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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
! di = measured data 
! Extract fj the level feeding by deconvolution

NaI(Tl)

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

(TAGS)



Total Absorption g-ray Spectroscopy (TAGS)
Big cristal, 4p => A TAS is a calorimeter !
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An ideal TAS would give directly 
the b-intensity Ib which is linked 
with the b-strength Sb:
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Statement of the problem:

Monte Carlo 
simulations

+
Nuclear statistical 

model

Deconvolution (Inverse 
problem) algorithms

• Spectrum must be clean

• Response must be accurately 
known 

• Solution of inverse problem must 
be stable (requires calorimetry)

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

NIM A571 (2007) 719
NIM A571 (2007) 728

Observable: 
b-intensity => b-strength: 
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Ge detector
(Æ16mm x 10cm)Si detectors

(Æ22mm x 1mm)

Berkeley-GSI TAS  1997

Rad. beam

TAS “Lucrecia”
@ ISOLDE, CERN

“Rocinante” TAS

• Compact 12-fold segmented 
BaF2 spectrometer

• Low neutron sensitivity
• Cascade multiplicity 

information
• Good timing
• Resolution 10%@1.33MeV

DTAS (NUSTAR) + 
AIDA DSSSD

• Large 18-fold segmented NaI
spectrometer

• Cascade multiplicity 
information

NaI large monocrystals

Past and Presently used TAS



Decay Studies of Fission Products w/ a new Modular Total 
Absorption Spectrometer (MTAS)

PI’s : K. P. Rykaczewski (ORNL) and R.K. Grzywacz ( UTK/ORNL)

MTAS has superior g-efficiency
according to GEANT4 simula=ons

performed by B. C. Rasco (LSU)

A Modular Total Absorption Spectrometer (MTAS) has been constructed from 19 NaI(Tl) scintillator segments. 
MTAS is designed to perform decay studies with pure beams of neutron-rich nuclei produced in the 238U fission at 
HRIBF. The total absorption gamma spectra measured with MTAS will be used to derive a true beta-feeding 
pattern and resulting beta strength function.  The studies are important for the verification and development  of 
the microscopic description of neutron-rich matter will be performed as well as applied studies of decay heat 
released by radioactive nuclei  produced in nuclear fuels at power reactors.

Status: the MTAS has been manufactured at the SGC (Hiram, OH) and delivered to the HRIBF. The tests done using digital 
electronics show the energy resolution superior to requested specs. Two PhDs were hired full time, one PhD part time.
Funding: $ 698 K capital  + $ 882 K operations (includes $ 815 K salaries)  = $ 1580 K
Funds committed/spent   :  $ 658 K  capital and  $ 512 K operations  =   $ 1270 K 

total 
efficiency

photo-peak 
efficiency

0

500

1000

1500

0 92 18
2

27
3

36
4

45
5

54
6

63
7

72
8

81
9

90
9

10
00

10
91

11
82

12
73

Co
un

ts

Energy [keV]

g-energy spectrum of 137Cs activity measured
with a single MTAS module. 

The energy resolution, fwhm(662 keV) ~ 7%, 
was found to be  better than  8%  requested in 

the detector specifications. 

MTAS at the HRIBF, January 2011

662 keV

~ 32 keV
X-rays
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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

Reactor Monitoring: prediction of antineutrino 
emission of future reactor designs rely on 
nuclear data

8

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
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Reactor Decay Heat (DH)
Definition: following the shut-down of the chain reaction in a reactor, the nuclear fuel 
continues to release energy called decay heat.
Evaluation of the reactor safety as well as various economic aspects of nuclear power
Emitters: essentially made up of FP and actinides
! DH: residual power of 6-12% of the nominal power of the reactor just after its shut-down

Estimate through the only predictive method for future reactors: the « summation
method »

Þ Summation of all the fission product and actinide contributions: 

b,g decay Total decay constant (half-
life) and Fission Yield 

Nuclear Science NEA/WPEC-25 (2007), Report INDC(NDS)-0577 (2009),
Report INDC(NDS-0551, Report INDC(NDS)-0676 (2016) 

Total (solid) and gamma (dashed) decay 
heat from thermal pulse on 235U

CCFC report 2015 Fispact II

Þ Comparisons btw nuclear data & integral
measurements show that there remains important
discrepancies between data and simulations using
different DataBases

Þ Pandemonium effect + unknown decay schemes



! DTAS (IFIC Valencia): 

" 18 NaI(Tl) crystals of 15cm×15cm×25 cm
" Individual crystal resolutions: 7-8%
" Total efficiency: 80-90%
" Coupled with plastic scintillator for b
" 12 nuclei for anti-n measured & 11 for DH

! ROCINANTE (IFIC Valencia/Surrey):

" 12 BaF2 covering 4p
" Detection efficiency of a single g ray 

>80% (up to 10 MeV)
" Coupled with a Si detector for b
" 7 nuclei (4 delayed neutron emitters) 

measured (6 for DH and 2 for anti-n)

2 TAGS Campains at IGISOL Jyväskylä in 2009 and 
2014
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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)



30 Measured Nuclei
2014 campain (23 nuclei):
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Table from IAEA Report INDC(NDS) 0676 (2015)

V. Guadilla’s PhD thesis (9 nuclei Valencia) 
L. Le Meur’s PhD thesis and J. – A. Briz-Monago’s Postdoc (3 nuclei Subatech) 
V. Guadilla’s Postdoc (5 nuclei Subatech)
A.Beloeuvre’s PhD (1 nucleus Subatech, waiting for planned TAGS experiment@Jyväskylä)



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

Reactor Monitoring: prediction of antineutrino 
emission of future reactor designs rely on 
nuclear data
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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

o TAGS results from the last decade have 
improved the quality of the predictions for 
reactor antineutrinos reaching the best 
agreement with the Daya Bay ones 
obtained so far with a model, leaving little 
room for the RAA, provided that the 
correction of more Pandemonium data 
should reduce this discrepancy

o Shape anomaly unexplained

the best agreement with the Daya Bay ones [2734] obtained so far with a model, leaving li=le room for the RAA, provided that the correcBon of more Pandemonium data should

Þ Several Focusses for Future:
Þ above 4.5 MeV « shape anomaly », shorter-lived nuclei (T1/2 from hours-minutes to a 

few tens of ms), mostly in the light fission products, a few in the heavy ones
Þ Isomer decays play a major role in the high energy part of the spectrum
Þ Need for more precise predictions for short times after fission: shorter-lived nuclei

(CNNS experiments)
Þ Better understanding of the antineutrino spectra for the future neutrino exp. (ex. 

JUNO-TAO)

M. Estienne et al. PRL 123, (2019) 022502.
Algora et al., Eur. Phys. J. A 57, 85 (2021).

http://arxiv.org/abs/1904.09358
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Reactor Decay Heat (DH)
Definition: following the shut-down of the chain reaction in a reactor, the nuclear fuel 
continues to release energy called decay heat.
Evaluation of the reactor safety as well as various economic aspects of nuclear power
Emitters: essentially made up of FP and actinides
! DH: residual power of 6-12% of the nominal power of the reactor just after its shut-down

Estimate through the only predictive method for future reactors: the « summation
method »

Þ Summation of all the fission product and actinide contributions: 

b,g decay Total decay constant (half-
life) and Fission Yield 

Nuclear Science NEA/WPEC-25 (2007), Report INDC(NDS)-0577 (2009),
Report INDC(NDS-0551, Report INDC(NDS)-0676 (2016) 

Total (solid) and gamma (dashed) decay 
heat from thermal pulse on 235U

CCFC report 2015 Fispact II

Þ Comparisons btw nuclear data & integral
measurements show that there remains important
discrepancies between data and simulations using
different DataBases

Þ Pandemonium effect + unknown decay schemes

o TAGS results from the last decade have 
improved the quality of the predictions for 
reactor decay heat

o Still some Pandemonium candidates in the 
priority lists

o Still unexplained discrepancies especially for 235U 
thermal fission pulse

o Still need improved predictions for future reactor 
designs & fuels

o Need to better control uncertainties on decay 
heat at short times

Þ Several Focusses for Future:
Þ Focus on shorter-lived contributors: already existing lists (IAEA reports) 
Þ new lists to be established for innovative reactor designs (on-going)

Algora et al., Eur. Phys. J. A 57, 85 (2021). 
Calc. By L. Giot (Subatech)



New TAGS Campaign @ Jyväskylä 2022

Nantes-Valencia proposal,
Very successful experiment,
Rocinante Spectrometer
coupled to the FASTER DAQ
by the Subatech team
17 nuclei measured with TAGS
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R-process: 
! β-decay of delayed neutron emitters as a “surrogate” of 

the (n,γ) reaction: enhanced Γγ measured in some
nuclei impacting (n,γ) cross sections => general
trend ?

! Probe the presence of low-lying collective modes 
with b-decay as it impacts the r-process paths

Core-collapse SNe: Study the electron capture 
properties of targetted nuclei which play an important 
role in core-collapse supernovae

S. Giraud PhD. 
Thesis

44Ti production rate: probes the innermost shells of the 
SN explosion: measure the g emission from unbound proton 
states in key nuclei to constrain reaction rates playing a role 
in the 44Ti abundance (« surrogate method » )

Measure the beta strength of rp-process waiting points

P-process: measure (p,g) and (a,g) key cross-sections

TAGS experiments for nuclear astrophysics



R-Process
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Our understanding of the r-process 
nucleosynthesis, i.e. the origin of about 
half of the nuclei heavier than Fe in the 
Universe is considered as
one of the top 11 questions in Physics 
and Astronomy
(“Connecting Quarks with the Cosmos: Eleven 
Science Questions for the New Century”: 2003, 
National research council of the national academies, 
USA)

Kilonova predicted by astronuclear physicists Metzger et al. in 2010 !!!
« Both the light curves and spectra closely resemble predictions for a ‘kilonova’ a transient powered 
by radioactive decay of heavy nuclei and isotopes synthesized through the r-process in the 
merger ejecta. This is the first clear demonstration that r-process nucleosynthesis occurs in 
neutron star binary mergers, and although this is a single event, the inferred ejecta mass and event 
rate suggest that such mergers could be the dominant r-process site. »



Total Absorption Spectroscopy of b-delayed 
neutron emitters

See



β-decay of delayed neutron emitters as a “surrogate” of the 
(n,γ) reaction

94Rb: γ-ray branching one order of magnitude 
higher than H-F calculation with standard 
parameters.

ÞSuch an enhancement of Γγ will have a 
similar effect on the (n,γ) cross section: 
impact on r-process abundance

Þ Experiment done using the Total Absorption g-ray Spectroscopy (TAGS) technique (calorimetry), 
the most suited for detection of high energy gamma rays

Þ Very interesting as (n,g) reaction rates are very hard to measure on such exotic 
nuclei 

J.L. Tain et al., PRL 115, 062502 (2015)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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Low-lying Collective Modes 
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Q-value increases further 
from stability…

Credit: Casey Reed, Penn State Uni.

S. Goriely, PLB 436, (1998) 10-18
Studying collective modes in exotic nuclei is a challenge, 
use the b-decay as a probe for low-lying collective 
modes in the daughter nucleus would allow to:
! Go further from the stability than using reactions

# a real opportunity to study their presence 
systematically when spins/parities are favorable

! Complement other techniques such as (g,g’), (a,a’), 
etc… 

! Get almost background free data



Cross section measurements for p-process nucleosynthesis

Scientific motivation

p-nuclei= rare, stable proton-rich isotopes
~ 35 nuclei from 74Se to 196Hg

Produced in explosive nucleosynthesis (supernovae)

Reaction network :
~ 2000 nuclei (mostly exotic), 20 000 reactions
Reaction cross sections from statistical model

Experimental data needed
to constrain the statistical parameters
(optical potentials, level densities, gamma strength)

Photo-disintegrations (γ,n), (γ,p), (γ,α)
Radiative captures (p,γ), (α,γ)

Astrophysical energy range : 
deep below Coulomb barrier
challenge of very low cross sections (below 1 μb)

Z

NExtract of typical p-process reaction network,
from Rauscher 2013

Crab nebula (SN remnant)

Courtesy of C. Ducoin, O. Stezowski



Cross section measurements for p-process nucleosynthesis

Experimental project for gamma-summing at NFS

p-process collaboration in France : IP2I-Lyon, GANIL, LPC-Caen, IJCLab, Subatech, IPHC,
in Europe : Demokritos, Universities of Bruxelles (ULB), Jyväskylä, Huelva, Surrey, Lisbon, and beyond : iThemba

Objective : use high-intensity beams to access low cross sections
for radiative captures (p,γ), (α,γ) at astrophysical energy

Required beams : protons 1-3 MeV, alphas 8-12 MeV

Measurement techniques :
- activation when allowed by lifetime of reaction product
- in many cases, in-beam measurements are needed : 
gamma angular distribution (spectrometers)
or gamma summing (calorimeter)

New approach for in-beam measurements :
Gamma summing with segmented calorimeter
=> information on gamma cascade multiplicity
=> better knowledge of sum peak efficiency

Needs concerning targets :
- manufacturing of thin targets of enriched isotopes 
in mass range A ~ 100-200
- solutions for sustaining high intensity beams

γ-summing, from Spyrou+ 2007

Courtesy of C. Ducoin, O. Stezowski



Cassiopeia A Core-Collapse Supernovae simulation : 
One of the BIG astro challenges

Present best 3D hydro simulations do not yet produce satisfactory CCSN explosion =>
Microphysics is essential !

C
redit: N

ASA

Sullivan et al.ArXiV:1508.0734

position of the shock front is extremely sensitive to the nuclei EC rates

Key observables
• EC rates : GT response (b-decay,

charge exchange)
• Nuclear mass
• EoS

Key regions of the nuclear chart
• Around 78Ni (N=50)

• Around 128Pd (N=82)

Electron-capture rates
• EC : crucial all along the life of a star

(particularly in massive stars $ CCSN!)
• but: model uncertainties (especially in n-rich nuclei!)

Sullivan et al.ArXiV:1508.0734

B. Bastin, A. Kankainen (experiment) /  F. Gulminelli, A. Fantina (theory) et al.

Study of core-collapse supernovae
masses around 78Ni (JYFL)



Complementarity of SPIRAL1 
beams below 78Y
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@SPIRAL1 + S3-LEB(DESIR): S3 will provide access to the most exotic nuclei + 
refractory elements

Rp-process

23

X-ray binaries S3-LEB (Z<=54)

Sequence of rapid proton captures and β+ decays near the proton dripline

Some complementary measurements to the existing proposals and LoI @ ISOLDE 
and Riken could be proposed for the rp-process



Quest for resonances in the reaction 45V(p,g)46Cr 
Proposal resonant elastic scattering 2007 : F. De Oliveira, M. Fallot et al. Proposal E773 : Á. M. Sánchez Benítez, J.-C. 

Thomas et al. 
• 44Ti is produced in type II supernovae (SN II)

mechanism: α‐rich freeze-out. Shock-wave after core-collapse 
reaches the α‐rich region in the cooling phase, 1 < T9 < 5

• 44Ti (T1/2= 59 y) is a cosmic gamma ray emitter (67.9, 78.4, 1157 keV). 
Observed by COMPTEL and INTEGRAL satellites

• 44Ti ejecta is a sensitive probe 
for core-collapse models

• 44Ti main responsible for 44Ca
solar system abund.

Iyudin
et al.  2

ndIN
TEG

RAL
w

orkshop 1997 37 Abundance of produced 44Ti is very
sensitive to the reaction rate of
45V(p,g) (not known exp.)

Experimental approaches: TAGS technique to measure the g-rays emitted
above the p emission threshold, constraining then the (p, g ) cross-
section @ LISE/GANIL, and then with Spiral1/S3

Beta-delayed proton emission studied with ACTAR TPC & EXOGAM

44Ti Nucleosynthesis

Spectroscopy of key nuclei in astrophysics:
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TAGS & B(GT)
o Recent summary of results from the last decade(s): Algora et al., Eur. Phys. 

J. A 57, 85 (2021).

o On the n-rich side and on the n-deficient side



Beta Decay and the N = 82 Waiting Point nuclei

Beta strength measurements around the
doubly-magic neutron-rich 78Ni

Beta strength measurements in the 100Sn region 

A. Algora, B. Rubio, J.L. Taín, J. Agramunt,  C. Domingo, S.  Origo
IFIC-CSIC Valencia, Spain
B. Gomez-Hornillos, F. Calviño, G. Cortes
INTE-DFEN-UPC, Barcelona, Spain
D. Cano-Ott, T. Martinez
CIEMAT Madrid, Spain
W. Gelletly, Z. Podolyak, P. H. Regan
Univ. of Surrey, Guildford, UK
T. Kurtukian-Nieto, B. Blank
CENBG, Bordeaux, France
L. Caceres
GANIL, France
A. Jungclaus
IEM-CSIC Madrid Spain
Y. Fujita
Osaka University, Japan

LoI, day-one-experiments Jan 2011

20/1/1527Courtesy Berta Rubio
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100Sn
2nd FP

1st FPA~74 N~Z 132Sn

78Ni

100Sn

Superallowed

% Nuclear structure
% Astrophysics: r-process
% Fundamental physics
% Reactor physics, Decay Heat
% Reactor antineutrino spectra

Existing TAGS measurements
Already proposed TAGS measurements
Or LoI’s

Outlooks
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R-process: 
! β-decay of delayed neutron emitters as a “surrogate” of 

the (n,γ) reaction: enhanced Γγ measured in some 
nuclei impacting (n,γ) cross sections => general 
trend ?

! Probe the presence of low-lying collective modes 
with b-decay as it impacts the r-process paths

Core-collapse SNe: Study the electron capture 
properties of targetted nuclei which play an important 
role in core-collapse supernovae

S. Giraud PhD. 
Thesis

44Ti production rate: probes the innermost shells of the 
SN explosion: measure the g emission from unbound proton 
states in key nuclei to constrain reaction rates playing a role 
in the 44Ti abundance (« surrogate method » )

Measure the beta strength of rp-process waiting points

P-process: measure (p,g) and (a,g) key cross-sections

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.

Þ Antineutrino, Decay Heat, R-process: shorter-lived contributors

Þ Shorter-lived nuclei means: n-richer nuclei => b-n branch = n contamination 
and knowledge of Pn, less nuclear structure knowledge on decay daughters

Þ On the n-deficient side: more exotic means less nuclear structure knowledge
on decay daughters

Þ P-process: TAGS = g-summing technique, actual limitations come from the 
uncertainty on the sum peak
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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).

Þ 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
Addition of 16 2” x 2” x 4” LaBr3:Ce 
modules between the two halves of the 
DTAS

Þ large efficiency combined with the very good 
energy resolution and timing of the LaBr3 : solution 
to the study of more exotic nuclei with the TAGS 
technique, n/g discrimination with TOF 

Þ higher segmentation: g-g coincidences and angular 
correlations of specific g-ray cascades: study of 
more exotic nuclei or cross-section 
measurements.

Þ knowledge of g-cascade multiplicity = good 
control of the uncertainty on the sum peak 
efficiency

Collaboration: Subatech – IP2I - IFIC Valencia – CIEMAT Madrid
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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).

An unprecedented Combination of calorimetric and spectroscopic tools for beta 
decay and in-beam measurements

Þ The LaBr3 ring could also be used to complement experimental setups. A test on the 
Falstaff experiment @ NFS with 2 LaBr3 modules from Subatech will be

performed @ GANIL next weeks

(NA)2STARS Project
o Upgrade of the DTAS detector with 16 LaBr3
o Already 7 crystals among partners
o Large impact: GANIL, DESIR, RIKEN, Jyväskylä, 

ISOLDE, FAIR, …
o Large Physics Case: n-rich and n-deficient nuclei, 

further away from stability
o Improved energy resolution of LaBr3
o n/g discrimination with TOF
o Higher segmentation: possible g,g correlation 

studies

Collaboration: Subatech – IP2I - IFIC Valencia – CIEMAT MAdrid



Conclusion and Outlooks

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

Part of this program could be performed at GANIL in the future: existing LoIs
@ DESIR + new experiments that could be proposed in the near future on the 
above-described physics cases

The (NA)2STARS project would allow studying more exotic nuclei with the 
TAGS technique and make in-beam measurements of key cross-sections for 
astrophysics with the g-summing method

32



E-Shape (Nantes-Valencia-Surrey) 2022
: E-Shape campaign @IGISOL (Jyväskylä) in Jan. 2022:

Coming Next: 1 E-Shape experiment@ Jyväskylä in 2023 (1 PhD funding)

E-Shape Motivations: measure electron
spectral shapes from First-Forbidden b-
decays for Reactor Antineutrinos and 
Nuclear Structure and Astrophysics

Huge technical involvement by 
Subatech (Technical Services and 
SEN team): Mechanics + Electronics 
(Faster DAQ) very successful

2 PhD students: 
G. Alcala (Valencia) and A. 
Beloeuvre (Nantes)



IFIC Valencia: A. Algora, B. Rubio, J.A. Ros, V. Guadilla, J.L. Tain, E. Valencia, A.M. Piza, 
S. Orrigo, M.D. Jordan, J. Agramunt   

SUBATECH Nantes: A. Beloeuvre, J.A. Briz, M. Fallot, V. Guadilla, A. Porta, A.-A. Zakari-
Issoufou, M. Estienne, T. Shiba, A.S. Cucoanes

U. Surrey: W. Gelletly

IGISOL Jyvaskyla: H. Penttilä, Äystö, T. Eronen, A. Kankainen, V. Eloma, J. Hakala, A. 
Jokinen, I. Moore, J. Rissanen, C. Weber 

CIEMAT Madrid: T. Martinez, L.M. Fraile, V. Vedia, E. Nacher

IPN Orsay: M. Lebois, J. Wilson

BNL New-York: A. Sonzogni 

Istanbul Univ.: E. Ganioglu

TAGS COLLABORATION

Special thanks to the young researchers working in the 
project: 
A. Beloeuvre, R. Kean, L. Le Meur, J.A. Briz, V. Guadilla, J. 
Pépin, E. Valencia, S. Rice, A. -A. Zakari-Issoufou
Discussions with and slides from: A. Algora, J. L. Tain, 
B. Rubio, S. Cormon, A. Cucoanes, M. Estienne, M. Fallot, 
L. Giot, A. Porta, T. Shiba,  …are acknowledged 



THANK YOU
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Recent Results
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On-going paper with the IAEA: 
calculation of  impact of all 
published TAGS data (including
Europe and US) 
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FIG. 8. Top panel: experimental �-gated spectrum summing-
pileup subtracted for 96mY (grey) and reconstructed spectrum
(red). The MC responses of each level fed in the daughter
nucleus are shown with thinner lines. The dominant level
fed is shown as a blue line. The relative deviations between
experimental and reconstructed spectra are shown. Bottom
panel: � intensity for the present TAGS results (red dots
with error bars) and high-resolution �-spectroscopy data from
ENSDF (green line).

96gsY favors low Mm spectra (Mm=1-2 dominate), while
the decay of 96mY preferentially favors high Mm spec-
tra (Mm=3-6 dominate in this case). This suggests the
possibility of studying the � decay of the 8+ isomer by
looking at high Mm spectra in a combined measurement690

of both �-decaying states. It would be a useful strategy
for other cases with decaying isomers lying very close in
energy to the ground states and such a strong di↵erence
in spin-parity values, for which an assisted-trap separa-
tion cannot be achieved. It would also allow us to im-695

plant a mixture of the decaying states instead of applying
extra purification techniques that normally significantly
lower the implantation rate. For the present case we can
explore this innovative possibility thanks to some runs
where we implanted 96mY with a contamination of 96gsY.700

Regarding the TAGS analysis of the Mm-gated spec-
tra, we have applied the same strategy presented in Sec-
tion IIIA, i.e. to use a modified DECAYGEN event gen-
erator [55] to construct an event file for each of the levels
of 96Zr. The MC simulations with such event files are705

then employed to construct the response function of the
spectrometer for each Mm, using the same branching ra-
tio matrix employed for the normal analysis. Recently
a similar approach was used to construct the response
function for the decay of 186Hg [74], in order to take710

properly into account a summing e↵ect with X-rays. The
�-intensity distribution is determined for each Mm spec-
trum with the EM algorithm [54]. We have applied this
new method to the high module-multiplicity spectra of
the runs where the two decaying components, 96gs,mY,715

were implanted together. As shown in Fig. 7, the decay of
the ground state hardly produces events of Mm >4, and
we can thus treat these spectra as coming only from the
decay of the 8+ isomer. We have performed the TAGS
analyses of the Mm=5, 6 spectra, and the quality of the720

reproduction of the experimental data with the results
of the analyses is shown in Fig. 9 after considering the
corresponding summing-pileup contribution. In Fig. 10
the �-intensity distributions determined in these TAGS
analyses are compared with the reference � feedings ob-725

tained in Sec. III C for the total spectrum. A reasonable
agreement is found, proving the validity of this method to
determine �-intensity distributions with the TAGS tech-
nique from the Mm spectra. In a second step, one should
employ the �-intensity distribution determined from the730

highMm spectra (for example from theMm=5 spectrum,
the one with more statistics) in a MC simulation using
the DECAYGEN event generator. The results of these
simulations should be used to subtract the decay of the
8+ isomer from the low Mm spectra of the measurement735

with the two decaying components in order to isolate the
96gsY one. Unfortunately, in this particular case we could
not obtain useful 96gsY Mm-gated spectra in this way,
due to limited statistics in the low Mm spectra of the
measurement with the two decaying components. This is740

due to the fact that we were accidentally implanting some
96gsY in a measurement of 96mY and not intentionally a
real mixture of both �-decaying states, which in this case
are almost equally produced, as shown in the mass scan
of Fig. 1 and in accordance with previous proton-induced745

fission yield measurements at IGISOL [75].

E. Reactor summation calculations

As mentioned in the introduction, the decay of 96gsY is
one of the most important contributors to the reactor an-
tineutrino spectrum in the high-energy region. The sum-750

mation method developed by the group of Nantes [5, 26]
has been employed to study the impact of the present
TAGS results for each of the four main fissile isotopes in
a PWR: 235U, 239Pu, 241Pu, and 238U. Until now, in the
Nantes summation method the data from the Joint Eval-755

Total Absorption γ-ray Spectroscopy of 
the β decays of 96gs,mY, 
V. Guadilla et al. Phys. Rev. C 106, 014306 (2022)

96gsY (0-) priority 1 
for Antineutrinos 
96mY (8+) priority 1 
for Decay Heat for 
Th/U fuel

Þ Clear 
Pandemonium
effect in the 
96mY



15/4/11
B. 
Rubio@Caribu_Workshop

THE HIGH RESOLUTION METHOD

Six EUROBALL CLUSTER detectors
in close geometry
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