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Scientific research In the field of radiochemistry, nuclear physics, hadronic
physics, particle physics and astroparticles, and related technological

developments and applications, in particular in the aspects concerning
health, energy and environment.

Fundamental /\\

Fundamental Applied

N

Besides, SUBATECH website Is frequently visited by people in search of
underwater equipment !!




Radiochemistry
Materials for nuclear reactors
and nuclear wastes
Interfaces
Radionuclides
In the environment and for health
Radiolysis
Modelling

Born &

Theory
Nuclear reactions
QCD
Heavy Quarks
Jets Physics
Phenoménology
EPOS
Quantum Radiochemistry

Research Teams of Subatech
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Plasma
Relativistic Heavy lons Exp.
Quark Gluon Plasma EXxp.

Neutrino _ALlCE _
S(tructure)E(nergy)N(uclearr) Neutrino properties Detection techniques

Nuclear Physics
Nuclear Reactor Simulation
Antineutrino spectrum

EXTASIS

GROUPE ASTRO

Nombre de neutrons N =

Extragalactic neutrino
New detection techniques
Nuclear scenatri
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. Xenon
Astro Dark Matter
Cosmic Rays ~ Prisma New détection techniques
New detection techniques Production of radionuclides Medical Imaging

RMI & Biological irradiation
Non destructive techniques
Dosimetry



Subatech Projects
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1st Stars
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International collaborations of Subatech
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Mostly Large International collaborations

ALICE@CERN 174 labs, 40 countries, European Projects

XENON@GdSasso 23 labs, 10 countries, - FP7 12 projects

SOLID@Belgigue neutrinos 13 labs, 4 countries, - H2020 5 projects

Double Chooz@France: 31 labs, 7 countries - Erasmus Mundus SARENA (3 M€)

Juno@Chine : 71 labos, 16 countries - STRONG2020 (10 M£) : Barbara Erazmus
KM3NET@Franc-Italy, 13 countries - EUROAD Storage (35 M€ for 150 labs in Europe): Bernd Grambow

EXTASIS/astroparticules, Nancay 2 ERC in preparation through « Etoile Montante » regional fundings



Beyond Research : Education and Outreach

Education R Outreach
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Master PFA (Fondamental Physics and
applications) : RPS, RIA, DMN
Master SNEAM : AVWM, NEPIA, NUTMA
ERASMUS MUNDUS SARENA

. bE IMT Atlantique Teaching
- S Option Nuclear Engineering
IR i ot N 18 IFCEN (China)
e Y Nantes University Teaching
e PhD program

/wa © fop”l,ﬁl e « Féte de la Science»
(e e 7 g MasterClasses of CERN
. e P OOO00 000 « Café des Sciences»
« Seminaires Grand Public»
Expositions
Films
« Passerport Recherche» g gy _ el
High School Seminars : by o IS iAo )
July 2019 Intership intermediate and high school —— ==
- Organisation of National and

International conferences
Experiments : Saladetron, Chocolate
and speed of light, Cloud Chamber,

« billotron» , ...

Sociéte Francaise
de Physique =7




Few numbers about Subatech

Each year:
~120 peer-review articles
~200 oral communications
~12 PhD Defense
~24 HDR Researchers

~54 researchers and professors
~75 engineers & technicians
~17 post-docts

~39 PHD students

8 research teams
1 platform (SMART)
5 technical services

1 chair

ANR Projects,
Equipex Project,
European Projects
Regional Projects,
CPER et Feder

Contract with industry :
EDF, ANDRA, ORANO & CEA

Each year:
~5 M€ budget (no salaries included)
3.5 M€ from contracts, ANR, Europe, ...
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Some recent scientific highlights | SSRGS B <— Vs, =85 k) mor”

Experimental and theoretical evidence of halogen
Major contribution of Niobium iIsomers decay de la bounds with Astatine,

In the modelling of reactors neutrinos Nature Chemistry 10 (2018) 428

Physical Review Letters 122 (2019) 042502
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First results of dark matter quest after 1 tonne x 1 year of

Xenon-1T exposure
Physical Review Letters 121 (2018) 111302
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Some recent scientific highlights ! S04y Applied Radiation and Isotopes

Volurme 142, December 2018, Pages 104-112

Production of Scandium isotopes (43, 449, 44m, 47)
for health with proton and deuteron beams @
ARRONAX (Nantes) and enriched targets. Production
reaches the designed 104 — 102 MBg/uAh

Production of Sc medical radioisotopes with

PTD’(OH E{ﬂd dEthET(}n bearng

EXTASISR Last data collection for Run2 Pb-Pb @ LHC
‘ =N November 2018.
_ ALICE data : 0,5 nb-1 (2x 2015)
: a2 publications ALICE since-July 2018
gt | s
— .= Direct+reflected s A t,, . ;
1500 . [?E]UD 2500 J
« State of Art » simulation of radio-emission ? / (¥ [ 1
from cosmic showers 1L
Physical Review D99 (2019) 063009




Rl EJP EURORAD, Radiochimie
. . - Projet Europeen 2019-2023 35 M€
* *
Other highlights “*% " Prof B. Grambow membre du executive
STRONG2020

committee
Théorie & Expérience Interaction Forte Reunion de la collaboration
Projet Européen 2019-2023 10 M€

iInternationale Km3Net a
Coordinateur au niveau européen Nantes (Chateau & IMT Atlantique)
B. Erazmus (Subatech)

W 10-14 juin 2019
d Exposition Magnetica

Chaire Stockage IMT Atlantique
(ler avril — 27 mai 2019)

Prof B. Grambow
ANDRA & EDF & ORANO 'u ' J. Masbou, T. Plerret

2020-2024 340 kElyear Livraison banc test Small-PMT 1600 visiteurs,6 k€
Installation en Chine prévue

pendant I'ete 2019. Maintenance MACNETICA
SAfe and REliable Nuclear Applications 2020/21 CG SFP 2019 Nantes
» (SARENA) : un nouveau Master 8-12 juillet 2019
labellisé Erasmus Mundus (2019-2024) ¢ Expo Grand Public
A. Abdelouas & Ch. Hartnack __ 25° Congrés Général o
66 etudiants Master et 3,3 M€ SARENA de la Société Francaise

de Physique Sﬁ

Finlande — Espagne — France - Slovénie



Fundamental vs Applied

o Darl Matter quest and 3-y medical imaging

Fundamental Applied



« Dark » matter, as no know particle
candidate for its manifestations

5 times more dark matter than usual
matter

Dark matter indeed seems to exist:

@ Galaxies motion

@ Galaxy clusters and et cluster collisions
@ Cosmological background

@ Primordial nucleosynthesis




The quest for new particles

@ New particles (WIMP) are searched for in order | =
to understand dark matter. ;

@ Ultra sensitive detectors (XENON based) are
built deep underground in the Alps (National

Lab of Gran Sasso (LNGS)).

@ Dark matter could also be produced @ LHC ...



Major Scientific Results... The best there Is In seeing nothing !

XENON100 Dark Matter Results from a Combination of 477 Live Days

XENON100 Collaboration (E. Aprile (Columbia U.) , J. Aalbers (NIKHEF, Amsterdam), F. Agostini (Gran Sasso & Bologna U. & INFN, Bologna), M. Alfonsi (U. Mainz, PRISMA), F.D. Amaro
(Coimbra U.), M. Anthony (Columbia U.), F. Arneodo (New York U., Abu Dhabi), P. Barrow, L. Baudis (Zurich U.), B. Bauermeister (Stockholm U., OKC & U. Mainz, PRISMA), M.L.
Benabderrahmane (New York U., Abu Dhabi), T. Berger (Rensselaer Poly.), P. A. Breur, A. Brown (NIKHEF, Amsterdam), E. Brown (Rensselaer Poly.), S. Bruenner (Heidelberg, Max Planck Inst.), G.
Bruno (Gran Sasso), R. Budnik {(Weizmann Inst.), L. Bltikofer (Bem U.), J. Calvén (Stockholm U., OKC), J.M.R. Cardoso (Coimbra U.), M. Cervantes (Purdue U.), D. Cichon (Heidelberg, Max
Planck Inst.), D. Coderre (Bern U.), A. P. Colijn (NIKHEF, Amsterdam), J. Conrad (Stockholm U., OKC), J.P. Cussonneau (SUBATECH, Nantes), M. P. Decowski (NIKHEF, Amsterdam), P. de Perio
(Columbia U.), P. Di Gangi (Bologna U. & INFN, Bologna), A. Di Giovanni (Zurich U.), S. Diglio (SUBATECH, Nantes), E. Duchovni (Weizmann Inst.), J. Fei (UC, San Diego), A.D. Ferella {Stockholm
U., OKC), A. Fieguth (Munster U.), D. Franco (Zurich U.), W. Fulgione (Gran Sasso & INFN, Turin), A. Gallo Rosso (Gran Sasso), M. Galloway (Zurich U.), F. Gao (UC, San Diego), M. Garbini
(Bologna U. & INFN, Bologna), C. Geis (U. Mainz, PRISMA), L. W. Goetzke {Columbia U.), C. Grignon (U. Mainz, PRISMA), C. Hasterok (Heidelberg, Max Planck Inst.), E. Hogenbirk (NIKHEF,
Amsterdam & NWO, The Hague), R. ltay (Weizmann Inst.), B. Kaminsky (Bem U.), G. Kessler, A. Kish (Zurich U.), H. Landsman (Weizmann Inst.), R.F. Lang (Purdue U.), D. Lellouch, L.
Levinson {Weizmann Inst.), M. Le Calloch (SUBATECH, Nantes), C. Levy (Rensselaer Poly.), Q. Lin (Columbia U.), S. Lindemann, M. Lindner (Heidelberg, Max Planck Inst.}, J. A. M. Lopes
{Coimbra U.), A. Manfredini (Weizmann Inst.}, T. Marrodan Undagoitia (Heidelberg, Max Planck Inst.), J. Masbou (SUBATECH, Nantes), F.V. Massoli (Bologna U. & INFN, Bologna), D. Masson
(Purdue U.}, D. Mayani (Zurich U.}, Y. Meng (UCLA), M. Messina (Columbia U.), K. Micheneau (SUBATECH, Nantes), B. Miguez (INFN, Turin), A. Molinario (Gran Sasso), M. Murra (Munster U.),
J. Naganoma (Rice U.), K. Ni (UC, San Diego), U. Oberlack (U. Mainz, PRISMA), S. E. A. Orrigo (Coimbra U.), P. Pakarha (Zurich U.), B. Pelssers (Stockholm U., OKC), R. Persiani (SUBATECH,
Nantes), F. Piastra (Zurich U.), J. Pienaar (Purdue U.), M.-C. Piro (Rensselaer Poly.), G. Plante {Columbia U.), N. Priel (Weizmann Inst.), L. Rauch (Heidelberg, Max Planck Inst.), S. Reichard, C.
Reuter (Purdue U.), A. Rizzo (Columbia U.), S. Rosendahl (Munster U.), N. Rupp (Heidelberg, Max Planck Inst.), J.M.F. dos Santos (Coimbra U.), G. Sartorelli (Bologna U. & INFN, Bologna), M.
Scheibelhut (U. Mainz, PRISMA), S. Schindler (Mainz U., Inst. Phys. & U. Mainz, PRISMA), J. Schreiner (Heidelberg, Max Planck Inst.), M. Schumann (Bem U.}, L. Scotto Lavina (SUBATECH,
Nantes), M. Selvi (Bologna U. & INFN, Bologna), P. Shagin (Rice U.), M. Silva (Coimbra U.), H. Simgen {Heidelberg, Max Planck Inst.), M.v. Sivers (Bem U.), A. Stein (UCLA), D. Thers (SUBATECH,
Nantes), A. Tiseni (NIKHEF, Amsterdam), G. Trinchero (INFN, Turin), C. D. Tunnell (NIKHEF, Amsterdam), R.. Wall {Rice U.), H. Wang (ucLa), M. Weber (Columbia U.), Y. Wei (Zurich U.), C.
Weinheimer (Munster U.), J. WUIf (Zurich U.), Y. Zhang (Columbia U.)) Hide

Sep 20, 2016 - 12 pages

Phys.Rev. D94 (2016) no.12, 122001
(2016-12-12)
DOI: 10.1103/PhysRevD.94.122001
e-Print: arXiv:1609.06154 [astro-ph.CO] | PDF
Experiment. XENON100

Direct dark matter search in XENONI1T
experiment; new results foreseen from
future XENONNT under construction
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Several technical challenges and patents

The same detection technique Is now
applied to medical imaging !!!
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Medical imaging with a 3 photons

- Need for a beta+ + photon emitter In

radioactive decay

- Le Sc-44 is a good candidate ( produced

locally at ARRONAX)

- Xenon Medical Imaging System (XEMIS)

rely on the LXe technology used in XENON
experiment.

- Xe Is extracted from the air (price: 0.5-4 k€

par kg)

- Main advantage : same imaging quality for
Injected dose reduced by 100-1000 =>
faster and cheaper on the long term

Compton
Telescope
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XEMIS2 : Small Animal Imaging,
now Installed at the CHU

Purification Loop ” ReStoX . Cryostat 1 onte . 8l Pl ans fOr XEMISB
o rw & . Vs - BEE - | body imaging
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Final words

We seldom know what could be the outreach of fundamental research...
... SO go for it (live STRONG)
Stay eyes wide opened

And enjoy your stay here in Nantes / IMT Atlantique / Subatech



Un autre exemple des nos activites :

s La chimie de I'Astate : une recherche orientee



La chimie de 'astate
("instable" en grecque)
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@ Tous les isotopes de l'astate sont instables. Le plus stable, At-210 gqui vie en moyenne 8h
@ On estime ainsi a moins de 30 g la quantite d’'astate présente dans la crolte terrestre

@ Aucun échantillon pure d'astate existe, car I'échantillon s’évaporerait immediatement a cause de la
chaleur radioactive

@ Son isotopeAt-211 possede en effet de bonnes propriétés physiques permettant d’eliminer les
cellules cancéreuses, grace au rayonnement crée par la desintegration du noyau radioactif



Creer I’Astate dans les accéelérateurs de particules
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@ |L’accelérateur nantais Arronax peut créer de I'Astate

@ Mais il faut connaitre la chimie de I’Astate pour imaginer la molécule pour transporter
I'astate pres des cellules tumorales a éradiguer avec la particularité de travailler a
I'echelle des ultra-traces (de 'ordre du nanogramme...)



Une approche developpée depuis 15 ans et adaptéee a
'étude de cet élément « rare » et « invisible »




L'astate peut former des
Interactions par liaison
halogene!

Plus fort que le lode!

ART' C LES namre

https://doi.org/10.1038/541557-018-0011-1 Chﬂl‘]l iStf }'F

yntheése, ' nalyse,

Experimental and computational evidence of odélisation
halogen bonds involving astatine

UMR CNRS 6230
Ning Guo', Remi Maurice', David Teze ™', Jérome Graton 2, Julie Champion', Gilles Montavon™ UNIVERSITE DE NANTES

and Nicolas Galland ™ 4*

The importance of halogen bonds—highly directional interactions between an electron-deficient s-hole moiety in a haloge-
nated compound and an acceptor such as a Lewis base—is being increasingly recognized in a wide variety of fields from bio-
medicinal chemistry to materials science. The heaviest halogens are known to form stronger halogen bonds, implying that if
this trend continues down the periodic table, astatine should exhibit the highest halogen-bond donating ability. This may be
mitigated, however, by the relativistic effects undergone by heavy elements, as illustrated by the metallic character of astatine.
Here, the occurrence of halogen-bonding interactions involving astatine is experimentally evidenced. The complexation con-
stants of astatine monoiodide with a series of organic ligands in cyclohexane solution were derived from distribution coefficient
measurements and supported by relativistic quantum mechanical calculations. Taken together, the results show that astatine
indeed behaves as a halogen-bond donor—a stronger one than iodine—owing to its much more electrophilic #-hole.

Vs ooy = 192 kd mol™ — i <«— Vg, =85 ki mol™
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Springer

Faits marquants scientifiques Il

Digestible
Quantum Field

Theory

Audrey Francisco-Bosson, e
lauréate de la bourse =

L'Oréal-Unesco 2018 S—

Précédemment doctoranmte =n physigue 3 IMT Atantigue, Audrey Francisco-

Bossan s été récampensée oe de Iélion 2018 du programene ntional LOrésh Prix a la mellleure these de |la collaboration

UNESCO "Pour les Femmes &t |a Science” La cérémonie ¢'est déroulée e 8

octobre au Palais de |a Découverte, Une Bourse de 15 0D0€ |8 2 éLé remise pour
fnancer ses futures recherches A L I C I 2 O 1 7
| | \ n n
Ce programme a ete créden 2007 a gartir dun canstat | (& sous-reprécsentation des P d th 2 O 1 7 5 I C h I I
fommes en sclence. Auz< o306 de PUNESCO et de liAcacdenle des Sclances. X ae tnese PriX) 1a ancelierie

Fondation LOréal &7t pour falre oraitre a pert des femmnes dans la recherche

- | ] [ ] , | ]
scleptifgque. Le pragramms ' Pour les Femmes et 13 Sclence ' a powr but d eS l ' n Ive rS IteS d e P arIS
d'encourager o jeunes chercheuses talentucuses & un mament cbé de lewr carriére
et 2 susciter les vocations scientifques oes plus jeunes. Cette année, le jury, présice

Accessit Prix SFP Jeune Chercheur 2017

@ Springer

doctorantes et past-doctorantes garmy les 591 cancidates.

egle (e 0Q 2 | Oregl-uUnesco 20
AL @ , ol ) @ ®

irnd a eflactud sa these Intitulaa

i 1 I J 'l'. riduebar i neF wird PSPl
]

a MNnstitit de Physigue Nucleaire d'Orsay, CNRS/Universite Paris-Sud, sous la direction de Bruno

Espagnon.

La thése de Mohamad Tarhind porle sur |a premiére mesure dans 'expérence ALICE de |a
roduction de boson Z dans les collisions p<-Pb et Po-Ph, ALICE est l'une des quatre grandes
axpariencas du Grand Collisionneur de Hadrons (LHC) au CERN. Elle a pour objectf d'étudier un
atat extrame de la mabare nucieaire gu auranl existe quelguas microsecondes apras le Big-Sang

. le Plasma ge Quarks et de Gluonse (GF). La mesure effectuea par Mohamad est essentielle

car le bosan Z élant insensible & linleraction Torle, elle permel de sonder Nétal inital de la

sion dans les domaines cinémaliques couverts par l'expénence ¢f ainsi despérer pouvoir
separer les effets dus a I'état inftial de la collision des effets dus au QGP

CHEMICAL -
THERMODYNAMICS

CHEMICAL
THERMODYNAMICS
OF TECHNETIUM

gt

Q& A5

NORTH-HOLLAND

Livre d’Andrel Smilga sur la
theorie quantiqgue de champs.
Livre sur la thermodynamique

de Uranium, Plutonium,

Americium, Nepunium et de

Technetium en cour d
Impression (B. Grambow
coautheur). Contributions au
livre sur les verres de A.
Abdelouas, J.
Neeway, B. Grambow
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