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Ba-133 EC decay

E (keV)   I (per 100 Dis)
53.1622     2.14±0.03
79.6142     2.65 ±0.05
80.9979   32.9 ±0.3

160.6121     0.638 ±0.004
223.2368     0.453 ±0.003
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Ex: 302 keV peak 

1 K(EC4)-53-302-81
2    K(EC4)-53-302-K(81)
3    K(EC4)-53-302-K(81)
4    K(EC4)-53-302-other(81) (other => no signal in detector)
5    K(EC4)- K(53)-302-81
6    K(EC4)- K(53)-302- K(81)
And so on, ending with 

But: 302 keV photon is emitted together with other radiations!

And so on, ending with 
48  other(EC4)-other(53)-302-other(81)

Other decay paths start by feeding the 383 keV level (EC3): 

49   K(EC3)-302-81

50, 51, 52, 53, 54, 55, 56, 57, 58, 59

60   other(EC3)-302-other(81)
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Each combination i has a specific joint emission probability pi

p(302)=p1+p2+p3+…+p60

Each combination has a specific probability to contribute to the
count-rate in the 302 keV peak, e.g. combination (1)

K(EC4)-53-302-81 =>  1=[1-(K)][1-(53)] (302) [1-(81)]1

(E)= total detection efficiency for photons of energy E

Additional complication – angular correlation of photons

i < (302)  => coincidence losses from the 302 keV peak
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Apparent efficiency for 302 keV peak of Ba-133 would be:
(302,Ba-133)=(p1 1 + p2 2 + p3 3 + … + p60 60)/p(302)

Note that any secondary photon (e.g. 53 keV) is included in 
several terms, in each through (53)
It is better to use hierarchically ordered groups, by 
transforming the above expression:
(302,Ba-133) = (302) [1 – p302,K (K) – p302,K (K) – .. 
p302,81 (81) + p302,K,K (K) (K) + … p302,53,81 (53) (81) p302,81 (81) + p302,K,K (K) (K) + … p302,53,81 (53) (81) 
– ..p302,K,53,81 (K) (53) (81)
p302, K,53,81 = joint emission probability of the group if the main 
radiation (302) has been emitted

Advantage of new decomposition: decoupling of decay scheme 
data evaluation from efficiency computations
- especially important for volume sources
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Sum peak contributions to the 302 keV peak: 

Combinations like:
K(EC4)-53-223-79-81 contribute to the 302 keV peak
with a probability [1-(K)][1-(53)] (223) (79) [1-(81)]

Other 59 similar contributions

In the presence of coincidence summing
R(E)  (E) I(E) A, butR(E)  (E) I(E) A, but
R(E) = FC (E) I(E) A
FC = coincidence summing correction factor, depends on:

- decay scheme parameters
- peak and total efficiency for the set of energies of 

all the photons
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Data source: DDEP (Nucleide) or ENSDF
-automatic extraction procedure and formatting in the style of 
KORDATEN file (initially developed by Debertin and Schotzig)
-presently about 225 nuclides

Decay scheme parameters: 
=> Joint emission probabilities, hierarchically ordered, combining all 

Computation of decay scheme parameters in GESPECOR:

=> Joint emission probabilities, hierarchically ordered, combining all 
the possible decay paths
-computation by a fast algorithm [Sima and Arnold, ARI 66 (2008)]
-nuclides with less than 100 levels, otherwise arbitrary decay scheme
-radiations considered: gamma photons, K, K X-rays, 
annihilation photons
-angular correlations can be easily incorporated
-user friendly interfaces
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Computation of the efficiencies:

-Decoupled from the evaluation of the decay scheme
(a) Standard: 
1. Full Monte Carlo simulation
-Variance reduction techniques
-Very important for volume sources
2. Well-type detector: combination of experimental peak 

efficiencies with an accurate analytical formula for the 
total efficiency [Sima, Nucl. Instrum. Meth. A 450 
(2000)]

(b) Non-standard: application of fitted formulae for peak and 
total efficiency

User friendly interfaces for the detector, geometry and shield
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BA-133    EC        31.692    0.894     4.53      0.104

0.000  5.000E-04 0.000E+00 0.000E+00    STABLE

80.998  7.000E-01 8.800E-01 0.000E+00 6.280E-03

160.612  3.000E-01 7.900E-01 0.000E+00 1.720E-04

383.849  1.370E+01 7.734E-01 1.761E-01 4.200E-05

437.011  8.620E+01 6.720E-01 2.520E-01 1.500E-04

2 1        80.998  3.290E+01 1.740E+00 1.460E+00 2.200E-01

3 1       160.612  6.380E-01 3.100E-01 2.400E-01 5.400E-02

3 2        79.614  2.650E+00 1.770E+00 1.515E+00 2.040E-01

4 1       383.849  8.940E+00 2.030E-02 1.690E-02 2.730E-03

4 2       302.851  1.834E+01 4.430E-02 3.810E-02 4.960E-03

4 3       223.237  4.530E-01 9.950E-02 8.530E-02 1.130E-02

5 2       356.013  6.205E+01 2.560E-02 2.110E-02 3.510E-03

5 3       276.399  7.160E+00 5.690E-02 4.610E-02 8.550E-03

5 4        53.162  2.140E+00 6.020E+00 4.930E+00 8.600E-01
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Evaluation of Fc is very difficult for nuclides with complex 
decay schemes and for volume sources

Methods developed for this purpose differ in the way in which
- evaluate the necessary decay scheme parameters
- evaluate the necessary peak and total efficiencies
- combine the decay data with the efficiency data

(1) Recursive formulae (Andreev et al, McCallum & Coote, (1) Recursive formulae (Andreev et al, McCallum & Coote, 
Debertin & Schotzig, Morel et al , Jutier et al)
(2) Matrix formalism (Semkow et al, Korun et al)
(3) Generalized lists (Novkovic et al)
(4) Monte Carlo simulation of the decay paths and of detection 
efficiencies (Decombaz et al)
(5) Analytic evaluation of decay scheme parameters decoupled from
Monte Carlo evaluation of efficiencies (Sima and Arnold)
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Computation of joint emission probability 
of groups of photons

Search of all the decay paths (Sima and Arnold, ARI 2008):
• the decay scheme is considered an oriented graph
• the levels are the nodes of the graph
• the transitions are the edges of the graph
• the problem of finding the decay paths is equivalent with finding• the problem of finding the decay paths is equivalent with finding

the paths with specific properties in the graph 
- a fast algorithm of the breadth-first type was implemented

Joint emission probabilities can be computed for any nuclide 
with less than 100 levels
-radiations considered: gamma photons, K, K X-rays, 

annihilation photons
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Computation of the efficiencies:

Monte Carlo simulation, decoupled from the evaluation of 
the decay scheme
-Variance reduction techniques
Peak efficiency:

-focalized emission towards the detector
-attenuation between the emission point and detector 

treated analytically
-forced first interaction in the detector
-stop at first energy loss outside detector

Total efficiency
-stop at first interaction in the detector

User friendly interfaces for the detector, geometry and shield
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