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The activation cross section of llsIn for a 150 Ci 24Na source emitting 1.38 and 2.75 MeV 
gamma photons has been determined. The value found on the basis of the induced 118mIn 
activity proved to be 13.5• -32 c m  2, being about threefold of 4.9• - ~  Clll 2, the value 
determined with the aid of S~ photons. 

This deviation gives evidence of the existente of higher, 1.42, 2.13 and 2.63 MeV acti- 
vation leve]s in addition to the first 1.078 MeV, which have already been measured when using 
accelerators for excitation. 

The  isomeric ac t iv i ty  resul t ing f rom the 115In(•, 7 ')  lismIn reac t ion  has 

a l ready been measu red  and s tudied  b y  several  authors .  For  its ac t iva t ion  not  
only the  b r e m s s t r a h l u n g  f rom par t ic le  accelerators  [1] b u t  also some of the  
~-emit t ing radioisotopes  were use& The ac t iva t ion  cross sect ion per  g a m m a  
quan tum,  as eva lua t ed  for the  1.17 and  1.33 MeV 9,-rays f rom 6~ [2 4] was 
found to lie in the  range  (1.3--8.3)  • 10-32 cm 2, va ry ing  wi th  the  expe r imen ta l  
conditions.  For  ac t iva t ion  with  ~-rays f rom the  54 ruin half-life lxsmIn produced  
b y  i n d i u m - - g a l l i u m  reactor- loop,  AnRAMS et al. [5] ob ta ined  a 115In ac t iva t ion  
c r o s s  seetion of (1.5_+0.3)• 10 -31 cm 2. The  react ion  cross sect ion is obviously  
dependent  on the  energy  of the  p r i m a r y  ~-rays of the  r ad ia t ion  source use& 
The re la t ion be tween  the  energy of the  ac t iva t ion  level and  t h a t  of  the  p r i m a r y  
g a m m a  q u a n t u m  is a lways Ea H E~, since a me ta s t ab l e  s t a te  in any  nucleus 
cannot  be  p roduced  except  b y  decay  f rom a higher exci ted level. The  isomeric 
ac t iva t ion  cross-sect ion also var ies  wi th  the  expe r imen ta l  condit ions unde r  
whieh the  Com pt on  sca t te r ing  resul t ing in the  T - q u a n t u m  wi th  ah ene rgy  
equal  to t h a t  of  the  ac t iva t ion  level is be ing produced.  I n  addi t ion,  it depends 
o n  the  n u m b e r  of  higher  levels which can be exci ted in the  nucleus.  

To ex tend  the  n u m b e r  of  r ad ia t ion  sources avai lab le  for the  prac t ica l  
appl icat ions of  the  nuclear  pho to  effect,  like ac t iv i ty  m e a s u r e m e n t  and ac t iva-  
t ion analysis  [6 - -7] ,  for  whieh the  effect ive ac t iva t ion  cross section m u s t  be  
known,  i t  seemed of in teres t  to measure  the  115In ac t iva t ion  cross seetion for 
t h e  1.38 and  2.75 MeV ?- rays  f rom 24Na. 

* Dedicated to Prof. P. GoMB~s on his 60th birthday. 
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Experimental 

a) Preparation of 2*Na source 

Sod ium carbona te  of  e. p. grade,  compressed  to  19 m m  • 44 m m  cyl indr i -  
cal forro of  19.108 g was i r r ad ia ted  for  71 hours  in a t h e r m a l  neu t ron  f lux  of 
4.33 �9 1013 n cm -2 sec -1 of  the  W W R S - - 2 M  reae tor .  One hour  a f te r  t e r m i n a t i o n  
of the  i r rad ia t ion  the  24Na ac t i v i t y  was found  to be  145 Ci. The  ac t iv i ty  measure -  
m e n t  t a k e n  25 hours  a f te r  i r rad ia t ion  wi th  the  use of  the  Phi l ips - type  ioniza t ion  
c h a m b e r  of  the  Nat iona l  B u r e a u  of Measuremen t s  e a ] ~ r a t e d  to __3~/o showed 
45~_~ Ci, in good ag reemen t  wi th  the  va lue  p red ie ted  f rom the reae to r  f lux  with  

eorrec t ion  for decay  t ime.  

b) Isomeric activation by 24Na source 

N a t u r a l  " " " m d m m  ta rge t s ,  each 3 g and  0 10 m m  b y  6 m m  in size, were  
used for  the  ae t iva t ion  of 115mIn. The  24Na source was plaeed in a p a p e r  cup 

I ~'x.~ xI position ~ ~l 

~\\\\\\\\\\~\\\\\\\\\\~ 
F i g .  1.  The position of the indium targets during the gamma-irradiat ion by 24Na souree 

loea ted  400 m m  f rom the  b o t t o m  and a t  a s o m e w h a t  g rea te r  d is tance f rom .the 
top  and  the  side-walls of  the  hot  ceU. Fou r  ind ium ta rge t s  were m o u n t e d  
a round  and  two above  the  source in the  a r r a n g e m e n t  shown in Fig. 1. Beeause 
of the  15h half-life of  the  2~Na ae t iv i ty ,  the  i r rad ia t ion  t ime  was ehosen to  be, 
general ly ,  3 hours.  

e) Measurement of isomeric aetivity 

The  i r rad ia ted  samples  were measured  b y  Siemens single channel  ana lyzer  

coupled to  a 2 in. • 1 3_ in. N a I  (T1) wel l - type  scint i l la t ion coun te r .The  ene rgy  
4 

and  half-life of  the  measu red  radia t ion  were found  to  be  E -~ 335 keV and 
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TI,,----4.5 h, i.e. the characteristic data for llSmln. The resolution of the 
detector, as checked with the 661 keV line of 137Cs--137mBa was 13.7%. For 
the 323 keV line of 51Cr used for the calibration of the efficieney and geometric 
factor of the well-type NaI (T1) crystal and the self-absorption of the sample, 
the counting efficiency in the channel width used was measured as 28%. The 
activity measurements lasted from 5 to 10 minutes. The baekground in the 
channel corresponding to the 335 keV photopeak of nSmIn with a channel 
width of 14 V (174 keV) was found to be 32 cpm. 

Discuss ion  

The activation cross section per primary gamma quantum of the radiation 
souree can be evaluated from the measured isomeric aetivity by  making use of 
the expression 

I (~+1)  A 1 
~m . . . . .  , ( 1 )  

~2Z, N.  a. m. f . S  

where the first factor on the right hand side gives the isomerie activity as 
determined by  the counting tate I in cps, the internal conversion coefficient 
is ~ and the counting efficiency is 12~Y. The second factor gives the number of 
target nuclei as determined by  the atomic weight A, the Avogadro number N, 
the weight m and the isotopie abundante  a of the target. The third factor stands 
for the primary 7-flux f and the saturation factor S = 1--exp.  (--0.693t �9 T -I) 
with t being the irradiation time and T the half-life of the isomeric nueleus. 
The activation cross section evaluated for the primary 7-quanta of 2tNa with 
the use ofthis formula, gives 1.35 • 0.27 • 10 -aI cm 2 as eompared with that  of 
4.9 �9 10 -a2 cm 2 obtained in an earlier measurement [8] for 6~ of the same 
size as the 2~Na source and with similar indium targets. The difference of the 
two values can be explained by  the fact that  the 1.17 and 1.33 MeV 7-1ines 
of t~ can excite, through Compton scattering, only the first activation level 
in indium at 1.078 MeV [9], while the 2.75 MeV lines of 2SNa are capable 
of also exciting the higher levels of 1.42, 2.13 and 2.63 MeV, the existenee of 
which have already been shown in experiments with bremsstrahlung (Fig. 2). 

The effective activation cross section under the given expe¡ con- 
ditions can be predicted [10--11] if one uses the formula 

[ no I ea~d 2 e~,Q ( 1-e-~~a 2) 

' ( 2 )  

+ q176 [1 -- e 0'~-~~,)Q] + n~ {1 -- _~1#4 l + 4~,  ,'.-~7-1[e-"J II 

wh~re /lggei the differential cross-section for electron scattering to the i-th 
activation level i.e. to the range of energies corresponding to the level width. 
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Fig. 2. The excited level scheme of ttaIn 

�91 c a n  be eva lua ted  f rom the  K l e i n - - N i s h i n a  formula .  (rai is the  eross-sect ion 
for  resonanee  absorp t ion  a t  the  i - th  level. The  t e rms  in the  b raeke t s  s t and  for  
the  souree,  the  absorber  and  the  ta rge t ,  as de t e rmined  b y  the  eleetron densit ies 

n0t , noa and  no;, the  absorp t ion  eoeffieients #1, #2 and  #4 and  the  th ieknesses  
d, Q, 1, respeet ively .  

The  eross seet ion for  exe i ta t ion  to the  f i rs t ,  1~78 MeV level in ind ium 
wi th  subsequen t  deeay  to the  me tas t ab le  s t a te  was eva lua ted  f rom Eq.  (2), 
a s a  = 5.15 • 10 -s2 cm 2 b y  t ak ing  the  resonanee  level width  to be  4 �9 10 - s  eV, 
as e s t ima ted  b y  GOTH [12], whieh gives aa = 10 - =  cm 2 for the  absorp t ion  

eross seetion.  
Compar ison  of  the  va lue  predie ted  for the  f i r s t  exei ted level a t  1.078 

MeV wi th  the  measured  eross seetion of 13 .5 •  10-32 cm 2 shows elear ly t h a t  
the re  m u s t  be ah appree iab le  eon t r ibu t ion  to the  ae t iva t ion  f rom the  seeond 
and  poss ib ly  higher  exei ted  levels of  indium.  The  individual  eont r ibut ions ,  
however ,  canno t  be eva l~a ted  wi thou t  a knowledge  of the  absorp t ion  eross 
seet ion and  ievel width  da t a  involved.  
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H3MEPEHHE 3 ~ ~ E K T H B H O F O  CEqEHH~I AKTHBAI_[HH ~I~(EPHOFO 
H3OMEPA ~~nIn 7-J-IYqAMH 24Na 

A. BEPELU ~ J ' I . . r IAKOUlH 

PC3IOMe 

OnpeneJ~neTca 3(~~eKTHBH0e ceqeHHe aKT~IBaIIHH H30Mepa ~~Sln, OTHOCameecn K raMMa- 
nyqaM aHeprHH 1,38 n 2,75 MaB paHHoaKTHaHOr0 HCTOqHIIKa 24Na nptl aI<THBHOCTH 145 K~pH. 
H3 H3~epeHH~ flKTHB~IOCTH H30 ~epa "~~In ~aHHoe aHaqeHHC I10.qyqHJlOCb paBHbiM 13 5 • 10 -32 CM:, 
qT0 npHMepno B TpH paaa 6onbm~ 3aaqeHaa nonyqeHaoro ra~~a-~yqa~H ~oCo (4.9 x 10 -a2 CM2). 
CTeneHb pacxo~eHHa nOHTBep¡ qTO Hapa~y c n e p B ~  aKTHBaUHOHHb/M yp0BHeM npH 
1,078 MaB cymeCTBy~T H B~cume yp0BHH C ~aeprHe~ 1,42; 2,13, 2,63 MaB, y~<e Ha6a~~eH- 
Hb[e ycKopHTeJI~MH. 
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