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I. INTRODUCTION 

Ef f i c i ency  c a l i b r a t i o n  of G e ( L i )  g m a - r a y  d e t e c t o r s  r e q u i r e s  so lnccs  

whose d i s i n t e g r a t i o n  rates a r e  we l l  known and s u f f i c i e n t l y  s t rong  enough 

t o  a l 1 . 0 ~  a spectrum t o  be obtained i n  a reasonable  per iod .  There are 

s e v e r a l  i s o t o p e s  e a s i l y  produced y i e l d i n g  gamma r ays  wi th  ene rg ie s  up t o  

4.8 MeV. 

d e t e c t i o n  system of  known e f f i c i e n c y .  Subsequent l a t e r  use  of t h e  source 

r e q u i r e s  e i t h e r  an  experimental  r e c a l i b r a t i o n  o r  e l s e  a recomputation of 

t h e  s t r e n g t h  from i t s  known h a l f - l i f e .  Af t e r  t h r e e  o r  fou r  h a l f - l i v e s ,  

t h e  u n c e r t a i n t y  a s soc ia t ed  wi th  t h e  hal f - l i f e  becomes t h e  dominant un- 

c e r t a i n t y  i n  t h e  source s t r eng th .  Probably a l s o  t h e  source has  become 

t o o  weak  t o  y i e l d  a reasonable  count ra te .  The usual technique f o r  e f f i -  

c iency  c d i b r a t i o n  involves  ob ta in ing  a few well-defined p o i n t s  (e .g .  

u s ing  137Cs,  6oCo) and then  t o  s tudy a shor t - l ived  iso%ope emi t t i ng  many 

gamma r a y s  ( e . g .  56C0, 66Ga). 

sources  i s  then  matched to t h e  lower energy abso lu te  valiies. 

The r e s u l t i n g  source s t r e n g t h s  may be w e l l  cal-ibraterl  using a 

The re la t ive  i n t e n s i t y  func t ion  from t h e s e  

There are several good sources  having many g a m a  rays w i t h  s u f f i c i e n t l y  

long l i f e  times so  t h a t  an absolu te  d i s i n t e g r a t i o n  ra te  can  be obta ined  

m d  r e l i e d  upon. These inc lude ,  e .g .  l S 2 E u ( ~  = 12y, 122 keV C: E < 1770 

keV), ThC" ('"Th, T 

2 2 6 R a ( T  

t h e  best s e r i e s  of strong gamma-ray l i n e s  i n  t h e  energy reg ion  between 

1400 and 2450 keV. The spectrum obta ined  from 226Ha has been r epor t ed  

upon by seve ra l  groups' and al though t h e  a,greement among the  r e p o r t s  o f  

t h e  i n t e n s i t i e s  may be s u f f i c i e n t  f o r  a s tudy  of  t h e  nuc lear  p r o p e r t i e s  

of t h e  n u c l e i  involved,  t h e r e  are s u f f i c i e n t  d i s r repar ic tes  among repor t ed  

1 / 2  - Y -  
= 1.91 y ,  238 keV C E 

= 1602y, 46.5 keV I < T: A-f - < 3183 keV). 

< 2614 keV), a n d  
1/2 - Y -  

The l a s t  named provides  
1/2 
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values  t o  reduce t h e  e f f e c t i v e n e s s  of t h e  s o u x e  f o r  c a l i b r a t i o n  purposes.  

Indeed, a c a r e f u l  s tudy of t h e  spectrum obtained from 2 2 6 R a  would be of 

cons iderable  b e n e f i t .  T h i s  r e p o r t  i s  n e c e s s a r i l y  of a pre l iminary  na tu re ;  

howevei-, t h e  present  r e s u l t s  do not  agree we l l  wi th  p r i o r  r epor t ed  work, 

a t  l ea s t  not so t h a t  e f f i c i e n c y  Cal i -brat ions can be obtai-ned t o ,  say ,  55% 

accuracy 

11. EXPERIMENTAL DETAILS 

The source m a t e r i a l  "Ra w a s  obtained from I n t e r n a t i o n a l  Chemical 

and Nuclear Corporation. The source w a s  f a b r i c a t e d  by C .  E. B e m i s  a t  

the Transuranium Research Laboratory,  Bldg. 5505. (Some ca re  must be 

exerc ised  i n  handl ing of 226Ra because of t h e  gaseous r a d i o a c t i v e  product 

222Hn. ) 

i n  F ig .  1, involved a previous ly  c a l i b r a t e d  42 cm3 d e t e c t o r  dur ing  a 

break i n  a Van de Graaff run s tudying (n ,xy)  r e a c t i o n s ;  and (b) t h e  

second involved a r e c e n t l y  r epa i r ed  diode of nominally 35 cm3 a c t i v e  

volume. The f i r s t  spectmm w a s  obtained seve ra l  weeks a f t e r  t h e  prepara-  

t i o n  of t h e  source w i t h  t h e  i n t e n t i o n  of ob ta in ing  an absolu te  c a l i b r a -  

t i o n  of  t h e  source d i s i n t e g r a t i o n  r a t e .  The second spectrum w a s  obtained 

about s i x  weeks l a t e r  wi th  e f f i c i e n c y  c a l i b r a t i o n  of  t h e  smal le r  diode 

as t h e  goal .  Although n e i t h e r  spectrum w a s  obtained with t h e  i n t e n t i o n  

of s tudying t h e  source i n  d e t a i l ,  it became evident  t h a t  f o r  both diodes 

t he  ind iv idua l  gmma-ray i n t e n s i t i e s  observed were not  i n  as good agree- 

ment wi th  p r i o r  r e s u l t s  as expected. E i t h e r  t h e  previous c a l i b r a t l o n  of 

t h e  142 cm3 d e t e c t o r  w a s  not as accura te  as be l i eved ,  o r  e l s e  the previous ly  

r epor t ed  gamma-ray i n t e n s i t i e s  i n  2 2 6 ~ ~  a r e  i n  e r r o r .  

Spectra  were obtained us ing  two d e t e c t o r s ;  ( a )  t h e  f i r s t ,  shown 
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42cm3 Ge IL I )  DETECTOR 
3 5 Y . O  SOlJRCE DISTANCE =45crn 

CHANNEL NUMBER 

Fig. 1. Spectrum of gamma r a y s  emi t ted  by 226Ra. 
s t r e n g t h  i s  - 10 vcur i e s  and the t o t a l  counting t i m e  w a s  - 15 hours. The source 



The c a l i b r a t i o n  of  t h e  1+2-cm3 d e t e c t o r  had been c a r r i e d  out  previous 

t o  t h e  Van de Graaff run i n  a manner discussed above. Sources of well-  

known s t r e n g t h  (IAEA, 1971) were used t o  ob ta in  c a l i b r a t i o n  p o i n t s  from 

59 t o  1836 keV f o r  source-detector  d i s t a n c e  of  45 cm. The o v e r a l l  un- 

c e r t a i n t y  of t h e  a c t i v i t i e s  a r e  quoted from 

b r a t i o n  p o i n t s  for E 

l y t i c  r e p r e s e n t a t i o n  of t h e  e f f i c i e n c y  of t h e  form 

0.6% t o  + 1 . 3 % .  The c a l i -  

between 279 and 1836 keV fo l low very we l l  an ana- 
Y 

-X 
e f f  = k E . (1) Y 

The i so tope  'e2'I'a w a s  s tud ied  t o  ob ta in  t h e  low-energy shape of t h e  

e f f i c i e n c y  curve and t h e  simple expression (1) becomes i n c o r r e c t  for 

E below -230 keV. 

bardment of 66Zn) and 5 6 C 0  were s tud ied  to ob ta in  t h e  'nigher energy 

shape of  t h e  e:f&iciency curve ,  and the  curve dev ia t e s  from equat ion (1) 

f o r  E above -3.5 MeV.  

us ing  x = 1 .02 ,  t h e  r e s u l t i n g  e f f i c i e n c y  curve f i t s  a l l  of t h e  IAEA 

sources  and most of  t h e  s t rong  l i n e s  i n  t h e  o the r  sources  t o  - + 3%. 

The i so topes  6 6 G a  (produced by 10 MeV proton bom- 
Y 

For t h e  range 250 - < Ev - < 3500 keV equat ion (1) 
Y 

Two methods were used t o  e x t r a c t  peak a r e a s  i n  t h e  j-i2-cxn3 d e t e c t o r  

spectrum of 2 2 6 R a .  The f irst  method involves  d i sp lay ing  the spectrum on 

a la rge-screen  osc i l l o scope  and "drawing--n'.n'' t h e  underlying Compton d i s -  

t r i b u t i o n  us ing  EL l i g h t  pen. The bas i c  system has been descr ibed  pre-  

viou.sly.2 

s u b t r a c t  t h e  Compton d i s t r i b u t i o n  and then  t o  e x t r a c t  t h e  peak a r e a  from 

t h e  remaining da ta .  The code does not " f i t "  a Gaussian (or o t h e r  aiial.ytic 

d e s c r i p t i o n )  t o  t h e  d a t a ;  however, c e r t a i n  requirements a r e  imposed on 

t h e  d a t a  which a r e  r e l a t e d  t o  t h e  bas i c  Gaussian shape. Tab1.e I presen t s  

a comparison between t h e  two methods for some t y p i c a l  peaks.  For t h e  

The second method u t i l i z e s  a computer code t o  es t imate  and 
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Table 1. Comparison of Peak Extraction Techniques 

E LigIit-Pen Computer Code $ Difference 
Y Area Area 

186 
2 42 
295 

352 
5 11 
609 
‘719 
768 
806 
934 

=38 

166 1 

1765 
1935 
2204 

2448 

1120 

1281 

242000 

302000 

625000 
992000 
10800 
686000 
5850 
58600 
13200 

30300 
121900 

43200 
1045 0 
6160 
80400 
861 

20280 
5600 

266000 
306000 
628000 

990000 

11100 

684000 

5520 

58900 
12960 
30800 
121400 

43100 
10710 

5844 

‘78900 

900 

19520 
5400 

10. 

1.3 
0.5 

0.2 

3-0 
0 - 3  

5 -7 
0.6 
1.8 
1.6 
0.4 
0.2 

3.2 
5.2 

1.8 
4.8 
3.9 

3.5 



most p a r t  t h e  l a r g e s t  v a r i a t i o n s  a r e  a s soc ia t ed  with r e l a t i v e l y  sl-na.11 peaks.  

'l'he very  good p rec i~s ion  (gene ra l ly  < 1%) f o r  the  l a r g e  pen?ts i s  very com- 

f o r t  ing  a 

Energy c a l i b r a t i o n  used. t h e  very well-known energ ies  of t h e  t h r e e  

s t rong  g , m a  r a y s  a s soc ia t ed  wi th  t h e  'I4Pb decay and ass igning  E 

609.4 keV t o  t h e  f i r s t - e x c i t e d  s t a t e  i n  214Po. 

l i n e a r i t y  i n  t h e  t o t a l  de t ec t ion  system, t h e  gamma-ray energ ies  were 

determined .to with in  a p rec i s ion  l imi- ted by t h e  vary-ing r e s o l u t i o n  of  

= 
Y 

Despi te  t h e  s m a l l  non- 

t h e  de t ec t ton  system. Genera l ly ,  t h e  energy u n c e r t a i n t i e s  i n  t h e  present  

r e s u l t s  are smaller  than previous ly  repor ted  f o r  E < 1.. 5 MeV, l a r g e r  

f o r  E > 1.5 MeV. 

Y 

Y 

'The r e s u l t i n g  ene rg ie s  and i n t e n s i t i e s  are t a b u l a t e d  i n  Table 2, 

The i n t e n s i t y  Tesu l t s  are compared w i t h  previous r e s u l t s '  i n  

Table 3. 

Computing t r a n s i t i o n  p r o b a b i l i t i e s  among t h e  l e v e l s  i n  ' 4 B i  f r o m  

t h e  decay of 214Pb, us ing  t h e  presen-t d a t a  and t a b u l a t e d  conversion co- 

e f f i c i e n t s ,  i n d i c a t e s  t h a t  t h e  ground s t a t e  6 decay of  214Pb i s  about 

6% of t h e  t o t a l  P decay, i n  agreement wi th  t h e  measured va lue  I The same 

computation f o r  'I4Bi 3 2'4P0 y i e l d s  -17% t r a n s i t i o n  p r o b a b i l i t y  to t h e  

ground s t a t e  of 214Po, a va.lue somewhat smaller than  20% previous ly  

r e p o r t e d . 3  

puzz l ing ,  s ince  t h e  a branching of 226Ra i s  r epor t ed3  as 5.6%, and t h e  

e/\{ r a t i o  i s  -0.6, t h e  i n t e n s i t y  pe r  100 decays ought t o  be -3.5.  

The r a t h e r  l a r g e  va lue  f o r  .the 186-keV gamma r a y  i s  somewhat 
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Table 2. Gamma Rays Observed i n  t h e  Decay of 226Ra, 

186.0 
241.9 
238. i, 
274 
295.2 
3 y  0 
388 
403.2 
434.7 
480.4 
487.1 
.311 
333 9 8 
780.2 
609.1~ 
663.2 
703.1 
719.9 
768.3 
78.3.9 
806.2 
839.2 
934 . o  
$3.8 
1052.0 
107 o 
1104 
1120.4 
11-34 
1155.4 
1207.8 
7238.2 
1281.1 
1377 - 7 
1385.7 
l l C O l .  6 
1408.0 
1309 * 2 
1537.6 
1583 * 3 
15% 
1-599 

0.2 

0.1 

0.2 
0.2 
0.2 
0.1 

0 .% 
0.2 

0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.3 
0.1 
0.2 
0.2 

0.1 

0.1 
0.1 
0.1 
0.1 
0.1 
0 . I 
0.2 
0.1 
0.1 
0.2 
0.2 
0.5 
O e >  

Gamma-Ray Energy I n t e n s i t y  Remark sa Energy (keV) ‘CJncertainty (per  100 decays) 

h.70 t 0.73 
8.32 ?r 0.32 
0.>6 -t- 0.15 
0.50 rt 0.15 

0.81 -f- 0.09 

0.30 _+ 0.08 
0.31 ? 0.08 
o.lC3 2 0.08 
0.62 * 0.1.2 
0.28 -i- 0.08 
0.43 :t (3.08 
47.3 li- 1.9 
1.38 k 0.11 
0.32 k 0.06 
0.48 ct 0.06 
5.111 k 0.25 
1.09 c 0.05 
1.23 ~f-  0.03 
0.62 -1- 0.09 
3.23 _+ 0.13 
0.35 _+ 0.06 

0 . q  3. 0.08 

0.29 1: 0.09 
1.62 -t- 0.09 

6.36 -I- 0.24 
1.514 -i- 0.14 
11.28 0.25 
.82 zt 0.11 

1.A3 _+ 0.13 
2.51 5 0.13 
2.23 k 0.11 
.66 * 0.20 
.62 -f- 0.06 
.23 t 0.06 
.F?7 * 0.06 

20.7 + 0.9 
39.2 -1- 1.2 

0.14 + 0.08 

0.33 i- 0.06 

0.2G _+ 0.08 
13.1 + 1.0 

0.50 ct 0.06 

E - 5 tandard 

Unresolved 
E - 5 t aridar d 
E-Sl;FtndcWd. 

UnresokveB 

Low sid.e 

Iiigh side 

U n r e  s Give d. 
IJnresol-ved 

Unresolved 

Iligh s ide 
Low s i d e  



12 

Table 2 Cont. 

Ganma-Ray Energy l n t e n  s i  t y  Remarks" 
Energy (kzV) Uncertainty (per 100 decays) 

1847 .7 
18773.3 
1890 
1896 9 9 
2087 
2 110 
2119.2 
2204.7 
2293 -7 
2312 
2332 
2447.8 
26 92 
2733 
277 1 
2882 
2923 
2979 

0.2 
0.3 

0.4 

2. 
0.3 
0.3 
0.14 
1. 
2. 
0.3 
2. 
3- 
2. 
3. 
3. 
3. 

2.10 ?r .1.8 
.2&. rt .o> 

. x-( k .06 

.08 -t .04 
1.22 k .10 
5.15 t .26 
.31 + .04 

.13 + .06 Unresolved 

.io + .05 U n r  e s olve d. 

.023+ .008 

.oirjrlr .005 

.02y .008 

.01_8+ .oo? 

.010+ .004 

.010+ .004- 

1.62 + .08 

<.01 Contaminant ? 

<. 01 

a"Unresolved" impl ies  t h a t  t h e  peak w a s  wider t han  expected f o r  a s i n g l e  
g m n a  r a y ,  and t h e  peak area w a s  e x t r a c t e d  f o r  t h e  e n t i r e  group. 

"Low Side" and "High Side" imply t h a t  t he  peak exh ib i t ed  a t a i l ,  either 
on t h e  l o w  s ide OF t h e  high s i d e ,  which did not  a f f e c t  the energy 
de termina t ion ,  and w a s  not  included i n  peak-area e x t r a c i i o n .  
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Table 3. Comparison of Intensities of Principle 

Gamma Rays from a 2 2 G R a  Source 

Energy Wallace SC 
Cooke 

Lingeman 
et; al. -- 

Present  
Results 

186 
2 42 

2 95 
352 

609 
768 
934 

1238 

1378 

1730 
176 5 

1120 

2119 
2205 

2 448 

9.91 f 0.31 

47.84 & 0.91 
87.2 f 1.9 

19.33 f 0.30 

100. 

9.90 f. 0.21 
6.26 f 0.18 

31.90 f 0.7'3 
u.77 f 0.12 
8.70 k 0.48 
6.94 f 0.20 
35.34 * 0.10 
2.76 f 0.13 
11.22 f 0.47 
3.32 & 0.06 

9.1 
18.2 f 2.0 

115.3 i- 4.7 
84.8 9.3 
LOO. 

7.25 + 0.70 
35.1 -f 3.5 
14.2 f 1.4 
10.0 f 1.2 

7.5 $7 0.9 
39.0 :* 3.8 
3.05 k 0.35 
12.4 f 1.2 

3.85 $7 0.40 

9.3 +- 1.6 
17.5 + 0.7 
43.6 f 1.9 
82.6 + 2.5 

10.8 t 0.5 

100. 

6.85 + 0.27 
31.8 t 2.1 

13.4 rt 0.5 
9.0 + 0.5 

34.8 f 1.0 

2.57 -~r 0.21 

10.85 rt 0.55 

7.05 zk 0.63 

3.42 4- 0.17 
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3. CONCLUSIONS 

226Ra should be a r e l i a b l e ,  long-l ived source of gene ra l ly  wei l -  

separa ted  gamma r ays  useful f o r  detect ,or efficiency Tali-brat ion. The 

source should be s tudied  more c a r e f i l l y  t o  obta in  high p rec i s ion  i n t e n s i t i e s  

and ene rg ie s .  

I s h a l l  redo t h e  s tudy with t h i s  ob jec t ive  i n  mind. 

T f  t h e  oppor tuni ty  ar ises  (and m y  d e t e c t o r s  a r e  r e p a i r e d )  
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