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ABSTRACT

In this study, by using a particular spectrometer and a Ge(Li)
detector with high resolution, gamma rays from 226pa and its de-
rivatives below 1 MeV were analysed. In this energy region, in
addition to the data present in the literature, 51 new transiti-
ons were determined. The energies and intensities of these gam—
mas were measured and compared with the former data. Precision
of the energy measurement is approximately 0.11 keV, and devia-
tion of the intensity measurement is about 8 7.

OZET

Tiirevleriyle dengede bulunan radyumun 1 MeV'in altindaki
enerji bolgesi gama spektrumu (8zel bir spektrometrede) ayirma
giicii yiiksek bir Ge(Li) detektdrii kullanilarak yeniden ele alindi.
Sonuglar literatiir verilerine ek olarak bu bdlgede 51 yeni gecigin
varligini gostermektedir. Deneylerde enerji Slgliminde siddetli
gamalar i¢in hata siniri 0.1l keV civarinda belirlendi. Gama gid-
detlerinin 8lgiimiindeki sapma ise en az % 8 olarak saptandi.

INTRODUCTION

Gamma rays emitted from radium, in equilibrium with
its derivatives, are the important sources of informa-
tion dealing with 2!*Po and 2'%Pb.

If the counting is taken over some period of time
enough to see the gamma transitions unobserved until
now, the new information about the de-excitation sche-
mes of 2'“Bi, 2!'*Po and 2!°Pb will be obtained.

In this work, gamma spectrum of *2°Ra and its deri-
vatives was examined carefully in the region below 1
MeV where is highly complex, by paving attention to R~
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disintegration of ?!*Pb to 2!*Bi (Qg =1024 keV) /1/.
Analyses of B~ disintegrations of 2'*Bi to 2!'“Po and
those of 2'9T1 to 2'°Pb will be investigated in an

another study.

MATERTAL AND METHOD

A source of 22%°Ra in equilibrium with its derivati-
ves, prepared by Amersham Radiochemical Centre in the
year 1966, had been measured for three months by using
a Ge(Li) detector, GETAC, that has efficiency of % 23,
at 1332 keV resolution of 2.00 keV, and the Peak/Comp-
ton ratio of 4u(Fig. 1.). The source was placed at a
distance of 2.5 m from detector, that is shielded by
lead with thickness of 5 cm for protection from envi-
ronmental radiation. The detector was connected to the
preamplifier, Canberra 2001 and 2010, and multichannel
analyzer, Hewlett-Packard 5401 -B. Spectrum between 0
and 1 MeV was accumulated at the first 4096 channels,
and the other 4096 channels were used for the checks
made twice a week.
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Fig. 1. Efficiency of the Ge(Li) detector (GETAC 120 em®, direct

spectrometer).

Comparisgn of the spectra obtained with and witho-
ut an absorbent permitted to 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 295.13+ (0.008
and 1120.289 %+ 0.010 keV given by Zobel /2/. Energy va-
lues are calculated by using following relation: E =
0.28879 C - 1185.486, Fig.2. shows that the correction
for the non-linearity is lower than 0.1 keV.



24 H. Akgay

E£:0288792 C-2.5%
Non-linearity

Error=+0,02

o o
Aé /
2
o L
Too 200 %00 600 800 000 N300
20 /./ '
N
w Ex(kev)
b~01/

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 pecaks for
gamma rays between 1 MeV and 2.3 MeV were takcn from
the literature /2,3/. To do this, following reclation,

I(intensity) x elefficiency)

FWIM(full width at balf maximum)

h(peak height)=

and curves that give relations between L and ¢ 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 235 and
1220 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 (-~0.04 keV). The error in the energy va-
lues of the principal rays is 0.11 keV. The relative
irtensities of these gamma rays are given by normaii-
ziag them such that of the gamma ray of energy €619.7%
keV in set equel to 130. The error in the determirati-
on of the 1nterncity is 8 % for the intense simple ray:
and 1includes foilowing components: the error due to
ctatistical fluctuations, the error due to plotring
1he curve, the error present in tie function E (FWHM),
the error in the efficiency, and acove ali, the error
due to the manual graphical analysis, therefore, it
must bte determined after every plotting.

Because of the complexity of the spectra, it does
nced thne 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 /2/ and Hachem /3-5/. When
the agreement between our results and those of Zobel
(deviation lower than 4 %) is considered,the results of
Hachem show a systematic difference (deviation 7 thro-
ugh 19 %). By using the results of Mouze /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 ?!'“Bi.

E (keV) Iy Iy Ty Lv/2/ |tys2/ |y sews

Present
Ref /2/ |Ref /7/ work (PW) IY/PW/[I1Y/7/ 1Y/ 7/

186,27+0,14 70+ 9 83,6t 0,9 8b,2+ 6,4 ]10,81(0,84 (1,03
242 +0,20 | 141+ 14 f149,1+ 1,7 |149,3+ 14,7 10,94 [ 0,95| 1,00
295,21+0,11 | 325+ 32 |390,1* 3,9 |399,5+ 31,1 (0,81 }0,83|1,02
351,97+0,14 | 695+ 70 |746,7+ 7,5 (777,0+ 63,1 10,89 }0,93 (1,04
609,31+0,11 | 808+(80)|928,5+(8,5)[928,5+(73,3)| 0,87 | 0,90 | 1,00
768,350,114 92+ 10 |101,2¢ 1,3 |102,1+ 9,0(0,83 0,91 (1,01
934,05+0,11 59+ 6 64,3t 0,9 65,0+ ©,710,91]0,921{1,01
1120,29+0,17 | 275+ 28 |303,8t 3,6 |305,9+ 25,1 0,90 {0,091 .1,01

It is difficult to decide, without doing chemical
separations and y-y or x-y coilncidence 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 22®Ra and its
derivatives corresponds to the deexcitation of 2!'“Bi
and ?'“*Po. Thus, principal question is to distinguish
between gamma rays from 2'*Pb. 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 2'“Poj; values of thece are
2605.7,2863.7, 2990 .1,2926.8 and 30LkL.), LoV, Moreg v, they
were confirmed by coincidence meaturements. Each of
coincidence energien, that corrceponds to the aiffe-
rences between energy levels of ?2'"Po, indicates that
those gammas belong to “!“Po. New gamma: cited in
Table-2 are related to this type. On the other hand,
the measurement of gamma rays from lead and bicmuth
fractions, that were chemically separated from the

family by Lingemann ot al. /7/, cupport thic attribu-
tions. Guamma intencities oboerved in Lhe fraction:: of
lead and bismuth are lower than 2 % of the intensity

of 6N9.21 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 2!*Bi given by
Lingemann /7/ are compared with the results of Nuclear
Data Sheets /8/ and of ours. In respect to this table,
following points are remarkable: in the present work,
gamma rays of 137.45 and 141.3 keV were not determined.
The latter overlaps the peak which is the wide back-
scatter of the Compton edge belonging to 295.21 keV
gamma ray. The intensities of the gamma rays from

'*Bi are in good agreement with the results of Linge-
mann, except for 839.00, 258.96 and 274.76 keV gamma
rays. It is probable that Lingemann had mistaken for
the different value of 839 keV gamma ray due to the
summing effect. Our conclusion is confirmed by the me-
asurement recently realised by Ythier and Pravikoff
/9/. The other two differences between the gamma inten-
sity values cannot be explained. In Table-3, for
487.31 and 544 keV gamma rays, disagreement between
the values of gamma intensities obtained in this work
and those given in Nuclear Data Sheets /8/ can be seen.
For the first gamma ray, in NDS, all the intensities
are ascribed to it with great probability, but Linge-
mann points out that there is a complex peak in this
energy region, and in the present work it is determi-
ned that there are two gamma peaks of energy 486.u45
and 487.31 keV in the region mentioned. For the second
one, it appears that Ref. /8/ did not pay attention to
the data of Lingemann. Although Fig. 2B in Ref. /7/
indicates that there is a gamma at 775 keV, 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 the new
gamma sources in the region from 839.0 to 1024 keV
(Qg of ?'*Bi) in the spectrum may belong to 2!"Bi.
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