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Henri Becquerel National Laboratory (LNHB)
■ The laboratory

2

LNHB is the French national laboratory for ionizing-radiation metrology. It is divided into two entities, MA 
and MD, dedicated to activity and dosimetry metrology. LNHB-MA develops activity standards, relying on 
source preparation techniques, experimental setups, and evaluated atomic and nuclear data.

■ Atomic and nuclear data

Atomic database

Nuclear data

spectrum measurements
MMC,4πSiLi detectors, TDCR 

     spectrum modelling
BetaShape  ⇒  Generates 
beta-decay spectra and electron- 
capture ratios

atomic modelling
DF + perturbative treatment 

(old version); RLDA KLI; 
atomic corrections to beta 

decay 

How do electrons modify beta decay spectra?
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Atomic effects on 
electron capture 
and beta decay
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Parent (neutral) Daughter (neutral)

recoil energy
reaction energyDaughter (ion)

Two-body process 
⇒ Sharp recoil 
peaks 

Beta and electron capture decay

Three-body decay process

Kinetic energy of the β 
particle
Neutrino/antineutrino energy
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Beta decay and nuclear structure
         “V-A”  modelling of beta decay

Accurate atomic and nuclear modelling is required to extract gV and gA, GF, Vud  from measured spectra while 
reducing uncertainties and systematic biases. 

Decay rate for electron capture

momentum of the 
ejected neutrino

nuclear matrix 
elements

relative occupation 
number of subshell h

Coulomb Amplitude

Beta decay spectra

Energy of the β 
particle

Fermi function 

dominant contribution for ns and np1/2 states Are there any additional effects of the electrons ?

In the simple framework of allowed and allowed-like beta and EC decay
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Exchange and overlap correction

Parent configuration

Daughter configuration

Exchange and overlap effects
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The exchange and overlap corrections modelisation
1. Bahcall (B): only {ns} electrons, without explicit consideration of the ns state degeneracy 

Multielectron overlaps

2. Vatai (V): considers the remaining N electrons,  using an approximation

Faessler, J. Phys. G 42, 2015

3. Faessler (F): 

contains individual electronic overlap

Element Bahcall BK Vatai BK Faessler BK Bahcall BL Vatai BL Faessler BL

7Be 0.913 0.838 0.871 3.203 2.345 2.402
37Ar 0.955 0.784 0.784 1.106 0.805 0.804
40Ca 0.980 0.977 0.977 1.140 1.111 1.113

Z trends (HF calculation)

Bahcall, Nuclear Physics 71, 1965

Vatai, Nuclear Physics A 156, 1970
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shake-up shake-off

Shake-off ⇒ broadening of the electron-capture 
spectrum

Total shaking probability, conditional on electron capture of electron h

Shake-up and shake-off processes

T. A. Carlson and C. W. Nestor, Phys. Rev. A, 1973

Shaking probability for electron (i), conditional on electron capture 
from subshell (h)
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momentum of the ejected 
neutrino

nuclear shape factor

Capture state 
dependency

relative occupation number 
of electron in shell h

Coulomb amplitude

Many-body 
corrections

Nuclear matrix element 
and neutrino dependence

Exchange and 
overlap corrections

Shaking corrections

Electron capture decay rate per subshell
Behrens and Buhring, Nuclear Phys. A162, 1971
N. C. Pyper, Mathematical and Physical Sciences 420,1988

All these quantities rely on approximations and accurate modelling. The nuclear shape factor is nearly 
independent of the capture channel for the transitions considered;

The dominant capture channels are those involving (ns and np1/2) subshells for which the Coulomb 
amplitude reduce to a radial component of the capture wave function
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Exchange and overlap corrections: impact on beta decay

X. Mougeot, Applied Radiation and Isotopes, 201, 111018, 2023

 Reminder

Extension of the shape factor to L-th forbidden unique transition

Setting                                                 🡺 turns off the exchange exchange and overlap corrections. 

AQE corrections (Atomic Quantum Exchange) refer to the         individual exchange channels’ contribution.

How are those corrections  computed?
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Tong et. al., Phys. Rev. A, 57, 855 - 1998

Modèle RLDA-KLI-OEP4

 

Relativistic Local Density Approximation: VWN default mode and other 
local exchange and correlation functionals; The exchange functional is 
the Slater with relativistic corrections; finite charge distribution (Fermi- 
like);
Treatment of self-interaction with the KLI potential ➔ correct 
asymptotic behaviour of the effective potential

RLDA-KLI flowchart

RLDA atomic modelling

Possible improvements 

Implementation of Breit and retardation terms; Add an effective potential for the 
vacuum polarisation and self-energy terms compatible with RLDA.
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Electron capture 
spectra and beta- 
decay spectra with 
RLDA
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S. Zhang, H. Liu et al., arxiv:2509.26390, 2025

Measurement and modelling of the 210Pb β spectrum

Two nuclear decay channels 
main branch goes to a short-life excited 

state 🡺 shifted beta decay spectrum

TES measurement

Threshold-free 210Pb beta 
spectrum

Low-energy ⇒ test of the 
exchange and overlap

First forbidden non-unique 
transition
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Effects of the exchange channel on the shape of the 
210Pb β spectrum

S. Zhang, H. Liu et al., arxiv:2509.26390, 2025

The dominant AQE contribution is from the ns states
Valence-state contributions to the AQE are localised in the low-energy region (0–2 keV) 
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Black: MMC measurement PTB (PRIMA-LTD), 1-2Bq of ion 
implante 55Fe source per absorber, 8 gold absorbers of 
Red: computed spectra
Shaded area: shake-off/up contributions

Bolometric spectrum of 55Fe electron capture (preliminary) 

See M. Rodrigues 
presentation

for more information 
on MMC 

A. Faessler et al. , Phys. Rev. C, 95,  045502, 2017

Semi-empirical spectra

❖ Hole linewidths        are taken from the EADL Dirac–Fock tables.
❖ All atomic electrons are included in the calculation.
❖ Shake-off is calculated using the daughter atom’s effective KLI potential.

Technical details
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Radiative and non-radiative rates

J. H. Scofield, PR 179, 9, 1969

Radiative transitions

Example:     KL2 

Transition energy

Total radiative rates

16

■ All K, L, M, N, O and P X-Ray lines have been determined individually (~40k transitions) 

■ Auger lines will soon be compare with EADL for Z=2-100 using Coulomb-Breit, jj coupling scheme.

■ Significant deviations at low Z (shaded area) ⇒ numerical precision, and/or overestimation of correlation effects by the KLI 
model.

Auger energy

Non radiative transitions
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Effect of the chemical 
environment on the 
electron-capture ratio 
of 7Be
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PL/PK = 4.0(1)% (HgTe matrices)
PL/PK = 7.0(7)% (Ta matrices phase III)

■ 7Be: a light nucleus of major interest
P.A. Voytas  et al. , Phys. Rev. L, 57, 2003

■ Publication of PL/PK capture ratios and shaking probabilities
Benchmarking of RLDA-KLI

A. Andoche, L. Mouawad, et al., Phys. Rev. A  109,  2024
P. Indelicato and J. P. Desclaux, Phys. Rev. A 42, 1990

Failure of the atomic descriptions for Be, EC Decay

S. Fretwell et al. , Phys. Rev. L., 2020 

18ESNT Workshop - Adrien ANDOCHE-  Electronic structure and its effects on beta-decay 21-25 September 2026



Disposition : Titre et contenu

1. Lifetime of 53 days
2. Two-body EC decay with a “monochromatic” recoil
3.  Q-value (811.815 keV) <  2mec² ⇒ no competition with 𝛽+ 

decay

7Be is a good candidate for Beyond Standard Model (BSM) tests

The BeEST experiment 

Determination of a set of

Seesaw hypothesisJ. Smolsky, K. G. Leach, et al., Nature 638, 2025 
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The recoil spectra (1)
Before rescaling

M. Guerra et al., Phys. Rev. C 2026

Theoretical L/K capture ratio doesn’t match the measure one

Shake probabilities are high for this light nuclei
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▪ Computed using the MCDFGME updated program to precisely compute ionised states of Li
▪ Measurements were performed at the TRIUMF-ISAC facility using Ta STJs with implanted Be sources.
▪ All peaks are clearly identified, including their positions and origins, allowing sterile-neutrino searches in 

the residual background.

After rescaling
The recoil spectra (2)

However, the capture-peak amplitudes are rescaled to provide a new L/K ratio 0.0756(20) 

M. Guerra et al., Phys. Rev. C 2026
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VASP calculations 🡺 optimisation of 
the crystalline structure for different 
implantation types

Five different configurations based on the 
lowest formation energies

Samanta et al., Phys. Rev. Applied 19, 2023

What is the chemical environment of the implanted 
Be ?

Calculation performed for Li@Ta for a density of state analysis (number of electrons at a given energy)

How to compute the effect of the Neighbouring 
atoms on the decay (i.e. electronic sector)?

occupation number density of states

22ESNT Workshop - Adrien ANDOCHE-  Electronic structure and its effects on beta-decay 21-25 September 2026



Disposition : Titre et contenu

Octa SubVac Sub 3-Octa2-Octa

Geometry: extraction of the nearest neighbors  from a frozen crystal geometry

Atomic model: Hartree–Fock with the def2-TZVPP basis set

Single Be implantation Multiple Be implantation 

Blue spheres: 181Ta
Green spheres: 7Be

Chemical environment approach
GAUSSIAN setup 

M. J. Frisch et al., Gaussian 09, Revision E.01, Gaussian, Inc., Wallingford CT, 2009.
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Recentering of the molecular orbitals (MOs)

1. Gaussian provides MOs express in an atomic basis set, itself expressed on spherical gaussian centered at 
each nuclear position 

2. Recentering the molecular orbitals on
 the decaying nucleus

3. Verification of the orthogonality
relations 

Example (Octa):
Hybridisation and delocalisation  🡺  L and K capture do not 
have the same physical meaning

Could we get anything from those states ?
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The dominant contribution to the Coulomb amplitude

Estimation of the Coulomb amplitude

Ratios of Coulomb amplitude
 

Contribution to electron density at the nuclear center  

Cluster with more than one site:  (one dedicated expansion for each site b)

One nuclear center
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 MO composition: subspace discrimination

Orbital mixture

A : Be(1s)
B : Ta(p) & Be(2p) 
C : Be(2s) & Ta(p)
D : Be(2p) & Ta(d)

:  Binding energy  
(eV)Type-A  MO(s) 🡺 K peak: (1s Be)

Type-B/C/D of MOs 🡺 L peak: Be 2s and 2p orbitals mixed with Ta p and d orbitals
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Recall (in vacuum):
Ratio of Coulomb amplitude per Be atom 
in a cluster 

Estimation of the L/K capture ratio

Technical difficulties

1. Determination of the            requires calculations of excited Li@Ta is computationally demanding. 
In vacuum (with HF)

2. Loss of perfect orthogonality after recentering 🡺 incorrect overlap.

3. Ratio of probabilities is proportional to            and ratio of exchange and overlap corrections           

Element Bahcall XL/K Vatai XL/K Faessler XL/K

7Be 3.507 2.797 2.757
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Configurations  Vacuum  Octa 2-Octa 3-Octa Sub  SubVac  Experiment 

PL/PK (%) 12.97 10.92 9.63 11.62  9.20  7.06 7.056(20)

Estimation of the L/K ratio

After averaging over all Be sites

Estimate of the L/K capture ratio for Be@Ta

Conf.  Vacuum  Octa 2-Octa 3-Octa Sub  SubVac

<β2
L/K> (%) 3.32 2.80 2.47 2.98 2.36 1.81

NB: This estimate assumes that, within a given chemical environment, XL/K and SL/K  corrections remain 
unchanged.

Element Bahcall XL/K Vatai XL/K Faessler XL/K

7Be 3.507 2.797 2.757
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