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Coincidence summing correction is needed for
determination of reliable γ-ray intensity of short-lived nuclei
far from the β-stability line with HPGe detectors in close
geometry measurements.
β-branching ratios, log-ft values : calculate from the γ-ray
intensity imbalance at each excited level.
The summing correction should be iterated several times
according to the level structure.
How many iterations of correction are required for reliable γ-
ray intensities determination?
Test nuclides
• 134Cs : simple decay scheme
• 154Eu : more complicated decay scheme (wide energy

range)
• 56Co : β+ emitter and high energy γ-rays above 3 MeV

• Correction of the coincidence summing using the pre-determined ϵ୮and ϵ୲ by means of Shima et al. (2014) :
Randomly sampled the decay path from an excited level to the ground state in the decay scheme of each nucleus
(ENSDF 2004)using Monte Carlo simulation. (The 107 events were generated)

The energy deposition events of no-coincidence or coincidence summing were randomly simulated.
iterate the procedure step by step by adopting the measured peak counts of each γ ray as the initial intensity Iஓ೔;బ 	Iஓ೔;బ = େಋ೔;బ஫౦ಋ೔ Cஓ೔;బ: the measured counts (no correction), ϵ୮ಋ೔ : peak efficiency for γi

• The corrected I′ஓ೔;భ = ஓ݂೔;బ→భ × Iஓ೔;బ. ஓ݂೔;బ→భ : correction factor derived from the above procedure.
• Renormalize the corrected I′ஓ೔;భ (by the corrected Iஓలబర.ళ;భ in 134Cs, Iஓభమళర.ళ;భ in 154Eu, Iஓఴరల.ఴ;భ in 56Co).
• The 2nd correction : deduce ஓ݂೔;భ→మ using the renormalized Iஓ೔;భ.
• If the β-branching ratios became negative at some level, those were regarded as zero.
• Successively, the corrected intensities I′ஓ೔;ೕశభ = ஓ݂೔;ೕ→ೕశభ × Iஓ೔;బ (j=1 to 10)

The correction for coincidence summing required several iterations. The
number of iteration of coincidence summing depended on the decay
scheme. At least 4 iterations were needed in case of the 20% solid-angle
measurement in order to determine the intensities within 5% uncertainty.
In practice, it is important to analyze γ-ray spectra carefully and
determine the peak counts as initial conditions reliably.
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Most correction factors converge
at 6 iterations.

Converged at 6 iteration for three nuclides.
In agreement with the reference values of NUCLIDE (2013).
At least 4 iterations of summing correction are needed.
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Results

22% HPGe detector :
Solid angles : 0.6%,10%, 20%, with acrylic β- and β+ absorberϵ୮and ϵ୲ : uncertainty: 2% and 5%, by measurements (109Cd, 137Cs, 54Mn, 60Co)
and GEANT4
Nuclides of interests : 134Cs, 154Eu, 56Co

Uncertainty evaluationσஓ೔:ೕ = σ஫౦(2%)ଶ + σஓ೔:ೕషభ(2%)ଶ ≈ 0.03
The uncertainty by n iterations
is ∑ 0.03௡~0.031௡ଵ at 6 iterations.

134Cs

134Cs

In order to determine the γ-ray emission intensities of nuclei far from the β-stability line with HPGe detectors under large solid-angle geometry,
coincidence summing corrections should be performed, even if full energy peak efficiencies of detectors are accurately measured with standard
sources. Because the summing effects depend on decay scheme and emission intensities, the correction needs to be iterated several times starting
from the initial values of intensities obtained directly from the measured peak counts of γ-rays. Considering 134Cs, 154Eu and 56Co as typical
examples, we discuss the number of iterations of summing correction required for self-consistency with respect to the total efficiencies of the
detectors.

Objective

10-4

10-3

10-2

10-1

102 103

Ef
fic

ie
nc

y

Gamma-ray energy (keV)

ε
t
(Ω=20%)

ε
t
(Ω=10%)

ε
t
(Ω=0.6%)

ε
p
(Ω=20%)

ε
p
(Ω=10%)

ε
p
(Ω=0.6%)

-0.1

0

0.1

0 2 4 6 8 10

123.7(116)
723.3(57.6)
1004.8(51.7)
873.2(34.7)
996.3(30.1)
247.9(19.8)

591.8(14.2)
756.8(13.0)
1596.5(5.16)
692.4(5.1)
582.0(2.56)
904.1(2.55)

1246.1(2.46)
1494.0(2.00)
815.5(1.47)
444.5(1.57)
892.8(1.50)

Number of iterations

Ω=20%

154EuD
ev

ia
tio

n 
(%

)

154Eu & 56CoTrend of the ratio of the correction
factor ࢐→࢐ష૚;࢏ࢽࢌ/࢐శ૚→࢐;࢏ࢽࢌ from j=1 to 10.

The results for 0.6%, 10%, 20% in 134Cs, 20% in 154Eu and 56Co. The last correction factors versus
the effective ૓ܜ	; 	 ૓ܜ = ∑ ૓۷×ܜ઻∑ ۷઻

Ω = 20%
= 10%
= 0.6%

Concept of summing correction 
by Monte-Carlo simulation

Abstract


