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Electron measurement:

Gamma-ray spectroscopy:

Getting access to the b decay properties
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g Measurement Caveat
Before the 90’s, 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



TAGS: a Solution to the Pandemonium Effect
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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: must be accurately known 
! di = measured data: must be clean off contaminants 
! Extract fj the level feeding by deconvolution: solution of 

inverse problem must be stable

NaI(Tl)

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

(TAGS)

NIM A430 (1999) 333
NIM A430 (1999) 488

NIM A571 (2007) 719
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TAGS@ISOLDE

Lucrecia
" NaI(Tl) single crystal
" Permanent @ ISOLDE-CERN
" ep=48% @Eg=5 MeV 
" DE=7% @Eg=0.66 MeV
" Moderate n-sensitivity

B. Rubio+, JPG NPP 44 (2017)

P. Sarriguren+, NPA 658 (1999)
I. Hamamoto ZPA 353 (1995)# Useful probe to investigate the shape of the progenitor state

# Comparison to theor. QRPA calculations with different deformations

Very prolate N=Z nucleus
76Sr

oblate

prolate
Method successfully employed in many experimental 
TAGS studies at ISOLDE for 20 years:
A. Algora et al., Eur. Phys. J. A 57, 85 (2021): Review of last decade
A. Algora et al., Phys. Lett. B 819, 136438 (2021) 
J. A. Briz et al., Phys. Rev. C 92, 054326 (2015)
M. E. Estévez Aguado et al., Phys. Rev. C 92, 044321 (2015) 
A. Pérez-Cerdá et al., Phys. Rev. C 88, 014324 (2013)
E. Nacher et al. Phys. Rev. Lett. 92, 232501 (2004)
E. Poirier et al., Phys. Rev. C 69, 034307 (2004)
+ several experiments in 2023: 186Hg region, r-process, rp-
process… 



! 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

TAGS @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 :

E. Valencia+, PRC 
95 (2017)

J.L. Tain+, NIM A 803 
(2015)
V. Guadilla et al., NIM A 
(2018)
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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,
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
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final manuscript.
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Estienne (ID 241) in the NSSD sessions



DTAS+AIDA @ RIKEN (2019) and GSI (2022)

1st experiments with DTAS @ IGISOL (2014): reactor neutrino, DH, n/g competition
Successfully commissioned with AIDA @ RIKEN (2019): 100Sn, A. Algora+, NP1412-RIBF130
DTAS+AIDA @ GSI (2022): n-rich nuclei in the N~126 region, J.L. Tain+, S505 experiment

Courtesy A. Algora
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TAGS Experimental Challenges
TAGS technique needs some minimal knowledge on the daughter nuclei. 
NaI crystals are very sensitive to neutrons. 
BaF2 are less sensitive but have a poor energy resolution (but are fast).

Þ Natural improvement of the existing TAS: combine efficiency, energy
resolution, segmentation and timing !
Physics cases:  

Þ Antineutrino, Decay Heat, Nuclear Structure & Astrophysics on n-rich
side: towards shorter-lived contributors => n-richer nuclei => large Q-
values, b-n branch = n contamination and knowledge of Pn + less nuclear
structure knowledge on decay daughters

Þ Nuclear Structure & Astrophysics on n-deficient side: more exotic
means less nuclear structure knowledge on decay daughters, large Q-values, 
b-delayed particle emission

18



TAGS Experimental Challenges
TAGS technique needs some minimal knowledge on the daughter nuclei. 
NaI crystals are very sensitive to neutrons. 
BaF2 are less sensitive but have a poor energy resolution (but are fast).

Þ Natural improvement of the existing TAS: combine efficiency, energy
resolution, segmentation and timing !
Physics cases:  

Þ Antineutrino, Decay Heat, Nuclear Structure & Astrophysics on n-rich
side: towards shorter-lived contributors => n-richer nuclei => large Q-
values, b-n branch = n contamination and knowledge of Pn + less nuclear
structure knowledge on decay daughters efficiency, n/g separation through
timing, better energy resolution, potential angular correlations

Þ Nuclear Structure & Astrophysics on n-deficient side: more exotic
means less nuclear structure knowledge on decay daughters, large Q-values, 
b-delayed particle emission efficiency, better energy resolution, potential
angular correlations 19
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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

(NA)2STARS Project

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…
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(NA)2STARS Experimental setup @ GANIL
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The LISE spectrometer

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

# Rocinante (refurbished) or DTAS + 16 LaBr3 crystals

STARS
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F - NA2STARS 14 LaBr3 (6 Radially Shifted) 

Beam

Beam

31

F - NA2STARS 14 LaBr3 (6 Radially Shifted) 

Beam
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A - Rocinante Refurbished

Beam
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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
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The (NA)2STARS project

NA2STARS with 14 LaBr3 Efficiencies

74%

Energy (MeV)
13

Rows of 4 LaBr3 
+2  extra 

On-going work…

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

Picture 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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Simulations E. Lancien, M. Estienne & A. Porta

The (NA)2STARS project

On-going work…

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

Efficiency comparison

Geom1 not shown but equivalent to Geom2

Slight improvement with the Clock geometry wrt DTAS alone especially at low energy

Improvement above 90% below 2MeV with Geom1 and Geom2 config wrt DTAS alone. Efficiency reaches ~90% above 2 

MeV (~85% with DTAS alone).

Small improvement of the photo peak efficiency on the full energy range with Geom1 and Geom2

=> Geom1 preferred. Geom1 or Geom2 used for following simulations of (NA)2STARS with Rocinante

Work from E. Lancien, master 1 internship 2024
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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.  

The (NA)2STARS project

 
 

 
 

R&D on-going also on DSSSD det. @ GANIL  
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)

Courtesy D. Cano-Ott
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Intro: What is/Why the TAGS technique ?

Total Absorption Spectrometers & Experiments

(NA)2STARS Project

Conclusions & Perspectives



Conclusions & Perspectives
TAGS experiments are complementary to high-resolution g-ray
spectroscopy

Particularly well adapted to measure high energy g-rays and B(GT) avoiding
the Pandemonium effect

The TAGS collaboration in Europe has a large physics program spanning
both n-rich and n-deficient nuclei, performed presently at IGISOL 
Jyväskylä, ISOLDE Cern, GSI and Riken

The (NA)2STARS project will allow studying more exotic nuclei with the 
TAGS technique

The STARS will be the first TAS worldwide allying efficiency with improved
energy resolution, timing, increased segmentation

Part of this program will be performed at GANIL in the future: starting @ 
LISE in early 2026 (new proposals foreseen at Jyväskylä, GSI, Riken…)
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