
elementary point sources with equal activities, it follows the sum
peak equation for the activity of elementary source

a ˆ A=n ˆ Ni
D ‡

Ni
1Ni

2

Ni
S

…17†

where Ni
1, Ni

2 are peak rates originating from elementary source
and Ni

S is their sum peak. Ni
T is the total count rate originating

also from elementary source. By summation of activities corre-
sponding to each elementary source, overall activity of extended
source is

A ˆ ND ‡
Xn

i ˆ 1

Ni
1Ni

2

Ni
S

: …18†

However, the spectral data are integral so it is possible only to
obtain overall rates, which can be expressed by the contribution
from each elementary source

N1 ˆ
Xn

i ˆ 1

Ni
1, N2 ˆ

Xn

i ˆ 1

Ni
2 and NS ˆ

Xn

i ˆ 1

Ni
S …19†

and unequal ef®ciencies across the volume of sample imply

Xn

i ˆ 1

Ni
1Ni

2

Ni
S

a

P n
i ˆ 1 Ni

1

P n
i ˆ 1 Ni

2P n
i ˆ 1 Ni

S
…20†

which means, in general, that exact activity equation for extended
sources expressed by observable rates does not exist. However, if
one suppose that for given extended source one of the following
conditions can be ful®lled

Ni
1

Ni
S

ˆ const: or
Ni

2

Ni
S

ˆ const: …21†

inequality in Eq. (20) can be replaced by equality. That means the
activity of extended source is measurable by equation

Aˆ ND ‡
N1N2

NS
…22†

where N1, N2 and NS are overall rates from spectral data and ND is
total count rate of extended source.

Explicit equation for the one peak rate, by assuming negligible
angular correlations, corresponding to simple two step cascade

emitting elementary source is

Ni
1 ˆ aei

1…1ÿ Zi
2† …23†

while the sum peak rate is

Ni
S ˆ aei

1ei
2 …24†

where ei
1, ei

2and Zi
2 denotes the full-energy peak and total

ef®ciencies for the ®rst and the second gamma ray emitted in
the cascade. It follows the peak to sum-peak rate for elementary
source

Ni
1

Ni
S

ˆ
1ÿ Zi

2

ei
2

: …25†

From the above discussion, and also considering Eqs. (20) and
(25), it can be concluded that larger ef®ciency variations across
the volume of the sample will cause larger discrepancies of
activities if Eq. (22) is used for activity measurement.

4. Angular correlations of 152Eu

While the angular correlations of 152Eu can be avoided in
ef®ciency calculations [13] in presence of TCS, activity measure-
ments by the sum-peak method may require calculation of
effective angular correlations [3] what depends on the experi-
mental arrangement. The effective angular correlation term in the
sum peak activity equation for a simple two step cascade source
can appear as a multiplying factor. This can be generalized to the
sum-peak method of complex decay scheme consisting of n two
step cascades and also by assuming ®nite size of the source. If we
suppose that emissions of X-rays followed by internal conversion
or electron capture cannot be detected, making use similar
treatment of scheme decomposition described in Section 2, it
can be shown that sum-peak activity equation for extended
source consisting of n two step non interfering gamma cascades
without crossovers and with non negligible angular correlations,
can be expressed in the form

Aˆ
Xn

i ˆ 1

X

k

Nik
1 Nik

2

Nik
S

‡ Nik
D

 !

w ik …26†

where i indicates summation over each ®ctive source, while k
denotes summation across the volume of the extended sample.
Nik

1 and Nik
2 are the peak rates and Nik

S denotes appropriate sum-
peak rate originating from elementary source. Nik

D is total count
rate originating from particular cascade at certain position; w ik is
the effective angular correlation term corresponding to appro-
priate gamma cascade and elementary source. In the case of
152Eu, the main problem appears due to fact that the cascades
selected for measurement (Section 2) can originate from
pathways consisting of more than two gamma emissions. How-
ever, if we consider the full decay scheme of 152Eu and appro-
priate pathway probabilities our calculation has shown that 9.2%
of 2- 1- 0, 96.7% of 10- 1- 0 and 100% of 16- 9- 0 transitions
of 152Sm are two step emissions. Furthermore, 39% of 3 - 1- 0,
99.5% of 7- 1- 0 and 98.3% of 11- 1- 0 transitions of 152Gd also
are also two step emissions. However, by increasing the distance
of source from detector, the probability for non detection of
photons emitted simultaneously with two step cascades will be
closer to unity, and the sum peak rate originating from triple
cascades will be negligible. This implies that accuracy of twofold
cascades angular correlation theory will increase by increasing
the source distance from detector.

Calculations of effective angular correlation function necessi-
tate theoretical calculations of ef®ciency for all possible incident
angles for certain energy of the gamma ray [14 ,15] due to ®nite
detector size. The function of relative ef®ciency versus incident

Fig. 3. Region of interest for the sum peak of 1649.8 keV. Sum peak at 1647.3 keV
originating from cascade 19 - 5- 1 is also presented. The spectrum was observed
using 35% HPGe coaxial detector by placing the point 152Eu source along the
detector axis at the distance from endcap of 32 mm.
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