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@ [IN2P3, ONE OF CNRS INSTITUTES

CNRS

10 institutes

(3 national: INSMI, INSU,
IN2P3)

1 100 research units

(95% in partnership)
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@D IN2P3 MISSIONS
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@D IN2P3 KEY FIGURES

40 major international
projects
17 international research

EWS
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IN2P3
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D SCIENTIFIC THEMES

es deux infinis

Astroparticle physics and

Particles & Cosmology
hadronic physics Universe’s composition and
behaviour

Matter’s most Nuclear physics &

elementary constituents Applications

and fundamental -/ Structure of nuclear matter, * Computing &
interactions nuclear energy and medical Data

lique : Anna Thibeau (IPNL)

applications Data Science
and
Accelerator &  COmputing
Technology research

Major R&D domains

© Ganil, Cern, CC-IN2P3, Guinevere, Amissa, Planck, LSM - Conception gray
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@.. PARTICLE AND HADRONIC PHYSICS

ELEMENTARY CONSTITUENTS, FUNDAMENTAL
INTERACTIONS

* Higgs Physics
« Searches for new physics
and Supersymmetry
o Matter-Antimatter asymetries
« QCD and quark-gluon plasma
* Neutrino mass hierarchy and CP
violation :
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@~ NUCLEAR PHYSICS & APPLICATIONS

NUCLEON AND NUCLEI: THE EMERGENCE OF
COMPLEXITY

* Nuclear structure

* Exotic nuclei

* Nuclear astrophysics

* Nuclear energy

 Health application

* Neutrino mass hierarchy and
sterile Neutrinos
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@ ASTROPARTICLE PHYSICS & COSMOLOGY

UNIVERSE’' S COMPOSITION AND BEHAVIOUR

* Universe’s history

« Dark matter and dark energy

« Cosmic rays

« Gravitational waves

« Cosmic neutrinos and neutrino’s
nature
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@D COMPUTING AND DATA

High Throughput Computing and Data treatment

B = 3
= 4

* Grid & Cloud development o~

 Services for distributed
infrastructures

« Software and algorithms for new
hardware architectures

- Data-management

« Biomedical applications

IR " =TI AANN ™ e Y oY o
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@.. ACCELERATORS & TECHNOLOGY

ACCELERATOR R&D, TECHNOLOGICAL PLATFORMS

« Superconducting accelerator
cavities and cryotechnology

* lon and electron sources

 Target/source for radioactive heams

« Beam dynamics

» Laser acceleration

* High-tech mirrors
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@ INSTRUMENTATION AND DETECTORS

INSTRUMENTATION, DETECTORS,
TECHNOLOGY TRANSFER

» Silicon detectors

* Photo-detectors, new generation ¢ |
scintillators

« Gaseous detectors

« Bolometers

* Microelectronics

I AR AAAARNRIEA SN O A B EE
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@D LINKS WITH INDUSTRIES

INDUSTRIAL PARTNERSHIP AND APPLICATIONS

— Expertise / high technology
resources transferred to industry

 Health (medical imaging)

« Space industry

* Environment (measurement of weak
radioactivity through the Becquerel
network)

 Electronics

L]
© Amissa, D.R., Arcane/CENBG - Conception graphique : Anna Thibeau (IPNI:)
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@ FRANCE: LARGE INFRASTRUCTURES
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@.. INTERNATIONAL COLLABORATIONS

Jyvaskyla
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@.. INTERNATIONAL COLLABORATIONS

s deux infinis

LHC :
IN2P3 PARTICIPATION

*excluding salaries
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@.. INTERNATIONAL COLLABORATIONS

‘,Fé"rmi',','AMS,;L.is_a T
Planck, Euclid " ..
(Space) - .

LSST (Chili)
Auger (Argentina)
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es deux infinis

@D ATLAS & CMS: EWSB & top physics

E>J; L ATLAS and CMS t
- B un 1 Preliminar Z.3 7

« Precise measurements of the 125 GeV Higgs 5 f e L
boson is a prioriy of LHC physics program S0 G oson 3
— New decay channel: H = bb o0l :I )

— New production channels: VBS, ttH ; b

— Accumulate 300 fb™' per experiment by 2023 " _“ E
104511J Ll Ll Ll E

107 1 10 10°

Particle mass [GeV]

« The LHC is a top quark factory:

CMS Experiment at LHC, CERN
Data recorded: Sun Sep 16 22:21:27 2012 CEST CMS
Run/Event: 208002/.559371925 ¢
Lumi section: 4

CMS Combination: e e
M(top) = 172.44 + 0.13 (stat.) = 0.47 (syst.) GeV o= ies ks
/ e
n=-043 $=0.18
Alternative methods, ex.: J/P (8 TeV, 20fb™") =24

M(top) = 173.5 + 3.0 (stat.) + 0.9 (syst.) GeV e Ge sy
6o MG  [or-6) af
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@D ATLAS & CMS: New Physics

es deux infinis

10*

CMS Preliminary 2.7 fb" (13 TeV, 3.8T) > 10'g 5
—_ d T T T T T 8 - ATLAS Preliminary . 3
> EBEB + Data & 0 et ]
o . Fit model P —— Background-only fit 3 ATLAS Preliminary  1s=13TeV,3.2fb”" Spin-0 Selection
= = - J =
810 - +1c i 10 Spin-0 Selection I 10 4 B
< F t20 E s=13TeV,3.2fb" Els 35 8
[2] B y -
€ oL W 10g = g 3 S
g 0F : : g
8 L Sk . - - 1k 252
. s 6 L, ®
1k L lll . LU ; o2 §
- 3.8T | 10" 4 1.5
L 1 al L [ ] § 2 1
5 ST g | 0.5
= T | 0
E L g 900 400 600 800 1000 1200 1400 1600
m -
S g _iof /¢ E my [GeV]
— - _ N X X . =] . " 4
400 600 800 1000 1200 1400 1600 200 400 600 800 1000 1200 1400 1600
GeV
m, ., (GeV) T [GeV]

- 750 GeV diphoton excess:
— 2016 data will give an answer very soon !
- Exploring the energy frontier is a priority at the LHC to search for
physics beyond the SM

— 3fb1in 2015, 300 fb! in 2023: only 1% of 13 TeV pp data have been
recorded and analyzed so far !
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IN2P3

Les deux infinis

FLAVOR PHYSICS: L

 Precision measurements:
— Flavor physics and CKM matrix
— And NP probes
— Several anomalies to be followed
carefully at Run 2
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- Hadronic Physics

Les deux infinis

« IN2P3 is involved in LHC Heavy lons program in ALICE, CMS and LHCDb

leading track
near-side jet away-side jet /—
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LHC

Runi

Run2

5 2016 2017 2018

LS1

Machme :
Spllce
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8TeV Ex
7Te\ = Exp.: :
:Beampipe
: nominal
: H I . o
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T !
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LS2

Machme:

Injector

: upgrade

Exp.:
: Upgrade
: Phase1
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LHC upgrades
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@ Phase 1 Upgrades

IN2P3

es deux infinis

Silicon Trackers CALO (*)
Si Strips (Reduce PM gains
(replace all) replace FE)

MUON
(replace BE)

VELO

il

IN2P3 contributions: R

- to LHCb upgrades:
— Calorimeter, SciFi Tracker, Trigger/DAQ

- to ALICE upgrades . wé (LHCC, RB,UCC) The LS2 ALICE upgrades

(*) Replace all R/O boards
+ DAQ network

ALIQE

New Inner Tracking System (ITS)

— ITS, MFT and Muon spectrometer el ipiie 1

« less material -> thinnest tracker at the LHC

i And also to ATLAS and CMS: Time Projection Chamber (TPC)
* new GEM technology for
readout chambers

- ATLAS LAI’ e|eCtr0niCS * continuous readout

» faster readout electronics

— CMS Tracker DAQ & cooling, ECAL ...

. Trigger
Trlgger Processor
Data Acquisition (DAQ)/
High Level Trigger (HLT)

* new architecture
* on line tracking & data

compression
* 50kHz Pbb event rate

19/05/2016 2016 FKPPL/TYL-FJPPL Workshop — Patrice Verdier

Muon Forward Tracker (MFT)
* new Si tracker
* Improved MUON pointing precision
> 4

MUON ARM
* continuous|

readout

electronics

New Trigger
Detectors (FIT)




es deux infinis

@.Nm Phase 2 Upgrades @ IN2P3

IN2P3 plans for CMS & ATLAS

Run 4-5
Phase 2 upgrades: Pile up of
- CMS: <140 to 200>
— Tracker : Electronic, L1
Track Trigger, DAQ, endcap
mechanics & cooling Trigger/HLT/DAQ .
— HGCAL : Electronics, * Track information at L1-Trigger Barrel EM calorimeter _
mechanics, Trigger « L1-Trigger: 12.5 ps latency - output 750 kHz * Replace FE/BE electronics

« HLT output =7.5 kHz * Lower operating temperature (8°)

- Muons : Forward RPC Muon

h b Muon systems
chambers * Replace DT & CSC FE/BE
o ATLAS- electronics

* Complete RPC coverage in
region1.5<n<2.4
n tagging 2.4<n<3

— Tracker: Sensors, L1 Track
Trigger, Mechanics & cooling

Electronics, Trigger * Rad. tolerant - high granu
. . . * 3D capability
— Tile calorimeter: Electronics
. Replace Tracker
- HGTD: I?etectors and * Rad. tolerant - high granularity - significantly less material
electronics * 40 MHz selective readout (Pt>2 GeV) in Outer Tracker for L1-Trigger

* Extend coverage to n = ~4
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Detectors for future colliders

. Strong |mpI|cat|ons of IN2P3 Iabs on ILC activities
— Beam studies at ATF2
— Developing high granularity calorimeters (CALICE): Si-W and SDHCAL
— Vertex detector
— Detector electronics

- Those developments are now key inputs for HL-LHC upgrades:
— HGCAL (CMS) and HGTD (ATLAS)
— Muon Forward Chambers (CMS)

- ILC, HE-LHC, FCC-pp/ee , CEPC:

— An important milestone will be the update of European strategy for particle
physics in 2019-2020
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@D Neutrinos

es deux infinis
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- Neutrino program at IN2P3: Eard E
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 T2K phase 2 and Hyper-K: .
— interest from French physicists 400 081
currently involved in T2K 200 s I
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IN2P3

es deux infinis

@ Neutrinos

- R&D on liquid argon
double-phase TPC for
future neutrino long
baseline project:

Fermilab

— R&D with WA105 prototype
‘ e @ CERN

— DUNE experiment at
Fermilab/SURF
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%wm Conclusion

« IN2P3 labs are also contributing to :

COMET experiment at J-Parc

Neutron EDM at PSI

Effect of gravity on Anti-matter : AEgIS and Gbar experiments at CERN’s AD
Dark Matter Search: EDELWEISS, XENON, DarkSide

Double beta decay: SuperNEMO, LUMINEU

And there are interests to work on Super-KEKB and the Belle-2 experiment to be
further examined

- There is a rich particle physics program at IN2P3 with strong and
fruitful collaborations with Korea and Japan
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Reserve
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@'NZPB Research

Ministry

NP and HEP
Laboratories

DEN

25 laboratories associated with universities
3100 FTE about 300ME€ total budget

GANIL + IRFU-SAp (Astrohysics)
700 FTE about 8OME total budget

19/05/2016
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@D - HIGHER EDUCATION

<A
PARTNERSHIP, CONTRACTUALISATIMN

« Teaching Y

* IN2P3 projects — visibility for '
universities/grandes écoles (Europe ¢ &,
and International) - o

« Laboratory contracts

* Regular coordination meetings
IN2P3 / Universities .

» Students’ training (including nuclear '
energy and nuclear medicine)

ELABO ATIONS

n A g =
' ©Université Claude Bernard Lyon 1, D.R. — Conception graphique :Anna‘beau IPNL)

YOUNG RESEARCH%R VISIBILITY
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@D COMMUNICATIONS

INCREASING VISIBILITY, PROMOTING RESEARCH ACTIVITIES

(IPND)

* Press and media
 Education/teacher programs and

resources (Masterclasses, “Cosmos
I'école”...)

« Partnership and networks
(IN2P3 labs, Cern, CEA, “Science a

I'école”, Interactions, Ippog)
* Publications, website, exhibitions...

on graphique : Anna Thibeau
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