, 1965) in  the energy range from 0,00022 to

0.00236 eV. Since the t o t a l  cross s ec tio n  in  th is  energy renge is
159a ffe c te d  by the l e f t  wings o f  a l l  neutron resonances o f  Tb, the 

parameter A can be obtained accu ra te ly  from these experim ental data. 

Therefore, the data g iven  by A. Knorr were f i t t e d  d ir e c t ly  to  the 

formula

A

^  + E’

1/2and the re su lt  i s  A = 5.49 b X (eV)  . Comparison between th is  re su lt

and the va lue g iven  in  Table I  are in  agreement w ith in  experim ental 

e rro r . Analysis a lso  g iv e s  the value o f B = 16.44 b.

Since the t o t a l  cross s ec tio n  measured by using the ÇNAEM

spectrom eter covers the v ic in i t y  o f  the minimum o f  the l e f t  wing
159 i—o f the f i r s t  neutron resonance in  Tb, the parameter K) can be 

determined accu ra te ly . In  fa c t ,  the value o f  8.64 b f o r  obtained 

by using the method o f  neutron d i f f r a c t io n  in  R ef. 7 is  in  agreement 

with the value g iven  in  Table I .

IV. DISCUSSION
159
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