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OUTLINE

• Astroparticles and Cosmology

• Theoretical Physics

• Grid Computing

• Interdisciplinary activities and 
Technological transfers

• Communication and outreach

http://www.cnrs.fr/


ASTROPARTICLES AND COSMOLOGY
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What is the role of high energy phenomena 
in the formation of cosmic structures? 
 Multi-messenger studies (g, CR, n,  GW)

 Origin of Cosmic Rays, Search for new 
particles (dark matter, antimatter) , Limits 
of fundamental laws 

What is the Universe made of? 
 Nature of dark matter and energy

 Probe EW scale,  Gravitation

Can we probe  matter and interactions at the 
smallest scales?
 Rare decays:  proton lifetime , neutrino 

properties

 Access GUT scales

http://www.cnrs.fr/


ASTROPARTICLES AND COSMOLOGY

New messengers  (ground, 195 FTE)
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HESS (2004)  HESS2 (2012)  CTA

• HESS/HESS2  33% of budget, TGE
• CTA Project manager
electronics, mechanics, mirrors, site

• 60 scientists and engineers

ANTARES (2008)  KM3net, TGE

• KM3net : single design, multisite?  Relations with ICECUBE
• Large interdisciplinary potential  deep ocean observatory 

• ANTARES. France  50% of budget (50% INFN,NIKHEF,
Erlangen, Spain )

• 40 scientists  and engineers  

Virgo (2008)   Adv Virgo (2014-15)

• Very good coordination with advLIGO 
• Cost CNRS 50% , INFN 50% 
• 30  scientists and engineers

AUGER (2008)  R&D extensions/radiodetection

• 15% of budget
• 45 scientists and engineers

R&D,  balloons 
(CREAM) etc 
20 FTEs

http://www.cnrs.fr/


ASTROPARTICLES AND COSMOLOGY

New messengers  (space, 35 FTE)
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FERMI (2008)
Gamma-ray space telescope 
• CC-IN2P3 only data processing center outside SLAC
• 50% of papers IN2P3 corresponding author   
• 10% of non-US contribution
• 15 scientists and engineers  

AMS (2011)
to search in space for dark matter, 
missing matter & antimatter on the 
international space station
• 10-15% of payload 
• 10 scientists and engineers  

LISPATHFINDER (2012) LISA(2020)

• IN2P3 leader in France
• CNES investment + IN2P3 engineers
• 10 scientists and engineers

JEM-EUSO (2015) 
• CNES investment + IN2P3 engineers 
• overlap with Auger 

http://www.cnrs.fr/


ASTROPARTICLES AND COSMOLOGY

Cosmology  (ground + space , 165 FTE)
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CMB: Planck (2009)    R&D on bolometer matrices

• CC-IN2P3 major centre 
• CNES investment IN2P3 engineers 
• 35 scientists and engineers 

Nuclear Astrophysics:
20 FTE

Dark matter : EDLWEISS-II(2009) in LSM
• Germanium bolometers
• France 80% of budget, 20% Germany+UK
• Coordination EDELWEISS+CDMS
• 30  scientists and engineers 
• team on XENON100  

Dark energy : Strong tradition 
• Leadership in SNFS/SNLS (2002-2010)
• BOSS 
• LSST, BAO-Radio, BigBOSS
• EUCLID/WFIRST
• 70  scientists and engineers 

http://www.cnrs.fr/


ASTROPARTICLES AND COSMOLOGY
Cosmology  (ground + space , 165 FTE)

Cont’d
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Gbar

Measurement of the behavior of antimatter (anti-
hydrogen) in a gravitational field
- Intense source of positrons
- Production of thermalized positronium
- Use anti-protons (ASACUSA at CERN or Fermilab)

3 physicists, 2 PhD students, 300k€ ANR

CAST

- Search for axions produced in the Sun
- 9T prototype of an LHC magnet
- Micromegas detectors
- 5 physicists

http://www.cnrs.fr/


ASTROPARTICLES AND COSMOLOGY

Neutrino (ground and underground, 110 FTE)
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OPERA (2008)  nμ  nτ CERN to GS

• Strong IN2P3 involvement (20-25 %)
• 25  scientists and engineers 

T2K (2010) nμ  ne

• q13 and CP viloation measurements
• 3 micromegas TPC modules tested
• 25 scientists and engineers 

DCHOOZ (2010),  ne  ne

• Filling is finished, first  n light in December
• near excavation on schedule 
• 20  scientists and engineers IN2P3/CEA 

NEMO3 (2003-2010) SuperNEMO (1st mod 2013)

(UK, US, Czech R, Japan, Russia)
• 100 kg of isotopes
• Factor 10 in sensitivity
• mass sensitivity of about 50 meV
• 30 scientists and engineers  

Megaton WC R&D
Design Study for LSM
10  FTE

http://www.cnrs.fr/


ASTROPARTICLES AND COSMOLOGY

high priority: LSM extension
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FR AN C E ITALIE

Altitudes

D istances
1228 m 1298 m1263 m

0 m 6210 m 12 868  m

Host dark matter and Neutrino mass  (Eureca, XENON?, SuperNEMO) 
Decision by mid-2011

http://www.cnrs.fr/


THEORETICAL PHYSICS
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Covers a whole spectrum from Low to High Energy Physics …

• Nuclear structure; hadronic matter ; hadron spectroscopy; hadronic physics

• N fermion problems: from the atomic nucleus to neutron stars

• Dynamical processes (fission, fusion, and alpha decays), 
nuclear reactions for astrophysics

• Field theory; Phase Transitions, Renormalization Group, Fundamental interactions

• Quantum Chromodynamics (perturbative and non-perturbative);

• Heavy ions Physics, QGP  

• Symmetries; Supersymmetry

• BSM physics (including neutrino properties, very early Universe, …)

• Implications of Particle Physics models in Astroparticles and Cosmology 

(cosmic radiation, antimatter, dark matter, dark energy, …) and relations to 
observations

• Statistical and dynamical Properties of finite interacting systems

• Complex systems and non-linear phenomena

• Pluridisciplinarity in particular with biology
 Modelling of complex systems at the interface between medicine, biology and physics

http://www.cnrs.fr/


THEORETICAL PHYSICS
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GRID COMPUTING
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http://www.france-grilles.fr

NGI part of the EGI
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LCG is its spine

CCIN2P3 its marrow

http://www.cnrs.fr/


GRID COMPUTING
LCG-FRANCE
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http://www.france-grilles.fr

Tier-2: LPC Tier-2: LPC 

AF: CC-IN2P3AF: CC-IN2P3

Tier-2: LAPPTier-2: LAPP

Tier-2: IPHCTier-2: IPHC

LyonLyon

ClermontClermont--FerrandFerrand

Ile de Ile de 

FranceFrance

MarseilleMarseille

NantesNantes

StrasbourgStrasbourg

AnnecyAnnecy

Tier-3: IPNLTier-3: IPNL

Tier-2: CPPMTier-2: CPPM

Tier-2: SubatechTier-2: Subatech

Tier-2: GRIF

•

•

•

•

•

Tier-2: GRIF

•CEA/IRFU

•LAL

•LLR

•LPNHE

•IPNO

Tier-1: CC-IN2P3Tier-1: CC-IN2P3
GrenobleGrenoble

Tier-3: LPSCTier-3: LPSC

Sept.10

http://www.cnrs.fr/


GRID COMPUTING
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http://www.france-grilles.fr

119 000 HEP-SPEC 2006
13696 cores   … and increasing

http://www.cnrs.fr/


GRID COMPUTING
resource usage in physics
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http://www.france-grilles.fr

2009

http://www.cnrs.fr/


GRID COMPUTING
Disk storage allocation
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http://www.france-grilles.fr

Over 10 Petabytes of storage available on disk

Tape library of more than 7 petabytes for mass storage

http://www.cnrs.fr/


GRID COMPUTING
resource usage distribution
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http://www.france-grilles.fr

Multidisciplinary activities: 3.8%

2009

http://www.cnrs.fr/


GRID COMPUTING
EXTENSION
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http://www.france-grilles.fr
End up with:

2011
50 racks
600 kW

2015
125 racks
1.5 MW

2019
216 racks
3.2 MW

In addition to the 
existing computer 
room (1 MW)

http://www.cnrs.fr/


PLURIDISCIPLINARITY AND 
TECHNOLOGICAL TRANSFERS
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Nuclear energy
 Neutronics, Basic nuclear data

 Cross-disciplinary program PACEN
 Innovative systems for the future of Nuclear Energy

 Transmutation of nuclear wastes

 Accelerator Driven Systems (ADS)
 Experimental validation is needed (R&D in FP European programs)

 High intensity accelerator developments (IPHI) 

 MEGAPIE, n-TOF, PDS-XADS  

 MUSE, EUROTRANS (subcritcal system)

 Innovative systems for Nuclear Energy based on the Thorium cycle 
 TMSR, focused on the concept of a molten salt reactor

 Expertise in scientific nuclear installations (RAPSODIE) 

 Fusion (IFMIF-EVEDA: deuteron beam for material irradiation)

 non-proliferation monitoring of nuclear fuel with n flux measurement 
(NUCIFER) at nuclear power plants

http://www.cnrs.fr/


PLURIDISCIPLINARITY AND 
TECHNOLOGICAL TRANSFERS
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Radiochemistry and radioactivity measurement 
 Back-end of the electronuclear cycle

 Treatment of radioactive waste, waste containers behavior, radiolysis…

 Nuclear medicine

 Isotope production and radiation survey in hospital environment

 Environmental survey, liquid and air pollution, dating, food origin control…

 Services for dosimetry and radiation measurement

 Measurement from very low levels including biological impact

 Electronuclear plants dismantling.

From R&D on accelerators, ion sources & plasma
 Superconducting Magnets Technology (ISEULT/INUMAC 11.7T full-body MRI)

 High-Quality Beams for Medical Purposes

 Fixed Field Accelerating Gradiant design

 Beams for cancer/tumor treatment by hadrons and photons

 Radio-isotopes production for diagnostics/markers and treatment

 ECR microwaves and plasma sources for industry

http://www.cnrs.fr/


Collaborative R&D on Detectors and associated electronics
Detectors across the whole frequency and energy spectrum : 

IR, UV, X, g, α, β, muons, neutrons…

 PM and SiPM

 Multi-pixel X-Ray Detectors

 Ge Detectors for very low radioactivity 

 CMOS and EBCMOS

 Gaseous detectors (MPGD)

Electronics:

 Associated frontend A/D electronic and bounding with R&D on 3D 
implementation

 Very high speed, low noise and low energy ADC (SPIROC, 
HARDROC…)

 Ethernet frontends for very large number of detectors (OPERA)

Optics:

 Optical multi layers material coating 

 Thin layers characterization for optical applications

PLURIDISCIPLINARITY AND 
TECHNOLOGICAL TRANSFERS
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http://www.cnrs.fr/


TECHNOLOGICAL TRANSFERS
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• Collaboration with industry partners (“Club des Industriels”)
• Provides facilities, competence and know-how in various fields

 Radiochemistry and research on the treatment of radioactive waste
 Irradiation of materials
 Dosimetry of very low radioactivity measurement
 Microelectronics and MEMS
 Modeling of particle-matter interaction, from high energies down to 

energies relevant for biological processes
 New instruments for medical diagnosis and therapy: X-Ray pixel 

detectors, PET, Hadrontherapy, Nuclear medicine, beam and dose 
measurement ...

 Ion sources and beams
 Plasma application (implantation, coating, ...)
 Precision optics 
 Intensive computer processing of large masses of data

• over 40 patents registered and a few startup companies created

IN2P3 shares hi-tech resources

http://www.cnrs.fr/


PLURIDISCIPLINARITY AND 
TECHNOLOGICAL TRANSFERS
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Therapy
Image reconstruction and 

quantitative analysis 

Clinical tool

Preclinic
Molecular imaging

Image reconstruction and 

quantitative analysis

Diagnostics
Instrumentation in 

biomedical imaging

Image reconstruction and quantitative 

analysis 

Detector

Production of 

radioisotopes

Tracers

GDR MI2B: Modelling & Instrumentation for Biomedical Imaging

FIGHT AGAINST CANCER

http://www.cnrs.fr/


PLURIDISCIPLINARITY AND 
TECHNOLOGICAL TRANSFERS
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Transborder 
technological platform 
MIND at Archamps

partnership between SEM SAPHYN (SAnté et 
PHYsique Nucléaire) - Basse-Normandie 
Region and IBA to create the ARCHADE 
research center 

LPSC in project 
INSPIRA for safer 
radiotherapy, financed 
by OSEO

startup imXPAD 
spécialised in hybrid 
pixel for X-ray 
detection

And many others ….

http://www.cnrs.fr/


COMMUNICATION AND OUTREACH

http://www.cnrs.fr/


COMMUNICATION AND 
OUTREACH
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http://www.cnrs.fr/
http://www.elysee.fr/president/accueil.1.html
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COMMUNICATION AND OUTREACH

Popularization Review

http://www.cnrs.fr/


COMMUNICATION AND OUTREACH

Deployment of Pedagogical equipments 
in High Schools – « COSMOS à l'Ecole »
Ministry program

Training of teachers  

Cosmic rays and arts

http://www.cnrs.fr/


COMMUNICATION AND OUTREACH

Book on the « two infinities » targeted at high school teachers and 
public at large. Complemented with a Web site

http://www.cnrs.fr/


COMMUNICATION AND OUTREACH

« Conférences Népal », conferences in High Schools 
on Nuclear and (Astro-)Particle Physics, given by 
scientists and engineers from IN2P3 and CEA/Irfu

Doctoral-Postdoctoral Thematic schools on physics, detectors, statistics, …

We take part in the master classes organized by CERN

http://www.cnrs.fr/


COMMUNICATION AND OUTREACH

2010 : Physics of the Nanoworld   - ENS Cachan 

2009 : Physics of the « two infinities » - Aix-Marseille Université

2008 : Physics and Sports - Université de Bourgogne Dijon 

2007 : Physics and Europe - Université Louis Pasteur Strasbourg 

2006 : Uncertainty and prediction in physics - Subatech Nantes

Physics summer schools organized 
by IN2P3, CEA, SFP, and teachers 
associations. Targeted at physics 
high school teachers;

General public

exhibitions and

conferences …

http://www.cnrs.fr/

