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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 associated 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



Total Absorption g-ray Spectroscopy (TAGS)
Big cristal, 4p => A TAS is a calorimeter !
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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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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

12

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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Neutrino Physics

Reactor Decay Heat

R-process & g/n competition above Sn

TAGS @IGISOL Jyväskylä in 2009, 2014

Review paper: C. Zhang, X. Qian, M. Fallot, PPNP 136 (2024)104106



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



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…

TAGS Campaign @ Jyväskylä Sept. 2022



Obtained b- feeding and 
strength:  
- 85Se Pandemonium case
- low energy energy scheme

not well known in ENSDF

Þ Can’t conclude, BaF2 lack resolution
Þ Deserves new measurements: 

Þ (NA)2STARS ?
Þ HPGe ?

PhD defended June 11. 2026

TAGS Campaign 2022: First Physics Analysis: 85Se150 Chapter 5. Analysis

Figure 5.29: Plot of the b-intensities of the 4 hypotheses whose tests have been
selected in the previous sections. The b-intensity Ib from ENSDF is displayed

in black.

of one or several excited levels produce very similar accumulation curves. The hypotheses
predicting a conversion electron for the level at 955.82 keV decrease gradually the direct
feeding towards the ground state or the first excited state from 31 to 19.8% and from 11
to 5.05%, respectively. This difference is however compensated by a significant b-feeding
towards the level at 955.82 keV, afterward observing a behavior relatively similar to the
other curves. The b-feeding obtained in the different cases are summarized in table 5.17.

As already said before the direct feeding to the level at 955.82 keV in the case of an internal
transition is much more important than what is obtained for any other hypotheses. In this
hypothesis, the level at 1943.8 keV, emitting the g-ray at 987.9 keV, has an extremely low
b-feeding. This value can be explained by the fact that the region around 2 MeV is already
overestimated in the spectra obtained by the TAGS analysis (see figure 5.20). Thus an higher
feeding towards the level at 955.82 is necessary to have an appropriate contribution in the
region 400-1000 keV without degrading the spectrum around 2 MeV. This important feeding
toward the 955.82 keV level also explains why we see so many electron in the simulated
spectrum of the plastic detector (see figure 5.22). We can also note a larger b-feeding toward
the levels at 1553.4 and 1795.2 keV. This can be explained by the need to increase the direct
feeding towards these levels in order to have the necessary transitions (and therefore the
g-rays), which in this case explains the region between 400 and 1000 keV. It can also be
noted that with the exception of the hypothesis of the internal transition, the feeding to the
ground state remains essentially the same around 30%, which is consistent with what is

Preliminary

5.6. Physics case : 85Se 153

Figure 5.31: Plot of b-Strength distribution for the different hypotheses
presented in the section 5.6.4. The black curves is extracted from ENSDF

database.

out lead and converge towards a b-intensity distribution which seems to require some levels
beyond 4.5 MeV and for some of them also between 2 and 3 MeV. It is important to specify,
however, that this is not the only systematic error that seems to affect ENSDF nuclear data
for this nucleus. As we have seen, the region between 400 and 900 keV presents a singular
behavior that could require modifying the level scheme. Since none of the hypotheses we
tested perfectly reproduce the spectra of experimental data (sum or multiplicity spectra), it
is difficult to state clearly which hypothesis is the most likely. We can still say that none of
the hypotheses gave any aberrant results and all seem to converge with values relatively
close to those contained in the databases and seems consistent to each other. The impact
of the Pandemonium effect on this nucleus seems, in the end, moderated. Throughout the
analyses, the energy resolution of the Barium Fluoride (BaF2) did not allow us to obtain
enough information on the energies (transition or level) involved in the peaks of our ex-
perimental data, thus preventing us from defining a certain number of constraints on our
initial assumptions. The TAGS analysis of this nucleus could be greatly improved by new
high-resolution measurements, or by measures combining good detection efficiency and
energy resolution.

Conclusion

During this chapter, we have presented the analysis of experimental data obtained with
the TAGS method. We have seen that it consists of solving the inverse problem, based on

Preliminary

Julien Pépin, Co-tutored PhD Subatech Nantes – IFIC Valencia



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).

ÞNatural 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 17
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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.

References

[1] J.L. Tain, J. Agramunt, A. Algora, A. Aprahamian, D. Cano-Ott, L.M. Fraile, C. Guerrero, M.D. Jordan,
H. Mach, T. Martinez, E. Mendoza, M. Mosconi, and R. Nolte. The sensitivity of labr3:ce scintillation
detectors to low energy neutrons: Measurement and monte carlo simulation. Nuclear Instruments
and Methods in Physics Research Section A: Accelerators, Spectrometers, Detectors and Associated
Equipment, 774:17 – 24, 2015.

[2] Bob van Nooijen Hans van Krugten. Angular Correlations in Nuclear Disintegration. Springer Nether-
lands, 1971.

[3] E.S. Macias, W.D. Ruhter, D.C. Camp, and R.G. Lanier. A program for calculating gamma-gamma
directional correlation coefficients and mixing ratios. Computer Physics Communications, 11(1):75 – 93,
1976.

[4] J.K. Smith, A.D. MacLean, W. Ashfield, A. Chester, A.B. Garnsworthy, and C.E. Svensson.
Gamma–gamma angular correlation analysis techniques with the griffin spectrometer. Nuclear Instru-
ments and Methods in Physics Research Section A: Accelerators, Spectrometers, Detectors and Associated
Equipment, 922:47 – 63, 2019.

[5] Andrey V. Davydov, editor. Advances in Gamma Ray Resonant Scattering and Absorption. Springer
International Publishing, 2015.

[6] B. P. Singh, H. S. Dahiya, and U. S. Pande. Sign of �, the amplitude mixing ratio of gamma transitions,
and beta-gamma-gamma and gamma-gamma-gamma angular-correlation studies. Phys. Rev. C, 4:1510–
1513, Nov 1971.

[7] S. Offer. Illustration of the Dependence of the Sign of delta of a Mixed Gamma-Ray Transition on Its
Order in a Cascade. Phys. Rev., 114:870–871, 1959.

[8] K. S. Krane and R. M. Steffen. Determination of the E2
M1 multipole mixing ratios of the gamma transitions

in cd110. Phys. Rev. C, 2:724–734, Aug 1970.

13

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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20
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PROPOSAL E891_23
GANIL PAC 14/11/2023

Total Absorption Spectroscopy for
Nuclear Structure and Nuclear Astrophysics

# 1st experiment with STARS

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

# Nuclear structure: β-decay of selected Tz=-2 nuclei 
# To study isospin symmetry free of Pandemonium

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

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



(NA)2STARS: β-decay of selected Tz=-2 nuclei

RCNP Osaka

During last decade we have performed a systematic study of the 
β decay of proton-rich nuclei
! Detection of β-particles and β-delayed protons with DSSSDs

! β-delayed g-rays detected by HPGe arrays

Rich spectroscopic info, many cases have been studied
Orrigo+, PRL 112, 222501 (2014)
Molina+, PRC 91, 014301 (2015)
Orrigo+, PRC 93, 044336 (2016)
Orrigo+, PRC 94, 044315 (2016)
Kucuk, Orrigo+, EPJA 53, 134 (2017)
Orrigo+, PRC 103, 014324 (2021)

β-decay data is enriched by the comparison with
complementary CE reactions on the stable mirror target

Y. Fujita, B. Rubio, W. Gelletly, PPNP 66, 549 (2011)
H. Fujita+, PRC 88, 054329 (2013)
E. Ganioglu+, PRC 93, 064326 (2016)

GSIGANIL

RIKEN
78Kr @345 AMeV

Primary beams for RIB production:

58Ni @680 AMeVe556:
64Zn @79 AMeV
e556a:
58Ni @75 AMeV

Courtesy S.E.A Orrigo



(NA)2STARS: β-decay of selected Tz=-2 nuclei

Orrigo+, PRC 93, 044336 (2016)

β-delayed protons

g-proton coincidences: increases x3 in TAGS!
$ helping to fix Ex of the proton-emitting levels 

E. Ganioglu+, PRC 93, 
064326 (2016)

# Comparing with CE data
$ β-decay data are affected 
by Pandemonium for many of 
the nuclei studied

# An illustrative example: 
the β decay of 48Fe 
# Qβ = 11.2 MeV
# Missing B(GT) at high Ex

Not observed in β decay

Courtesy S.E.A Orrigo



observed intensity 
true intensity 

observed levels
true levels β

decay
✗✗✗

Tz=-2 cases   Orrigo+, PRC 93, 044336 (2016)

We propose to measure these decays with the Total AbsorpDon Spectroscopy technique

Improve the knowledge on the decay schemes (Pandemonium)

In some case: missing B(F) → missing g-rays from populated levels?

From CE data: missing B(GT) strength at high energy

Compares the TAGS technique with well-known cases for the 1st !me

TAGS experiments done mostly at ISOL facili!es

Courtesy S.E.A Orrigo, B. Rubio

(NA)2STARS: β-decay of selected Tz=-2 nuclei



Experimental approaches constraining the (p, g) cross-section:
• TAGS technique to measure the g-rays emitted above the p

emission threshold by 46Mn and 48Mn: “beta-surrogate method”
applied on n-rich nuclei for r-process [Tain et al. PRL 2015] ;

• Beta-Oslo method to measure the level density and g-strength in
daughter nuclei 46,48Cr [Spyrou et al. PRL 2014]

• Take advantage of large efficiency, higher segmentation of the
(NA)2STARS device and better resolution of LaBr3 modules

44Ti Nucleosynthesis: (NA)2STARS@LISE

Spectroscopy of key nuclei in astrophysics on n-deficient
nuclei: constrain the cross-sec7ons of the 45V(p,g)46Cr and 
47V(p,g)48Cr reac7ons with beta-decay experiment:

50 C. Dossat et al. / Nuclear Physics A 792 (2007) 18–86

Table 12
Summary of γ –γ coincidences observed for the decay of 46Mn. The γ ray at 885.7 keV is only very weakly observed
in coincidence with the 329.4 keV γ ray

Eγ (keV) Coincidences (keV)

329.4 54.4, 410.2, 475.2, (885.7)
410.2 54.4, 329.4, 475.2
475.2 54.4, 329.4, 410.2, 739.7
892.5 1094.7

Fig. 24. Partial decay scheme for the β decay of 46Mn. The decay scheme summarises the experimental results obtained
in the present campaign.

To use the IMME, we need three mass excess values from the isobaric multiplet. For the
ground state of 46Mn, we can use the ground-state mass excess of 46Sc (#m = −41757.1(8) keV),
the T = 2 state at 9168(7) keV in 46Ti (#m = −34955.4(70) keV), and the mass excess of the
IAS in 46Cr. The state in 46Ti is not explicitly identified as the analog state we need. How-
ever, it is identified as an Iπ = 4+ state and its mass excess fits well the expectation for a
uniformly charged sphere [21]. Using these mass excess values, we obtain the IMME coeffi-
cients (a = −27810(10) keV, b = −7317(11) keV, c = 172(5) keV) and a mass excess for 46Mn
of #m = −12490(30) keV. The Coulomb displacement method yields #m = −12358(54) keV.
Table 25 compares these mass excess values to predictions by Audi et al. [19] and to the value
derived from the Garvey–Kelson relation [25].

Besides the γ rays just mentioned which de-excite the states in 45V, other γ rays are ob-
served. Most of them could be placed between known levels in 45V [39] or in 46Cr [42], where
we observe the decay of the second and first excited states. The γ ray we observed at 54.4 keV
corresponds to the 56.3(7) keV γ ray from literature [22]. Table 12 indicates the γ –γ coinci-
dences observed in the present work. These coincidences allow us to establish the partial decay
scheme for 46Mn presented in Fig. 24.

From C. Dossat et al. / Nuclear Physics A 792 (2007) 18–86 

F - NA2STARS 14 LaBr3 (6 Radially Shifted) 

Beam

Beam

31

44Ti is produced in type-II supernovae and is a sensitive probe for CCSN models

L. S. The+, Astrophys. J. 504, 500 (1998)
G. Magkotsios+, ApJS 191, 66 (2010)
L.-S. The+, Astron. Astrophys. 450, 1037 (2006)
K. Hermansen, ApJ 901, 77 (2020) 
S.K. Subedi+, Astr. Phys. J. 89, 5 (2020)



(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

Orrigo+, PRC 93, 044336 (2016)

The LISE spectrometer

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

# Rocinante (refurbished) or DTAS + 16 LaBr3 crystals

+ 16(17) LaBr3 modules        + New DSSSD1 mm-thick, 
40x40 mm2

Refurbished Rocinante
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Previous individual module tests by CIEMAT and IFIC, design 
based on design studies performed for DESPEC TAS (DTAS)
R&D Electronics & DAQs @ GANIL (DSSSD) and Subatech
Mechanics: Subatech and IP2I
Rocinante 12  BaF2 detectors refurbished, tests @ IFIC and 
@ Subatech
New tests of LaBr3 modules @Subatech ; 
8 internship students in SEN team in 2025 & 2026 (L3, M1, 
M2) on the project
Mounting the complete set-up with all detectors and 
electronics @ Subatech in May
Integration of the lower part of the supporting structure in 
GANIL on May 20. 2026
Full installation in GANIL started June 23. 2026
Experiment from July 6. to 17. 2026

Excellent energy resolution : FWHM 
∼ 3 % @662 keV 

(NA)2STARS E891_23 Preparation

Heatwave !
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Rows of 5 LaBr3 
+2  extra 

To be continued…

(NA)2STARS “Materialization” 
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May 2026, Subatech

(NA)2STARS “Materialization” 
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(NA)2STARS E891_23 Preparation
New Preamps for LaBr3 modules

Preparing the BaF2 detectors @ Subatech
(« re-greasing workshop », skill learnt from
IFIC colleagues) 

Preparing coupling of the DAQs

Moun!ng everything @ Subatech
(mechanics and electronics)
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(NA)2STARS E891_23 Installation

Installation during the hottest week in June…
=> the machines were stopped because of the heat, not a good sign
for the forthcoming experiment…
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(NA)2STARS E891_23 Installation
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(NA)2STARS E891_23 Installation

Gymnastic for the installation !
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(NA)2STARS E891_23 Installation

Gymnastic for the installation !
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(NA)2STARS E891_23 Installation

Gymnastic for the installation !
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(NA)2STARS E891_23 Installation

Gymnastic for the installation !



39

(NA)2STARS E891_23 Installation

Gymnastic for the installation !
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(NA)2STARS E891_23 Installation

Gymnastic for the installation !



41

(NA)2STARS E891_23 Installation

Central support

Detector fully
mounted without the 
shielding
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(NA)2STARS E891_23 Installation

Shielding mounted, then alignment by GANIL geometers



43

(NA)2STARS E891_23 Installation
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(NA)2STARS E891_23 Installation

New LISE DSSSD  
Plastic detector successfully made by GANIL at the last minute !!! (the 
ones ordered from Luxium still haven’t arrived…) 
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(NA)2STARS E891_23 Installation
Master box

Faster crates Numexo2 crate

Despite hard work and huge efforts from all sides, the 
NUMEXO2 (DSSSD) and FASTER DAQs could not be
coupled online
But they were coupled offline, with a pulser
Preliminary x-checks in July were promising

Þ on-going work, definite answer soon
Þ Improvement for the future

Cabling
attempts
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(NA)2STARS E891_23 Datataking

BaF2 and LaBr3 a/g discrimination during 24Na source run 24Na source: BaF2 #12 

24Na source: TAS sums (1 run)24Na source: « single » sum of all LaBr3

Calibration sources: 137Cs, 60Co, 207Bi, 22Na, 152Eu, 133Ba, AmBe and 
a « home made » 24Na at NFS
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(NA)2STARS E891_23 Datataking
hSumSingles_LaBr3_M_Mult3_keV

Entries  3876928
Mean    478.1
Std Dev     501.9
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hSumSingles_LaBr3_M_Mult3_keV

Entries  3876928
Mean    478.1
Std Dev     501.9

SumSingles_LaBr3_M_Mult3_keV

BeamOn
BeamOff

Þ After ~one week without beam (most probably
because of the heat), we got full intensity until the end 
%%%%

Þ 300pps total implantations in the DSSSD
16.7UT of physics over 24UT of physics allocated
Þ Successful first TAGS experiment @ GANIL !!! 

# Primary beam: 58Ni @ 74.5 MeV/u, went up to 4µA
# Target: 197.1 µm natNi + 10 mg/cm2 C stripper @ 0°
# Wedge shaped degrader: 109.5 µm Be
# Wien filter 2600kV/m
# Si det 143 µm, air ~40cm, Al extraction window 50 µm

Online example: 3 days of beam time
Multiplicity > 2, sum of LaBr3 only
In black same with beam Off

Online DSSSD 1 strip spectrum
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Intro: What is/Why the TAGS technique ?

Total Absorption Spectrometers & Experiments

(NA)2STARS Project

(NA)2STARS First Experiment at LISE, GANIL

Conclusions & Perspectives
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(NA)2STARS still on-going

Þ 82Rb: relatively complex and well-defined decay scheme, ENSDF: Qb

4.4 MeV, 34 EC/b+, 88 g: good first case for (NA)2STARS
Þ Other samples to be measured before unmounting in December

B. Rebeiro’s TAS-PROBE project funded by NEXT Talent Junior Position in Nantes: 
physics motivations: super-allowed decays + health: 

Generator systems allows to provide short lived isotopes at the hospital on-demand 
An example the 82Sr/82Rb generator for cardiology: Rubidium-82 enables the 
measurement of blood flow and thus the diagnosis of coronary artery disease with
greater specificity than currently used techniques: 

5

Images: M. Estienne, S. Orriga (NA)2STARS kick-off Meeting, Dec 2024

High-resolution germanium detectors : lower efficiency 
➔ Misses weak γ transitions
➔ Pandemonium bias

Total absorption spectrometer : 4π calorimetry 
➔ Full γ cascade captured
➔ Model-independent beta feeding in heavy emitters

TAS-PROBE         in collaboration with

Methodological objective – remove Pandemonium bias with TAS

5

Images: M. Estienne, S. Orriga (NA)2STARS kick-off Meeting, Dec 2024

High-resolution germanium detectors : lower efficiency 
➔ Misses weak γ transitions
➔ Pandemonium bias

Total absorption spectrometer : 4π calorimetry 
➔ Full γ cascade captured
➔ Model-independent beta feeding in heavy emitters

TAS-PROBE         in collaboration with

Methodological objective – remove Pandemonium bias with TAS

Images from F. Haddad’s EuNPC talk
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(NA)2STARS still on-going

Huge involvement of the GANIL SPR + a lot of help from GANIL collaborators
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(NA)2STARS still on-going
Each new measurement
deserves on top of TAGS:  
- Calibrations, 
- Background runs,
- Ge measurement@IBE,
Several times (contaminants)

17th LaBr3 brought on purpose
by CSIC Madrid team, filling
the beam hole
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Intro: What is/Why the TAGS technique ?

Total Absorption Spectrometers & Experiments

(NA)2STARS Project

NA)2STARS First Experiment at LISE, GANIL

Conclusions & Perspectives
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� � � Setups used
Salle ϯϬϭ : Hall d’expérience • PIPERADE: 13 experiments

• LASAGN: 11 experiments
• DDS: 11 experiments
• (NA)2STARS: 11 experiments
• MLLTRAP: 4 experiments
• S3-LEB: 4 experiments
• COeCO: 4 experiments
• SiCube: 4 experiments
• MR-ToF-MS: 3 experiments
• SEASON: 3 experiments
• TORTILA: 2 experiments
• HINA: 2 experiments

• LRC: 1 experiment
• TETRA: 1 experiment
• PARIS: 1 experiment
• ASGARD: 1 experiment
• MORA: 1 experiment
• gSPEC: 1 experiment
• ARGOS: 1 experiment
• MOT: 1 experiment

• some experiments ask for 1 isotope, 
others for up to 35!

• up to 300 UTs for a single experiment
• in total 345 different isotopes requested

The (NA)2STARS perspectives 

Bertram Blank’s slide @ the 
DESIR workshop, 18-20 march 26

Accepted (NA)2STARS proposal @ Jyväskylä motivated by 
neutrino physics, nuclear astrophysics, decay heat…, 
spokespersons: M. Estienne, A. Porta, A. Algora. ~Autumn 2027
New Proposals on LISE & NFS in preparation
3 LoIs for experiments @ LISE
11 LoI for experiments @ DESIR
Start to work on mechanical support and decay station for
(NA)2STARS@ DESIR in 2027



Conclusions
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, 
Riken and GANIL

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

Part of this program will be performed at GANIL in the future: starting @ LISE in 
early 2026, then LISE + DESIR

The First TAGS experiment @ LISE with (NA)2STARS is a success,
despite challenging (heatwave + beam =       , DAQ coupling, commissioning…) but we
met the challenge !!! 
Þ PhDs of Lena Le Floch (44Ti) and Meenakshi Pillai (health) 54



THANK YOU

• SUBATECH: E. Bonnet, S. Bouvier, M. Chabrun, S. Durand, M. EsKenne, M. Fallot, L. Le Floch, V. Piau, A. 
Porta, B. Rebeiro, J.-S. Stutzmann,  and Mechanical and Electronical workshops

• IFIC Valencia: G. Alcala, A. Algora, C. Lupi Casale, E. Nacher, R. Naqvi, S. Orrigo, D. Rodriguez, B. Rubio, 
J.-L. Tain

• GANIL : C. Berteloite, L. Canete, F. De Oliveira, H. Guérin, X. Ledoux, B. Rebeiro, J.-C. Thomas – and
support from the SPR and GTA teams

• USTHB, Alger: N. Adimi
• UC Madrid: J.A. Briz-Monago
• CIEMAT Madrid: D. Cano-O^
• CSIC Madrid: M. J. Borge, T. Kurtukian Nieto, D. Godos, J.F. Gonzales Limenes, P. Ortega, O. Tengblad
• IP2I: C. Ducoin, N. Millard-Pinard, O. Stézowski, L. Zago
• Surrey: W. Gelletly, Z. Podolyak
• U. Istanbul: E. Ganioğlu Nutku, L. Şahin Yalçın, M. Yalçınkaya
• U. Huelva: A. M. Benitez-Sanchez, L. Acosta
• NPI CAS: A. Cassissa, J. Mrazek, E. Simeckova
• Atomki: G. Kiss, S.R. Kovacs
• ARRONAX ProducKon Team and  N. Audouin, F. Haddad, N. Michel, Th. Sounalet

55

E891 Experiment + TAS-PROBE collabora<ons @ GANIL: 

5

Images: M. Estienne, S. Orriga (NA)2STARS kick-off Meeting, Dec 2024

High-resolution germanium detectors : lower efficiency 
➔ Misses weak γ transitions
➔ Pandemonium bias

Total absorption spectrometer : 4π calorimetry 
➔ Full γ cascade captured
➔ Model-independent beta feeding in heavy emitters

TAS-PROBE         in collaboration with

Methodological objective – remove Pandemonium bias with TAS
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THE END


