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Getting access to the b decay properties

Electron measurement:

Gamma-ray spectroscopy:

Courtesy M. Estienne



Electron measurement:

Gamma-ray spectroscopy:
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gMeasurement Caveat
• Before the 90s, conventional detection

techniques: high resolution g-ray spectroscopy
– Excellent resolution but efficiency which

strongly decreases at high energy
– Danger of overlooking the existence of b-

feeding into the high energy nuclear levels
of daugther nuclei (especially with decay
schemes with large Q-values) 

• Incomplete decay schemes: overestimate of the 
high-energy part of the FP b spectra

• Phenomenon commonly called « pandemonium
effect** » by J. C Hardy in 1977

** J.C.Hardy et al., Phys. Lett. B, 71, 307 (1977)

Picture from A. Algora 

Strong potential bias in nuclear data 
bases and all their applications
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TAGS: a Solution to the Pandemonium Effect

Total absorption g-ray spectroscopy
! A TAS is a calorimeter
! It contains big crystals covering 4p
! Instead of detecting the individual gamma 

rays, absorbs the full gamma energy
released by the gamma cascades in the b-
decay process

First TAS developed in the 70’s but too small 
detectors to be efficient. Development of 
the TAGS method efficient and systematic 
since the 90’s (Greenwood & al.)

g1

g2

Calculation of level energy feeding through the resolution of the 
inverse problem by deconvolution
! Rij = matrix detector response
! di = measured data 
! Extract fj the level feeding by deconvolution

NaI(Tl)

J. L. Tain & D. Cano-Ott, NIMA 
571 (2007) 728

(TAGS)

9



3 TAGS Campains at IGISOL Jyväskylä in 2009, 2014 and 2022
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• IGISOL@Jyväskylä:
• Proton induced fission ion-guide source
• Mass separator magnet
• Double Penning trap system to clean the beams

• 2 (segmented) TAS campains :

! DTAS (NUSTAR – DESPEC, IFIC): 

" 18 NaI(Tl) crystals of 15cm×15cm×25 cm
" Movable, g-multiplicity
" ep=48% @Eg=5 MeV 
" DE=8% @Eg=0.66 MeV
" Moderate n-sensitivity
" Coupled with a plastic detector

! ROCINANTE (IFIC Valencia/Surrey):

" 12 BaF2 crystals

" Compact, g-multiplicity
" ep=40% @Eg=5 MeV 
" DE=15% @Eg=0.66 MeV
" Low n-sensitivity
" Good timing Dt=1 ns
" Coupled with a Si detector for b

E. Valencia+, PRC 95 (2017) J.L. Tain+, NIM A 803 (2015)
V. Guadilla et al., NIM A (2018)



TAGS @ Jyväskylä in 2009, 2014 and 2022
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Anti-n flux vs. the 239Pu fraction
A.Algora et al. PRL 105, 202501 (2010),
M. Fallot et al. PRL 109, 202504 (2012)
D. Jordan et al. PRC 87, (2013) 044318
A.A. Zakari-Issoufou et al. PRL 115, 102503 (2015)
E. Valencia et al., PRC 95, 024320 (2017)
S. Rice et al. PRC 96 (2017) 014320
V. Guadilla et al. PRL 122, (2019) 042502 
V. Guadilla et al. Phys. Rev. C 100, 044305 (2019)
V. Guadilla et al. Phys. Rev. C 106, 014306 (2022) 
+ Data vs model in Daya Bay and STEREO recent papers: DB: 
PRL 130 (2023) 211801, PRL 129 (2022) 041801, STEREO: 
Nature 613 (2023) 257

M. Estienne et al., PRL 123, 022502 (2019)

Impact of the results for 239Pu: 
electromagnetic component

Algora et al., PRL 105, 202501 (2010). 

24 A. Algora et al.: Beta-decay studies for applied and basic nuclear physics

Table 7. P� obtained from our measurements [24,25] in com-
parison with the Pn values of the decays. P� is defined as the
gamma emission probability above the Sn value (in analogy to
Pn). The values are given in % (see the text for more details).

Isotope P�(TAGS) Pn

87Br 3.50+0.49
�0.40 2.60(4)

88Br 1.59+0.27
�0.22 6.4(6)

94Rb 0.53+0.33
�0.22 10.18(24)

95Rb 2.92+0.97
�0.83 8.7(3)

137I 9.25+1.84
�2.23 7.14(23)

relevant for reactor applications. The measurements pre-
sented have been performed at the IGISOL facility of the
University of Jyväskylä employing the high isotopic pu-
rity beams provided by the JYFL Penning Trap. These
measurements are not only relevant for the decay heat
predictions and for the predictions of the reactor neutrino
from reactors, but also provide results of interest for nu-
clear structure and astrophysics. In particular they o↵er
the possibility of testing nuclear models in a more strin-
gent way and can provide additional information for the
estimation of (n,�) cross sections of astrophysical interest
for cases not directly accessible using reactions.

Considerable progress has been made, but the ulti-
mate goal of the work presented in this article has not
yet been reached. From the comparisons of the measured
decay heat with the predictions of summation calcula-
tions, it is clear that there is still work to be done, in
particular for the 235U fuel. The situation is similar in re-
lation to the prediction of the antineutrino spectrum in
reactors, where the remaining discrepancies still require
to measurements of a number of decays. Our collabora-
tion is still working on these subjects and has approved
proposals to continue our studies at the IGISOL IV facil-
ity in order to measure new decays that are important in
the next relevant order. In this publication we have con-
centrated mainly on the discussion of results obtained by
our collaboration, but other groups are also involved in
similar research programmes at other facilities that pro-
vide experimental results relevant to the topics discussed
here (see for example [35,101,102,156]). The upgrade and
advent of a new generation of radioactive beam facilities
like FRIB (Michigan, USA), RIBF (RIKEN, Japan), FAIR
(Germany), Spiral2 (France), etc. extends the possibili-
ties of TAGS measurements to more exotic domains than
those o↵ered by the present and future ISOL facilities.
These measurements represent new challenges concerning
the purity of the beams and require the development of
detectors adapted to the experimental conditions of such
a facilities. From those facilities new and exciting results
will appear in the near future.

This work has been supported by the Spanish Min-
isterio de Economı́a y Competitividad under Grants No.
FPA2011-24553, No. AIC-A-2011-0696, No. FPA2014-52823-
C2-1-P, No. FPA2015-65035-P, No. FPI/BES-2014-068222
and the program Severo Ochoa (SEV-2014-0398), by the

Spanish Ministerio de Educación under the FPU12/01527
Grant, by the European Commission under the European
Return Grant, MERG-CT-2004-506849, the FP7/EURATOM
contract 605203 and the FP7/ENSAR contract 262010,
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Porta). We also thank A. Nichols and T. Yoshida for their
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+ LaBr3 modules        + New DSSSD Refurbished Rocinante

The LISE spectrometer

# (NA)2STARS project: Kick-off meeting in 
Nantes Dec. 2024

# Preparation of the “Commissioning 
experiment” @ LISE, June 2026

# New DSSSD (GANIL) 1 mm-thick, 40x40 
mm2

# Rocinante (12 BaF2, refurbished) + 16 
LaBr3 crystals

Subatech – IP2I - IFIC – GANIL - CIEMAT – CSIC Madrid – NPI CAS - Istanbul – Surrey - Huelva

Workshop 
Aprende
Strasbourg 
Jan. 25,
IAEA 3rd TM 
Apr. 25, Isol
France Apr. 25
Conférences : 
ND2025, 
EuNPC2025

(NA)2STARS Project: upgrade of the existing TAS 



(NA)2STARS

11 
 

constituting materials. Fig. 6 shows a picture of one LaBr3 crystal and Fig. 7 shows an example of the 
excellent agreement found between the Monte Carlo simulation of one LaBr3 crystal prototype and 
measurements with a source of 60Co [113]. 
Several photomultiplier tubes (PMT) were tested and the selected one was the R6231 from 
Hammamatsu, a 2 inches diameter PMT with enhanced quantum efficiency and low gain. The energy 
resolution of the detector prototype was found to be twice better than the NaI crystal (3.1% at 
1.33MeV) with a smaller light yield non-proportionality.  
 

 
Fig. 6: photo d’un des modules de LaBr3 de (NA)2STARS. 

 
 

 
Fig. 7:  Comparison of experimental and Monte Carlo simulated spectra recorded with one LaBr3 detector. The black line is 

the experimental data, the blue line is the spectrum simulated with GEANT4, normalized to the total number of counts in the 

experimental spectrum and the red line is the spectrum simulated with GEANT4, normalized to the source activity (3% 

uncertainty) [113]. 

 
Delayed neutrons are a source of additional background since the neutrons (with energies from tens of 
keV to a few MeV) can interact with the detector material producing γ-rays through radiative capture 
and inelastic scattering. This effect has been studied by our partners using GEANT4 Monte Carlo (MC) 
simulations and experimentally by the partner teams [114,115]. More recently, our IFIC partners have 
investigated the possibility to use the neutron sensitivity of the DTAS to extract the beta-delayed neutron 
fraction (Pn) from the data. It was concluded that the absolute measurement of the Pn is not possible 
with the existing TAS. The only possible way to discriminate against the neutron signals is through 
timing, using the fact that β-delayed neutrons travel more slowly than γ-rays. Therefore the timing 
properties of the LaBr3 crystals are specially adapted to tackle the gamma/neutron discrimination 
and to combine the gamma and neutron measurements at once. No existing TAS worldwide have 
such possibilities. 
Provided the high neutron sensitivity of the existing TAS and the large Pn values of some of the nuclei 
of interest, the development of reliable GEANT4 simulations of the TAS responses to neutrons is 
mandatory. In the current version of GEANT4 the existing internal database is incomplete and 
sometimes inconsistent [115]. Our CIEMAT partner [116] has developed a tool which allows the 
inclusion in GEANT4 of complete standard databases to perform the simulations. Furthermore, 
the GEANT4 γ-ray cascade generator called after neutron capture was also modified in order to 
obtain realistic cascade energy and multiplicity distributions. The new algorithm is currently used 
in the TAGS data analysis performed by the teams involved in this project.  

 
 

 
 

R&D on-going also on DSSSD det. @ GANIL  
R&D Plastics + SiPMs for central beta detector @ Subatech
Electronics & DAQs,  @ GANIL and Subatech (S. Bouvier, H. 
Guérin, B. Rebeiro, J.-C. Thomas et al.)
First individual module tests by CIEMAT and IFIC, design based on 
design studies performed for DESPEC TAS (DTAS)
New tests on-going @Subatech (V. Piau et al., M1 & M2 internship
students: N. Payan, O. Chettir, N. Trimech)
Mechanics: new mission @ GANIL with engineers from Subatech
and IP2I Nov. 6-7. Preparation for LISE && DESIR.
16 LaBr3 modules for the GANIL experiment thanks to GANIL 
order of 4 detectors in advance w.r.t planning



TAGS Campaign 2022

Campagne TAGS@IGISOL (Jyväskylä) en Sept. 2022 : 
- Analyse effectuée par Julien Pepin, doctorant en co-tutelle

Nantes - Valencia
- Nouveaux codes d’analyse des données bruts (alignement des 

12 cristaux et calibration en énergie)
- Phase de préparation des données terminée (alignement, 

calibration, soustraction des contaminants) 
- Réponse du détecteur obtenue avec la simulation GEANT4
- Premiers résultats pour l’estimation de l’intensité bêta du 

85Se identifié comme priorité 1 pour puissance résiduelle 
combustible 233U/232Th (IAEA INDC-577 Report, 2010) 

- Soutenance de thèse prévue Mars 2026

Présentations : 
- GDR SciNEE Pole 1, Grenoble, Décembre 2024
- ISOL France, Orsay, avril 2025
- ND 2025, Madrid, juin 2025
- EuNPC 2025, Caen, septembre 2025

Preliminary



E-Shape First Results

Þ Form factor calculations for forbidden beta decay transitions: several models disagree, broadest predictions from L. 
Hayen et al. PRC.100.054323

Þ Effect of first forbidden transitions: one of the best hypotheses for the reactor antineutrino shape anomaly !!!
Þ Very scarce existing data because very challenging measurements !!! 
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FIG. 4. Comparison of the deduced spectrum of the 92Rb
! 92Sr beta decay (92Rb Decv.) with various beta decay
feedings and beta shape correction models. Ref. corresponds
to the prediction using ENSDF high-resolution feedings [43]
only employing the Fermi function. Rasco I and II denote
predictions based on Rasco et al. TAGS feedings [42], apply-
ing the allowed shape corrections from Hayen et al. [38] (I)
and Huber [17] (II), respectively. Similarly, Zakari I and II
correspond to predictions from Zakari-Issoufou et al. TAGS
feedings [40], with the same respective shape corrections. All
Rasco and Zakari predictions incorporate the ground-state-
to-ground-state first-forbidden shape correction factor from
Hayen et al. [29].

In summary, the obtained results represent the first
measurement of the shape of beta spectra of relevant fis-
sion products for the prediction of the antineutrino spec-
trum in reactors employing isotopically pure beams (trap
assisted beta shape spectroscopy). The deduced spectra
provides a way to test the corrections used to calculate
the antineutrino spectrum for reactors. The analyses of
the measured spectra have been performed using state-of-
the-art analysis and Monte Carlo techniques. The com-
parison of the obtained results with model calculations
using TAGS beta decay feedings and the theoretical ap-
proaches presented in Huber and Hayen et al. [17, 29, 38]
validate those approaches for two of the most relevant
beta decays for the prediction of the antineutrino spec-
trum in reactors and in particular for 0� to 0+ tran-
sitions. The presented results also show the possibility
of performing independent tests of the feedings obtained
from TAGS measurements for complex decays, providing
a way of testing the quality of these measurements, the
complex analysis techniques and testing the overall con-
sistency of the decay data. In this context, they can also
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FIG. 5. Comparison of the deduced spectrum of the 142Cs
! 142Ba beta decay (142Cs Decv.) with various beta decay
feeding and beta shape correction models. Ref. corresponds
to the prediction using ENSDF high-resolution feedings [44]
with only the Fermi function. Wolinska I and II denote pre-
dictions based on Wolińska-Cichocka et al. TAGS feedings
[45], applying the allowed shape corrections from Hayen et al.
[38] (I) and Huber [17] (II), respectively, both including the
ground-state-to-ground-state first-forbidden shape correction
factor from Hayen et al. [29].

provide an additional information to constrain ground-
state-to-ground-state feedings, or the feedings of dom-
inant beta branches. It can also provide a method to
obtain beta decay data free from the Pandemonium ef-
fect that can be used to generate antineutrino spectra
and mean beta decay energies relevant for reactor appli-
cations.
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tween Subatech and IFIC, and the CNRS/IN2P3 Mas-
ter projects Jyväskylä and OPALE. Authors also ac-
knowledge the financial support from the Ministerio de
Ciencia e Innovación with funding from the European
Union NextGenerationEU and Generalitat Valenciana in
the call Programa de Planes Complementarios de I+D+i
(PRTR 2022) under Project DETCOM, reference AS-
FAE/2022/027. W.G. acknowledges the support of the

The shape of the beta spectrum of two of the most relevant decays for the 
prediction of the reactor antineutrino spectrum have been measured: 92Rb, 142Cs
No significant deviation from the allowed shape is evidenced for these two 0-

first forbidden transitions, as predicted by the models
Still predicted large shape factors to be measured (S. Durand’s PhD on-going…)

Þe-Shape experiment first results:

Aprende Workshop Strasbourg Jan. 2025

Phys. Rev. Lett. 135, 142502 (2025)

G. Alcala et al. arXiv:2505.05929
https://doi.org/10.1103/hyj7-l22h

https://doi.org/10.1103/hyj7-l22h
https://arxiv.org/abs/2505.05929
https://doi.org/10.1103/hyj7-l22h


Futures expériences

Discussions pour de nouveaux proposals (NA)2STARS au GANIL : campagne 
longue sur LISE par ex. : finalement pas de temps de faisceau ouvert au PAC pour 
1 à 2 ans 

Planning de l’expérience prévue en 2026 sur LISE : début faisceau 1er juin 2026

Nouvelle proposition d’expérience soumise à Jyväskylä avec (NA)2STARS en sept. 
2025

Co-tutelle de thèse en préparation, avec demi-financement finlandais, recherche 
de la moitié française 

Decay Station @ DESIR : discussions débutées avec Iolanda Mattea, Bertram 
Blank, Jean-Charles Thomas début 2025, à suivre



JALONS
Propositions d’expériences TAGS

Jalon 1 Jalon 2

TAGS@JYFL Expérience antineutrinos et 
decay heat Jyväskylä

Expérience structure et astro-
nucléaires Jyväskylä 

Date Campagne Sept. 2022
Nouvelle Proposition soumise 
PAC sept. 2025 
(spokespersons: M. Estienne, 
A. Porta, A. Algora et S. 
Orrigo), avec (NA)2STARS

2020 => re-soumise 2023 (PAC)
2023 => finalement sera re-soumise
plus tard (2026?)

TAGS@ISOLDE Expérience TAGS@ISOLDE 
acceptée en 2021 

Date Réalisée en 2023
Pour l’instant pas de 
manpower pour analyse 
côté Nantes et Valencia

2025-26 : Participation 
aux expériences de la 
collaboration TAGS



JALONS
Projet (NA)2STARS : 

Actuellement Jalon 1 Jalon 2 Jalon 3

(NA)2STARS : 
Upgrade des 
TAS Rocinante
et DTAS avec 
des LaBr3

4 LaBr3 Ciemat 1 
1(+1) LaBr3 

Valencia
6 LaBr3 Subatech
5 LaBr3 GANIL 
1 CSIC Madrid + 
HV + quelques 
modules FASTER
2024 : 
commande de 5 
cristaux de plus

Tests à Subatech, 
électronique 
FASTER, HV. 
Simulations 
Geant4 Subatech
pour upgrade 
DTAS (A. 
Beloeuvre)

L’IP2I rejoint la 
collaboration: 
in-beam x-
section meas. 
For p-process @ 
NFS. M2 
internship (J. 
Pépin)

MoU collaboration. 
Nouveaux 
collaborateurs (NPI 
CAS, U. Istanbul).
Installation de 2 
LaBr3 sur 
FASLTAFF@NFS fin 
2023

17 (+1) LaBr3 2021 2022 et 2023
=> 2024 : MoU
circule parmi 
collaborateurs

Jalon 4 (NA)2STARS@GANIL
Nouvelles expériences TAGS++ à GANIL (LISE + 
DESIR + NFS)

Þ proposal accepté PAC 2023, exp. prévue juin 
2026 : (NA)2STARS @ LISE, R&D en cours



PUBLICATIONS et THESES

Publications in peer-reviewed journals: 
• G. Alcala et al. Phys. Rev. Lett. 135, 142502 (2025)

Communications orales :
1 GDR Scinee déc. 2024
1 contrib. APRENDE Workshop Jan. 2025 (WP2, Strasbourg)
1 contrib. ISOL-France Avril 25
4 contributions ND 2025 (Madrid) + proceedings à venir
2 workshops IAEA (Vienne déc. 2024, Séoul April 25)
4 contributions EuNPC 2025 (Caen)
1 contrib. GDR Resanet Nov. 2025
2 contribs JEFF meeting Nov. 2025

Plusieurs articles en préparation…

Thèses :
+ 1 thèse en co-tutelle Nantes – Valencia (2022-mars 2026) : Julien Pépin (en cours)
+ 1 thèse débutée en 2024 E-Shape 
+ 1 thèse débutée en 2025 (NA)2STARS



Utilisation budget année N

Obtenus : Jyväskylä : 0, TAGS : 0, OPALE : 14 (principalement pour E-Shape, 
hors NACRE ()), 
hors APRENDE (~0 missions dans APRENDE, mais financement ½ thèse en recherche de co-
financement)
(NA)2STARS : 32 in2p3 + 9 GANIL (mécanique) + 4 LaBr3 achetés par GANIL en 2025 (en 
avance de phase sur le projet)

Þ Complètement dépensés



Demandes année N+1

Demande totale: 
Jyväskylä : 0 (car pas d’exp. en 2024)
ISOLDE : 3 (car finalement pas d’exp. en 2025)
OPALE : 13 (missions + sources)
(NA)2STARS : 

- GANIL : budget demandé au TGIR selon plan de financement du projet 
- in2p3 : budget demandé à l’in2p3 selon plan de financement du projet : 32k€ (dont 

2k€ missions)

Demande de poste permanent pour compenser le départ d’Axel Laureau au LPSC (profil 
initial : TAGS/(NA)2STARS @ GANIL…)

1 postdoc demandé pour (NA)2STARS pour 2026

Budget APED approuvé, remplacera OPALE et NEEDS ?



Budget pluri-annuel

Demandes futures : 
selon plan de financement (NA)2STARS : expérience acceptée au GANIL, démarrage 
(NA)2STARS@GANIL, analyse TAGS en cours et réunions de collab., …
Prochaines expériences : GANIL, Jyväskylä 



Thank You

• SUBATECH: E. Bonnet, S. Durand, M. Estienne, M. Fallot, L. Le Floch, 
J. Pépin, V. Piau, A. Porta 

• IFIC Valencia: A. Algora, E. Nacher, S. Orrigo, B. Rubio, J.-L. Tain 
• GANIL : J.-C. Thomas, H. Guérin, B. Ribeiro

• CIEMAT Madrid: D. Cano-Ott
• CSIC Madrid: T. Kurtukian Nieto

• IP2I: C. Ducoin, N. Millard-Pinard, O. Stézowski
• Surrey: W. Gelletly, Z. Podolyak

• U. Istanbul: E. Ganioğlu Nutku, L. Şahin Yalçın, M. Yalçınkaya
• U. Huelva: A. M. Benitez-Sanchez 

• NPI CAS: A. Cassissa, J. Mrazek, E. Simeckova



PROPOSAL E891_23
GANIL PAC 14/11/2023

Total Absorption Spectroscopy for
Nuclear Structure and Nuclear Astrophysics

# 1st experiment with STARS

# Measure the β-decay properties of several p-rich nuclei in the Cr-Zn region
of great interest for:

# Nuclear structure: β-decay of selected Tz=-2 nuclei (44Cr, 48Fe, 52Ni, 56Zn)
# To study isospin symmetry free of Pandemonium

# Nuclear astrophysics: β-decay of 46Mn and 48Mn 
# To constrain reaction rates of interest for the 44Ti nucleosynthesis

# 45V(p,g)46Cr and 47V(p,g)48Cr



Reactor Antineutrinos & Fundamental Physics
• Measurement of the q13 oscillation param by 

Double Chooz, Daya Bay, Reno
– Independent computation of the anti-n

spectra using nuclear DB: conversion method 

• Sterile neutrino measurement to explain the 
“reactor anomaly”

– 6% deficit of the absolute value of the 
measured flux compared to the best 
prediction ILL data

– Shape anomaly (spectral distorsion) in the 
full spectrum (btw 4.8-7.3 MeV)

– Daya Bay PRL points-out a pb in the 
converted antineutrino spectra from 235U 
measured beta spectrum @ILL

• Next generation reactor neutrino experiments like 
JUNO or background for other multipurpose 
experiment

27

G. Mention et al. Phys. Rev. D83, 073006 (2011)

Nuclear Power Station Near detector Far detector

ne ne,µ,t

Putting integral beta measurement of 235U of  Scheckenbach et al. and 
sterile neutrinos into question.

Growing interest in Summation Method (SM) to calculate anti-n spectra, 
but new measurements needed due to Pandemonium problem


