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Subatech in few words 

29/09/2016 UMR 6457 (since 1994)
Located at IMT Atlantique

Campus de Nantes

IMT Transfert
Pôle Sciences et Technologie
UFR Science et Techniques

IN2P3
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Total surface of Subatech about 7350 m2 (1126 m2 experimental 
area, 800 m2 mechanical workshop, 560 m2 + 320 m2 

radiochemistry laboratory and SMART, including 590 m2 ZRR) 

Erdre 
River A11

XEMIS2

UFR Sc & Tc
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Probing and understanding the infinitely small and the infinitely 
large, structured around large instruments for nuclear and particle 
physics in international collaborations, driven by the IN2P3.

Research programme and large team in radiochemistry.

Applications of nuclear field to energy, environment and health.

Research and development technology programs. Integration in 
large experiments. Mastering of new techniques associated to 
subatomic physics.

Subatech research “leitmotif”
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64 C & EC: 23 CNRS, 18 NU, 21 IMT Atlantique, 2 Associated 
researches ICO). Among them 4 Emeritus professor NU and 1 IMT 
Atlantique and 1 CPJ (French Tenure Track).  Number of HDR : 28 + 4 
(Emeritus professor). And 4 HDR soon.

79 IT : 49 CNRS, 11 IMT Transfer, 8 IMT Atlantique, 4 NU, 7 CDD.

2 Apprentice CNRS.

15 post-docs (8 CNRS, 3 NU, 4 IMT Atlantique)

47 PhD. 13 under CNRS contract, 23 IMT Atlantique, 5 NU, 10 others

Human Resources of Subatech
On February  1st 2024:  207 staff
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Organisation

Management
DU, DUA, DA, 

DT

Neutrino

Plasma

Prisma

SEN Scenario

Theory

Xenon

Radiochimie

OG

SMART

Administration

Electronic

Computing

Mechanics

SPR-I

Scientific Council

Laboratory Council

DDRS, F/H, PSI 
Committees

29/09/2016

IN2P3
Pôle Sciences 
et Technologie

PTR

AP & CRP & CSSI

Seminars, Comm, 
Web

NU Teaching

IMT Teaching
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Infrastructures and platforms
Ø SMART : Platform for the measurement of radioactivity in the 

environment created in 1994, 14 staff (1 CNRS, 11 IMT Transfert, 2 IMT 
Atlantique). Valorisation / Visibility / Neutrality. About 42 (over 49) ASN 
(Autorité de Securité Nucléaire) authorizations for the measurement of 
radionuclides in the environment. Cofrac Accreditation since 1998.

Ø Installation XEMIS2@CIMA (CHU). Infrastructure ready in CHU since 
2020. Commissioning in 2024. Photon-positron Emission Tomography of 
small animals using new radionuclides (44Sc). Collaboration CRCINA, CHU, 
Arronax, LS2N (Nantes), LATIM (Brest) and Subatech.

Ø Radiochemistry Laboratory (PTR). Unique Laboratory in the local and 
regional context. ASN authorisation of active sample analysis.  Nuclear 
metrology, isotopic/element analysis, spectroscopic analysis etc. 

Ø Mechanical workshop. Large equipment which are unique in the local 
context. A 3D printer (for PEEK matter). New 5-axis machining system to 
be acquired in 2022.
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The thematic axis
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The two infinites

Explore further the physics associated with the properties of 
neutrinos (Neutrinos)

Pursue the exploration of the hadronic matter phase diagram 
(Hadronic Matter) 

Identify the nature of dark matter (Dark Matter)

Study the physics of high energy messengers and probe extreme 
astrophysical phenomena

Understand how nuclear processes shape the Universe (Nuclear 
Processes)

Use gravitational waves to explore the Universe and its 
fundamental laws (Gravitational Waves)

6 of the 12 IN2P3 Science Drivers

Concerned teams : Neutrino, 
Plasma, SEN, Theory, Xenon 

new

Synergy with domains where theory team has high impact : 
QCD, Heavy Ion Collisions, Hard Probes, Hadronic Matter

new

1994 - 

2005 - 

2005 - 

2021 - 

2009 - 

2021 - 
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Nuclear for Energy and Environment
National leadership. Unique “plateau technique”

Main concerned teams : Radiochimie 
and SEN. Also Neutrino and Xenon

Materials under radiation

Molecular modelling

Nuclear data

Nuclear reactors

Scenario

Radionuclides in environment

1998 - 

2009 - 

2000 - 

2000 - 

2010 - 

1994 - 
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Nuclear for Health
Very rich local ecosystem 

Main concerned teams : Prisma, 
Radiochimie and Xénon. Also Neutrino 

in near future.

New radionuclides for health

Irradiation of small animals

Medical imaging

2010 - 

2020 - 

2010 - 
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Associated technologies
Mastering technologies

Technical services, research teams and 
SMART

Mechanics, electronic and 
computing for research

New technologies of ionising 
detection

Techniques in radiochemistry

Ion beam analysis

Measurement of radioactivity in 
environment

1994 - 

1994 - 

1994 - 

1994 - 

2015 - 
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Local, regional, national and international ecosystem

29/09/2016

The two infinites

Associated technologiesEnergy and environment

Health

Sanda
Arc’Antic
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Rapport d’activité 2015 - 2020

Le mot du directeur de SubatechLe mot du directeur de Subatech
A word from the director of Subatech

Ayant pris la direction de Subatech au 1er septembre 2018, succédant à Bernd GRAMBOW, 
c’est un honneur de présenter cette synthèse de nos activités pendant le quinquennat  
2015-2020.

Comme vous allez le découvrir dans ce document, la production scientifique et technique 
des équipes et services de Subatech a été abondante et de très bonne qualité. Elle a 
été accompagnée d’une implication forte dans l’enseignement de nos domaines, la 
valorisation de nos recherches et un engagement déterminé autour de la diffusion 
de la culture. La fin de cette période a été fortement affectée par la crise COVID19 
à laquelle les membres de Subatech ont fait face, respectant les nouvelles règles, 
garantissant une continuité d’activité, participant à des projets collaboratifs pour 
réduire l’impact de l’épidémie et en faisant des dons de matériel lors des premiers 
instants incertains de cette crise inédite. 

Ce bilan très positif n’aurait pas été possible sans l’engagement du personnel 
de Subatech, le soutien et le financement fidèle de nos tutelles, des collectivités 
locales, de la Région des Pays de la Loire, de l’État et de l’Europe. Merci ! 

Je vous souhaite une très bonne lecture.

Since September 1st 2018, I succedeed Bernd GRAMBOW as head of Subatech. As the Directror, it is 
an honor to present this summary of our activities during the 2015-2020 five-year period.

As you will reading this document, the scientific and technical production of Subatech’s teams and services 
has been abundant and of very high quality. It has been accompanied by a strong involvement in the 
teaching of our fields, the valorization of our research and a determined commitment to the diffusion of 
culture. The end of this period was strongly affected by the COVID19 crisis, which Subatech members faced, 
respecting the new rules, guaranteeing business continuity, participating in collaborative projects to reduce 
the impact of the epidemic, and donating materials in the first uncertain moments of this unprecedented crisis.

This very positive assessment would not have been possible without the commitment of Subatech staff, the support 
and faithful funding of our supervising organisations , local authorrities, the Pays de la Loire Region, the French 
gouvernement and European Union. Thank you for your support!

I wish you a very good reading.

Bernd GRAMBOW, 
Prof. IMT Atlantique, 

Directeur du laboratoire 
de Subatech 

de 2011 à août 2018

Director of the laboratory 
of Subatech from 2011

 to August 2018

Gines MARTINEZ, 
DR1 CNRS, 

Directeur du laboratoire 
de Subatech depuis 

septembre 2018

Director of the laboratory
of Subatech since 
september 2018
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Highlights 2018-2024
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Highlight Selection 2018-2019 (I)

Results of the search for dark matter after 1 
tonne x year of exposure of Xenon-1T 
Physical Review Letters 121 (2018) 111302. 

Experimental and 
theoretical evidence of 
halogen bonds with astatine, 
Nature Chemistry 10 (2018) 
428

Major contribution 
of Niobium isomer 
decay to reactor 
neutrino 
simulation, 
Physical Review 
Letters 122 
(2019) 042502
 

and Nature 568 (2019) no.7753, 532
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Highlight selection 2018/2019 (II)

Data Taking Pb-Pb du Run2 au LHC November 
2018. ALICE data : 0,5 nb-1 (2x 2015)

Production of Scandium isotopes for health 
(43, 44g, 44m, 47) using proton and 
deuteron beams. With enriched targets, 
production reaches  : 102 – 103 MBq/μAh

« State of Art » calculations of radio emission 
from cosmic ray showers,  Physical Review 
D99 (2019) 063009
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Highlight Selection 2018-2019 (III)
Livre d’Andrei SMILGA 
sur la théorie quantique 
de champs 
Contributions sur les 
verres et la 
thermodynamique du 
technétium de A. 
Abdelouas, J. Neeway, 
B. Grambow

Prix à la meilleure thèse de la collaboration ALICE 2017 
Prix de thèse 2017 (5 prix) la Chancellerie des Universités de Paris
Accessit Prix SFP Jeune Chercheur 2017
Lauréate de la bourse L’Oréal-Unesco 2018.

International Level: 
 

9 EJP EURAD – Participation/lead in 5 Work Packages: 
ʥ CORI, FUTURE, ACED, GAS, UMAN (All group members) 

9 Participation in the preparation and governance of EJP during 4 years (B. Grambow) 
9 Invited scientist at the international Laboratory SAMMA, Russia (A. Kalinichev) 
9 Vice president of the Clay Minerals Society (A. Kalinichev) 
9 Guest editor for: Clays & Clay Minerals , Journal of Molecular Liquids and Minerals (A. Kalinichev) 
9 CONCERT/ALLIANCE, scientific representative of CNRS/IN2P3 (G. Montavon) 
9 Set up of an ‘International Nuclear Legacy Initiative’, Program Director (B. Grambow) 
9 Expert for ASN with regard the Low Level Long Lived waste (B. Grambow) 
9 Chairman of 21st edition of  ‘International Symposium of Field and Flow-based separation 

techniques’ (3-7 June 2024) (S. Huclier) 
9 Expert for AFNOR (S. Huclier) 
9 Responsible for PhD exchange between IMT and Iranian universities (M. Fattahi) 
9 Organisation of the ‘Migration Conference’ in 2021 (B. Grambow) 
9 Group leader at JAEA, Japan (B. Grambow) 
 
 

 
 

A highly motivated group 

9 

International Level: 
 

9 EJP EURAD – Participation/lead in 5 Work Packages: 
ʥ CORI, FUTURE, ACED, GAS, UMAN (All group members) 

9 Participation in the preparation and governance of EJP during 4 years (B. Grambow) 
9 Invited scientist at the international Laboratory SAMMA, Russia (A. Kalinichev) 
9 Vice president of the Clay Minerals Society (A. Kalinichev) 
9 Guest editor for: Clays & Clay Minerals , Journal of Molecular Liquids and Minerals (A. Kalinichev) 
9 CONCERT/ALLIANCE, scientific representative of CNRS/IN2P3 (G. Montavon) 
9 Set up of an ‘International Nuclear Legacy Initiative’, Program Director (B. Grambow) 
9 Expert for ASN with regard the Low Level Long Lived waste (B. Grambow) 
9 Chairman of 21st edition of  ‘International Symposium of Field and Flow-based separation 

techniques’ (3-7 June 2024) (S. Huclier) 
9 Expert for AFNOR (S. Huclier) 
9 Responsible for PhD exchange between IMT and Iranian universities (M. Fattahi) 
9 Organisation of the ‘Migration Conference’ in 2021 (B. Grambow) 
9 Group leader at JAEA, Japan (B. Grambow) 
 
 

 
 

A highly motivated group 

9 



Subatech Laboratory2024 20

Highlight Selection 2018-2019 (IV)
STRONG2020
Theory and experiment of strong 
interaction
European Project 2019-2024 10 M€
Coordinator :  
B. ERAZMUS (Subatech)

 

EJP EURAD
Radiochimie 
European project 2019-2023 35 M€
Prof Bernd GRAMBOW member of 
the executive committee

International collaboration meeting 
KM3NeT in  
Nantes (Château & IMT Atlantique)
10-14 june 2019

Stockage chair ANDRA & EDF & ORANO, 
Prof B. Grambow, 2019-2024

SAfe and REliable Nuclear Applications » 
(SARENA) : Master with label Erasmus Mundus 
(2019-2024), A. Abdelouas & Ch. Hartnack, 66 
student Master Finland – Spain – France - Slovenie

Magnetica Exposition (1st April – 27 May 
2019) , J. Masbou, T. Pierret , 1600 visitors,

CG SFP 2019 Nantes
8-12 juilet 2019
Expo Grand PublicElectronics test bench of  Small-

PMT. Installation in Chine 
scheduled in 2019. Maintenance 
2020/21
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Highlight Selection 2019-2020 (I)

M. Estienne et al. PRL 123 (2019) 
022502.

New data for better precision in simulation of neutrino and 
residual power of nuclear reactor

ALICE-CERN / Jets physics, Photon & Quarkonia for QGP 
studies

34 publications peer-review
Studies of J/ψ production in Pb-
Pb, JHEP 02 (2020) 041
Measurement of the inclusive 
isolated photon in pp 
collisions,Eur. Phys. J. C 
(2019) 79: 896
Measurements of inclusive jet 
spectra in pp and central Pb-Pb 
collisions at  5.02 TeV, Phys. 
Rev. C 101 (2020), 034911

MFT 2nd half cone @ CERN

Successful E-Shape 
commissioning (Jyvaskyla)

Springer Handbook of Glass. All the work 
carried out by Subatech researchers over 
the last 30 years.
Molecular modelling. New developments in 
the ClayFF force field. Journal of Physical 
Chemistry avec la couverture page.

New ANR LabCom  “TESMARAC”

Double-Chooz Coll, Nature 
Physics 16 (2020) 558

Double-Chooz and KM3NeT

Production  of  9 DOM.s 
Contribution to the 
installation of 6 lines in 
Mediterranean sea.
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Highlight Selection 2019-2020 (II)
ARRONAX / Radionuclides production, irradiation FLASH /

Work on copper-64 production 
Irradiation of cells : spread of the Bragg  
alpha peak
Review article on  beta+gamma TEP, 
App. Rad & Iso 155 (2020) 108898 

EPOS3

Workshops and outreach : Fête de 
la Science, Kick-off STRONG2020, 
CG SFP 2019, Masterclasses, La 
nuit blanche des chercheurs, 
KM3NeT  colalboration, SoLiD, 
Workshop GT03 Physique 
Hadronique, …

Excellent energy resolution for a liquid xenon 
based detector  Eur.Phys.J.C 80 (2020) 8, 785
XENONnT installation and commissioning in 
LNGS (Italy). ReStoX2 built by Subatech. 
Collaboration with Air Liquid.

Coupling of a jet energy loss 
algorithm with the EPOS3 code, 
Phys. Rev. C 101, 014905 
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Highlight Selection 2019-2020 (III)
CoVid19 Crisis

100 masks from IHEP Beijing, JUNO collaborators
600 masks from CCNU Wuhan, ALICE collaborators 
Manufacture of hundreds of visors and dozens of handles by 
the mechanical department
Participation in the Ventilator Milano (MVM) project
Donation via Région PdL, in coordination with ARS

Replacement of the core network switch/router
Implementation of new tools for teleworking 
(OpenVPN, NextCloud and Only Office servers) 
Addition of 640 new cores to the CCIPL (total of 
1040) for Tiers2-LCG ALICE

Xémis2 moves to the CHU 
Development of 10 Gbit/s 
FPGA and TPC 
configuration software.
Complete acquisition 
chain including Idef-X, 
XTRACT, PU, Xenie.

DAMIC-M : Conception LN2 exchanger

Covid19 crisis follow-up (PCA, PRA, IMT 
Atlantique coordination)
Preparation of ASN renewal 
Monitoring of ~150 sources and 2000 samples
2500 inspections on average per year

Design, construction and test of the  MFT 
Power Supply Unit, ALICE, CERN
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Highlight Selection 2020-2021 (I)

Mass hierarchy 
determination at 5𝜎 
before 2030 arXiv: 
2008.11280

High precision results 
on J/psi photo-
production in Pb-Pb

FLASH 
Radiotherapy 
Proton 
irradiation of 
zebrafish in 
Arronax

Generation of angular momentum during nuclear 
fission

Collaboration
nu-Ball

Nature 590, 
566 (2021)
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Highlight Selection 2020-2021 (II)
Pu particles released by the Fukushima Daiichi 
meltdown

Radioactivity causing H2 and carboxylate anions

Microbiota deep 
below the surface

Earth and Plan. Sci. 
Letters 564 (2021) 

116892

XENON-nT filled with 8.6 t of liquid Xe during the 
pandemic

Installation of the MFT Si-pixel tracking (MAPS) at 
point 2 of the LHC

CS-rich 
Microparticules 

CsMP with Pu

Sci. Tot. Environ
743 (2020) 140539
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Highlight Selection 2020-2021 (III)
Commissioning of the new KM3NeT lines Pollusols scientific programme results 

   

Tritium in the Loire, 
Old  Mines of U 
(ZATU CNRS)

CNRS Journal March 
2021

Acoustic 
positioning

p⊥ ¼ 2 GeV, for the color states R ¼ 1; 8; 27 (having
nonzero probabilities [30]), as well as the color average
(dashed line). When the gg final state is color singlet, the
induced gluon spectrum (3) vanishes, and no FCEL effect is
expected in this channel, R1

p-A ¼ 1. More interesting is the
suppression of the octet gg final state, which shape is
reminiscent of the suppression predicted for quarkonium
[19]. The suppression gets quite strong at large y,R8

p-A ≃ 0.6
at y ¼ 6, due to the steeply falling pp cross section. Note that
the steeply rising pp cross section at very backward rapidity
leads to a slight enhancement below y ≃ −6. For the 27-plet
gg final state, the suppression expected from FCEL follows
the same pattern, but is more pronounced due to the larger
Casimir, C27 ¼ 2ðNc þ 1Þ, in the prefactor of the induced
gluon spectrum (3).
Light hadron suppression, obtained after averaging over

the dijet color states, is displayed with its uncertainty band
in Fig. 3, for the gg → gg channel, as a function of y for
p⊥ ¼ 2 GeV (Fig. 3, top) and as a function of p⊥ for y ¼ 0
or y ¼ 5 (Fig. 3, bottom). In addition, results are shown for
the gq → qg and qg → qg channels [which differ due to the
opposite sign of Ca − Cb in (3)]. Results for other channels

turn out to be qualitatively similar and can be found in [30].
Because of the specific dependence of the induced gluon
spectrum (3) in Mξ ∝ K⊥ ¼ p⊥=z, FCEL effects weaken
with increasing p⊥. At large positive rapidity, inclusive
hadron production is dominated by the qg → qg scattering
process [44]. Interestingly, the suppression expected in this
process is less pronounced than in the gg → gg channel,
due to the large negative contribution Ca − Cb ¼ CF − Nc
in the prefactor of Eq. (3) compared to Ca − Cb ¼ 0 in the
gg → gg channel. Consequently, the resulting rapidity
dependence of hadron suppression should be less steep
than observed in the gg → gg channel only, because of the
weighted sum over all partonic subprocesses.
We stress that the smallness of FCEL relative uncer-

tainties (only ∼5% at midrapidity) is somehow expected
within our approach: FCEL is a medium-induced effect
(depending on the difference between coherent radiation
spectra in p-A and pp collisions), and is thus fully
determined within perturbative QCD.Moreover, the param-
eters ξ̄, z, and q̂0 enter the induced gluon spectrum (3)
through a (large) logarithm, and their variation thus leads to
small relative deviations around the central predictions. As
for the parameter n, its variation affects negligibly the
predictions, except at very large jyj where it contributes to
about half of the total relative uncertainty [30], which
however remains moderate (see Fig. 3).
Let us now compare the FCEL expectations to the

measurements of charged pion suppression in p-Pb colli-
sions at

ffiffiffi
s

p
¼ 5.02 TeV, performed at midrapidity by the

ALICE experiment [47]. Calculations are carried out for
the gg → gg channel which dominates hadron production
around midrapidity. We have checked that including the
qg → qg and gq → qg channels with proper weights accord-
ing to NLO calculations [44] affects this prediction by less
than 1%. As shown in Fig. 4, good agreement is observed
between data and FCEL baseline predictions. Therefore,
the data sometimes attributed to saturation [3–6], NPDF
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FIG. 3. FCEL effects on Rh
p-A for different channels, as a

function of y at p⊥ ¼ 2 GeV (top) and as a function of p⊥ at
y ¼ 0 and y ¼ 5 (bottom), in p-Pb collisions at

ffiffiffi
s

p
¼ 8.16 TeV.
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FIG. 4. FCEL effects on Rh
p-A as a function of p⊥ in p-Pb

collisions at
ffiffiffi
s

p
¼ 5.02 TeV (red band) in comparison to ALICE

charged pion data [47].

PHYSICAL REVIEW LETTERS 125, 032301 (2020)

032301-4

Energy loss and suppression of light hadrons in p-A at 
the LHC 

Phys.Rev.Lett.125 
(2020) 032301

QCD at finite perturbative temperature

Phys. Rep.880 (2020) 1
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!(2S)  petits systèmes

Manuel

arXiV 2204.10253 submitted to JHEP

Quark Matter 2022

!(2S) Production normalisée: augmentation linéaire avec la multiplicité de particules chargées

Ratio !(2S) sur  J/ ! compatible avec unité

Comportements similaires pour les différents états (!(2S) sur  J/ !) et systèmes (pp, p-Pb) 

pp 13 TeV et p-Pb 8.16 TeV

Figure 8: Relative precision of the oscillation parameters as a function of JUNO data taking
time. The markers and vertical lines stand for 100 days, 6 years, and 20 years of data taking.
The horizontal gray dashed line stands for 1% relative precision. The green dotted and red
dotted lines are on top of each other since the statistical-only precision is essentially identical for
the �m2

31 and �m2
21 parameters.

a matter of fact, JUNO will be the first oscillation experiment where the spectral information
provides such a good constraint on the normalization.

On the other hand, the sensitivity to the two mass splittings is dominated by systematic
uncertainties distorting the spectral shape, mainly those from the reference spectrum and the
detector nonlinearity. The spent nuclear fuel, non-equilibrium, and background systematic effects
also distort the spectral shape, particularly in the low energy region, impacting the precision of
�m2

21. The precision of the �m2
31 and sin2 ✓13 parameters is statistics dominated even after six

years of data taking, as indicated in Fig. 8.
Figure 9 also shows that the impact of the density uncertainty in the calculation of the matter

effects is small. Nevertheless, it is important to consider this effect when fitting the oscillation
parameters, since it impacts the central value of the measurement, as discussed in the beginning
of Section 2.2.

Table 6 and Fig. 8 show that JUNO alone has very limited ability to constrain sin2 ✓13 beyond
today’s world knowledge. On the other hand, if we constrain sin2 ✓13 with the uncertainty from
PDG2020 [6], the relative improvement in the precision of the other three parameters is smaller
than 0.3% with 6 years of data.

The impact of the neutrino mass ordering choice on the sensitivity of the parameters was also
evaluated and found to be negligible. Therefore, the nominal results presented here are good
for both the normal and inverted ordering hypotheses. Using the wrong ordering (e.g. using
inverted ordering in a sample where normal ordering was assumed) produced sensitivities that
are no larger than 5% of the nominal values.

As discussed in Section 3.2, our nominal analysis considered the neutrino flux from the eight
reactors ⇠52.5 km away from the JUNO detector, the six in the Daya Bay power plant and, as
a background, all the other reactors in the world. The flux from the Huizhou power plant was
not included since no official date for its start of operations was available at the time of writing.
However, assuming that the Huizhou power plant is operational from the beginning of JUNO
data-taking degrades the sensitivities by less than a relative 3%.

22

Highlight Selection 2021-2022 (I)
Precision measurement with JUNO arXiv:2204.13249 
(2024-2030)

FlashMod at 
FRPT 2021 
conference

 

E-Shape campaign at IGISOL (University of Jyväskylä) in 
January 2022.

ERC Submission in 2022 (FY NU)

Psi(2S) 
in small systems

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

Coming Next: Analysis of exp. 2022, comparison with new pnQRPA shape factor predictions, 
new predictions of reactor antineutrino spectra in prep. 

E-Shape addendum submitted to the JYFL PAC March 2022: accepted with 9 days of beam time 
(for 2023)

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): 2-year 
preparation. Mechanics + Electronics 
(Faster DAQ) very successful

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

Spectral measurements of 
"forbidden" β decays for reactor 
neutrino, nuclear structure, 
and astrophysics.

Physica Medica - European Journal of Medical Physics, Sep 2022 (6 
contributions)
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• Compréhension du relâchement du bore et de l’iode 
dans les verres hydratés, altérés, irradiés :
о Développement d’une couche protectrice de type « gel » 

au cours de l’hydratation des verres; rétention de l’iode
о Diminution des vitesses d’hydratation sous l’effet du 

recuit des verres
о Mécanismes de relâchement du B : diffusion, hydrolyse, 

évaporation

• Etude de l'évolution physico-chimique à l'interface des 
matériaux étudiés dans le cadre du stockage des HLW
:
о Ciment-Verre (concept Belge): Meilleure compréhension 

des mécanismes de dégradation du ciment et du verre 
à l'interface 

о Ciment-Acier: Etude in situ (Tournemire IRSN) + 
expériences maquettes (Subatech) montrant des 
mécanismes de corrosion localisée liée à la présence de 
sulfures

о Bentonite-Acier: Apport de l'isotopie sur les mécanismes 
de diffusion/sorption du fer dans la montmorillonite.

о Pour chaque interface, apport des données 
expérimentales pour la modélisation sur l'évolution des 
interfaces à différentes échelles : interface, alvéole de 
stockage.

interface coulis cimentaire / acier. Zone localement corrodée : présence de 
sulfures (matériaux cimentaire), présence de ferro-silicate (modélisation)

Nanoindentation des verres hydratés: évolution de la dureté de la 
zone hydratée vers le verre sain

Équipe Radiochimie – Matériaux (2/3)
Faits marquants (1/2)

11

Haohan Zhang et al. Journal of Non-Crystalline Solids 587 
(2022) 121584.

Highlight Selection 2021-2022 (II)
Review of astatine chemistry Understanding boron and iodine release in hydrated, 

weathered and irradiated glasses 

R&D XeLAB IN2P3 avec le  LPNHE
Research Contract ORANO XEMOX
Joining nEXO collaboration 
Organisation of XeSAT 2022 

First Run3 particles (LHC Pilot Run3 
November 2021)

Advances in the Chemistry of Astatine 
and Implications for the Development of 

Radiopharmaceuticals
Acc. Chem. Res. 54, 16, (2021)  3264

5 Mai 2022 9

MFT @ point2

Muon Forward Tracker

o LHC Pilot beam Novembre 2021
2 colliding bunches à 0.9TeV – première reconstruction traces de collisions

o Mise en service (commissioning):
Effort sur le « Detector Control System »: configuration  et controle des 

cartes  PSU et lecture (readout).

Rita, Guillaume 

MID, MCH ready. O2 
close to ready.

Nantais & Interdisciplinaire
 100% : Arronax, CEISAM, 

CRCINA, Subatech 
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contrast, the LiquidO technique effectively self-segments due to
stochastic light confinement. This eliminates the need to add dead
material (with associated potential radioactivity) to achieve
segmentation and therefore substantially reduces the cost and
complexity of producing scintillator detectors capable of high-
resolution imaging.

The development of the LiquidO approach builds on much of
the well-established technology of scintillator detectors, including
photo-sensors, wavelength-shifting fibres and the organic scintil-
lator materials themselves. Modern Si-based photo-sensors
(SiPM)10,11, with high quantum efficiencies of 50% and time
resolutions as fast as 100 ps per photon detected12, present
themselves as an excellent option for LiquidO. From our
simulations, it is estimated that more than 90% (60%) of the
light will hit the fibres of a 1-cm-pitch lattice in a scintillator with
an absorption length of 5 m (1 m). Compared to the tens of metre
long absorption lengths necessary for the largest LSD based
experiments, this represents a substantial reduction in the
requirements. The same techniques used to purify scintillators
that have been successfully used in experiments like Borexino13
could be used in LiquidO as needed. The potential contamination
introduced by the presence of fibres in the scintillator volume is
mitigated by the fact that they amount to less than 1% of the
detector mass fraction and that excellent levels of fibre radio-
purity have been achieved14. For physics measurements requiring
extremely low backgrounds from natural radioactivity (at energies
below 3MeV), further improvements in fibre radiopurity may be
necessary.

With a typical organic scintillator light yield of about 10
photons per keV2, a 5 m absorption length15, and a wavelength-
shifting fibre acceptance of about 10% (the main loss in
detection16), the number of detected photons is estimated to be
a maximum of around 400 photo-electrons per MeV for a small
1-cm-pitch lattice detector. When scaling to larger sizes this
amount will reduce due to the several-metre attenuation lengths
typical of wavelength-shifting fibres. The optimisation of the light
collection can include consideration of elongated geometries,
modularisation, and/or double-ended readout, whose cost can be
strongly mitigated by multiplexing. An exciting aspect of our
detector concept is that it makes scintillating materials that are

naturally opaque ideal, opening up a whole landscape of
substances to explore. Known scintillators with substantially
higher light output present promising avenues of research,
alongside the possibility of finding new materials that have
simply not been carefully studied yet due to their poor
transparency.

The energy resolution of our 1 cm-pitch detector with a light
yield of 400 photo-electrons per MeV is estimated from
simulations to be 5%=

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
EðMeVÞ

p
as expected where Gaussian

statistics dominate. The position-dependent response of our
baseline detector is very uniform after attenuation in the fibres is
calibrated out. It varies by less than 1% across more than 95% of
the volume and has a negligible effect on the energy resolution.

Imaging and particle identification. The intrinsic high-
resolution imaging capability of our technique is one of its main
advantages. Using the information on the quantity of light col-
lected from each fibre, the position of a point-like energy
deposition can be reconstructed to within a few millimetres in the
transverse direction to the fibres. This level of precision enables
discrimination between point-like events such as MeV-scale e−’s
and events with spatially dispersed energy depositions such as e+’s
and γ’s. This is illustrated in Fig. 2a, b, where the topology of a γ
and an e− with 2MeV of kinetic energy can be compared. The e−
deposits all its energy within a centimetre whereas the γ Compton
scatters over many tens of centimetres. The discrimination power
of LiquidO is quantified in Fig. 2c where the probability that a γ is
misidentified as an e− is shown versus the e− selection efficiency.
A simple reconstruction algorithm quantifying the spatial spread
of the hit fibres is used for these studies. The results indicate that
2 MeV e−’s can be feasibly distinguished from γ’s with a con-
tamination factor better than 10−2, which is unprecedented for
LSDs at these energies. Similarly, the topology of a e+ annihilation
event, with its back-to-back γ’s as illustrated in Fig. 1c, stands in
stark contrast to the point-like energy deposition of an e−.
Charged particles with enough kinetic energy to travel several cm
or more in the detector will produce sequences of point-like
energy depositions. Such track-like signatures would arise from,
for example, muons, allowing their path through the detector to be

Fig. 1 Detection principle and imaging capability. The energy depositions in a LiquidO detector from a simulated e+ with 1MeV of kinetic energy plus the
associated annihilation gammas are used to illustrate the detection principle and imaging capability. a shows a two-dimensional x-y projection of the energy
depositions in the scintillator, while b shows the full three-dimensional extent. The green lines running in parallel with the z-axis represent the fibres in the
simplest configuration of the detector geometry. The energy deposition of the e+ is shown by the orange point and the Compton scatters of the 0.51 MeV
back-to-back annihilation γ’s by light and dark blues. One of the γ’s (dark blue) turns upwards to run approximately parallel with the fibres and this is
reflected by its shorter extent in the x-y projection. The simulation of the light hitting each fibre in a 1-cm-pitch lattice is shown in two scenarios: on c an
opaque scintillator with a 5mm scattering length is simulated, whereas on d the scintillator is transparent. The colour of each point represents the number
of photons hitting a fibre at that x-y location. With a transparent medium the resulting image from the fibre array is almost completely washed out. In stark
contrast, the light confinement around each energy deposition with the opaque scintillator allows preservation of the event’s precious topological
information and the formation of a high-resolution image.

COMMUNICATIONS PHYSICS | https://doi.org/10.1038/s42005-021-00763-5 ARTICLE

COMMUNICATIONS PHYSICS | ����������(2021)�4:273� | https://doi.org/10.1038/s42005-021-00763-5 | www.nature.com/commsphys 3
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LiquidO Technology Molecular Modelling in cover pages 

  
 

Nature 
Comm. Phys. 

4 (2021) 
273

Impact of fully coherent energy loss on heavy meson 
production in pA collisions 

arXiv: 2107.05871 JHEP 01 (2022) 164

First NLO calculation for thermalisation in non-abelian 
gauge theory 

Phys. Rev D 105 
(2021) 054031

FAITS MARQUANT LiquidO: 

LiquidO SiPMs test bench ongoing @Subatech

8 SiPMs tests :
HPK S13360-1350
- breakdown & gain
- dark count rate
- optical cross-talk
- voltage temp feedback
- trigger conditions
- spe reconstruction (recozor)
- light sources
- time response

Blue LED - Omar Veledar et al 2007 Meas. Sci. Technol. 18 131

Laser PicoQuant 373 nm < 50 ps

Stage M1 PFA NU – Mathias Barant

- Assemblage  banc de test sipms huit voies avec l'aide des services méca, info et électronique
- Caracterisation des sipms de liquido et on va tester deux sources de lumière une LED avec des impulsions de 
l'ordre de la ns comme à IJCLab et avec une diode laser ps
- stagiaire m1 très bien pris en main le banc de test
- c'est la première chance de tester la réponse en temps de liquido avec des impulsions laser < 50 ps

Projects ANR TEP-
OTECH ANR  et 
EIC A AM-OTECH 

Faits marquants (2021-2022):

9 7 articles dans des revues à comité de lecture de haute qualité (deux couvertures de 
revues)

9 11 conférences orales (dont 3 invitées) lors de grandes conférences internationales 
(Goldschmidt, American Chemical Society, Clay Minerals Society, International Clay 
Conferences) 

9 5 posters lors de grandes 
conférences internationales

9 AGK a co-organisé 3 sessions 
spéciales et symposiums lors de 
grandes conférences 
internationales

9 AGK est un rédacteur invité pour 
des numéros spéciaux:
9 Clays and Clay Minerals

(2022)
9 Minerals (2021-2023)

Équipe Radiochimie 
Modélisation Moléculaire (2/3)
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Andrey 
Kalinichev, guest 
editor special 
issues Clay 
Minerals 2022 
and Minerals 
2021
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Figure 3. Comparison between LHCb data [48, 49] and FCEL baseline predictions of the p?-
dependence of RpPb, for D

0 production at
p
s = 5.02 TeV in the rapidity interval 2 < y < 2.5

(left), and for B± production at
p
s = 8.16 TeV in the interval 2.5 < y < 3.5 (right).

In Fig. 3 (left) we show the same data as a function of p? , for 2 < y < 2.5, together

with our FCEL baseline prediction evaluated at y = 2.25 .6 The fact that the FCEL e↵ect

(i.e., the deviation of R
H

pA w.r.t. unity) decreases with increasing p? is more visible on

this plot. The importance of the FCEL e↵ect is also evident on Fig. 3 (left): for the

chosen y-interval, it explains half of the D
0 nuclear suppression up to p? ⇠ 5 GeV. Since

LHCb has also measured B-meson suppression in pPb collisions at
p
s = 8.16 TeV [49], a

similar plot for B
± production is provided in Fig. 3 (right), over a larger rapidity window

(2.5 < y < 3.5) and for p?  20 GeV.

3.3 Influence of NLO processes – a rough estimate

The results presented in the previous sections assumed the LO picture described in Sec. 2.1.

In particular, FCEL has been implemented assuming that the pp cross section is dominated

by the LO process gg ! QQ̄ (which is indeed dominant over other LO processes for QQ̄

production at LHC energies).

On the other hand, we have taken the pp cross section to fit the pp data, which are

likely to receive an important contribution from higher-order processes. Clearly, a full NLO

calculation implementing FCEL is beyond the scope of our study. In order to estimate the

uncertainty associated with the LO picture used in our model, we investigate FCEL e↵ects

in a generic channel contributing to the pp cross section at NLO (in the fixed flavour

number scheme adopted here, see Sec. 2.1), namely, gg ! gG (where G denotes a ‘massive

gluon’ of mass 2m) followed by collinear gluon fragmentation G ! QQ̄ (Q and Q̄ sharing

equally the momentum of gluon G).

In the approximation where the induced radiation does not resolve the final parton

system (denoted as PDA in Sec. 2.2), FCEL depends on the partonic subprocess only

through the invariant mass and colour probabilities ⇢R of that system. In order to estimate

FCEL e↵ects assuming the above gg ! gG ! gQQ̄ process, we can thus use (2.9), up to

the following modifications: (i) the mass M⇠ of the gluon pair produced in gg ! gG is

6
Plots for all y-bins can be found in the ancillary files of the arXiv record.

– 9 –

PB Gossiaux, J Ghiglieri plenary speakers at major conferences 
in the QM2022 and SQM2022 fields
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Highlight Selection 2021-2022 (IV)
Book « Economie de 
l’énergie nucléaire » in 
collaboration with Jacques 
PERCEBOIS.
Editions ISTE, 500 pages, 
9 chapitres,  2 annexes, 
co-éditeru  Nicolas 
THIOLLIERE

Virgo : constraining H0   

Key milestones in Xemis2 project
ISRS 
2022

More than 600 participants, 80 industrial parteners, 70 
oral presentations. Program Chair :  Sandrine Huclier

B. Revenu, paper 
committee
arXiv:2111.03604v2
Astr. Phys. Jour.

Contribution technique: 
controller of  Peltier cell 
associated to the Faraday 
isolator

26/04/2022 Revue de projet - Amaury HERVO 6

Étape 4 vers l’intégration électronique charge - 1/4 de chambre 

Mars-Avril  2022

Test avec 16 PU:

- 162 XTRACT & IDEFX (5184 voies)
- 28 Cartes Cluster 
- 16 Cartes PU 
- 1 Carte Dispatch
- 1 Carte Interface Trenz
- 1 Carte concentratrice Spartan

Résultats : 
- Déclenchements sur :
    - Toutes les voies simultanément :
         - 1 pulse/voie/tranche
    - Voies par voies sur tout les Xtract

07/01/2022 Jean-Luc pour l'équipe projet 6

Intégration de la photodétection :
- Attente de l’infrastructure 

d’acquisition
- Attente de l’évolution de daq_visu

pour l’automatisation de l’étalonnage 
des voies PMT  

Jean-Sébastien Stutzmann 9

Mise en place des anneaux sur l’outillage.
• Poser de l’outillage sur les anneaux.
• Transférer progressivement les anneaux sur l‘outillage en 

remplaçant les vis qui maintiennent les anneaux sur le PCB par 
des vis qui maintiennent les anneaux sur l’outillage .

22/04/2022

Light  acquisition  and micro-grill installation



Subatech Laboratory2024 31

Highlight Selection 2022-2023 (I)
Review talk in  ICRC2023 by Valentin DECOENE 

ALICE EMCAL 
performances 

Deep Learning for 
reactor neutrino 
reconstruction.

JINST 18 
(2023) 08, 

P08007
129 pages

Hundred of DOMs assembled in 
Subatech during 2022-2023
4 offshore mission to deploy 
lines
10 articles KM3NeT

NN Graph for 
energy and 
vertex 
reconstruction 

Photoproduc
tion of J/psi 
in Pb-Pb 
collisions.

Phys. Lett. B 846 
(2023) 137467
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Highlight Selection 2022-2023 (II)
New experimental bremsstrahlung cross-section 
for light ion beams up to 60 MeV and comparison 
to theoretical »

Improving Fission-
product Decay Data 
for Reactor 
Applications : Decay 
Heat

Ultrahigh-Dose-Rate Proton Irradiation Elicits 
Reduced Toxicity in Zebrafish Embryos, 

Eur. Phys.J. A59 
(2023) 4, 78

Radiat. Phys. 
Chem., 203, 
110605, 2023

New TAGS 
Campaign 
in 
Jyvaskyla
Sep 2022
17 nuclei 
measured!

Advances in 
Radiation 
Oncology, 
8(2):101124, 
2023

Subatech EAOM Preparation: SENApril 11. 2024 16

TAGS Campaign @ Jyväskylä Sept. 2022

Nantes-Valencia proposal,
Very successful experiment,
Rocinante Spectrometer
coupled to the FASTER DAQ 
by the Subatech team
17 nuclei measured with TAGS
Analysis On-going (co-tutelle
PhD Julien Pépin) 
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Highlight Selection 2022-2023 (III)
Study of the physico-chemical evolution at the 
interface of wrought barrier materials used for 
high activity waste storage. 

Hard Probes 
2023

Molecular modelling of metal retention 
on clay materials.

Corrosion 
Science 
211, 
110852 
(2023).

Critical fluctuations in baryon densities PRC 107, 
014908
Microscopic model for the production of J/ψ 
2206.01308 (PRC)]
Clas. and quan. corrections to jet broadening in a QGP 
JHEP 11 (2022) 068
Length dependence of parton energy loss in QGP 
2212.01324
Energy loss (FCEL) in LHC and atmospheric heavy 
hadron production, [JHEP01 (2022) 164, PLB 835 
(2022) 137541

Nat. Rev. Earth 
& Environment 
3, 461 (2022)

Theory : 
2 plenaries et 6 
parallels talks
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3

Ondes gravitationnelles : cosmologie
on peut mesurer le taux d'expansion de 

l'univers (constante de Hubble-Lemaître H0) 
avec les ondes gravitationnelles

mesure avec l'unique 
fusion de 2 étoiles à 

neutrons

mesure avec l'unique fusion de 2 
étoiles à neutrons et les fusions 

de trous noirs

contribution de Subatech : editorial board de 
l'article, et analyse des données 

2111.03604 sera publié dans Astrophysical 
Journal

7

FIG. 5. Data and best-fit B0 model below 30 keV. No sig-
nificant excess above the background was found. The bump
at ⇠10 keV is from the LL-shell of 124Xe 2⌫ECEC [44], while
the discontinuity at 10 keV is caused by the blinded WIMP
search region, see Fig. 1 and 3. A finer binning than in Fig. 4
is used to show the event rate change near the threshold.

Fig. 6 shows the 90% confidence level (C.L.) upper
limit on solar axions, bosonic DM models, and solar neu-
trinos with an enhanced magnetic moment together with
sensitivity bands estimated from the background-only fit.
The solar axion limit is the upper bound of a 3D confi-
dence volume evaluated in the space of gae, ga�, and ge↵an ,
and projected onto the ga� vs. gae space. The 90% C.L.
upper limit on the 14.4 keV peak from the solar axion
57Fe component is 20 events/(t·y). Those limits hold for
axion masses up to ⇠100 eV/c2. Since the 83mKr rate is
left unconstrained, we only place upper limits for bosonic
DM with a mass between (1, 39) and (44, 140) keV/c2.
The maximum local significance of this search is around
1.8�. The excess observed in the XENON1T exper-
iment [1], when modeled as a 2.3 keV mono-energetic
peak, is excluded with a statistical significance of ⇠4�.
The 90% C.L. upper limit on solar neutrinos with an
enhanced magnetic moment is µ⌫ < 6.4⇥ 10�12 µB.

We also searched for a tritium component on top of
the background model B0. The best-fit rate of tritium
is 0 and the upper limit (90% C.L.) is 15 events/(t·y),
corresponding to a concentration of 5.8⇥ 10�26 mol/mol
of tritium in xenon. If the excess observed in XENON1T
was from trace amounts of tritium, the disappearance
of the excess in XENONnT may have resulted from the
aforementioned rigorous tritium prevention measures.

In summary, we performed a search for new
physics in the electronic recoil data in the keV en-
ergy range from XENONnT using an exposure of
1.16 tonne⇥years. The average ER background rate of
(15.8±1.3stat) events/(t·y·keV) in the (1, 30) keV energy
region is the lowest ever achieved in a DM search ex-
periment. The blind analysis shows no excess above the
background, excluding our previous BSM interpretations

of the XENON1T excess. Upper limits on solar axions,
bosonic DM, and solar neutrinos with an enhanced mag-
netic moment are set, excluding new parameter spaces.
A measured half-life of 124Xe 2⌫ECEC is also reported,
consistent with the final XENON1T measurement [44].
XENONnT is continuing to take data at LNGS. Since

the conclusion of SR0, upgrades to the radon removal
system were made to allow for its operation in the orig-
inally foreseen combined LXe and GXe mode, resulting
in a further reduction of the 222Rn activity concentra-
tion < 1µBq/kg. This extremely low background level
coupled with a large target mass will allow XENONnT to
continue probing intriguing physics channels such as DM,
solar axions, and solar neutrinos well into the future.
We thank Dr. Jenni Kotila at University of Jyväskylä

for providing the single state dominance spectrum of
136Xe 2⌫�� decay and suggesting the treatment for
its spectral uncertainty. We also thank Dr. Roland
Purtschert at Climate and Environmental Physics, Uni-
versity of Bern, for measurements of the 37Ar concentra-
tion at LNGS. We gratefully acknowledge support from
the National Science Foundation, Swiss National Science
Foundation, German Ministry for Education and Re-
search, Max Planck Gesellschaft, Deutsche Forschungs-
gemeinschaft, Helmholtz Association, Dutch Research
Council (NWO), Weizmann Institute of Science, Is-
raeli Science Foundation, Binational Science Foundation,
Fundação para a Ciência e a Tecnologia, Région des
Pays de la Loire, Knut and Alice Wallenberg Foundation,
Kavli Foundation, JSPS Kakenhi and JST FOREST Pro-
gram in Japan, Tsinghua University Initiative Scientific
Research Program and Istituto Nazionale di Fisica Nu-
cleare. This project has received funding/support from
the European Union’s Horizon 2020 research and innova-
tion programme under the Marie Sk lodowska-Curie grant
agreement No 860881-HIDDeN. Data processing is per-
formed using infrastructures from the Open Science Grid,
the European Grid Initiative and the Dutch national e-
infrastructure with the support of SURF Cooperative.
We are grateful to Laboratori Nazionali del Gran Sasso
for hosting and supporting the XENON project.

⇤ Deceased
† kazama@isee.nagoya-u.ac.jp
‡ Also at Coimbra Polytechnic - ISEC, 3030-199 Coimbra,
Portugal

§ eshockley@physics.ucsd.edu
¶ Also at Physikalisches Institut, Universität Heidelberg,

Heidelberg, Germany
⇤⇤ jingqiang.ye@columbia.edu
†† Also at INFN, Sez. di Ferrara and Dip. di Fisica e Scienze

della Terra, Università di Ferrara, via G. Saragat 1, Ed-
ificio C, I-44122 Ferrara (FE), Italy

‡‡ xenon@lngs.infn.it
[1] E. Aprile et al. (XENON), Excess electronic recoil

Highlight Selection 2022-2023 (IV)
Search for New Physics in Electronic Recoil 
Data from XENONnT

New measurement of the Hubble constant with 
gravitational waves

Double-Weak Decays of 124Xe and 136Xe in the 
XENON1T and XENONnT Experiments

Phys. Rev. Lett. 
129, 161805 

(2022)

Nuclear Energy Economics, Jacques 
Percebois and Nicolas Thiollière, Editions 
iSTE

Phys.Rev.C 
106 (2022) 2, 

024328

2023 Award of the  
Société de l’Énergie 

Nucléaire (SEN)
July 5th Paris

2111.03604
 Astrophysics 
Journal 949 
(2023) 2, 76
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Highlight Selection 2023-2024 (I)
ALICE@Run3 Pb-Pb 5.36 TeV

Energy losses of partons in a dense medium

Quarkonium dynamics in the quantum 
Brownian regime with non-abelian quantum 
master equations, S. Delorme et al., 
arXiv:2402.04488 

Heavy quark dynamics in EPOS4 for pp and 
AA

Calculation of the two-loop thermal contribution to the 
thermal mass of partons in jets passing through the QGP, 
J. Ghillieri et al. JHEP 03 (2024) 111
The crucial role of energy loss in the energy-energy 
correlator measured in heavy-ion collisions at the LHC, 
J. Barata et al,  2312.12527
Calculation of the FCEL spectrum beyond the dominant 
log approximation G. Jackson et al., 2312.11650

11 Avril 2024 19

MFT @ point2

ALICE @ Run3: Pb Pb data taking at 5.36 TeV

Muon (standalone track)

11 Avril 2024 19

MFT @ point2

ALICE @ Run3: Pb Pb data taking at 5.36 TeV

Muon (standalone track)End 2023

ALICE Thesis 
Award 2023

11 Avril 2024 22

PLASMA – Highlights physics results
Prix de la thèse ALICE 2023: Rita Sadek Finot

ALICE – Highlights 2023-2024

Rita SADEK FINOT
28/10/2022

HAL Id : tel-04008085

Heavy quarks in the QGP
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Highlight Selection 2023-2024 (II)
BePAT Project  : BeaQuant for alpha emitters 

and application for alpha-therapy

99 DOMs for KM3NeT 
integrated at Subatech.  
24 foreseen in 2024. 
Recognized experts

Young Investigator Award 
for his poster presentation 

at the 'International 
Symposium on Trends in 

Radiopharmaceuticals 
(#ISTR2023) organised by 

IAEA. 

Presentation of Frederic 
YERMIA de final results 

of the experiment in 
ICHEP-2024

Article being finalised Musée d’Arts et Métiers

Construction of a linear ToF for SMILES

20202024

Faits marquants : KM3NeT @ Subatech - 1

DOM production
• 99 DOMs integrated so far, +37 for 2024
• Subatech integration center recognized as expert, refurbishing 
of old DU ARCA01 damaged after 3 years in water and 
recovered in 2019 - 11 DOMs / 18 could be refurbished

Massive calibration and commissioning
• Acoustic reconstruction of DOMs position
• Compass calibration for DU orientation

Technical contributions

Software & computing
• Work on data format for the Acoustic Data Filter
• Work on the compiling tools (Cmake)

Distributed mass processing
• Contributions to the setting of new tools (Dirac, Rucio, 
SnakeMake)

ORCA deployment
• Participation to 12 sea operations since 2018

• “Fake DOM” homemade for a long lasting exhibition at the 
Musée des Arts et Métiers (Paris): “Explorer l’infiniment…”

↵

Current speed

Line tilt amplitude (acoustics)
6

Faits marquants - SoLid - 2024

o Contributions majeures de Subatech aux 
calibrations, algorithmes de reconstruction, analyse

o Efforts importants dans l’analyse pour réduire le 
bruit de fond (topologie + BDT) (coordination de 
l’analyse: Subatech)

o Analyse terminée, publication en
cours de rédaction
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○ The resulting exclusion contour is just shy of the RAA 
best-fit point, but still excludes some of the 95% 
region.

○ The fit was model-dependent, but will be 
complemented by the model-dependent and model-
independent Bayesian analyses.

○ A rigorous analysis of the U-235 antineutrino energy 
spectrum is coming soonPrésentation des dernières résultats officiels de 

SoLid à ICHEP 2024 par F. Yermia
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Highlight Selection 2023-2024 (III)
XeSAT 2023 à Nantes 

https://indico.in
2p3.fr/event/28

661/

17Préparation EAOM

n Installation et test électronique du 
premier End-Cap de XEMIS2 au 

CHU de Nantes 

n Mise en place d’une première 
solution de calibration du système 

d’acquisition des signaux de 
scintillation

n Démarrage de la calibration du 
système d’acquisition des signaux 

d’ionisation

n Actuellement : assemblage du 
deuxième End-Cap de XEMIS2

n À l’automne : caméra fermée et 
démarrage des opérations

XEMIS

Installation 1st endcap
Light calibration ready

Charge calibration in good 
shape

Assembly of 2nd endcap on-
going 

Ready for commissioning in 
autumn

New e-shape campaign 
in Jyvaskyla for 

completing initial 
proposal of nuclei list

December 2023
PhD starting in 

September  2024

Subatech EAOM Preparation: SENApril 11. 2024 27

Subatech EAOM Preparation: SENApril 11. 2024 29

PROPOSAL E891_23
GANIL PAC 14/11/2023

Total Absorption Spectroscopy for
Nuclear Structure and Nuclear Astrophysics

Spokespersons: M. Fallot1, S. E. A. Orrigo2, A. M. Sánchez Benítez3, 
B. Rubio2, A. Algora2,4, J.-C. Thomas5, W. Gelletly6, B. Blank7, L. Acosta8, J. Agramunt2, P. Aguilera9, O.
Aktas5, G. Alcala2, P. Ascher7, D. Atanasov7, B. Bastin5, A. Beloeuvre1, E. Bonnet1, S. Bouvier1, M. J. G.
Borge10, J. A. Briz11, A. Cadiou1, D. Cano Ott12, G. de Angelis13, G. de France5, Q. Delignac7, F. de Oliveira
Santos5, N. de Séréville14, C. Ducoin15, J. Dueñas3, M. Estienne1, A. Fantina7, M. Flayol7, C. Fonseca2, C.
Fougeres16, L. M. Fraile11, H. Fujita17, Y. Fujita17, D. Galaviz18, E. Ganioglu19, F. G. Barba18, M. Gerbaux7, J.
Giovinazzo7, D. Godos8, S. Grevy7, V. Guadilla20, F. Gulminelli21, F. Hammache14, J. Mrázek22, O. Kamalou5,
T. Kurtukian-Nieto10, I. Martel3, N. Millard-Pinard15, F. Molina23, E. Nacher2, S. Nandi1, S. Parra2, J. Pépin1,
J. Piot5, Z. Podolyak6, A. Porta1, B. M. Rebeiro5, P. Regan6, D. Rodriguez2, O. Sorlin5, C. Soto15, O.
Stezowski15, C. Stodel5, J. L. Tain2, O. Tengblad10, P. Teubig18, L. Trache24

1 Subatech, Nantes, France
2 IFIC-CSIC, Valencia, Spain
3 UHU, Spain
4 Atomki, Debrecen, Hungary
5 GANIL Caen, France
6 Univ. Surrey, UK
7 IP2I, Bordeaux, France
8 Instituto de Física-UNAM, Mexico

9 Univ. Padova and INFN, Italy
10 IEM-CSIC, Spain
11 UCM Madrid, Spain
12 CIEMAT, Spain
13 LNL-INFN, Italy
14 IJCLab, Orsay, France
15 IP2I, Lyon, France
16 ARGONNE, USA

17 RCNP Osaka, Japan
18 LIP-Lisboa, Portugal
19 Univ. Istanbul, Turkey
20 Univ. Warsaw, Poland
21 LPCCAEN, France
22 NPI CAS, Czech Republic
23 CCHEN, Santiago, Chile
24 NIPNE, Romania

Accepted!
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Production Scientifique Subatech

LODEX IN2P3 : https://publications-2312.in2p3.lodex.fr 

2023 data not 
consolidated yet
In particular for 

the oral 
presentation in 

conferences.

Published articles with Subatech affiliation 

On April 19 2024
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Subatech Projects &
Technical Services 
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o The teams develop scientific projects :
• Scientific goals
• Project organisation (scientific and technical project leaders,  

management, and WP organisation)
• Technological contributions 
• Human and financial resources
• Planning and milestones

o Allocation of resources review every year (Jan-Feb)
o Organisation of internal reviews of the projects
o Participation to national or international reviews
o Evaluation and approval in Subatech and/or IN2P3 Scientific 

Councils 

Subatech project organisation
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Projects @ Subatech, March 2024
Two infinites Ene & Env Health Technology

Radio-
chemistry

Nuclear

Hadronic

Particules

Astropart
XENONnT

Xemis2Xemox
R2D2

KM3Net Virgo

EPOSHP

Autotherm

ALICE

LHCb

Strong2020

JUNO

AMOTech TEPOTech
LiquidO

Xemis1

SMART

TAS Sanda/Aprende 

Samosafer/Endurance 

MIMOSA 

CLASS

NA2STARS

Inspect

CINEASTE

SMILES

RAMI IRMA

FlashMod

REPARE

Modelling

Materials

Radionuclides

Stockage

EURAD PREDIS

PTRRadonorm RoAsta

R&T BiCMOS

XeLab

Maeva

OPALE

BioHadron

Diamant

DiammoniIsac 

MiniRap

Nacre Sudec 

Radiocéan

TTRIP

Scenario

nEXO

Arronax

R&T 
concentrator

TAGs 

CHESS

TransforMed

TESMARAC

ColdLoss

Iron

Terraform

OPALE 
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Master projects  of IN2P3: ALICE, Exploitation (GANIL, ISOLDE,Jyvaskyla), TAGS, 
OPALE (E-Shape), LiquidO, Authoterm, R&T BiCMOS, BioHadron, DAMIC, Diamant, 
DiamTech, (Endurance), EPOSHP, EURAD, Isac, JUNO, KM3NeT, Mimosa, MiniRap, Desir 
(NA2STARS), R2D2, Radiocéan, Radonorm, SMILES, Strong2020, Tesmarac, TTRIP, 
Xelab, Xenon 
NEED: Inspect, Nacre, Sudec, Cineaste, Moustique, …
European Projects : EURAD (EURAD2), PREDIS, RadoNorm, Strong2020, Sanda 
(Aprende), Samosafer (Endurance), 
France 2023: ISAC, …
Equipex: Iron, TerraForm
ANR projects: Authoterm, CPJ Scenario, …
Industrial projects: Maeva, RadTrans, XeMox, …
Others:  Xemis2 (today NExT)
CPER: Conta-conti, SMILES,

More about projects 
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o Technical services are one of the laboratory's strengths, a French 
asset that is the envy of our colleagues from other countries.

o Its skills and strategy must be synchronised with our scientific 
ambitions.

o The heads of services and the technical department operate 
dynamically, and staff assignments are reviewed and updated for 
the year to come. 

o Prospective in coordination with IN2P3:
• Evolution (situation of the most important projects, feedback after a R&D)
• Transmission (create a pool of apprentice, recognising the tutoring projects)
• Accompaniment (training budget increase, national expertise units, national 

platforms)

Role of Technical Services
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The technical services of Subatech

Administrative
department

Electronics

Mechanics

Instrumental servicesGeneral Services

IT MNDL
(Computing)

Radiochemistry

SPR-I
(Risk prevention & 

infrastructure management)

IT ASR
(System & network)

SMART
(Radioactivity measurement delivery platform)
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Technical contribution to projects
Two infinites Ene & Env Health Technology

Radio-
chemistry

Nuclear

Hadronic

Particules

Astropart
Xemis2

R2D2

KM3Net Virgo

EPOSHP ALICE

LHCb

JUNO

LiquidO

(NA)2STARS 

SMILES FlashMod

REPARE

Materials

Radionuclides

R&T BiCMOS

XeLab

Arronax

R&T 
concentrator

TAGS / E-Shape

Radioactivity measurement (SMART)
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Technical contribution to projects
Projects/Instr. services IT MNDL Electronics Mechanics Radiochemistry Research Team SMART FTE/project
Radiactivity measurement 12,7 12,7
EPOS HP/4 0,7 0,7
JUNO 0,4 0,4
KM3NeT 0,6 0,7 1,9 3,2
LIQUIDO 0,5 0,1 1 1,6
ALICE 0,1 0,3 0,4
LHCb 0,5 1 0,4 1,9
ARRONAX 0,8 0,8
REPARE 0,4 0,4
E-shape 0,45 0,3 0,75
(NA)2STARS 0,45 0,7 1,15
XEMIS2 0,2 1,6 1,4 0,6 3,8
XeLab 0,7 0,1 0,8
R2D2 0,25 0,5 0,75
FlashMod 0,5 0,5
SMILES 1,1 1,1 0,8 3
VIRGO 0,6 0,6
R&T BiCMOS 0,8 0,8
R&T Concentrator 1 1
Radionuclides & Environment 0,5 2,8 0,1 3,4
Materials 0,5 3,15 3,65
FTE/services in 2024 3 8,35 10,2 6,45 1,6 12,7 42,3
Tools, skills, teach support 0,4 1,65 1,8 1,55 0,2 5,6
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o Administrative department (13 people / 13 FTE)
- Finance and purchasing
- Travel management
- Human resources
- Teaching secretariat
- Communication, events and visitor management
- Executive secretariat

o SPR-I (3 people / 3 FTE)
- Risk prevention (handling, electrical, mechanical, chemical, laser)
- Radiation protection
- Annual management of the evacuation of radioactive waste
- Management of the infrastructure close to IMT-Atlantique staff
- Organization of the transport of hazardous materials

o IT ASR (4 people / 3,5 FTE)
- Purchase, installation & maintenance of general IT infrastructure
- Purchase and installation of workstations
- Assistance in the installation of software packages and processing tools
- Management of information system security

General Services
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Subatech in 2030
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The Neutrino Team
Main topic : Study of the physical properties of neutrinos, detection and 
observation of their astrophysical sources
Some distinctive features : Vast experience acquired in past experiments (Solid, 
Double Chooz),  synergy btwn several 𝝂 exp. to deduce mass ordering before 
2030, member of Scient. Council IN2P3, JUNO-France, largest DOM production 
in France for KM3NeT  
Projects and manpower (permanent staff) :

KM3NeT : 4 (3 FTE)

JUNO : 4 (2,5 FTE)

Liquido / OTECH : 1 FTE

2024 2030

1 retirement 1 migration from PLASMA + 2 recruitments 
8 10

KM3NeT : 5 (4 FTE) ; exploitation and 
preparation of Ultra High E 𝝂 ext. 
(GRAND?)
JUNO : 5 (4 FTE) ; gaining precision on 
fundamental parameters
SuperChooz Pathfinder

Team request
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The Plasma Team
Main topic : Experimental study of the hadronic matter, heavy ion collisions at 
ultra relativistic energies through hard probes (quarkonia and jets)
Some distinctive features : Numerous responsibilities inside the ALICE 
collaboration (e.g. for the muon tracker / trigger), PI of the MFT project, head of 
the strong project. Contributions from detector construction, on-off-line and 
physics analysis
Projects and manpower (permanent staff) :

ALICE : 8 (6,25 FTE) 
Start of LHCb@Subatech (as 
technical associate) : 6 (1,15 FTE)

2024

ALICE : 5 (3,5 FTE)
(physics analysis) 

2030

1 retirement + 1 migration -> neutrino team 1 return from detachement + 3 recruitments 

LHCb : 6 (5,5 FTE)
(full member) 

9 11

2032

1 migration -> 
Neutrino

Team request
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The PRISMA Team
Main topic : Fundamental and applied research on the 
interaction of radiation and particles with matter

RAMI : 2.2 FTE
IRMA : 0.9 FTE
HB : 0.9 FTE
SMILES  : 2.5 FTE     
(conception and integration)

2024 2030

1 recruitment 9 + 1 Eng. 10 + 1 Eng.

Some distinctive features : conducts research 
around 3 major areas of scientific expertise with 
strong societal impact; strongly involved in the 
Arronax- Nantes community and the GDR MI2B

Projects and manpower (permanent staff) :

RAMI : improved purity, targetry
IRMA : improved detectors 
(DIAMANTS,…)
HB : understand Flash effect & develop 
irradiation means  : 
SMILES  : under operation

Team request
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The Radiochemistry Team
Main topic : Research on the behavior of radionuclides and the migration in the
environment, the conditioning of waste in storage conditions, and the problems 
of decontamination and cleanup of nuclear facilities.

Materials for Nuclear Applications 
Radionuclides & Environment 
Radionuclides & Health 
Radiation Chemistry 
Modelling 

2024 2030

2 recruitments 11 + 7 Eng/Tech. 

Some distinctive features : One of the largest radiochemistry teams in France, 
broad range of activities, strong links with the nuclear industry, ``plateau 
technique’’,…
Projects and manpower (permanent staff) :

2 retirements

Materials for Nuclear Applications 
Radionuclides & Environment 
Radionuclides & Health 
Modelling 

11 + 7 Eng/Tech. 
Team request
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The SEN Team
Main topic : Research on nuclear physics and associated simulations, applications to neutrino 
physics in nuclear reactions, nuclear energy and astrophysics

Nucl. Structure and Astrophysics : 1 FTE
Reactor Antineutrinos : 1 FTE
Reactor Decay Heat : 0.5 FTE 
INDRA/FAZIA : 1 FTE

2024 2030

2 recruitments 5 

Some distinctive features : Expertise in total absorption g spectroscopy technique 
(TAGS), measurement of b energy spectra, simulations for reactor anti-n, 
residual power, … clever cross-fertilization between the various axes, highly 
involved in relevant experiments and collaborations 
  Projects and manpower (permanent staff) :

1 unforeseen migration -> 
other IN2P3 lab

7

Nucl. Str. and Astro + (NA)2STARS: 2 
FTE
Reactor Antineutrinos : 1 FTE
React. Decay Heat & Molten Salt 
React: 1 FTE 
INDRA/FAZIA : 1 FTE

Team request
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Phéno of URHIC (jets, HQ, hydro,…)
Numerical Simulation 
UR pA and EIC
Finite-T TQC and other theory 
development
Other (Astrophysics and cosmology 
?) 

The Theory Team
Main topic : Research on nuclear physics, hadronic physics and elementary 
particle physics, application to astroparticles and cosmology 

Phéno of URHIC (jets, HQ, hydro,…): 
2 FTE
Num. Simulation (EPOS-HP): 1 FTE
UR pA and Fully Coh. E Loss : 2 FTE 
Finite-T TQC : 1 FTE
AA collisions (inter. & low E) : 1 FTE

2024 2030

4 recruitments 11   

Some distinctive features : Broad range of research, high international visibility, 
common “langage” enabling multiple internal and external collaborations, links 
with some experimental teams, event generators used worldwide (EPOS, QMD),…

Projects and manpower (permanent staff) :

4 retirements11   Team request
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The Xenon Team
Main topic : Direct search for dark matter and rare decays using innovative 
detection techniques and applications associated to these technologies 

Dark Matter: 1,25 FTE

Rare decays (2b0n) @nEXO: 0,5 FTE

XEMIS2 : 1,75 FTE
R2D2 : 1FTE

2024 2030

2+1 recruitments 5 + 1 Eng. 

Some distinctive features : Among the top-2 collaborations competing for 
sensitivity in DM detection and rare decays; smart synergy between 
fundamental research and applications (top-level instrumentation for medicine 
and nuclear industry); Scientific Council of IN2P3
Projects and manpower (permanent staff) :

6 + 2 Eng.1 retirement

Fundamental F of tomorrow with LXe
Ø Dark Matter : 1 FTE
Ø Rare decays (2b0n) @nEXO: 1 FTE
Ø Other : 1 FTE
XEMIS2 and 3 :  3 FTE

Team request
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Emerging teams
Scenario: Interdisciplinary contribution to nuclear energy: Scenario analysis for 
the energetic transition.
Gravitational waves: Cosmology with gravitational waves and populations of 
compact binaries and the astrophysical consequences.

Scenario: 1.5 FTE

Gravitational waves (Virgo) : 
1,0 FTE

2024 2030

1 CPJ recruitment 3 

Projects and manpower (permanent staff) :

4

Scenario: 1.5 FTE
Gravitational waves  (Virgo+ET) : 2,0 
FTE
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Laboratory's age pyramid 
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Laboratory's age pyramid : researchers 
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Laboratory's age pyramid : engineers 

12 10 8 6 4 2  0  2  4  6  8

20-24

25-29

30-34

35-39

40-44

45-49

50-54

55-59

60-64

65-69

AGES H/F IT PERMANENTS

HOMMES FEMMES



Subatech Laboratory2024 60

NU : 2 in the buffer (previous retirements : Theory and Plasma)
IMT : Atlantique : 1 in the buffer (new position Health axis)
NU : 4 retirements  è 4 expected positions + 1 new position
IMT Atlantique : 2 expected retirements è 2 expected positions
CNRS : 3 retirements è 3 expected positions + 2 new positions

Realistic estimation positions
2024 2030

17 recruitments + 1 end of detachement 

61 researchers 

9 retirements

Full demand : 70 researchers
Realistic demand : 64 – 68 
researchers  (11-15 
recruitments) 
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Management would therefore like to have the CSS's advice of our 
overall project for the laboratory as a whole, in the context of the 
national and international environment, and by assessing our 
strengths and weaknesses, the opportunities open to us and the 
threats. It is important for us to gauge the relevance of our project, 
and to know where our impact will be original, or even unique, so 
that we can identify priority projects as well as the critical mass in 
terms of human resources we need to achieve on these projects in 
order to have a major impact in international collaborations or in 
the concerned research domains.

Questions to the CSS
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Thank you!


