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THE STUDY OF' THE GAMMA RAYS FROM 22GRa 
AND ITS DERIVATIVES BELOW I MeV
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; 'c; n , Eg ıra y a -  I zzii r

ABSTRACT
In this study, by using a parti eel ar -pa: ;: corue t ~?r j'û a fe\Ld'

df tec tor  with hi, gh reso tut ion. gamma Tapa iron ' "h*,̂  a -a 7» t s G:-' 
r iv a t lv e s  he lev 1 MeV ware ana" y sod , In tiros a r. c. a g * r i £i on,  m
addition to the data present in t be i in-j-3 hjn,, a3 -'w tirum-l 
o n s we r>- d e t er*m ın e d * Iha energies and un. e r s ı c ı e e c t 11' e s o a a in™ 
m-is uert measured and compsi ed vdtrh the terrier 3'tn., Tree; bin; 
or she energy me riser event is  opi r on 5. tie? a l ı  U "U E-fV, nvi ter  i.s- 
tion of toe intensity measuremont is abart h r.,

ÖZET
Türevleriyle dengede bulunan radyumun i ftıi‘?ın - ı.tındaki 

enerj i bölgesi gama spektrumu (özel bir spektrometrede) ayıma 
gücü yüksek bir Ge(Li) detektörü kullanılarak yeniden ele alındı. 
Sonuçlar literatür verilerine ek olarak bu bölgede ^nı geçişin
varlığını göstermektedir, Deneylerde enerji ölçümünde şiddetli 
gamalar için bata sınır? u.si L?V civarında belirlendi. Gama şid­
detlerinin ölçümündeki sapına ise em m  w ~ o .arak saptandı *

IVVTEODUCTTOM

'o 0 n r  a r:* a y  a end t t e d  f r o r ra .d t urn. „ ^ a a j 1 1 o r o a m  we on
i c y  d e r i v a Cl <—.. «J o r e  t h e 1 TTip o y >t a r. x s o u r c e ? , W f  f  x f  r •> p  rn cl ”
r i o n c  e d  1 i n g  ■.. y  - ]-; 2 J "'Pc a n d ? 1 fip b .

I f the OOtli i t  m g .is t a l • X r't V e ; o me p e r i o d  o f  t im -
m i o o g D t o s e e t h e gamma t r a r : s i ~I o n s r  n o b  s e r . - e d  u n t i l
ı k v • ti" e n e k 1 n f o t i’id r ı  o n a b o u t t h e d o ~ e x c 1 1  e t i m  s o b t - 
roes o f  ^  ,!rm ,  * 1 ‘ ro  and ? 1 °Pb wi J .1 De o r t a  i.ne/1.

in  t h i s  worn., gamma s pec train of 2 2 *T< a and i t  t .Dr 
n r İ v ^ s  m  '* xami n^d c a r e f u l l y  in  th e  m g  i o n  b e l o w i 

Fko d a r p  in h i g h l y  c o m p le x ,  by p a y in g  a r ta n  t i o n  lo g~
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di s. Integra tion of 21%Pb to 2 1 ̂ E i (Q o “ 10 2 M- keV ) /1 / *
Analyses cf f5" disintegrations of 2 *uBi to 21%Po and 
those of 210Tl to 21°Fb will be investigated in an 
another study*

MATERIAL AND METHOD
A source of 2 ’• m  equilibrium with its derivati­

ves^ prepared by Amersham Radioehemi ea1 Centre in the 
year 1166, had been measured for three months by using 
a Me(Li) detector, GETAC 5 that has efficiency cf 1 2 3 , 
sc 1362 keV resolution of 2.00 keV , and the Peak/Comp­
ton ratio cf at(Fig, 1. ) . The source was planen s t a 
distance cf ?.5 m from detector, that is shielded by 
lead w 11h thickness of 5 ;c for protoc11on from anvi • 
re r mental rid ;at losu The detector was a on nee Ac < to 
p rearer i l f i tj. , r a r d e r ra 2 0 û 1 a n d 2 010, an a f; u 1 i ı cl: a ime, 1 
ana ] y / er 5 Hew?Ie l t-Pa ckarc 54 0 i -3 . Spect rum be tveen 2 
and 1 MeV was aecundated at the first köS6 channel sm 
and tbs ctner tu: channels wp.ef: nmvi jfr A'- checls 
ma d- t w 3 c e a w e c k .

Pin i r f u-; r.ncy of the Ge(Li) detector (GET AC 120 cm3, direct
spectrometer)»

Comparison of the spectra obtained with and 'witho­
ut an absorbent permitted tc distinguish between the 
peaks of the gamma rays and the escape peaks of the 
gamma rays with high energy. Calibration of energy was 
made by using two gamma rays of energy 238*18 + 0 128 
and 1120. 28 0 t o uhû keV given by Sobel /2/A Energy va­
lues are calculated by using following relation: E = 
0.268/] C - 1186.436 , t_i g 2, shows that the correction 
for th^ non-1 inearity is lower than 0*1 keVh



24 H. Akçay

E-0,288793 C-z.59

Fig. 2. Variation of the energy with the correction of non line­
arity.

The analysis of such complex spectrum requires the 
knowledge of heights of escape peaks as well as their 
exact positions. The heights of those, for the detec­
tor and geometrical conditions used, could be predic­
ted by using the curves which give variations of the 
energy with the ratios of photoelectric peak to those 
which are single escape, double escape, Compton scat­
tering and backscattering peaks (Fig. 3.). Since mea­
surement in region above 1 MeV was not made in the 
present study, intensity values of escape peaks for 
gamma rays between 1 MeV and 2.3 MeV were taken from 
the literature /2 ,3/ . To. do this, following relation,

h ( peak height ) - H l n teûtvj. x_ ̂ efficiency )-
FWIiMCfull width at half maximum)

and curves that give relations between E and c and 
also E and FWHM were used.
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Fig. 3. Variation of the ratios h (photopeak/h (double escape) 
and h (photopeak) / h (single escape) with the gamma 
energy values.

RESULTS AND DISCUSSION
Table-2 shows the relative energy and intensity va­

lues, newly obtained in this study, of the gamma rays. 
The error in the energy calculation includes following 
components: the error reference due to peaks 295 and 
1120 keV (-0.01 keV), the error of fitting (-0.02 keV), 
The error 'of superposition of the standard and experi­
mental peaks (-0.02 keV), the error of correction for 
non-linearity (-0.0U keV). The error in the energy va­
lues of the principal rays is 0.11 keV. The relative 
intensities of these gamma, rays are given by normali­
zing them such that of the gamma ray of energy 609.21 
keV is set equal to 100. The error in the determinati­
on of the intensity is 8 % foT> the intense simple rays, 
and includes following components: the error due to 
statistical, fluctuations, the error due to plot ring 
the curve, the error present in the function E (FWHM), 
the error in the efficiency, and amove all, the error 
due to the manual graphical analysis, therefore, it: 
must be determined after every plotting.

Because of the complexity of the spectra, it does 
need trie delicate decompositions for some peaks; ne­
vertheless, this gives rise to great errors. Table-1
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compares the most intense gamma rays of the present 
study with those of Zobel 171 and Hachem /3 — 5/ . When 
the agreement between our results and those of Zobel 
(deviation lower than 4 %) is considered,tlie results of 
Hachem show a systematic difference (deviation 7 thro­
ugh 19 %). By using the results of liouze /6/ it is 
concluded that there is disagreement between Zobel and 
Hachem below the energy 1238 keV.

TABLE-1. Comparison of intensities of the principal 
gamma rays from 21,4Bi.

E (keV) IY
Ref /2/

IY
Ref 1 1 1

-t-Y
Present 
work(PW)

iy/2/ iy/2/ Iy/PW/
Iy/PW/ iy/7/ iy/7/

186,27±0,14 701 9 83,61 0,9 86,21 6,4 0,81 0,84 1,03
242 ±0,20 1411 14 149,11 1,7 149,31 14,7 0,94 0,95 1,00
295,2110,11 3251 32 390,1+ 3,9 399,5+ 31,1 0,81 0,83 1,02
351,9710,14 6951 70 746,71 7,5 777,01 63,1 0,89 0,93 1,04
609,31+0,11 8081(80) 928,51(8,5) 928,51(73,3) 0,87 0,90 1,00
768,3510,14 921 10 101,21 1,3 102,1+ 9,0 0,83 0,91 1 ,01
934,0510,11 591 6 64,31 0,9 65,0± b , 7 0,91 0,92 1 ,01

1120,2910,17 2751 28 303,81 3,6 305,9± 23,1 0,90 0,91 .1 ,01

It is difficult to decide, without doing chemical 
separations and y-y or x-y coincidence measurements 
for all the family, that to which element a gamma be­
longs. However, when the branching and the origin of 
different energy levels in the family are considered, 
the major part of the gamma rays from 2 2 6 J<a and its 
derivatives corresponds to the deexcitation of 21**Bi 
and 21uPo. Thus, principal question is to distinguish 
between gamma rays from 21uPb. In order to solve this 
problem, there are such possibilities: the study of 
the gamma rays above 1 MeV' for this family, which is 
made by Mouze /6/, brought to light the existence of 
the new energy levels for 21t4Po; values of the e are 
2 6 04.7, 28G9.7, 7s ■( . ] , 2928.8 a ad 3Üİ4 . 4 koV. Morels-* \ , they 
were confirmed by coincidence measurements. Each of 
coincidence energies, that corresponds to the diffe­
rences between energy levels of 2")‘‘Po, indicates that 
Llio.se gammas belong to 2 1 \Po. New gamma: cited in 
Table-2 are related to this type. On the other hand, 
the measurement of gamma rays from lead arid bismuth 
fractions, that were chemically separated from the 
family by Lingomann of al. /7/, support lhi: attribu­
tions. Gamma intensities observed in Lhe fractions of 
lead and bismuth arc lower than 2 1 of the intensity 
of 609.21 keV gamma ray.
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However, the knowledge of gamma rays from these frac­
tions has a great advantage. In Table-3 , energy and 
intensity values of gamma rays from 21%Bx given by 
Llngemann /?/ ar compared with tne resulcc of Nuclear 
Data Sheets 78/ and of ours. In respect' to this table, 
following points are remarkabi e: m  the present work, 
gamma rays of 137*95 and 1*41.8 keV were not dr 1 e mined, 
the latter overlaps the peak which s the wide; buck- 
scatter of the Compton edge belonging, to 395 2 t keV 
Şanıma ivy, The intensities of the gamma rays fi om 
” 1 t m  are in good agreement with the results of hinge-* 
mann, except for 8 3 9.00, 268.9 0 and 27M 7 6 keV gamma 
rays, It is hufcl)ie that Llngemann had mistaken for 
the different value of 829 he V gamma ray due to the 
summing effect Our conclusion is confirmed by tne me­
asurement recently realised by Ythler and Pravikoff 
/ 9 7. The other two differences between tne gamma intan-­
city' values cannot be expluineo. In Tabic-6» f< <r 
9 8 7 „ ? J, a n d 6 94 k e V ga mma ray s , d i s □ gre o me nı b e t we e n 
the values of gamma into ns 11 ies obtained in this work 
and those giren in Nuclear Data iheets 78/ can ho seen. 
For the first gamma ray 5 in NDS, all the in* ene itIes 
are ascribed to it with great probcibili ty ? but binge- 
rgann points out that their is a compter peak in this 
energy region, and in the present wort i • j. determi­
ned that there are two gamma peaks of energy 9 8 6.96 
and 987.81 keV in the region mentioned, for the second 
one, it appears that Raf. 78/ did nor pay attention to 
the do ca of Lxngeinann. Although Fig , 7 B in Ref, 7 7/ 
indicate.^ that there is a gamma at 77 6 heV, this is 
775.68 keV gamma present in this study.

By means of the knowledge of gammas in lead and 
bismuth fractions, it is shown that some of tha new 
gamma sources in the region from 839j) to 1029 keV 
(Qg of J ih3ı) in the spectrum may belong to 2 1 ** B i .
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