
Internal conversion coefficients, BrIcc, 
BrIccMixing and decay scheme normalisation

T. Kibèdi (ANU)

Tibor Kibèdi, Dep. of Nuclear Physics, Australian National University ICTP-IAEA ENSDF workshop, Trieste, October 2022



2

Heavy Ion Accelerator Facility - ANU 



Tibor Kibèdi, Dep. of Nuclear Physics, Australian National University ICTP-IAEA ENSDF workshop, Trieste, October 2022

Overview

q Electromagnetic decays in atomic nuclei
q Internal conversion coefficients, mixed multipolarities
q Electric monopole transitions
q BrIcc - Calculation of conversion coefficient
q BrIccMixing – multipole mixing ratios from conversion 

electron data
q GABS – normalisation of decay scheme

Afternoon practice session by Filip Kondev on installation 
and detailed use of the codes
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EM decay: energy and 
momentum carried away

Electromagnetic Decay Processes
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Selection rules (pL)
|L-ji| !"#! !"$%#"
p &"'()*#$ for EL
p = (-1)L+1 for ML

EM decay: energy and 
momentum carried away

Electromagnetic Decay Processes
g-ray emission

Ei

Ef

Ji
p

Jf
p

Eg, ML

g-ray

EgGamma-rays 
(1st order)

Energetics
Gamma Eg = Ei - Ef + Tr

CE ECE,i = Ei - Ef - EBE,i + Tr

PF E+ + E- = Ei - Ef – 2moc2 + Tr

lg
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Selection rules (pL)
|L-ji| !"#! !"$%#"
p &"'()*#$ for EL
p = (-1)L+1 for ML

EM decay: energy and 
momentum carried away

Electromagnetic Decay Processes
Multipolarity

Ei

Ef

Ji
p

Jf
p

Eg, ML

g-ray

EgGamma-rays 
(1st order)

lg

DL Dp

E1 -1, 0, +1 yes
M1 -1, 0,  +1 no
E2 -2, -1, 0,  +1, +2 no
M2 -2, -1, 0,  +1, +2 yes
E3 -3, -2, -1, 0,  +1, +2, +3 yes
M3 -3, -2, -1, 0,  +1, +2, +3 no

Energetics
Gamma Eg = Ei - Ef + Tr

CE ECE,i = Ei - Ef - EBE,i + Tr

PF E+ + E- = Ei - Ef – 2moc2 + Tr
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Selection rules (pL)
|L-ji| !"#! !"$%#"
p &"'()*#$ for EL
p = (-1)L+1 for ML

EM decay: energy and 
momentum carried away

Electromagnetic Decay Processes
Conversion electron emission

Ei

Ef

Ji
p

Jf
p

Eg, ML

electron 
conversion (CE)

g-ray

KL
M

EgGamma-rays 
(1st order)

K

L
M

BEK

Conversion electrons (CE)
(2nd order)

Energetics
Gamma Eg = Ei - Ef + Tr

CE ECE,i = Ei - Ef - EBE,i + Tr

PF E+ + E- = Ei - Ef – 2moc2 + Tr

lg

lK,CE
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Selection rules (pL)
|L-ji| !"#! !"$%#"
p &"'()*#$ for EL
p = (-1)L+1 for ML

EM decay: energy and 
momentum carried away

Electromagnetic Decay Processes
Electron-positron pair emission

Ei

Ef

Ji
p

Jf
p

Eg, ML

electron 
conversion (CE)

g-ray

e--e+ pair
(PF)

KL
M

EgGamma-rays 
(1st order)

K

L
M

BEK

Conversion electrons (CE)
(2nd order)

e- e+

Electron-positron pairs (PF)
(3rd order)

2 moc2

Energetics 
Gamma Eg = Ei - Ef + Tr

CE ECE,i = Ei - Ef - EBE,i + Tr

PF E+ + E- = Ei - Ef – 2moc2 + Tr

lg

lK,CE

lPF

Transition probability
lT = lg + lK + lL + lM…… + lPF

Conversion coefficient
aCE,PF = lCE,PF / lg
lCE,PF = lg x aCE,PF
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Transition probabilities and 
conversion coefficients

Ei

Ef

Ji
p

Jf
p

Eg, ML

Transition probability
lT = lg + lK + lL + lM…… + lPF

lT = lg × (1 + atotal)

Conversion coefficient and total intensity
Itotal = Ig x (1+atotal)

The knowledge of conversion coefficients essential to 
evaluate the total transition probabilities
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M
free particle electron*e

fjbound state electrone
ij

g-ray

KL
r

Radial distribution of EWF

Electron conversion

e
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im

e
f

N
ffi Fm jyjy ,
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Nuclear Electron

Multipolar source

Same for g and CE

dE
dmfie

e
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!
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Fermi’s golden rule

Density of the final electron 
state (continuum)

BrIcc - Calculation of theoretical 
conversion coefficients
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M
free particle electron*e

fjbound state electrone
ij

g-ray

KL
r

Radial distribution of EWF

Electron conversion

ICC calculations
Atomic model

“Frozen Orbitals” – RNIT(2)
Vacancy incorporated

BrIccFO data table

SCF of a neutral 
atom

Constructed from 
the WF of a neutral 

atom, not SCF

2002Ba85 Band et al., 
ADNDT 81 (2002) 1
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M
free particle electron*e

fjbound state electrone
ij

g-ray

KL
r

Radial distribution of EWF

Electron conversion

ICC calculations
Atomic model

Ø Relativistic Dirac-Fock method

Ø One-electron approximation

Ø Free neutral atom

Ø Screening of the nuclear field by the atomic electrons

Ø Spherically symmetric atomic potential

Ø Relativistic electron wave functions

Ø Experimental electron binding energies
Tibor Kibèdi, Dep. of Nuclear Physics, Australian National University ICTP-IAEA ENSDF workshop, Trieste, October 2022
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M
free particle electron*e

fjbound state electrone
ij

g-ray

KL
r

Radial distribution of EWF

Electron conversion

Ø Finite nuclear size

Ø Dynamic (penetration) effects incorporated using the Surface Current 
model 

ØSpherically symmetric nucleus; most abundant isotope

ICC calculations
Nuclear model
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ICC calculations
Higher order effects

Tibor Kibèdi, Dep. of Nuclear Physics, Australian National University NSDD IAEA Vienna 23-27 March 2009

Ø Atomic many body correlations: factor ~2 for Ekin(ce) < 1 keV 

Ø Partially filled valence shell: non-spherical atomic field 

Ø Binding energy uncertainty: <0.5% for Ekin(ce)  > 10 keV 

Ø Chemical effects: <<1%

M
free particle electron*e

fjbound state electrone
ij

g-ray

KL
r

Radial distribution of EWF

Electron conversion

RAINE code by Band et al., 2002Ba85
Overall accuracy ~1% 2008KiZV
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Theoretical conversion 
coefficients (L>0)

http://bricc.anu.edu.au/grapher.php
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q Decreases by energy
q Increases by L
q Decreases by atomic 

shell; aK > aL
q Increases by Z
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Selection rules (pL)
|L-ji| !"#! !"$%#"
p &"'()*#$ for EL
p = (-1)L+1 for ML

Mixed transitions

Example: 2+ to 1+ transition, DJ=-1
q pure M1 (DJ=-1,0,+1)
q pure E2 (DJ=-2,-1,0,+1,+2)
q mixed M1+E2 (DJ=-1,0,+1)

Conversion coefficient for CE and PF

Dp=+1 Dp=-1
pL M1 M3 E1 E3
p’L’ E2 E4 M2 M4

g-ray transition probability:
lg(p’L’/pL) = lg(p`L`) + lg(p,L) 

Mixing ratio (MR)

Special case: mixed transitions 
with 3 multipolarities:

184W 536.674(15) keV
E1+M2+E3, 
ME(M2/E1)=+0.070(6), 
MR(E3/M2)=-0.025(4)
l=-2.1(2); 

𝛿2 𝜋!𝐿!/𝜋𝐿 =
𝜆"(𝜋!𝐿!)
𝜆"(𝜋𝐿)

𝛼(𝜋!𝐿!/𝜋𝐿) =
𝛼 𝜋𝐿 + 𝛿#𝛼 𝜋′𝐿′

1 + 𝛿#
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Measuring conversion 
coefficients

electron 
conversion (CE)

g-ray
e--e+ pair
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(b) electrons
B=[0.48 : 7.15] kG
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(c) pairs
B=0.63, 1.52, 1.80, 1.95, 2.70 kG

T.K. Eriksen PhD (2018, ANU)

Experimental 
determination of ICC

aexp = ICE or IPF / Ig



Definition:

NPG: – normalised relative CE or PF (ICE,PF) and g (Ig)intensities; 
normalisation factor, N from a known transition multipolarity, using 
theoretical ICC

XPG: - X-ray (IKX) to g-ray (Ig) intensity ratio, using K-shell fluorescence 
yield (wK)

Intensity balance of two cascading transitions (Ig1, Ig2)

Experimental determination of 
ICC

𝛼$%& =
𝐼'(,*+
𝐼"

𝛼$%& = 𝑁×
𝐼'(,*+
𝐼"

Check if the most recent theoretical ICC was used!

𝛼$%& =
𝐼,-
𝐼"
×
𝜖"
𝜖,-

×
1
𝜔,

Check if the most recent wK was used!

Review of methods (~16): J.H. Hamilton 1975, Ch 11, The 
Electromagnetic Interaction in Nuclear Spectroscopy, 
North-Holland

𝐼".× 1 + 𝛼/0/. = 𝐼"#× 1 + 𝛼/0/#
Check if the most recent theoretical ICC was used!

Tibor Kibèdi, Dep. of Nuclear Physics, Australian National University ICTP-IAEA ENSDF workshop, Trieste, October 2022

g1

g2
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Higher order Electromagnetic 
Decay Processes

electron 
conversion (CE)

g-ray

e--e+ pair
(PF)

KL
M

11/2- → 3/2+ transition through 
virtual states, 
Pairs of E2 & M2 or M1 & E3

Γ!!
Γ!

= 2.62(30)×10"#

More higher order possibilities:
g-CE g-PF CE-CE ……

Not considered in ENSDF

ARTICLE

Electromagnetic character of the competitive
γγ/γ-decay from 137mBa
P.-A. Söderström 1✉, L. Capponi 1, E. Açıksöz1, T. Otsuka 2,3,4, N. Tsoneva1, Y. Tsunoda2,
D. L. Balabanski 1, N. Pietralla 5, G. L. Guardo1,6, D. Lattuada1,6,7, H. Lenske8, C. Matei1, D. Nichita 1,9,
A. Pappalardo1 & T. Petruse1,9

Second-order processes in physics is a research topic focusing attention from several fields

worldwide including, for example, non-linear quantum electrodynamics with high-power

lasers, neutrinoless double-β decay, and stimulated atomic two-photon transitions. For the

electromagnetic nuclear interaction, the observation of the competitive double-γ decay from
137mBa has opened up the nuclear structure field for detailed investigation of second-order

processes through the manifestation of off-diagonal nuclear polarisability. Here, we confirm

this observation with an 8.7σ significance, and an improved value on the double-photon

versus single-photon branching ratio as 2.62 × 10−6(30). Our results, however, contradict the

conclusions from the original experiment, where the decay was interpreted to be dominated

by a quadrupole-quadrupole component. Here, we find a substantial enhancement in the

energy distribution consistent with a dominating octupole-dipole character and a rather small

quadrupole-quadrupole component in the decay, hindered due to an evolution of the internal

nuclear structure. The implied strongly hindered double-photon branching in 137mBa opens up

the possibility of the double-photon branching as a feasible tool for nuclear-structure studies

on off-diagonal polarisability in nuclei where this hindrance is not present.

https://doi.org/10.1038/s41467-020-16787-4 OPEN

1 Extreme Light Infrastructure-Nuclear Physics (ELI-NP)/Horia Hulubei National Institute for R&D in Physics and Nuclear Engineering, Str. Reactorului 30,
077125 Bucharest-Măgurele, Romania. 2 Center for Nuclear Study, University of Tokyo, Hongo, Bunkyo-ku, Tokyo 113-0033, Japan. 3 Department of Physics,
University of Tokyo, Hongo, Bunkyo-ku, Tokyo 113-0033, Japan. 4 RIKEN Nishina Center, 2-1 Hirosawa, Wako, Saitama 351-0198, Japan. 5 Institut für
Kernphysik, Technische Universität Darmstadt, 64289 Darmstadt, Germany. 6 Istituto Nazionale di Fisica Nucleare, Laboratori Nazionali del Sud, 95125
Catania, Italy. 7 Universitá degli Studi di Enna KORE, Viale delle Olimpiadi, 94100 Enna, Italy. 8 Institut für Theoretische Physik, Universität Gießen, 35392
Gießen, Germany. 9 Politehnica University of Bucharest, Splaiul Independentei 313, 060042 Bucharest, Romania. ✉email: par.anders@eli-np.ro
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Polarisability is a fundamental concept in physics and
chemistry defined from the principles of electromagnetic
interaction. It describes how applied electric or magnetic

fields induce an electric or magnetic dipole, or higher-order
multipole, moment in the matter under investigation1. In nuclear
physics, the simple concept of polarisability influences obser-
vables over a broad range of topics. For example, the static dipole
polarisation of the shape of the ground and excited states in
atomic nuclei is influenced by the coupling to high-energy
collective modes like the giant dipole resonance (GDR) via
virtual excitations. In this case, the nuclear static dipole polari-
sability, αd, is obtained2 from the photonuclear population of
excited states,

αd;E1 ¼ 2e
X

n

hI0jjE1jjInij j2

En " E0
; ð1Þ

where the transition matrix elements of the wave functions cor-
respond to the electric dipole transition, E1, between the ground
state, I0, and an excited state, In, with e the elementary unit charge
and En the energy of the state.

By expanding the concept of polarisability beyond the scalar
case, one can divide the polarisability tensor into separate com-
ponents. Typically, these are either spatial components like the
birefringence properties of crystals or electric and magnetic
multipole components. Within the nuclear structure framework,
this type of off-diagonal polarisabilities can appear in very weak
second-order processes. In the electromagnetic case, the off-
diagonal nuclear polarisability can be defined analogously to
Eq. (1) in terms of either electric and magnetic components, or
components of different multipolarities as

αM2E2 ¼
X

n

hIf jjE2jjInihInjjM2jjIii
En " ω

ð2Þ

or,

αE3M1 ¼
X

n

hIf jjM1jjInihInjjE3jjI ii
En " ω

: ð3Þ

Due to the parity conserving properties of the strong force, these
decays can only be observed between two different states, Ii and If.
In the definition above, the denominator depends on the inter-
ference frequency, ω, of the emitted γ rays and is approximated to
be half of the initial state energy. This type of second-order
electromagnetic processes of atoms was discussed in the doctorate
dissertation of Maria Göppert-Meyer3 where she estimated a
probability for an atomic two-photon absorption process relative
to the single-photon process to be approximately 10−7, later to be

confirmed with the observation of this effect in CaF2:Eu2+
crystals4.

For many years, double-γ decay was only observed in excep-
tional cases where both the ground state and the initial state have
a spin-parity Jπ= 0+ character for the doubly magic nuclei
16O5,6, 40Ca7, and 90Zr7. Here single γ-emission is blocked, and
only conversion-electron decay and double-γ decay are allowed.
In these experiments, the obtained information consists of cor-
relations between energies and angles of these γ-rays, used to
determine the decay probabilities of electric and magnetic dipoles.
For a generalisation of this phenomenon and the possibility to use
it as a spectroscopic tool for a more fundamental understanding
of the underlying physics, large state-of-the-art high-purity ger-
manium (HPGe) detector systems8,9 have been used to search for
the competitive double-γ (γγ/γ) decay, where also the single γ
decay is allowed. Even though unsuccessful in that respect, these
experiments successfully measured an E5 transition with the
branching of 1.12(9) × 10−7. It is only with instrumentation
developments of detector materials that can provide both the
energy and time resolution required10 that the observation of the
γγ/γ decay mode was announced11. The set-up used for that
experiment consisted of five LaBr3:Ce detectors arranged in a
planar configuration with relative angles of 72∘ between the
detectors, providing angular distribution data points at 72∘ and
144∘. Thus, the collaboration could announce a γγ/γ decay signal
with 5.5 σ (standard deviations) statistical significance, near but
above the typical discovery limit of 5 σ. From the two angular
data points as well as the energy spectrum of the individual γ rays
at 72∘ angle, the off-diagonal polarisabilities αM2E2= 33.9(2.8)
e2fm4/MeV and αE3M1= 10.1(4.2) e2fm4/MeV were favoured.
While the observation of the peak associated with γγ/γ decay was
statistically clear, the nature of this decay was more uncertain,
having the two dominating multipolarity combinations separated
only by a small statistical difference, favouring the αM2E2 com-
ponent12. The decay diagram of this process is shown in Fig. 1.

Given the nature of this experiment to observe a longstanding
prediction of a fundamental concepts in quantum mechanics and
quantum electrodynamics, and the possibility to extract nuclear
structure observables from this, it is highly desirable to inde-
pendently confirm this observation. Some possibilities that have
been under discussion to perform this independent confirmation
is to either return to the HPGe approach with complex detector
systems and event processing like the Advanced GAmma
Tracking Array (AGATA) set-up13,14 or highly charged radio-
active ions15. Here we report on an experiment using the ELI
Gamma Above Neutron Threshold (ELIGANT) detector sys-
tem16,17 at the Extreme Light Infrastructure-Nuclear Physics

11/2–

3/2+

7/2+

5/2+

M2 E21M 3E

γ

γ

γ

γ
γ

M4

0 keV

1252 keV

1294 keV

7/2+ Qβ = 1176 keV

βνe

137Ba

137Cs
30.08 years 2.552 min

662 keV

94.70%

Fig. 1 Decay diagram from the 137Cs ground state to the 137Ba ground state. Illustration of the single-γ and the two types of double-γ decay, as fed by the
β decay of 137Cs, including half lives of 137Cs and 137mBa. The energy of the 137Cs ground state (Qβ) is given relative to the 137Ba ground state. Here, M4
corresponds to the single-photon decay. The blue and pink decays show the lowest octupole-dipole and quadrupole–quadrupole components, respectively.
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(ELI-NP) facilities18–20 in a configuration21 similar to what was
used in reference11. The experimental set-up was optimised for
obtaining a clean signal over a wide angular range21 based on the
reported intensities of the decay mode. Here, we can confirm the
existence of the competitive double-photon decay process in
atomic nuclei with an 8.7σ significance. We, however, find a
significant octupole-dipole, E3M1, matrix element product con-
tribution to the double-γ decay mode of 137Ba, contradicting the
conclusions of the original experiment11. From our calculations
using the energy-density-functional (EDF)+ quasiparticle-pho-
non model (QPM) and the Monte Carlo shell model (MCSM), we
find that both models reproduce the octupole-dipole component
consistently, but the nature and the strength of the
quadrupole–quadrupole component, differ significantly. It is
interesting to note that this suggests an additional hindrance,
reducing the γγ/γ branching with almost an order of magnitude
in the most extreme case of Table 1, compared to calculations
without this hindrance. This most extreme case is also the case
that best reproduces the αE3M1 polarisability. This opens for the
possibility of a significant increase of the γγ/γ branching in nuclei
in this region that do not exhibit this hindrance. In this case,
experiments would be feasible also with more exotic sources22, or
even in-beam experiments within reasonable beam times, to
follow the evolution of the quadrupole–quadrupole strength.

Results
Experimental set-up. The experiment was performed using ele-
ven 3″ × 3″ CeBr3 detectors from ELIGANT, shown in Fig. 2a.
While ELIGANT consists of both LaBr3:Ce and CeBr3 detectors,
the CeBr3 detectors were chosen to remove any possible source of
background contribution from the natural radioactivity in lan-
thanum. The detector configuration was a circle with an inner
radius to the front-face of the scintillators of 40 cm. This distance
was enough to separate true coincidences from multiple Compton
scattering of single γ rays using the photon time-of-flight (TOF),
see Fig. 2b. The relative angles between the eleven detectors were
32.7∘, with an opening angle, given by the lead shielding, of ±3.4∘.
This gave five independent γγ-correlation angles centred at: 32.7∘,
65.5∘, 98.2∘, 130.9∘, and 163.6∘. The detectors were separated with
a minimum of approximately 15 cm of effective lead shielding
between two neighbouring detectors to remove any contribution
from single Compton scattering between detector pairs at low
angles. The set-up was characterised both with an in-house
toolkit23 based on the GEANT4 framework24, and a 152Eu source
with an activity of 460 kilo Becquerel (kBq) and a 60Co source
with an activity of 60 kBq. For a comprehensive overview, see
reference21. The γγ/γ-decay data on 137Ba were collected using a

Table 1 Experimental and calculated α coefficients and γγ/γ decay branching ratios.

B(M4) Γexpγγ =Γexpγ Γthγγ=Γ
th
γ Γthγγ=Γ

exp
γ αM2E2 αE3M1

(103 e2fm4) (10−6) (10−6) (10−6) (e2fm4/MeV) (e2fm4/MeV)

This work 2.62(30) ±8.8(50) ±36.4(20)
EDF+QPM (0.6gbares ) 1.15 3.73 5.13 59.4 20.7
EDF+QPM (gbares ) 3.30 1.34 15.2 104 32.8
MCSM (0.6gbares ) 1.18 0.579 0.840 −2.14 −21.2
MCSM (gbares ) 3.28 0.196 2.20 −3.34 −34.3
Literature11 0.98 2.05(37) 33.9(28) 10.1(42)
QPM11 1.11 2.69 42.6 9.5

The Γγγ/Γγ decay branching ratio is shown both with unquenched (geffs ¼ gbares ) and quenched gyromagnetic spin factors (geffs ¼ 0:6gbares ). The latter limit was chosen based on the reproduction of
individual reduced transition probabilities. Depending on the calculation the values of geffs to best reproduce nuclear data are typically within this range. Thus, these limits should be representative of the
uncertainties in the theoretical calculations, giving a range of ~50% for both the αM2E2 and αE3M1 values for both models between the two extremes. The listed values closest to the measured branching
are shown in bold font. The best fit for the decay branching ratio for the EDF+QPM calculations, not listed here, is obtained when choosing geffs ¼ 0:7gbares as Γγγ=Γ

th
γ ¼ 2:8.
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Fig. 2 Experimental set-up. a Coincident γ rays could originate either from
true double-γ decay events illustrated with red cones, or from multiple
Compton scattering between detectors illustrated with blue cones. The
location and geometry of the source are also shown, with the active area
marked in black. bMultiple Compton scattering events were rejected by the
time difference (Δt) between the γ-ray interactions, shown in the blue
histogram. The time condition for prompt γ-rays is shown as red dashed
lines and verified with a 152Eu source.
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Selection rules (pL)
ji &"#!
Dp &"+

EM decay: energy and 
momentum carried away

E0 - electric monopole transitions 

E0 conversion coefficient NOT DEFINED
a(E0) = lCE,PF(E0) / lg(E0)

E0 transition rate
lCE,PF(E0) = r2(E0) WCE,PF(E0)

r(E0) – monopole strength parameter, 
contains all nuclear structure information

WCE,PF(E0) – theoretical E0 electronic factor
(BrIcc)

E0 reduced transition rate
B(E0) = r2(E0) e2Ro4

Pure E0
q NO gamma-ray
q Only CE or PF

References:
1997Wo07  J.L. Wood et al.,

NP A651 (1999) 323
2022Ki03 T. Kibèdi, A.B. Garnsworthy, 

J.L. Wood, Prog. Part. Nucl. Phys.
123 (2022) 103930

Experimental determination
r2(E0) = 1/[WCE(E0) + WPF(E0)]×t(E0) 
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Conversion coefficients vs. E0 
electronic factors

q E0 conversion on nS1/2
and nP1/2 shells only

q Energy dependence
- a(M1,E2): ⬇ up 14 
orders of magnitude
- W(E0): ⬆ 2-3 

orders of 
magnitude

- Opposite for pair 
conversion 

q Atomic shells (K, L, M):
Always decreasing

q Transition rates

Z=40; a(M1,E2): from BrIcc (2008Ki07);
WCE,PF(E0): (2020Do01)

𝐼!" 𝐸0 = 𝜌# 𝐸0 ×Ω 𝐸0

𝐼!" 𝑀1 + 𝐸2 = 𝐼$(𝑀1 + 𝐸2)×𝛼(𝑀1 + 𝐸2)
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r2(E0) from experiments
Pure E0

E0

0f
+

2f
+

E2

0i
+

g.s. band

excited 0+ band

𝜚# 𝐸0 =
1

[Ω'( 𝐸0 + Ω*+ 𝐸0 ]×𝜏(𝐸0)

From level half life and E0 branching 

From E2 absolute transition rate and E0/E2 branching

𝜚# 𝐸0 = 𝑞,#(𝐸0/𝐸2)×
𝛼,(𝐸2)
Ω,(𝐸0)

×
1

𝜏"(𝐸2)

MR(E0/E2) mixing ratio – defined for a particular shell (K)

𝑞,# 𝐸0/𝐸2 =
𝜆,(𝐸0)
𝜆,(𝐸2)

𝑞,# 𝐸0/𝐸2 = 𝑞*+# 𝐸0/𝐸2
Ω,(𝐸0)
Ω*+(𝐸0)

Remember:
WCE,PF(E0) ~ lCE,PF(E0)
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Selection rules (pL)
ji &"#!
Dp &"+

EM decay: energy and 
momentum carried away

r2(E0) from experiments
E0+E2+M1 mixed transitions 

2+ to 2+ transition 
E0 competite with E2+M1

Transition probability:
l(E0+E2+M1) =               lCE(E0)+lPF(E0) +

lg(E2) + lCE(E2)+lPF(E2) +
lg(M1) + lCE(M1)+lPF(M1)

MR(E2/M1) mixing ratio

MR(E0/E2) mixing ratio

Conversion coefficient (K-shell)

𝛿2 𝐸2/𝑀1 =
𝜆"(𝐸2)
𝜆"(𝑀1)

𝛼,(𝐸0 + 𝐸2 +𝑀1) =
𝛼, 𝑀1 + 𝛿#×[1 + 𝑞,# ]×𝛼, 𝐸2

1 + 𝛿#

𝑞,#(𝐸0/𝐸2) =
𝜆,(𝐸0)
𝜆,(𝐸2)

r2(E0) can be determined if both E2/M1 and 
E0/E2 mixing ratios and level half life are known
(E0/E2 mixing ratio from aK)
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Abstract

A new internal conversion coefficient database, BrIcc has been developed which integrates a number of tabulations on internal
conversion electron (ICC) and electron–positron pair conversion coefficients (IPC), as well as OðE0Þ electronic factors. A critical review
of general formulae and procedures to evaluate theoretical ICC and IPC values are presented, including the treatment of uncertainties
in transition energy and mixing ratio in accordance with the Evaluated Nuclear Structure Data File. The default ICC table, based on
the Dirac–Fock calculations using the so called ‘‘Frozen Orbital’’ approximation, takes into account the effect of atomic vacancies
created in the conversion process. The table has been calculated for all atomic shells and to cover transition energies of 1–6000 keV
and atomic numbers of Z ¼ 5–110. The software tools presented here are well suited for basic nuclear structure research and for a range
of applications.
r 2008 Elsevier B.V. All rights reserved.

PACS: 23.20.$g; 23.20.Gq; 23.20.Nx; 23.20.Ra

Keywords: Nuclear structure; Electromagnetic transitions; Internal conversion coefficients; Internal pair production; E0 electronic factors

1. Introduction

Internal conversion coefficients provide important in-
formation about the atomic nucleus. Through comparison
of experimental values with corresponding theoretical ones,
multipolarities and mixing ratios of nuclear transitions are
determined. As well as nuclear structure research, knowl-
edge of accurate coefficients is needed, for example, in the
determination of total transition rates (required for the
normalization of decay schemes), Mössbauer spectroscopy
(CEMS) [1], nuclear reaction calculations [2], or decay heat
calculations of spent nuclear reactor fuel cells [3].

There is a long history of generation and improvements
of theoretical internal conversion coefficient tables. The
most recent calculations, based on the relativistic self-
consistent Dirac–Fock (DF) method [4,5] represent a major
advance in the improvement of the accuracy of the

theoretical coefficients, which now challenges experiments
at the percent level [6].
To make the new theoretical values accessible for a very

broad user community a new internal conversion coefficient
database called BrIcc has been developed [7], which is now
adopted by the International Nuclear Structure and Decay
Data (NSDD) network [8] for all new data evaluations
published in Nuclear Data Sheets and Nuclear Physics A. In
this paper, we describe the data tables and procedures used
to obtain conversion coefficients for pure and mixed
multipolarity transitions for a given atomic number,
transition energy, atomic shell, multipolarity and mixing
ratio. The procedures are fully compliant with the ENSDF
coding rules [9,10]. BrIcc has been primarily implemented as
a nuclear structure data evaluation tool and can be
downloaded freely at the NNDC website [11]. A web
interface, powered by a simplified (silent) version of the
program is currently hosted by the Australian National
University [12]. Further details can be found in the program
manual [11] which will be updated to reflect future changes.

ARTICLE IN PRESS

www.elsevier.com/locate/nima

0168-9002/$ - see front matter r 2008 Elsevier B.V. All rights reserved.
doi:10.1016/j.nima.2008.02.051

!Corresponding author. Tel.: +612 61252093.
E-mail address: Tibor.Kibedi@anu.edu.au (T. Kibédi).

2008Ki07

q Aims: to calculate theoretical conversion 
coefficients

q Data tables:

BrIcc v2.2b 

Conversion Coefficient Calculator based on commonly used data tables  

z BrIccFO (default & recommended) - 'Frozen Orbitals' approximation to take into account the effect of the hole.  
z BrIccNH - 'No Hole' approximation which ignores the effect of the hole.  
z HsIcc - Hager-Seltzer and Dragoun et al. tables.  
z RpIcc - Rösel et al. tables.  

BrIccFO & BrIccNH data sets 
Data Table Reference Z Shells or IPF L Transition energy [keV]a 

Internal Conversion Coefficient (ICC) 

BrIccFO Based on the model using the 'Frozen Orbitals' approximation of 2002Ba85 and 2002Ra45 5–110 All shells 1–5 εic+1–6000 

BrIccNH Based on the model using the 'No Hole' approximation of 2002Ba85 and 2002Ra45 5–110 All shells 1–5 εic+1–6000 

Pair Conversion Coefficient (PCC) 

ScPcc 1979Sc31 0–100b IPF 1–3 1100–8000 

HoPcc 1996Ho21 50–100 IPF 1–3 1100–8000 

Electronic factor Ω(E0)c 

HsOmg 1969Ha61 30–42 Kd,L1
e,L2

f 0 εic+6–1500 

BeOmg 1970Be87 40–102 K 0 51f–2555 

40–102 L1,L2 0 51–2555 

PaOmg 1986PaZM 8–40 Ke 0 511–12775 

8–40 IPF 0 1431–12775 

a εic is the binding energy for the ic-shell 
 

b Used for Z < 50  
c Electronic factors are only calculated for even Z values at present  
d Not used  
e Used for Z < 40  
f For Z=40–58: 51.1 keV; for Z=60–82: 102.2 keV; for Z=84–96: 153.3 keV and for Z=98–102: 204.4 keV  

Page 1 of 1ANU - Department of Nuclear Physics - BrIcc

3/19/2009http://wwwrsphysse.anu.edu.au/nuclear/bricc/bricc-datatables.php
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Under development
2012Ki04: extension of BrIccFO (Z=111–126)
2020Do01: new Electronic factor tables (Z=4-

100)
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BrIcc
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q Install files (code, data files, manual) into one directory, defined with the 
BrIccHome environment variable 

q Working with ENSDF files is a  TWO step process
1) Bricc <ENSDF file> - creates calculation report BrIcc.lst) and new G-

records (Cards.new)
2) Bricc <ENSDF file> merge – insert/replace/delete  G, S_G records

q Always check ENSDF file for errors (use FMTCHK) before running BrIcc
q Uncertainty on theoretical ICC: 1.4% (1% theory, 0.4% interpolation)
q If MR is empty, BrIcc uses assumed mixing ratios: 

for E2/M1: MR= 1.00
for M3/E2, E4/M3, M5/E4, M2/E1, M4/E3, E5/M4: MR= 0.10
for E3/M2: MR= 1.00

q Installation and use: talk by Filip Kondev this afternoon
q More information in NimA 589 (2008) 202 and BrIcc Manual
q Report problems and or comments: Tibor.Kibedi@anu.edu.au
q Web interface: https://bricc.anu.edu.au
Tibor Kibèdi, Dep. of Nuclear Physics, Australian National University ICTP-IAEA ENSDF workshop, Trieste, October 2022
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BrIcc Grapher



5 min break



q Aim to deduce multipole mixing ratio (MR or d) from 
§ Conversion coefficients 
§ Ratios of CE intensities or ICC values

BrIccMixing

𝛼(𝜋!𝐿!/𝜋𝐿) =
𝛼 𝜋𝐿 + 𝛿#𝛼 𝜋′𝐿′

1 + 𝛿#

Tibor Kibèdi, Dep. of Nuclear Physics, Australian National University ICTP-IAEA ENSDF workshop, Trieste, October 2022
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q Aim to deduce multipole mixing ratio (MR or d) from 
§ Conversion coefficients 
§ Ratios of CE intensities or ICC values (relative)

NOTE: CE data only gives absolute value of d

§ Mixing ratios from g-ray measurements (g-ray angular 
distribution of gg angular correlation)

NOTE: Not sensitive for magnetic or electric character

BrIccMixing

Tibor Kibèdi, Dep. of Nuclear Physics, Australian National University ICTP-IAEA ENSDF workshop, Trieste, October 2022

𝛼(𝜋!𝐿!/𝜋𝐿) =
𝛼 𝜋𝐿 + 𝛿#𝛼 𝜋′𝐿′

1 + 𝛿#



Input file
###########################################################

## ENSDF data

99TC  G 140.511   1  100      M1+E2     +0.13   4 ENSDF

###########################################################

99Tc 140.511 1

M1+E2 0.13  1.0

# NsrKey Shell   IccVal Unc Type

1969Ag04    L1/L2   12        4     R

1969Ag04    L1/L3   18        7     R

1969Ag04    L2/L3   1.7       7     R

1974Ga01    MR      +0.118    6     A

1981Ge05    K       0.097     3     A

1981Ge05    T       0.119     3     A

*NEW ######################################################

BrIccMixing

comment

title

Control#1 – Z & transition energy
Control#2 – multipolarity, initial MR

Input values - ratio

Input values – ICC & MR

Atomic shells (K, L1, L2, …, L12)
Ratios: L1/L2, L12/L3
Mixing ratio: MR

Tibor Kibèdi, Dep. of Nuclear Physics, Australian National University ICTP-IAEA ENSDF workshop, Trieste, October 2022



Command: briccmixing <InputFile> :
q GnuPlot to create plot

NOTE: ArcTan(d) on x-axis
q Solution #1

Calculates reduced c-squared as 
function of d(MR)
Solution: where c-squared has a 
minimum
Uncertainty: from d values, 
where c-squared risen by 1

BrIccMixing – solution

Tibor Kibèdi, Dep. of Nuclear Physics, Australian National University ICTP-IAEA ENSDF workshop, Trieste, October 2022
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BrIccMixing v2.3e (14-Aug-2020)

Input file: BrIccMixingSamples.in
Data set: 99TC  G 140.511   1  100      M1+E2     +0.13   4 ENSDF
Transition: 140.511 (1) keV
Adopted from fit:   δ=0.122(+13-13);   χ2/ν= 1.70E+00

Input data -------------------------------------------------------
                               Experiment           Fit
NSRkey      Shell         Icc(Unc)          Icc(Unc)          Type
  1969Ag04    L1/L2         12(4)             15.84(31)         R
  1969Ag04    L1/L3         18(7)             31.3(6)           R
  1969Ag04    L2/L3         1.7(7)            1.98(4)           R
  1974Ga01    MR            +0.118(6)         0.122             A
  1981Ge05    K             0.097(3)          0.0985(14)        A
  1981Ge05    T             0.119(3)          0.1129(16)        A

χ2
(α

th
 -

 α
ex

)/
ν

ArcTan(δ) deg

χ2(δ)/ν

|d|=0.122(13)
Minimum c2/N=1.7

99Tc 140.5 keV M1+E2



Command: briccmixing <InputFile> :
q GnuPlot to create plot

NOTE: ArcTan(d) on x-axis
q Solution #1

Calculates reduced c-squared as 
function of d(MR)
Solution: where c-squared has a 
minimum
Uncertainty: from d values, 
where c-squared risen by 1

q Solution #2
From quadratic fit using Minuit 
routines

BrIccMixing – solution

Tibor Kibèdi, Dep. of Nuclear Physics, Australian National University ICTP-IAEA ENSDF workshop, Trieste, October 2022

1.0E+00

1.0E+02

1.0E+04

1.0E+06

1.0E+08

1.0E+10

1.0E+12

 0  10  20  30  40  50  60  70  80  90

BrIccMixing v2.3e (14-Aug-2020)

Input file: BrIccMixingSamples.in
Data set: 99TC  G 140.511   1  100      M1+E2     +0.13   4 ENSDF
Transition: 140.511 (1) keV
Adopted from fit:   δ=0.122(+13-13);   χ2/ν= 1.70E+00

Input data -------------------------------------------------------
                               Experiment           Fit
NSRkey      Shell         Icc(Unc)          Icc(Unc)          Type
  1969Ag04    L1/L2         12(4)             15.84(31)         R
  1969Ag04    L1/L3         18(7)             31.3(6)           R
  1969Ag04    L2/L3         1.7(7)            1.98(4)           R
  1974Ga01    MR            +0.118(6)         0.122             A
  1981Ge05    K             0.097(3)          0.0985(14)        A
  1981Ge05    T             0.119(3)          0.1129(16)        A

χ2
(α

th
 -

 α
ex

)/
ν

ArcTan(δ) deg

χ2(δ)/ν

|d|=0.122(13)
Minimum c2/N=1.7

|d|=0.122063(19)

99Tc 140.5 keV M1+E2
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BrIccMixing v2.3e (14-Aug-2020)

Input file: BrIccMixingSamples.in
Data set: 58CO  G 24.889    210.0389  12M3+E4     0.014   LT
Transition: 24.889 (21) keV
Adopted from fit:   δ=0.010(+7);   χ2/ν= 4.00E+00

Input data -------------------------------------------------------
                               Experiment           Fit
NSRkey      Shell         Icc(Unc)          Icc(Unc)          Type
  1950St22    K/LMN         1.9(2)            2.67(5)           R
  1967St23    K/LMN         2.0(+11)          2.67(5)           R
  1968Wi10    K/LMN         2.25(15)          2.67(5)           R
  1968Wi10    K             1860(100)         1843(27)          A
  1971Pl02    L1/L23        1.070(15)         1.054(20)         R
  1971Pl02    M1/M23        1.19(6)           1.140(22)         R
  1971Pl02    L/M           6.62(13)          7.02(15)          R
  1971Pl02    N1/M1         0.034(10)         0.0456(9)         R

χ2
(α

th
 - 
α e

x)
/ν

ArcTan(δ) deg

χ2(δ)/ν

Command: briccmixing <InputFile> :
q GnuPlot to create plot

NOTE: ArcTan(d) on x-axis
q Solution #1

Calculates reduced c-squared as 
function of d(MR)
Solution: where c-squared has a 
minimum
Uncertainty: only limit if c-
squared is NOT risen by 1 on 
right from dmin

BrIccMixing – solution
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|d|<0.0017
Minimum c2/N=4.0

58Co 24.889 keV M3+E4



Command: briccmixing <InputFile> :
q BrIcc need to be installed, put BrIccMixing executable into the same folder
q Gnuplot need to be installed and executable need to be in the PATH
q No new G-record is prepared. Document input data in G-comment record, put 

new MR on G-record
q Limitations:

§ Input data could not be a limit or have asymmetric uncertainties
§ Could not handle M1+E2+E0 multipolarities
§ Experimental ICC with uncertainty should not be outside of the two 

multipolarities
§ ICC energy dependent and there are cases, when different multipolarities 

overlap
§ Uncertainty may not be well defined if c-squared minimum is >> (>10)

Alternative method is under development
§ Minuit solution systematically underestimate uncertainty

BrIccMixing Comments
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Decay scheme normalisation and 
absolute intensities
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parent

daughter

G1

G2

G3IGS

BR

NR

NB

b-

NORMALISATION RECORD:
q NR: Multiplier for converting relative photon 

intensity (RI in the GAMMA record) to photons per 
100 decays of the parent through the decay branch

q BR: Branching ratio multiplier for converting intensity 
per 100 decays through this decay branch to intensity 
per 100 decays of the parent nuclide.

q NB: Multiplier for converting relative b and EC
intensities (IB in the B- record; IB, IE, TI in the EC 
record) to intensities per 100 decays through this 
decay branch.

q IGS: fraction (%) of direct b and EC feeding to the 
g.s.

GABS calculates 
q Single Data Set: NR from RI, CC, TI (if given) , BR and 

IGS
q Multiple Data Set: NR and BR from RI, CC, TI (if given) , 

and IGS



Simple decay scheme
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Simple decay scheme Definitions:
q Total transition intensity: TI=RI*(1+CC)
q Absolute g-photon intensity: %IG=NR*BR*RI 

per 100 decays
q NR and BR not independent quantities:

GABS: Calculates NR only!

TI	=	RI*(1+CC)

N=NR*BR

100	=	BR	×[IGS	+	NR ×∑<TI(i)]

NR =
100 − IGS

100×∑<TI(i)

%IG	=	RI*NR*BR

parent

daughter

G1

G2

G3IGS

BR

NR

NB

b-

𝐺 =
100 − 𝐼𝐺𝑆

100

1986Br21 uses G, the fraction of 
NOT populating the g.s.

GABS: Fractional g.s. feeding, IGS



Complex decay scheme
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Complex decay scheme with g.s. feeding
Assuming all RI`s are on the same scale or from the same experiment

parent

daughter2

G2

G3

G4IGS2

BR2

NR2

NB2

b-

G1

EC/b+

IGS1

BR1

NB1

NR1

daughter1

100	=	∑$BR(j) ×[IGS(j)+	NR(j)	×∑%TI(i, j)]

∑$BR(j) = 1

BR(j) × NR(j) = BR(k) × NR(k) 

GABS: Calculates NR(i) & BR(i)

Caution: Strong correlation between 
input parameters 

New equations derived for uncertainties 
in NR, BR and %IG

BR i =
100 − IGS(i)

100 ∑%TI(j, i)

∑&
100 − IGS(k)

100 ∑%TI(j, k)

N=NR(i) ×BR(i)= '((
∑!

"##$%&'(!)
"## ∑* *+(%,&)



GABS – input ENSDF file
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Gamma-rays for normalisation
q Must feed to the ground state
q RI or TI must be given; DRI or DTI could be blank, but ∑(DTI(i)2) > 0!
q ”X” in column 79 
q IGS= on “2 N” record to specify a, b, EC decay branch feeding to g.s.; 

given in %.



GABS –normalization mode
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Usage gabs –F ENSDF file
q NR need to be blank in the input file
q NR and BR will be obtained from a fit (using G`s marked with "X"; 

Ground state feeding: IGS=)
q New ENSDF & calculation report file created
q G-continuation records created with %IG=<Absolute photon Intensity>

-C Calculate %TI using NR & BR from the  N-record
NOTE:

-M Mark transitions going to the g.s. with “X” if RI>0 or TI>0 
gabs ? for quick help



GABS – calculation mode
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Usage gabs –C ENSDF file
q G-continuation records created with %IG=<Absolute photon Intensity>
q Uncertainty in %IG could be overestimated for transitions used for 

normalisation



GABS – marking transitions for 
normalisation
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Usage gabs –M ENSDF file
q Transitions must have RI>0 or TI>0
q Output file created, ready to be used for normalisation



GABS – general comments
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q GABS uses CC on G field to calculate TI
Use BrIcc to populate CC on G-record before running GABS

q Put executable in a directory within the PATH.
q No additional data file needed
q No written manual, use GABS ? To get general help. Consult with sample 

input/output files.



Thanks


