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1. Introduction -------

Different trends have been observed in th e data for neutron reaction 

cross s ections vs. neutro n, proto n or mass number, in the energy reg ion 

about 14 MeV f 1 •
2

•
3
/. It is desirable to have larger as well as more ac

curate data in order to chec k these trends, e s pecially for nuclei nea r 

closed shells. It is also important to exa mine the a pplicabil i ty of the em-
/ 1 4 5 ' 

pirical cross section formulae ' ' I based on these tre nds, by nevv 

mea surements. In many cases the activation cross sections could not be 

determined because of the unfavourable properties of the residual nuclei. 

The high resolving power of the Ge ( Li) detector renders it p o s s ible 

to obtain some of the data undeiermin~d so fa r .and to improve the accu

racy of those alrea dy known. By use of this technique, at 14.8 MeV n e ut

ron energy we have measured the cross s ections for the ( n, p l , ( n , t ) 

and ( n , 2 n ) 

100 mg 

reactions leading to the residua l nuclei 139 Ce and 141 
Ce. 

II. Experimental Procedure 

and 100 mg Pr 6 011 powders were irradiated by 
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14.8 MeV neutrons, The neutrons were obtained from the 
8 

II ( d, n ) 
4 

He 

reaction , using the 300 kV cascade generator of the ATOMKI. The samp-

les were irradiated fo r 63 hours by a flux of .. 10
1 0 

neutrons em-
2

. 
-1 10 

sec , The flux was monitored continua lly by a IJF 3 l o ng counter a nd 

a . plastic s cintillator, The a ctivities of the irradiated samples were measured 

by a Ge ( Li) spectrometer / 61 , without spectrum stabilisation, The Ge (Li) 

spectrometer was calibrated by an 
169 Yb source. The measurement be-

gan 1 2 0 hours after the irradiation in order to decrease the background 

arising from reactions on Ce and Pr isotopes, The 141
Pr ( n , p ) a nd 

141 Pr ( n , t) reactions lead to the formation of 
141 

C:e a nd 13gCe having 

half-lives 32 d a nd 140 d, respectively. The isotope 
189 

Ce has an is~ 

meric state of 55 sec ha lf-life decaying entirely to the g round state throug h 

a 740 keV y -transition, So, the total reaction cross section could be 
140 

determined by measuring the 140 d activity. The Ce (n, 2n) and 

142 
Ce ( n , 2 n ) reactions also yield 

139 
Ce a nd 141 

Ce as residual 

nuclei. One can measure the 
189 

Ce activity only by detecting the 166 keV 

y -rays following the electron- c apture. However, these y -rays 

have to be separated from the 145 keY y -line, a ris ing_ from the deca v 

of 
141 

Ce • This was a chieved by applying the Ge (Li) spectrometer:. The 

absolute cross s ection of the reaction 
141 

Pr( n, p l was determined through 

the measurement of the f3 -activity by a thin mica end-window GM 

counter, Absolute P -sources were used for c a libra ting the GM counter. 

Ill. Results and Discussion 

The y -spectra of the irra dia ted Pr 
6

0
11 

a nd CeO 
2 

samples, 

are presented in Fig .1. In the c a se of cerium, both the 145 k e Y and 

1 66 keY lines did appear, while in the c ase of praseodymium we obtained 

the 145 keY line only. The 166 keY line corresponding to the rea ction 
141 

Pr ( n , t l could not be resolved from the background, so for the cross 

section of this process, we could give an upper limit only. On the basis 
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of the calibration by the 
169

Yb isotope, the values 144.5 keV and 

165 keV V\ere obtained for the energy of the . investig a ted y -lines. 

Table I pres ents the cross section values with the account of errors 

due to activatio n and measurement. For determining the ( n , t ) and (n , 2n) 

cross sections we h ave accepted the value 11.4 mb obtained by ourselves 
14 I 

for the rea ction Pr ( n , p) For the purpose of comparison the re-

suits of previous mea surements are indicated too. 

Table l. 

a ( mb) 

Reaction 

pres ent work litera ture calculated 

11.4 + 1.3 4 .5 + 1171 8.o I 41 93.ol11 

< 0.2 1 

142 ce( n,2n) 
141

ce 19 60 + 17 0 1 600+ 300(8) 2 0371 51 

140ce( n,2n) 
139 

Ce 1 6 00 + 140 1s05 I 51 

According to the pres ent measurements, in the c ase of 
14 I 

P r the 

absolute cros s sectio n for the ( n , p) reaction c a n be well des cribed by 

the empirical relation of Levkovskii / 
4

/ • The G a rdner- formula / 1 / can not 

be applied to this nucleus. 

In the case of the l.e isotopes, a very good a g reement has been 

found between the measuo ·e d values of a n • 
2 

n and those calculated 

on the b a sis of the relation given by Pearlstein I 5 1 

5 



References 

1. D.G.Gardner, . Nuclear Physics, 2 9 , 3 73 ( 1962 ) . 

2 , A ,Chatterjee. Nuclear Physics, 60, 273 ( 1964). 

3. M ,Borman n , Nuclear Physics, _22, 257 ( 196 5) . 

4 . V.N .Levl<ovskii. JEPT, § 305 ( 1 963 ) . 

5 . S,Pea rlstein. Nucl,Sci, a nd Eng., 2 3 , 238 ( 1965'). 

6 . K,Ya ,Gromov, A , I. Kalinin, V.V.Kuznetsov, N.P.Nenov, B .P .Osipenl<o, 

V,l,Fominyl<h. Prep rint 2724, Dubna, ( 19 66) . 

7 . R .G.Wille, RW.Finl<, Phys.Rev., 131, 2649 ( 1963) . 

8 . KG.Wille, U ,W.Fink . Phys,Rev., 118, 2 4 2 ( 1960 ), 

Received by Publishing Department 

on October, 31, 1967 . 

6 



--J 

500 

~ 

~ 
~I 

'l:l 
~ 300 

~ 
I:) 

~ 
~ 2001 

100 

00 

myb 
t30.5kell 

l 
""ce 
f.lt*,SkeV 

l 

... . . . . . 

139Ce 
f55keV 

l 

. . . 

,p . 

ASYyb 
t77.2keV 

l 
t69yb 

f981reV 

l 

_.-----------

o • o o ' o~· 
f!"•: .. ·.•.,;~;;, .. "."':..'fk-~·;J<ft-..<>1-.""' f5 0 Oelb 

~~~0~~-r·.·::····· _ ...... :%.. ....... :· .. · ..... · . .... ·, .......... : ..... · ... ~·.· ... .,.· 6"·-· .... ·.·-6'•. 

so 100 150 200 

Channel number 

Fig .l. y -spectr um of cerium (circles) and praseodymium ( points) irra-
diated by fast neutrons. 


