
Update of the summation 
calculations for reactor 
antineutrino spectra & 
(NA)2STARS project 

M. Fallot, M. Estienne, A. Porta, E. Bonnet, S. Bouvier, S. 
Durand, S. Nandi, J. Pépin, J.-S. Stutzmann (SEN team),

+ TAGS, e-Shape, (NA)2STARS collaborations

Seoul, Korea
April 2025

Subatech, CNRS/IN2P3, Nantes Univ., IMT Atlantique, France

1



Update of the summation 
calculations for reactor 

antineutrino spectra 
M. Fallot, M. Estienne, SEN team,

+ TAGS, e-Shape, (NA)2STARS collaborations

Seoul, Korea
April 2025

Subatech, CNRS/IN2P3, Nantes Univ., IMT Atlantique, France

2



3

Introduction

News from recent TAGS & e-Shape Experiments
(tbc with A. Algora’s talk)

(NA)2STARS Project

Some Recent TAGS Results & Summation
Method 2025

Uncertainties with GEF

Conclusions & Outlooks



Motivations for Beta Decay Study and 
its Applications
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Getting access to the beta decay properties

Applications of Beta Decay from Fission Products
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The exploitation of the products of the beta decay is multifold:
! The released g and b contribute to the “decay heat” " critical for reactor safety and 

economy
! b-n emitters: delayed neutron fractions " important for the operation and control of the 

chain reaction of reactors
! The antineutrinos escape and can be detected " reactor monitoring, potential non-

proliferation tool and essential for fundamental physics
# But g and b emission " indirect access to antineutrino energy spectra

! b-decay plays an important role in the r-process: n-capture (n,g) and (g,n) 
photodisintegration 

equilibrium and b-decay

g or b measurements: 2 experimental methods " characterize  the weak interaction 
properties, several physics topics in nuclear structure or nuclear astrophysics.
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Total energy spectrum of a fission product:

Measurement of well identified fission product:

Getting access to the 𝜈̅ energy spectra of a fp

6

Ib

Energy spectrum of a b branch of a fission product:
𝑆!"# 𝑝 ∝ 𝑝$ 𝑄 − 𝑇%

$
𝐹(𝑍&, 𝑝)𝑪 𝒁, 𝒑 1 + 𝛿 𝑍, 𝐴, 𝑝

Phase 
space

Fermi 
function

Shape 
factor

Subdominant
corrections

Sn

Z,N
Z+1,N-1 Z+1,N-2

n

𝑆!" 𝑍, 𝐴, 𝑝 ∝ 3
#'(

)!

𝑰𝜷𝒇𝒑
𝒃 ×𝑆!"# 𝑍!", 𝐴!", 𝑬𝟎 𝒇𝒑𝒃 , 𝐸

TAGS measurements

eShape measurements
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g-Spectroscopy Measurement
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g Measurement 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 daughter 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
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** 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 (i.e. 
indirect effect on summation calculations
for DH and anti-n energy spectra)
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TAGS: a Solution to the Pandemonium Effect
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Total absorption g-ray spectroscopy
! A TAS is a calorimeter
! It contains big cristals covering 4p
! Instead of detecting the individual

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

g1

g2

NaI(Tl)

(TAGS)

An ideal TAS would give directly the b-intensity Ib which is 
linked with the b-strength Sb:

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
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TAGS Campaigns @ IGISOL 
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Experimental setup at Jyväskylä  
● DTAS = 18 crystals of NaI(Tl)

∼90% efciency for a 1 MeV gamma-ray

ΔE/E ∼ 5% at 1.3 MeV

● β detector = plastic detector

In coincidence with γ → background                  
                                      suppression

30% detection efciency

● HPGe detector

Allows identifcation of possible contaminant 
coming from the decay chain

V. Guadilla et al., Nucl. Instrum. 
Methods B 376 (2016), p. 334

Why Jyväskylä IGISOL-4 facility ?
 
→ Because of the JYFLTRAP, a double Penning Trap

Mass resolution of δm/m ∼ 10-8

→ Ion Guide method

Refractory elements production
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Why @ IGISOL ?
Because of JYFLTrap
Dm/m ~10-8

1 TAGS campaign in 2005 IFIC
2 campaigns with Rocinante in 2009 
and 2022 – IFIC - Subatech
1 with DTAS in 2014 - IFIC - Subatech
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+ Implantation on a tape in the 
center of the TAS
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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 
+ 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,
and by the Junta para la Ampliación de Estudios Pro-
gramme (CSIC JAE-Doc contract) co-financed by FSE.
We acknowledge the support of STFC(UK) council grant
ST/P005314/1. This work was supported by the CNRS
challenge NEEDS and the associated NACRE project, as
well as the CHANDA FP7/EURATOM project (Contract
No. 605203), and SANDA project ref. 847552 the CNRS/-
in2p3 PICS TAGS between Subatech and IFIC, and the
CNRS/in2p3 Master projects Jyväskylä and OPALE. Thanks
are due to all collaborators who participated in the mea-
surements, to the IGISOL and University of Jyväskylä
colleagues for their continous support and help and in par-
ticular to the PhD students and colleagues who worked in
the analysis of the data and made this work possible (D.
Jordan, E. Valencia, S. Rice, V. M. Bui, A. A. Zakari-
Issoufou, V. Guadilla, L. Le Meur, J. Briz-Monago and A.
Porta). We also thank A. Nichols and T. Yoshida for their
support in the earlier stages of the work and P. Sarrig-
uren, A. Petrovici, K. L. Kratz, P. Möller and collabora-
tors for providing theoretical calculations for some of the
cases studied. Thanks are also due to A. Sonzogni and L.
Giot for providing decay heat calculations and to M. Esti-
enne for providing antineutrino summation calculations.
The work of J. Agramunt in the development of our data
acquisition system used in all the experiments is acknowl-
edged. Support from the IAEA Nuclear Data Section is
also acknowledged.

8 Authors contributions

All the authors were involved in the preparation of the
manuscript. All the authors have read and approved the
final manuscript.
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Anomalies of Reactor Antineutrino Energy Spectra
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Y. Abe et al  Phys. Rev. Lett. 108, 131801, (2012)
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Measurement of the q13 oscillation parameter by Double Chooz, Daya Bay, Reno in 2012
! Independent evaluation of anti-n energy spectra using BDNs 
! 6% deficit in the absolute value of the measured flux compared 
with the best prediction based on ILL data: reactor anomaly  
! Numerous projects in search of the existence of sterile neutrinos

In 2014, the same three experiments highlighted a spectrum distortion between 4.8-7.3 MeV compared to 
nuclear models again! (Shape anomaly)

Since 2023, issue with the 235U measurement from Schrekenbach et al. confirmed by Daya Bay, Reno, 
STEREO, Prospect, Double Chooz, etc. and by summation calculations based on nuclear data

Research path put forward: first forbidden b-decays could be responsible for the distortion.

Experimental requirement: direct measurement 
of electron energy spectra of b decays of well-
identified fission products (also known as form 
factors).

Theoretical requirement: take these form factors 
into account in our calculations for summing 
antineutrino energy spectra.

Still more TAGS data: especially for high energy 
part & future comparison with Juno-TAO, and 
other forthcoming measurements

e-Shape experiment

C. Zhang, X. Qian, M. Fallot, Prog. Part. Nucl. Phys. 136 (2024) 104106

Disposition : Titre et contenu
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Spectrum Shape “Anomaly”

Nature Physics 558–564 (2020)

Ø Accurate spectra measured few 100 m from 
commercial reactors by the Double Chooz, 
Daya Bay and Reno experiments

Ø Unexplained local shape distortion, the 
“5 MeV bump”, on top of the global deficit 

Ø Contribution of this bump to the global 
deficit is sub-%

TAGS experiments



News from Pandemonium-free
Experiments
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TAGS Experiments



2022 TAGS Campaign @ Jyväskylä

Nantes-Valencia proposal,
Very successful experiment,
Rocinante Spectrometer (IFIC-
Surrey) coupled to the FASTER 
DAQ by the Subatech team
17 nuclei measured with TAGS
Analysis On-going…



2022 TAGS Campaign @ Jyväskylä
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- Analysis performed by Julien Pépin, co-
supervised Subatech - IFIC and Soumen
Nandi, post-doc Subatech Nov. 2023 –
March 2025

- New analysis codes of raw data 
(alignment of cristals, energy calibration): 
automation

- Calibration phase over, simulation 
Geant4 developed and pile-up subtraction.

24Na source : energy spectrum of  Crystal 1

A. Porta et al. BARRANDE Workshop 2023 Oct. 10.-12., workshop NEEDS/Nacre 
Jan. 2024
J. Pépin et al.: 2 poster presentations @ EJC 2023 and @ Colloque GANIL 2023

Example of TAGS spectrum:

TAGS Campaign @ Jyväskylä Sept. 2022
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Electron Spectra Measurement
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E-ShapeΔE − E telescopes to measure the beta spectrum of selected decays using isotopically 
pure beams at Jyväskylä with Si and plastic detectors in coincidence

In vacuum chamber

Description of the telescopes:
! DE: 500 (or 300) µm thickness Si detector, active area 50x50 mm2

! E: Pl truncated cones, height 110 mm 

Ancillary detectors for gammas: HPGe and CeBr3

DAQ: successful use of FASTER DAQ (LPC Caen)
I206, I233, I233Add IGISOL proposals Univ. of Jyväskylä, Spokespersons: A. Algora, M. 
Fallot, W. Gelletly, local contact: Tommi Eronen
First commissioning @ex-CENBG Bordeaux, March 2019 and I206@Jyväskylä May 2019
! Detector Paper arXiv:2305.13832 V. Guadilla et al. 2024 JINST 19 P02027

The e-Shape experiment: 
Nantes-Surrey-Valencia Collaboration 
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Several works and publications emphasize the need of such measurements:
Hayes et al. PRL 112.202501 (2014), Hayen et al. PRC 99.031311 (2019) 
Technical Meeting (IAEA, 2019), Report INDC-NDS-0786, Sonzogni et al. , PRL 119.112501 (2017)

https://arxiv.org/abs/2305.13832
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IGISOL @ Jyväskylä for purified beams
e-Shape improvements after commissioning I206 in 2019: electronical threshold of Si detectors
e-Shape experimental campaign I233 in 2022: A dozen nuclei measured including nuclei for the 
detector calibration. 
Analyses: 2 defended PhD thesis: G. Alcala (IFIC Valencia) and A. Beloeuvre (Subatech)
Some issues in Jan. 2022 to tune properly the beam => I233Add
2023:  technical improvements + successful (re-)measurement of nuclei 
PhD thesis in Subatech (Samuel Durand) & Postdoc in IFIC (Gustavo Alcala) started in fall 2024

Experimental campaigns in 2022 & 2023

21
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E-Shape Campaigns @ Jyväskylä

22
ÞSee Alejandro Algora’s talk for 

the first results !!!  
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The (NA)2STARS Project
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Fig. 4 : view of possible arrangement of the 16 LaBr3:Ce 
(red) in the middle of the NaI crystals (grey) (courtesy A. 
Beloeuvre).

Neutrinos, Applications and Nuclear Astrophysics with a Segmented Total 
Absorption with higher Resolution Spectrometer

A combination of calorimetric and spectroscopic tools for beta decay and in-
beam measurements

Figure 14: Geometry used for gamma-gamma correlation with one ring of LaBr3.
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GOAL: Upgrade of the existent TAS spectrometers 
DTAS and Rocinante with 16 LaBr3(Ce) modules 
2”x2”x4” 

Large efficiency of DTAS/Rocinante + very 
good energy resolution and timing of LaBr3
! Higher segmentation: g-g coincidences, 

angular correlations, g-cascade multiplicity
! n/g discrimination through timing

Broad physics case: exotic nuclei further away 
from stability => nuclear structure and astrophysics 
on the p-rich (p/g competition >Sp, p-process, rp-
process, SNe…) and n-rich sides (n/g competition 
>Sn), decay heat, reactor neutrinos…

The (NA)2STARS project
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Experimental setup
The LISE spectrometer (44 m) similar to e556a (2010)

56Ni

HI < 1013 pps

CLIM target

degrader
Experimental areas

Wien filter
Slits
31

Identification

DP1
DP2

DA1
DA2

Slits
43

Slits
62Slits

51 Final focal plane

1st focal point

� Large 18-fold segmented NaI spectrometer

� Cascade multiplicity information

� Compact 12-fold segmented BaF2

spectrometer (to be refurbished)

� Cascade multiplicity information

� Good timing

(NA)2STARS: TAS upgrade 
with LaBr3 modules

³Rocinante´ TAS
DTAS (NUSTAR)New DSSSD (GANIL) +

1 mm-thick, 40x40 mm2, 1 mm pitch
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F - NA2STARS 14 LaBr3 (6 Radially Shifted) 

Beam

Beam

31

F - NA2STARS 14 LaBr3 (6 Radially Shifted) 

Beam

Beam

31

A - Rocinante Refurbished

Beam

3

Pictures A. Algora & Simulations M. Estienne

On-going work…

BaF2: ρ= 4.893 g/cm3, τdecay= 
0.6 and 620ns, energy 
resolution ∼10 %@1332 keV 

LaBr3: ρ=5.08 g/cm3, 
τdecay=17 ns, energy 
resolution ∼3 %@662 keV

The (NA)2STARS project



29Mechanical Drawings: J.-S. Stutzmann & B. Madiot

The (NA)2STARS project

On-going work…
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The (NA)2STARS project

M. Estienne – (NA)2STARS Kick-off meeting 

DTAS + LaBr3 « Geom1 » and « Geom2 »
Two more compact geometries, central hole reduced

Geom1

Geom2

The crystals
can be stacked
on top of each
others

More 
mechanical
work for the 
support of the 
modules

Work from E. Lancien, master 1 internship 2024

M. Estienne – (NA)2STARS Kick-off meeting 

DTAS + LaBr3 « Geom1 » and « Geom2 »
Two more compact geometries, central hole reduced

Geom1

Geom2

The crystals
can be stacked
on top of each
others

More 
mechanical
work for the 
support of the 
modules

Work from E. Lancien, master 1 internship 2024

Pictures A. Algora & Simulations M. Estienne, A. Porta

NaI: ρ=3.67 g/cm3, 
τdecay=230 ns, energy 
resolution ∼7 %@662 keV 

LaBr3: ρ=5.08 g/cm3, 
τdecay=17 ns, energy 
resolution ∼3 %@662 keV

On-going work…
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The (NA)2STARS project

On-going work…
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The (NA)2STARS project

Comparison of experimental and Monte Carlo simulated spectra recorded with a 
5x5x10cm LaBr3 detector. 
x Experimental data: measurements with calibration sources. 
x Sim (Area normalization): Monte Carlo simulated spectrum normalized to the total 

number of counts in the experimental spectrum. 
x Sim (Activity normalization): Monte Carlo simulated spectrum normalized to the 

source activity (3% uncertainty). 
 

 

 

 

 17 

present results demonstrate that Monte Carlo simulations of the type shown here are a useful tool in 
the design of complex scintillation spectrometers. 
 

   
 
 
Figure 14. Left panel: Background subtracted 137Cs (red) and 60Co (blue) spectra measured with the 
LaBr3:Ce prototype. Right panel: comparison of the energy resolution of our prototype (red dots) 
with a ∅2”× 2”crystal (blue line) [CIE09] as a function of energy. 
 
 
The timing resolution of the LaBr3:Ce prototype was measured against a fast plastic scintillation 
detector in the manner described above for the NaI(Tl) prototype. The result obtained was 1.2 ns 
(FWHM) as shown in Fig. 15. In comparison with the NaI(Tl) prototype a factor of 4 better timing 
resolution is obtained. However compared to the result of MC simulation the value obtained is a 
factor of 4 worse which reflects the limit imposed by the settings in the analogue electronics used 
and the noise conditions in the measurement. 
 

 
 
Figure 15. Timing spectrum of the LaBr3:Ce prototype measured with the 60Co source against a fast 

plastic scintillation detector 
 
The background rate measured for signals registered in the energy interval from 20 keV to 2.8 MeV 
(where most of the background is concentrated) amounts to 730 cps. The major portion of this 
background is internal [MIL05] coming mainly from the disintegration of the naturally occurring 
long-lived 138La and from the disintegration of 227Ac, a contaminant difficult to separate in the 
crystal production process. 
 

R&D on-going also on DSSSD det.  
Electronics & DAQs,  @ GANIL and Subatech (S. Bouvier, H. 
Guérin, B. Rebeiro, J.-C. Thomas et al.)
Individual module tests by CIEMAT and IFIC, design based on 
design studies performed for DESPEC TAS (DTAS)

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.  
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PhD Thesis work: 
Loïc Le Meur (Subatech, Nantes)
Publication in preparation

Pandemonium effect : 
Missing feeding

The Case of 99Y

Energy (keV)

C
ou

nt
s

b-g coincidences
T1/2 = 1.484s, Q-value: 6971(12) keV 

Contaminants : daughter, pile-up, b-n 
branch
99Y -> 99Zr GS to GS feeding 0%
Assume Pn value given in ENSDF: 
1.77(19)%. 

Energy (MeV)

I b
(%

)

PRELIMINARY

PRELIMINARY

Physics Motivations for their measurement:
! Nuclear Structure: 99Y known to be strongly

deformed (β2 0.4 + in a region (N=60) of large 
shape dis- continuity in the Ytrium isotopes 

! Antineutrino spectra: priority 1

T=1.484s
Qb=6971keV
Sn = 4403keV
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Individual Anti-n Energy Spectra: 99Y, 138I and 142Cs

Comparison of the individual antineutrino energy spectra between DTAS and the 
preferred nuclear database that was used for our previous calculation (Rudstam). 
! Rudstam b spectra converted
! Non pandemonium free data in JEFF 3.1.1
! Shift vs low energy in TAS: apparent biases in Rudstam measurement and large error bars
! Impact the total antineutrino spectrum

36

PRELIMINARY
PRELIMINARY

PRELIMINARY

99Y 138I 142Cs

Decay E DTAS JEFF ENDF
[keV] [keV] [keV]

142Cs “

—

1526.3+83
≠54

2535.0+25
≠39

676.48
2919(178)

952.37
2919(179)

99Y “

—

1584+46
≠31

2379+15
≠22

917
2949(146)

1006
2931(208)

138I “

—

2005+106
≠99

2475+64
≠33

1325
2721(125)

1420
3068(290)

Table I – Average “, — and conversion electron

energies of the decays of
99

Y,
138

I and
142

Cs. The

present TAGS results are compared with the values

available in the ENDF/B-VII.1 [? ] and JEFF-3.3 [48]

databases.

by the new data of 99Y and by more than 0.5% (0.5%
) by the new data of 138I at 10 seconds, improving the
agreement of the summation calculations with the integral
datasets by Tobias [42] and [43] up to 10 seconds after the
fission pulse.

Figure ?? shows the IBD yields as a function of the
239Pu fission fraction published by Daya Bay [? ] (data-
points with error bars) and the summation method IBD
yields extracted from [? ] (black dashed line). The pink
points represent the IBD yields obtained after the inclusion
of the data presented in this article. The antineutrino flux
is further reduced with respect to [? ] and the remaining
discrepancy with the Daya Bay data is now of about 1.4%.
The newly obtained slope d‡f

dF239
= 10

≠43 cm2/fission.
The new individual contributions of 235U, 239Pu, 238U and
241Pu are respectively ‡5 =, ‡8 =, ‡8 =, and ‡4 =, which
are only XX%, XX%, XX% and XX% away from the Daya
Bay values [? ].

Figure 5: New IBD antineutrino yields (pink points)

as a function of the
239

Pu fission fraction, computed in

taking into account the new TAGS data for
99

Y,
138

I

and
142

Cs in the revised version of the SM, compared

with the Daya Bay data from [? ].

Figure 6: New spectral ratio, compared with the

Daya Bay data from [? ].

As a conclusion, we have presented in this paper new
Total Absorption Gamma-ray Spectroscopy results for the
beta decay properties of 138I, 142Cs and 99Y obtained with
the DTAS detector installed at the JYFL facility in Jyväs-
kylä, Finland. The obtained beta feedings show that the
three sets of data previously contained in evaluated data-
bases were a�ected by the Pandemonium e�ect. The In-
verse Beta Decay yields computed with the summation
method including these new TAGS data are located closer
to those of the Daya Bay experiment, now lying only 1.4%
above.
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Considered nuclear decay databases ordered by decreasing priority: 
Our TAS data set, the Greenwood TAS data set, the experimental data measured by Tengblad et 
al., experimental data from the evaluated nuclear databases JEFF3.3, ENDFB-VIII.0 and Gross 
theory spectra from JENDL2018* and the ‘‘Qb’’ approximation for the remaining unknown nuclei
Þ All fission products in the JEFF3.1.1 fission yields databases taken into account
*T. Yoshida, T. Tachibana, S. Okumura, and S. Chiba, Phys. Rev. C 98, 041303(R) (2018).

Irradiation times with MURE: 12 h for 235U, 1.5 d for 239;241Pu, and 450 d for 238U.

Taking into consideration: the latest published TAS data = 15+7 nuclei Pandemonium free

Nuclei Model names Publications
102;104–107Tc, 105Mo & 101Nb SM-2012

M. Fallot et al. PRL 109, 202504 (2012)

A. Algora et al. PRL 105, 202501 (2010), D. 
Jordan et al. PRC 87, (2013) 044318

+ 92Rb SM-2015 A.A. Zakari-Issoufou et al. PRL 115, 102503 
(2015)

+ 87,88Br and 94Rb 
+ 86Br and 91Rb 

SM-2017 E. Valencia et al., PRC 95, 024320 (2017)
S. Rice et al. PRC 96 (2017) 014320

+ 100,100m,102,102mNb SM-2018
M. Estienne et al., PRL 123, 022502 (2019)

V. Guadilla et al. PRL 122, (2019) 042502 

Summation Method - 2025
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Ingredients of our model core calculation: : 
! 1keV energy bins
! Collaboration with L. Hayen: Screening corrections: Rose replaced by Salvat (L. 

Hayen, N. Severijns et al. Rev. Mod. Phys. 90, 015008 (2018))
! Nubase 2020 for Qb approximation
! 65 nuclei from Rudstam / Tengblad et al. (elimination of those in agreement with

JEFF/ENDFB8, and a few « odd » ones)
Þ Small change in the global flux (~+0.25%)

38

2014 TAGS campaign: quantification of the impact of 7 new nuclei (see A. Algora’s
presentation ):
! 95Rb et 137I: 2 nuclei from V. Guadilla et al. Phys. Rev. C 100, 044305 (2019)
! 96gsY and 96mY (Pandemonium): 2 nuclei from V. Guadilla et al. Phys. Rev. C 106, 014306 

(2022) 
! 99Y, 142Cs and 138I: 3 Pandemonium nuclei from L. Le Meur et al., in preparation

Summation Method - 2025
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Daya Bay Spectrum 2023

Ratio Daya Bay Spectrum 2023 over HM

39

Daya Bay 2018

Daya Bay 2023
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Summation Method - 2025

Ratio Daya Bay Spectrum 2023 over SM25
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Summation Method - 2025

Ratio Daya Bay Spectrum 2023 over SM25

Erosion of the bump: -2%
on 4 points, without
moving the low energy
part (not just global shift 
downward)
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Summation Method - 2025
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Summation Method - 2025
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239F
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42<10×

/fi
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n]
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 [c

m
f

m

SM2025
DB

Ratio Daya Bay 2023 IBD flux vs SM25
SM25 is 2.5% above DB2023:

- +0.25% increase due to update of the 
model
- -0.6% due to 142Cs, 138I and 99Y
- +0.25% due to 96, 96mY, 137I and 95Rb
- +0.25% due to new Daya Bay points

Pandemonium correction still
decreases the discrepancy but some
nuclei are corrected from other
systematic effect (i.e. w.r.t. Rudstam or 
new data for isomer)
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Summation Method - 2025
Impact of the DDB ingredients:
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Antineutrinos & the GEF Code
The SM spectra need uncertainties: not trivial ! Because:
! Decay data: Pandemonium effect needs to be eliminated, otherwise the quoted

uncertainties in the databases have no meaning;
! Fission Yields: need covariance matrices ;

Collaboration with Karl-Heinz Schmidt in Subatech in order to use the GEF code to study
antineutrino spectra with the propagation of uncertainties:

Starting with the GEF code that obtained very good results for decay heat calculations

M. Fallot

GEF Model Code ... NUCLEAR DATA SHEETS K.-H. Schmidt et al.

distribution. The situation is not so clear after evapora-
tion, where the GEF results agree with the data of Faust
et al. for the light fragments. The calculated values are,
however, smaller than all measured values in the heavy
group.

FIG. 132. (Color online) The measured width of the kinetic-
energy distribution for 233U(nth,f) before evaporation (full
symbols) and after evaporation (open symbols) [290, 291, 301]
are compared with the result of the GEF model.

FIG. 133. (Color online) Difference between the total kinetic
energy (TKE(En)) and the thermal value (TKE(th)) as a
function of the neutron energy for 235U(n,f). Measured data
[303] are compared with the result of the GEF model.

According to a lot of experiments (Ref. [299], page 366)
it was observed that when increasing the excitation en-
ergy of the system the mean TKE does not change a lot.
For example for 235U(n,f) TKE(5 MeV) - TKE(th) was
observed to be around -1 MeV ±0.5 MeV [107, 302, 303]
which represents 0.5% of the TKE(th). This difference is
of 2 MeV for the 239Pu(n,f) reaction. However, the influ-
ence of the excitation energy of the system on the mean
TKE is clearly overestimated by the GEF code as shown
in Fig. 133. Due to energy conservation, the number of
neutrons emitted should also evolve too much with the
excitation energy of the system, by about 0.2 neutrons
on 5 MeV. But this is not so much seen in Fig. 77 in

Sec. IXD. Possible explanations could be an increased
mean kinetic energy of the prompt neutrons or an en-
hanced gamma emission. This demonstrates, how the
interconnection between different fission observables can
be studied by the GEF model and how this interconnec-
tion is important to reach a deeper understanding of the
fission process.

X. DATA FOR APPLICATION

Nuclear industry strongly relies on the values of some
specific fission yields. A short overview of some impor-
tant features of the nuclear-reactor industry, where fission
yields are important, is presented below.

A. Decay Heat

The isotopic fission yields are used in order to evaluate
the decay heat. In a lot of cases, the decay data are the
main problem of the decay-heat prediction, however, as
shown in [304], fission yields are also of importance for
the prediction.

The decay-heat calculation was performed for 235U for
a fission pulse at thermal energy, see Fig. 134. The GEF
results as shown in the figure agree quite well with the
JEFF ones. The discrepancies between the experimental
data [306] and the calculated decay heat are mainly due
to the decay data [307].

FIG. 134. (Color online) Total decay heat for a fission pulse
for 235U(nth,f). The calculations were performed with [305]
with different fission yields.

B. Delayed Neutrons

In order to calculate the delayed fission-neutron yield
νd, the code implemented in [308] and the associated
delayed-neutron-precursor values were used. This proce-
dure was validated for 235U(nth,f). When the JEFF 3.1.1
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K.-H. Schmidt et al. Nuclear Data Sheets 131 
(2016) 107–221 
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Antineutrinos & the GEF Code
The SM spectra need uncertainties: not trivial ! Because:
! Decay data: Pandemonium effect needs to be eliminated, otherwise the quoted

uncertainties in the databases have no meaning;
! Fission Yields: need covariance matrices ;

Collaboration with Karl-Heinz Schmidt in Subatech in order to use the GEF code to 
study antineutrino spectra with the propagation of uncertainties:

The GEF code prediction capability for the 
fission yields was not good enough for 
antineutrino spectra: 

For the first time a careful analysis and a 
systematic comparison of data from
different sources and evaluations with GEF 
have been performed to sort out the more 
reliable and the less trustworthy values ;

ÞReactor Antineutrino spectra combined with the GEF model provide a 
useful tool to assist fission yield data evaluation

M. Fallot
K.-H.Schmidt, et al., Nuclear Data Sheets Volume 173, (2021), 
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M. Fallot
  

Ratio GEF/JEFF

- Jusqu'à 8 MeV, écart bien inférieur à 10 % sauf pour l'U8
- Au delà de 8MeV, probablement fort impact des rapports isomériques comme vu 
en mars/avril dernier...

Different isomeric ratios btw
GEF and JEFF are partly
responsible for the large 
deviation at high energy.
But also btw JEFF3.1.1 and 
JEFF3.3 ! 

K.-H.Schmidt, et al., Nuclear Data Sheets Volume 173, (2021), 

Antineutrinos & the GEF Code
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: impact of off-equilibrium
effects w.r.t cumulative FY: 0.5%

Collaboration with K.-H. Schmidt (author of GEF 
with B. Jurado) for several years with the purpose to 
use the GEF FY with their uncertainties. First results
are: 

$ a new version of the GEF code improved thanks to 
the antineutrino spectral studies

$ an assessment of the experimentally available fission 
yields with the GEF model showing that the 
discrepancies btw FY from JEFF3.1.1 and JEFF3.3 are 
not always understood

$ The 238U spectrum is obtained using a realistic PWR 
neutron flux in GEF (improves agreement with JEFF 
FY)

$ New predictions compared with the DB flux
$ New predictions of actinide antineutrino spectra for 

applications

Extensive study of the quality of fission yields from experiment, evaluation and GEF for 
antineutrino studies and applications, K.-H.Schmidt, M.Estienne, M.Fallot, et al., Nuclear Data 
Sheets Volume 173, (2021), Pages 54-117, https://doi.org/10.1016/j.nds.2021.04.004

M. Fallot

Antineutrinos & the GEF Code
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SM with GEF 
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Different isomeric ratios btw GEF and JEFF: large deviation at high energy

Þ GEF yields do better at high energy with the Daya Bay points
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GEF Correlations btw cumulative yields
The GEF version optimized with antineutrino spectra achieves an excellent agreement with
the SM based on JEFF yields for a model
We consider it as representative enough to be able to compute the flux and spectrum with
their associated uncertainties thanks to GEF covariance matrices in a consistent way
The uncertainties of the calculated fission quantities are determined by their fluctuations in 
a large number of calculations with different sets of perturbed parameters.

Examples of GEF yields and associated uncertainties: 
! 92Rb: 0.043714  +- 4% 
! 96Y: 0.04656 +- 3.3%

! 96mY: 0.011347+- 21% 
! 104Nb: 0.7393187 +- 23.5%
! 104mNb: 0.02308596 +- 50%
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Propagation of Yield Uncertainties
Using the (improved) GEF covariance matrices
Analytical error propagation
Study of the dependence on beta decay uncertainties which are 
underestimated in nuclear DDB in many cases: assuming 4 uncertainties, all the 
same for all nuclei: 5, 10, 15, 20%

Note that this calculation was performed a long time ago… 
! Yields are very correlated
! Final uncertainty is quite small, even when assuming 20% on all decay data

Þ On-Going work, preliminary
Þ Truth is some BDD should have less than 20% and some more (100%)

52

D DD = 5% D DD = 10% D DD = 15% D DD = 20%

Dsf = +-1.00% Dsf = +-1.33% Dsf = +-1.70% Dsf = +-2.2%
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Conclusions & Perspectives
The theoretical and experimental studies of b decays are important for several domains 
of physics including decay heat and antineutrinos from reactors and nucleosynthesis 
b-intensity can be obtained through g-ray spectroscopy and electron shape 
measurements
New TAGS results: publications in preparation + See other results in Alejandro Algora’s talk
TAGS Data Analysis on-going on the newly available data: Julien Pépin’s co-directed PhD (IFIC –
Subatech) and Soumen Nandi’s postdoc (Subatech). 

e-Shape Detector built and operated, Data Analysis on-going, 
! A. Beloeuvre’s PhD thesis defended October 2023.
! G. Alcala’s PhD thesis in Valencia defended October 2024
! New PhD started in Oct. 2024 at Subatech Samuel Durand
! New Postdoc started at IFIC 2025 Gustavo Alcala
Þ See first results in Alejandro Algora’s talk

(NA)2STARS upgrade of the ROCINANTE & DTAS: detector is being developed, MC 
simulations, mechanical simulations, & laboratory tests on-going. First commissioning 
mid-2026 at GANIL.

Update of the Summation Methode SM18 => SM25 with new TAGS data, comparison to 
all published reactor neutrino spectra + uncertainty calculation: on-going work
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IFIC Valencia: A. Algora, B. Rubio, J.A. Ros, J.L. Tain, E. Valencia, A.M. Piza, S. Orrigo, 
M.D. Jordan, J. Agramunt
SUBATECH Nantes: E. Bonnet, S. Bouvier, S. Durand, M. Estienne, M. Fallot, S. Nandi, 
J. Pépin, A. Porta, J.-S. Stutzmann
U. Surrey: W. Gelletly
IGISOL Jyväskylä: H. Penttilä, Äystö, T. Eronen, A. Kankainen, V. Eloma, J. Hakala, A. 
Jokinen, I. Moore, J. Rissanen, C. Weber 
CIEMAT Madrid: D. Cano, T. Martinez, L.M. Fraile, V. Vedia, E. Nacher
IJCLab: M. Lebois, J. Wilson
BNL New-York: A. Sonzogni
Istanbul Univ.: E. Ganioglu
GANIL: B. Rebeiro, J.-C. Thomas

E-Shape & TAGS COLLABORATION

Special thanks to my close collaborators from Subatech who were (and are stil!) 
involved in the instrumental developments for the recent experimental campaigns or 
new projects making them possible

Special thanks to the young researchers working in the project: 
J. Pépin, S. Durand, S. Nandi, A. Beloeuvre, G. Alcala, V. Guadilla, R. Kean, L. Le Meur, J.A. 
Briz, E. Valencia, S. Rice, A. -A. Zakari-Issoufou
Discussions with and slides from: M. Estienne, A. Algora, A. Porta, J. L. Tain, B. Rubio, E. 
Bonnet, S. Orrigo, J.-C. Thomas, W. Gelletly, C. Ducoin, N. Millard-Pinard, O. Stezowski, P. 
Chauveau, P. Delahaye, H. Savajol, F. de Oliveira, B. Blank, B. Bastin,  A. Sanchez, …are 
acknowledged 
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Thank you!
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E-Shape

The e-Shape experiment: 
Detection principle

Detection principle:
! DE-E system provides very high 
gamma rejection efficiency
! 12% efficiency for b measurements 
using coincidences

First commissioning @ex-CENBG 
Bordeaux, March 2019.
! Monoenergetic electron sources
! Detector Paper arXiv:2305.13832 V. 

Guadilla et al. 2024 JINST 19 P02027

MC reproduction of the 207Bi source at the lab. Plastic 
detector in coincidence with the silicon detector

57

https://arxiv.org/abs/2305.13832
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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 
+ 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,
and by the Junta para la Ampliación de Estudios Pro-
gramme (CSIC JAE-Doc contract) co-financed by FSE.
We acknowledge the support of STFC(UK) council grant
ST/P005314/1. This work was supported by the CNRS
challenge NEEDS and the associated NACRE project, as
well as the CHANDA FP7/EURATOM project (Contract
No. 605203), and SANDA project ref. 847552 the CNRS/-
in2p3 PICS TAGS between Subatech and IFIC, and the
CNRS/in2p3 Master projects Jyväskylä and OPALE. Thanks
are due to all collaborators who participated in the mea-
surements, to the IGISOL and University of Jyväskylä
colleagues for their continous support and help and in par-
ticular to the PhD students and colleagues who worked in
the analysis of the data and made this work possible (D.
Jordan, E. Valencia, S. Rice, V. M. Bui, A. A. Zakari-
Issoufou, V. Guadilla, L. Le Meur, J. Briz-Monago and A.
Porta). We also thank A. Nichols and T. Yoshida for their
support in the earlier stages of the work and P. Sarrig-
uren, A. Petrovici, K. L. Kratz, P. Möller and collabora-
tors for providing theoretical calculations for some of the
cases studied. Thanks are also due to A. Sonzogni and L.
Giot for providing decay heat calculations and to M. Esti-
enne for providing antineutrino summation calculations.
The work of J. Agramunt in the development of our data
acquisition system used in all the experiments is acknowl-
edged. Support from the IAEA Nuclear Data Section is
also acknowledged.
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Fig. 2 Decay heat as a function of cooling time as obtained using the ENDF/B-VIII.0 fission-yield and decay-data sub-
libraries [58], with the addition of TAGS data from [9] (+ TAGS 2010) and Tables (3, 5) (+ TAGS 2021). Experimental data
have been taken from the CoNDERC database [121].

24

Fig. 2 Decay heat as a function of cooling time as obtained using the ENDF/B-VIII.0 fission-yield and decay-data sub-
libraries [58], with the addition of TAGS data from [9] (+ TAGS 2010) and Tables (3, 5) (+ TAGS 2021). Experimental data
have been taken from the CoNDERC database [121].

24

Impact of TAGS measurements over the decade

TAGS 2021 includes decay data with recent measured TAGS data published or communicated
before the cut-off date of February 2022: clear impact in 235U thermal electromag DH 
TAGS 1st priority: 99Zr, 98,99Nb, 106Tc, 130m,132 Sb, 138Cs, 142,143La 
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Impact of the results for 239Pu: 
electromagnetic component

Algora et al., PRL 105, 202501 (2010). 
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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,
and by the Junta para la Ampliación de Estudios Pro-
gramme (CSIC JAE-Doc contract) co-financed by FSE.
We acknowledge the support of STFC(UK) council grant
ST/P005314/1. This work was supported by the CNRS
challenge NEEDS and the associated NACRE project, as
well as the CHANDA FP7/EURATOM project (Contract
No. 605203), and SANDA project ref. 847552 the CNRS/-
in2p3 PICS TAGS between Subatech and IFIC, and the
CNRS/in2p3 Master projects Jyväskylä and OPALE. Thanks
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Fission products

b decays

Measurement of the q13 oscillation parameter by Double Chooz, Daya Bay, Reno in 2012
! Independent evaluation of anti-n energy spectra using BDNs 
! 6% deficit in the absolute value of the measured flux compared 
with the best prediction based on ILL data: reactor anomaly  
! Numerous projects in search of the existence of sterile neutrinos

In 2014, the same three experiments highlighted a spectrum distortion between 4.8-7.3 
MeV compared to nuclear models again! (Shape anomaly)

Research path put forward: first forbidden b-decays could be responsible for the 
distortion.

Experimental requirement: direct measurement 
of electron energy spectra of b decays of well-
identified fission products (also known as form 
factors).

Theoretical requirement: take these form factors 
into account in our calculations for summing 
antineutrino energy spectra.

Still more TAGS data: especially for high energy 
part & future comparison with Juno-TAO

e-Shape experiment

TAGS experiments

r-process
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r-process

s-process

rp-process

Fusion up to iron

Understanding nucleosynthesis: the r-process responsible for producing half of the elements 
heavier than iron in the universe
ß decay plays an important role in the r-process.
! n-capture (n,g) and (g,n) photodisintegration 
equilibrium and b-decay

Half-life is an important parameter in r-process models. It represents an integral measure of b-
strength.
First forbidden b decays account for 1⁄3 to ½ of b decays: significant impact on the r-process.

Electron Shape Measurements From Forbidden Decays


