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Irfu : Physigue des 2 infinis au CEA

L’Irfu est ’un des instituts de la Direction de

la recherche fondamentale (DRF) du CEA
e directrice : Anne-lsabelle Etienvre

1100 salariés, dont 150 doctorants et postdocs

« DACM : acceélérateurs, cryogénie et
magneétisme

e DIS :ingénierie des systemes

« DEDIP : électronique, déetecteurs et
informatique pour la physique

« DAp : astrophysique

« DPhN : physique nucléaire

e DPhP : physique des particules

Ganil : Ganil, GIE CEA-CNRS

Projets liés a la stratéegie européenne :
ATLAS, CMS, ALICE, CLAS-12, EIC, ILC, T2K/HK,
DUNE, GBAR, HESS/CTA, DESI, EUCLID, LISA...

Expertise mondialement reconnue dans le
domaine des aimants supraconducteurs pour
les accélérateurs et les détecteurs :

LHC, HL-LHC, FCC, XFEL, PIP-2, ISEULT,

Ifmif, SARAF, ESS, Sonate...

Science — astrophysique, physique nucléaire,
physique des particules

Technologie de pointe et grands instruments —

instrumentation, détecteurs, accélérateurs
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Prospectives Irfu 2017-2027

En 2017, les départements de physique de ’lrfu ont mené leurs prospectives
scientifiques a 5 et 10 ans

@ programme scientifique a 5 ans
@ préparation de contribution a ’EPPSU

= vision a long terme
DPhP « physique des hautes énergies
physique des neutrinos
antimatiere, saveur, violation de CP
astroparticules, astronomie multi-messagers
cosmologie observationnelle
physique fondamentale
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2018

La synthese des prospectives des déepartements ont constitué le socle du projet
global de I’lrfu présentée devant

e en mai : le Conseil scientifique international de Ulrfu (CSI, chair : A. Bracco)
« en déecembre : le comité HCERES (vague E, président : S. Bertolucci)

Researchers at IRFU are participating in the R&D preparations for the
potential ILC and FCC collider projects. Members of IRFU will be strongly
involved in the discussions and organisation of the update of the European

Strategy for Particle Physics appreciations
tres positives du
CSl et de
The scientific strategy and the consequent projects are of I’HCERES

outstanding quality, both in term of impact and scientific return

22 novembre : Journée de Physique de la SFP Champs et particules
Quelle strategie pour demain ?

o HL-LHC, futurs collisionneurs et expériences, programme de diversification
o discussions autour de différents scenarii

Septembre-décembre : Préparation de la contribution du CEA-Irfu a la Stratégie
europeenne dans les différents départements puis consolidée au niveau de U’Irfu


https://indico.in2p3.fr/event/17716/

Contribution du CEA-Irfu a ’EPPSU

CEA-Irfu contribution to the 2020 _
update of the European Strategy for Conclusion
Particle Physics
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In the next decades, a deep understanding of the fundamental laws of the
Universe requires, for what concem particle physics, to scrutinize the Standard Model
with high precision measurements, to search for new physics at the energy frontier, to
address the different questions raised in the neutrino sector, and to continue the study
of strong interactions in particular through QGP experiments. The CERN role in the
achievement of this scientific roadmap is crucial.

The HL-LHC program is the immediate priority of the community. CEA is fully
committed to its technological and scientific success. The European Strategy update
: . e Eye ] " > for particle physics should be focused on the definition of the next ambitious collider
The -achlever_nen.t of the HL-LHC and |ts scientific exploitation !s the lmmedlate priority. The based at CERN. involving all the actors around the world. This task requires a
crucial ggestlon is therefore the dgﬁmtnon of the next generation of collider able to pursue detailed comparison of all the options in terms of achievable precision on
an ambitious search for new physics. branching ratios and of new physics energy range either directly produced or
indirectly explored via precision measurement. The definition of such a project
should start when the European Strategy is presented, in order to be ready within 15
years from now. The Future Circular Collider, starting with an e*e” option

) reaching high luminosities and allowing impressive precision measurements,
Anne-Isabelle Etienvre R . L ] .
Director of Irfu followed by a h-h collider, is a promising scenario, even if it would postpone the
CEA high energy physics to a long term horizon. If such a project cannot be
achieved, the HE-LHC project should be considered with interest. Finally, the
European community should play a key role in the possible collider projects
outside Europe (ILC, CEPC), possibly under the CERN umbrella.

This document summarizes the scientific and technological position of CEA-Irfu teams on
the main projects for particle physics, including neutrino physics and QGP physics.

Contact Person:

Anne-isabelle etienvre@cea.fr

The construction of future colliders requires a strong support to the
development of accelerator science and technology, in several domains: high-

décem bre 201 8 energy gradient acceleration systems, high beam intensity and efficient
radiofrequency systems, use of new superconductor materials for accelerator

magnets. CEA is already strongly involved in this effort, in collaboration with its

9 pages main partners, in particle physics and beyond. Alternative concepts, such as

muon colliders, should also be studied in details.

Key questions will be addressed by the future neutrino physics

° o o experiments; CEA is in particular strongly supporting the DUNE project. Interest
g Pa rt]Cle phyS]CS at fUtu re COll]derS is also expressed for the Hyper-Kamiokande program. Europe should also
. . coordinate itself strongly to prepare the 1-ton double beta decay experiment.

» The challenges of neutrinos physics - | | |

CEA considers with interest the emerging EIC project, allowing deeper
. studied of QGP matter beyond LHC programs.
e Quark-gluon plasma studies
. Finally, as a crucial insight for the open questions on particle physics,
° CO NC l usion theory should remain strongly supported and well-coordinated at the European
level.

www.cea.fr
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In the next decades, a deep understanding of the fundamental laws of the
Universe requires, for what concem particle physics, to scrutinize the Standard Model
with high precision measurements, to search for new physics at the energy frontier, to
address the different questions raised in the neutrino sector, and to continue the study
of strong interactions in particular through QGP experiments. The CERN role in the
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The HL-LHC program is the immediate priority of the community. CEA is fully
committed to its technological and scientific success.

™ Pp— branching ratios and of new physics energy range either directly produced or
indirectly explored via precision measurement. The definition of such a project
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The Future Circular Collider, starting with an e*e - option
reaching high luminosities and allowing impressive precision measurements,
followed by a h-h collider, is a promising scenario, even if it would postpone the
high energy physics to a long term horizon. If such a project cannot be
achieved, the HE-LHC project should be considered with interest. Finally, the
European community should play a key role in the possible collider projects
outside Europe (ILC, CEPC), possibly under the CERN umbrella.

- ™ coordinate tSelr strongly to prepare the 1-ton double beta decay expernment.
» The challenges of neutrinos physics !

e Quark-gluon plasma studies
Finally, as a crucial insight for the open questions on particle physics,

° CO NC l u S'i on Itheolry should remain strongly supported and well-coordinated at the European
evel.

CEA considers with interest the emerging EIC project, allowing deeper
studied of QGP matter beyond LHC programs.

www.cea.fr
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In the next decades, a deep understanding of the fundamental laws of the
Universe requires, for what concem particle physics, to scrutinize the Standard Model
with high precision measurements, to search for new physics at the energy frontier, to

address the different questions raised in the neutrino sector, and to continue the study
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The construction of future colliders requires a strong support to the
development of accelerator science and technology, in several domains: high-
energy gradient acceleration systems, high beam intensity and efficient
radiofrequency systems, use of new superconductor materials for accelerator
magnets. CEA is already strongly involved in this effort, in collaboration with its
main partners, in particle physics and beyond. Alternative concepts, such as
muon colliders, should also be studied in detalls.
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Audelade 16 T : HTc

Application de matériaux supraconducteurs a haute température critique (HTc ou
HTS) pour atteindre des champs encore plus élevées dans les aimants d’accélérateurs

Mise en ceuvre en utilisant une méthode graduelle (grading) les 2 technologies
« SC basse performance a |’extérieur LTS et HTS
« SC haute performance pres du “bore” sont nécessaires
pour atteindre
Exemples de développement d’inserts HTc au CEA-Irfu I'objectif des 20 T
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2 O 1 9 MEXT's view in regard to the ILC project Executive Summary

March 7, 2019
Research Promotion Bureau, MEXT

O Following the opinion of the SCJ, MEXT has not yet reached declaration for hosting
the ILC in Japan at this moment. The ILC project requires further discussion in formal

7 m a rS : d éc la rati 0 n d u go uve rn e m e n t j a po n ai S academic decision-making processes such as the SCJ Master Plan, where it has to be

clarified whether the ILC project can gain understanding and support from the domestic

« pour beaucoup, ’avis de déces de U'ILC

O MEXT will pay close attention to the progress of the discussions at the European

« d’autres y voient des raisons d’espérer Statea for Partice Pysics U,

O The ILC project has certain scientific significance in particle physics particularly in

- . . . the precision measurements of the Higgs boson, and also has possibility in the

A t ° l m t l t H yp - K technological advancement and in its effect on the local community, although the SCJ
0 u ° e go uve rn e e n J a po n a] S ] n C u e r pointed out some concerns with the ILC project. Therefore, considering the above

points, MEXT will continue to discuss the ILC project with other governments while

dans son projet de budget pour FY2020

Septembre : Ecole de Gif 2019 Questions

13-16 mai: Symposium de Grenade . .
ouvertes en physique des particules

e pas de consensus
CLIC revient en force
ILC n’est pas mort Octobre : Briefing Book
concept de tew-eost low-energy FCC ~ * 254 pages
astroparticules et diversité ? * Uun monument
accelération plasma ?

collisionneurs a muons ? !\Iovenjbre :
journées FCC-France
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https://cafpe.ugr.es/eppsu2019/
http://cds.cern.ch/record/2691414
https://indico.in2p3.fr/event/19693/
https://indico.in2p3.fr/event/18822/

Les scenarii

SUPPORTING NOTE FOR BRIEFING BOOK 2020
http://cds.cern.ch/record/2705370

29 septembre : 5 scenarii sont proposés pour nourrir les discussions au sein du Groupe
de stratégie européenne (ESG)

2020-2040 2040-2060 2060-2080
1st gen technology 2nd gen technology
CLIC HL-LHC CLIC380-1500 CLIC3000
CLIC-FCC-mixed HL-LHC CLIC380 FCC-h/e/A (Adv HF magnets)
FCC HL-LHC FCC-ee (90-365) FCC-h/e/A (Adv HF magnets)
LE-to-HE-FCC-h/e/A | HL-LHC LE-FCC-h/e/A (LF magnets) | FCC-h/e/A (Adv HF magnets)
LHeC+FCC-h/e/A HL-LHC + LHeC | LHeC FCC-h/e/A (Adv HF magnets)

e Cces scenarii supposent que des financements sont obtenus hors budget du CERN
notamment pour couvrir les colts de génie civil et dinfrastructure

o les 2 derniers scenarii partent de l'hypothese qu'un collisionneur e*e- est construit
hors Europe

e dans le scenario LE-to-HE-FCC-h/e/A, on part d’aimants de champ plus bas (6-10 T)
remplacés (progressivement ?) par des aimants haut-champ

« dans le scenario LHeC+FCC-h/e/A, on met a profit le temps nécessaire pour obtenir
des aimants haut-champ par ’exploitation du programme LHeC


http://cds.cern.ch/record/2705370

Discussions au DPhP

Le DPhP, avec des participations du DEDIP et du DACM, s'est réuni le 22 octobre
2019 pour deébattre des différents scenarii. Les discussions sont synthétisées
dans un document

Input of IRFU/DPhP on EPPSU future collider scenarios
dont des extraits sont exposés dans la suite. Cette position — en cohérence
avec la contribution de U'lrfu a la Stratégie européenne en decembre 2018 — a
éte consolidée au niveau de ’Irfu pour nourrir le statement national présentée

a l'ESG en novembre 2019.

Although diverse opinions were expressed, some consensus emerged on the
following statements and recommendations.

As a preamble, we want to stress that research in particle physics is a
worldwide activity. The European strategy in particle physics is essential
insofar as it forms the basis of a global strategy. In that spirit we look forward
to better collaboration between the main regions, to ensure that the
challenges in our field are addressed in a foreseeable future. As no major
collider project has yet been confirmed in other regions, Europe is compelled
to conceive the most ambitious programme that encompasses these

challenges, while fostering a constructive and collaborative spirit with the rest
of the world.
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https://indico.cern.ch/event/858333/

Priorité #1 : usine a Higgs

We believe that the highest priority in particle physics is the high precision
study of the Higgs boson and the electroweak sector. We support the concept
of a high-luminosity electron-positron collider (Higgs Factory), to be realised
either at CERN or in Asia.

Events/1 GeV
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As far as CERN is concerned, we believe that the concept of circular collider
(FCC-ee) is far superior to that of linear collider (CLIC).

13



CERN : soutien au scenario “FCC-all”

We underline the specific importance of the full FCC-ee physics programme,
spanning an energy range that covers the Z pole (90 GeV), the WW threshold
(160 GeV) and the HZ production maximum (240 GeV) with ultra-high
luminosity, and extends up to 360 GeV, allowing top quark and W-fusion Higgs
production measurements. From a technological point of view, such an ultra-
high intensity electron-positron machine requires a highly efficient radio

frequency system that involves substantial R&D effort from CERN and its
partners.

Z, . CLIC CDR, 2012
o R CLIC staged scenario, 2016
FCC-ee (2 IPs) ILC TDR, 2013
ILC Physics Case, 2015
ILC Physics Case 250 GeV, 2017
FCC-ee CDR, 2018
LEP3 Physics Case, 2013
CEPC pre-CDR, 2015-2018

-
o
n

CEPC
(2 IPs)

Luminosity [10%* cm2s']
o

HZ

ILC250 (opt.)
250 GeV) : 1.5x10™ cm?s* @

o~ ¥ILC (TDR)
10° 10°
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We strongly support the FCC option at CERN, starting with an FCC-ee, as
considered in the “FCC-all” scenario.
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CERN : circulaire, pas lineéaire

We do not support the “CLIC-all” and “CLIC-FCC-mixed” scenarios. We believe
that the ILC, with an initial stage at 250 GeV, expandable in energy to above
500 GeV, is a more mature project of linear collider. We do not see a clear

enough physics case for a CLIC at 1.5 TeV or 3 TeV in the absence of evidence of
TeV-scale new physics at the LHC.

We believe that CERN should focus on the technical and financial feasibility
of the FCC tunnel and on the production of Technical Design Reports for the

FCC-ee and FCC-hh machines to be delivered by the next European Strategy
Update.

15



Priorité R&D : aimants haut-champ

We believe that CERN and its partners should pursue with high priority the
development of high-field magnets to prepare for the next high-intensity,
high-energy proton-proton collider, and intensify the detector R&D for such

a machine.

The above recommendations also apply to the last two scenarios (“LE-to-HE-
FCC-h/e/A” and “LHeC-FCC-h/e/A”). These scenarios should be seriously
considered if a firm decision to build an electron-positron Higgs Factory
elsewhere, either the ILC in Japan or the CepC in China, is taken before the
next European Strategy Update. Compared to other scenarios, the scenario
“LE-to-HE-FCC-h/e/A” has the advantage of significantly reducing the time
span between the end of HL-LHC operation and the next high-energy
exploratory machine at CERN.

16



Une alternative a long terme :
le collisionneur a muons
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We believe that muon colliders are the best hope to reach multi-TeV

energies in lepton collisions, with well-defined initial state and reasonable

power consumption. We consider that a multi-TeV muon collider would offer a

better potential as an exploratory lepton collider than the CLIC@3-TeV on
similar time scales.

We recommend to intensify the conceptual studies on the various muon
collider designs in order to converge on a proposal for a large-scale test
facility by the next European Strategy Update.
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En resume

Le CEA-Irfu reitere son soutien le plus fort dans la phase haute-luminosité

du LHC et la jouvence des expériences

e le LHC est le seul collisionneur de haute-énergie en fonctionnement dans
les 20 prochaines années pour ’étude du boson de Higgs, du quark top, de
la brisure électrofaible, du QGP et (avec super-KEKB) de la saveur

Pour le long terme, les physiciens du DPhP de U’'lrfu apportent leur soutien
appuyé au scenario “FCC-all”, le plus ambitieux sur le plan scientifique et
technologique

Le CEA-Irfu continue de s'investir dans un intense programme de recherche
et développement sur les aimants a haut champ dans le but d’équiper les
machines futures a la frontiere en énergie

el Y] université
= W/ PARIS-SACLAY
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Transparents complementaires
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LHeC : une opportunite a consolider

A high energy electron-proton collider (LHeC) associated with sustained
theoretical effort would eliminate the intrinsic limitation in precision due the
imperfect knowledge of parton densities. The LHeC would greatly empower at
relatively low cost the physics output of present and future proton-proton

colliders, and should therefore be seriously considered as an option of the HL-
LHC program.

We recommend a detailed study of the technical and financial feasibility of

the LHeC and the timely production of Technical Design Reports for the
machine and detector.
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2010-2018

LHC Run-1 & 2
Is=7,8,13 TeV
ATLAS, CMS
L up to 140 fb-

2020-40 2040-60 2060-80
LHC 1st gen. technology 2d gen.
2021-2024 2028-2035/39
LHC Run-3 HL-LHC
/s =14 TeV /s =14 TeV
ATLAS, CMS upgraded ATLAS, CMS 2045+
L = 300 fb-1 L =3 ab-'in 10y

LHeC-to-FCC-h/e/A

e

LE-to-HE-FCC-h/e/A

2035+
LHeC
7 TeV p vs 60 GeV e
77
L=1ab"'in 13y
2040+

2060+
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2040-60 2060-80

1st gen. technology 24 gen. technology
2032+ 2040+ 2050+
ILC ILC ILC
Js =250 GeV Js = 350 GeV Js =500 GeV
ILD +? ILD +? ILD +?
L =500 fb-1in 5y L =2 ab"in 6y L =4 ab-"in 10y
2040+ 2050+ 2060+
CLIC CLIC CLIC
Js = 380 GeV Js=1.5TeV Js=3TeV
CLIC-all CLiC-D CLiC-D CLiC-D
L=1ab"in 8y L=2.5ab"in 8y L=5ab"in 8y
CLIC-FCC-mixed 2040+ 2050+ 2060+
FCC-ee FCC-ee
L-WW-ZH tt-365 GeV
FCC-all 20or4IR 20or4IR
L = 150-10-5 ab-' in 9y L =0.2-1.5 ab-" in 5y
2077+
2030+
CEPC 2045+

20or41R .

L = 10-5-2 fb-1 in 10y
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