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Electron measurement:

Gamma-ray spectroscopy:

Getting access to the b decay properties

4
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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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! 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

10

B. Rubio, J. L. Tain, A. Algora et al., 
Proceedings of the Int. Conf. For nuclear 
Data for Science and technology (ND2013)

IGISOL@Jyväskylä:
!Proton induced fission ion-guide source
!Mass separator magnet
!Double Penning trap system to clean the beams

2 (segmented) TAS campains :
J.L. Tain et al., NIMA 803 (2015) 36
V. Guadilla et al., submitted to NIMA (2018)

E. Valencia+, PRC 95 (2017) J.L. Tain+, NIM A 803 (2015)
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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.
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12. J. L. Táın et al., Phys. Rev. Lett. 115, 062502 (2015).
13. V. Guadilla et al., Phys. Rev. Lett. 122, 042502 (2019).
14. C. L. Duke et al., Nucl. Phys. A151, 609 (1970).
15. B. Rubio et al., Journal of Phys. G: Nucl. Part. Phys. 31,
S1477 (2005).

J.L. Tain et al., PRL 115, 062502 (2015)
E. Valencia et al., Phys. Rev. C 95, 024320 (2017).
V. Guadilla et al., Phys. Rev. C 100, 044305 (2019)

A. Nichols et al. Eur. Phys. J. A (2023) 59: 78

Neutrino Physics

Reactor Decay Heat
R-process & g/n competition above Sn

TAGS @IGISOL Jyväskylä in 2009, 2014 and 2022



12

Intro: What is/Why the TAGS technique ?

Total Absorption Spectrometers & Experiments

(NA)2STARS Project

Conclusions & Perspectives



13

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

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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F - NA2STARS 14 LaBr3 (6 Radially Shifted) 

Beam

Beam

31

A - Rocinante Refurbished

Beam

3

The (NA)2STARS project

F - NA2STARS 14 LaBr3 (6 Radially Shifted) 

Beam

Beam

31

NA2STARS with 14 LaBr3 Efficiencies

74%

Energy (MeV)
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Total Absorption Spectroscopy for
Nuclear Structure and Nuclear Astrophysics
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(NA)2STARS Experimental setup @ GANIL

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

+ LaBr3 modules + New DSSSD Rocinante DTAS

Orrigo+, PRC 93, 044336 (2016)

The LISE spectrometer

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

# Rocinante (refurbished) or DTAS + 16 LaBr3 crystals

STARS
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Rows of 5 LaBr3 
+2  extra 

To be continued…

The (NA)2STARS project
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To be continued…

The (NA)2STARS project
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The (NA)2STARS project

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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The (NA)2STARS project in the PEPR
Scientific Objectives: beta decay properties of Fission Products (reactor safety, reactor
monitoring, …) free of Pandemonium effect with the TAGS technique

Deliverable: a new TASpectrometer available for measuring more FP decay data (from
priority lists in IAEA papers and reports)

Upgrade of the existing spectrometers: (NA)2STARS

STARS version mixing LaBr3 and BaF2 nearly there (commissioning July 26)

In the context of the PEPR: next stage = build the STARS mixing LaBr3 and NaI detectors

1 experiment accepted in Jyväskylä, planned in 2027: new TAGS campaign on Fission 
Products with the STARS

Manpower: 
! Personnel chercheurs permanents en h.m. sur le projet : ~ 1.5 etp et ~10 h.m. / an d’ Ingénieurs –

techniciens de Subatech impliqués sur 5 ans
! Démarrage d’un post-doctorat en juillet 26 sur R&D (NA)2STARS
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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 STARS will ally efficiency with improved energy resolution, timing, 
increased segmentation, commissioning in GANIL July 2026

A new proposal has been accepted to the PAC of Jyväskylä in Dec. 
25 on fission products (to be performed in 2027-28)

The PEPR will allow to build the next stage of the STARS mixing NaI
and LaBr3 detectors 

Goal: to have an upgraded TAS most of the time available to measure
more decay data on FP on a long term scale

24
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