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Laboratories

m Several strongly inter-connected laboratories

B here only mentioned those specifically involved in particle physics

| U

m ATLAS, LHCb,
ILC, FCC, T2K
(Super)Nemo m BaBar, H1

m DO, BaBar, H1

m CUORE,
Lumineu,
GBar, R&D
for bolometers

federico.ferri@cern.ch

m CMS, ILC, FCC,
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m ATLAS, CMS,
ILC, FCC, T2K,
DoubleChooz,
CeSOX, CUORE,
Lumineu, GBar

m DO, BaBar, H1
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Particle Physics

Particle physics is a modern name for centuries old effort
to understand the laws of nature. . .

Ed. Witten

Aim at answering the following questions:
m What are the elementary constituents of matter?

m What are the forces that control their behaviour at the most basic level?

Experimental approach: [for the theoretical approach wait for 10 min]

m get particles to interact and study the resulting products and features.
Aim at measuring the energy, the direction and the identity of these
products as precisely as possible

* development of experimental techniques, R&D for particle detectors,
simulations, statistical methods for data analysis, etc.

* close (and international) collaboration with several other fields, often already
part of the laboratories
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The Standard Model in one slide

THE STANDARD MODEL

FUNDAMENTAI. PARTICLES AND INTERACTIONS

force carriers
BOSONS spin=0.1.2

Unified Electroweak spin = Strong (color) _spin = 1
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The Standard Model in a different slide

1974 quark ¢

1976 lepton T

1978 quark b

1979 gluon

1983 Z° et W¥ bosons

1990 three families of
light v

1995 quark t
2012 Higgs Boson

(not in the picture!)

Extraordinary predictive theory, and arguably one that is most
precisely tested.

m discoveries are only part of the story

m the complementary part are precise measurements
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Activities: a possible categorization

MATTER = FORCE

060 06
080

: Quarks Gauge Bosons

Some fundamental questions:

why three families?
why such large mass differences?
where is the anti-matter in the universe?!

where is the matter?7?!!!

how do gauge bosons (and particles) get a mass?

, (H)
B i liogs BasoniL i v' where is the Higgs Boson?
- "

Leptons

m High energy (mostly collider) experiments: ATLAS, CMS,
LHCb, ”_C, FCC, HL-LHC ALICE: 10 min ago

m Neutrino experiments: T2K, DoubleChooz, CeSOX, Stereo,
(Super)Nemo, neutrinoless double 3 decay

m Others: e.g. GBar, R&D for future experiments and detector
techniques, etc.

N.B. Some experiments running, some being built, some being thought about. ..
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High-Energy experiments: LHC detectors

LHC, Large Hadron Collider
2010-2012 : proton-proton collision:
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High-Energy experiments: LHC highlights

H— vy
ATLAS: LAL; CMS:
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m H— WW, H— bb (LAL), Standard Model physics with vy, WW, ZZ, ZW,
77 final states (LLR, Irfu, LAL), CKM triangle (LAL), etc.
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as well as Heavy lon program (LLR, Irfu) [see 10 min ago]
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High-Energy experiments: the future

m HL-LHC 2025+: adapt the detectors to an increased LHC luminosity
(x10 w.r.t. 7-8 TeV Run, x5 w.r.t. 13 TeV Run)
m Phasel ~ 2018 (ATLAS: LAL, Irfu): electronics, muon wheels
m Phase2 ~ 2025 (ATLAS: Irfu, LAL; CMS: Irfu, LLR): electronics,
trigger, (very) forward calorimetry

m ILC (Irfu, LAL, LLR) 2027+: build a linear collider for precision physics
(Higgs or beyond SM)

m some of the detector technology developed for ILC can be adapted to the
upgrade of the LHC experiments (e.g. CMS forward calorimetry, LLR)

(Irfu, LAL, LLR) 2035+: build a new (O(100) km)
at higher energies for precision physics and discovery (a la LEP 4+ LHC:
90-400 GeV leptons, 100 TeV hadrons)
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Neutrino Physics

m Neutrino oscillations

reactors

atmosphere accelerators
0= =l o !

m Long baseline accelerator: T2K (Irfu, LLR)

m Reactors: Juno (LLR)

m Search for a sterile v 1. at reactors: DoubleChooz, Nucifer, Stereo
(Irfu) 2. with a source: CeSOX (Irfu)

m Double beta decay — " ‘éof""nsw:’;gqy
m Cuore (CSNSM, Irfu), . : yd
(Super)Nemo (LAL), " vl
Lumineu (CSNSM, Irfu) o / e herecon gy vt
m R&D on bolometers oo <

(CSNSM, Irfu)
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Neutrino Physics: T2K

Super-Kamiokande
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Also pro-active in the future long-
baseline programs, such as LAGUNA,
exploring LBNF in the USA and HK in
Japan (CP violation studies)
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Neutrino Physics: search for a sterile v

= Observed/predicted averaged event ratio: R=0.938+0.023 (2.7 o)

"1\\\| T T 111 AL AL R R AL

PR Solar Neutrino
e A SR s 1. = .-, Wy et
L 1 3V, & (1968-2001)
I > v-oscillation
08— I

07— Atmospheric
L N v Neutrino Anomaly

Motivated by a reanalysis
of 19 published reactor
results at short distance
(10-100 m), with new
inputs from Double Chooz:
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m Confirm the reactor v anomaly: Nucifer (Irfu)
B also develop detection technology for reactor
monitoring with commercial components
m Improve reactor experiments by going closer and
by measuring the energy spectrum along the
detector axis: Stereo (Irfu) [2015-2018]

m [nnovate: CeSOX, an anti-v source at Borexino
(Irfu) [2013-2018]
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Neutrino Physics: neutrinoless double 3 decay

Determine the Dirac or Majorana nature of neutrinos: search for very rare
events in a low background environment (underground: LSM, Modane).

RUN 3930
EVENT 42373 ESUM 2.875Mev

scintillator block

calorimeter

m Nemo3 and SuperNemo
(LAL): 5 kg of enriched and
purified double 3 emitting
isotope (considering 823e,
150Nd, 48Ca)

m Lumineu (CSNSM, Irfu): development of a
scintillating bolometer (heat + scintillation) using
Zn 190Mo0,

m 0.68 kg in 2015, then 10 kg demonstrator

m CUORE (CSNSM, Irfu): 139TeO, bolometers at

LNGS, Gran Sasso
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This was not an exhaustive list, e.g. GBar

Gravitational Behaviour of Antihydrogen at Rest: direct measurement

of the free-fall acceleration of antihydrogen atoms in the terrestrial
gravitational field (CSNSM, Irfu)
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m Precision: 37% with single measurement, 1% with 1500 events (few
weeks), final goal of 0.1%

m to be installed at CERN Antiproton Decelerator, taking data from 2017
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Summary

m Major research axes of Particle Physics well covered
within the laboratories of P2l

Irfu - CEA Sac

Institut de recherche
sur les lois fondament
de I'Univers

m Significant impact within the international collaborations
m both in term of results and responsibilities

m Close interaction with several other fields (theory,
detectors, accelerators and magnets, nuclear physics, data
analysis, etc.)
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