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Particle Physics Today

The Standard Model of
Electroweak Interactions:

— Enormous success In
describing matter at the
smallest scales

Describing # understanding

Although there is no lack of
novel theoretical ideas, there
are no clear indications
where new physics is hiding




op Collider HL-LHC@CERN

HL-LHC

Increase the number of collisions to increase the statistics of events
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New Physics ?

Direct searches for
new heavy particles
— Need colliders

Indirect searches for
the imprint of New
Physics at lower

energies with larger energies
Precision frontier Energy frontier
e+e- collider pp collider

We need powerful machines to explore the
unknown through the
precision and energy frontiers




Path to a New Collider @ CERN

Typical path towards a new collider at CERN:
select a collider scenario and plan for success
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T prepare TDR CDR: Conceptual Design Report
CDR TDR: Technical Design Report

Since HL-LHC will collect data until ~2040 and since big
physics projects take ~20 years time to plan and build

— NOW is the right time to start defining the future of HEP
)



ete” collider options on the table
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Future Circular Colliders @ CERN

The Future Circular Collider (FCC)
study is a design study for a post-
LHC particle accelerator at CERN A A
The collider will be installed in a \/
tunnel with a circumference of 100 y

km and detectors installed at two
(up to four) interaction points.

The e+e- collider FCC-ee is

considered as a first step towards a
pp collider FCC-hh
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Future Circular Colliders @ CERN

FCC-ee - Precision frontier
Possible running scenario of FCC-ee @ Vs = 90 — 365 GeV

FCC-hh - Energy frontier

The pp-collider FCC-hh @ Vs = 100 TeV will possibly follow in a
second phase
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Timeline for the integrated FCC program @ CERN

Overall project duration for implementation and operation of
the integrated FCC is about 7 decades

Overview of implementation timeline for the integrated FCC-
INT program starting in 2020 (numbers at the top indicate the
year)

Physics operation for FCC-ee would start towards the
end-2030s
+ 15 years operation

Physics operation for FCC-hh would start in the mid-2060s
+ 25 years operation
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Detectors for Future Lepton Colliders

Two complementary detector designs are being studied
The “CLIC-Like Detector” (CLD) developed for FCC-ee:

Consolidated option based on the detector design
developed for CLIC

Proven concept, understood performance
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Y u[The “International Detector for Electron-positron
Accelerators” (IDEA)

Specifically developed for FCC-ee/CepC
Innovative and cost-effective design




Detectors for Future Lepton Colliders

CLD

Scintillator-iron HCAL

2 T solenoid

All silicon vertex detector
and tracker

High granularity
calorimeter system

Muon detector with
RPCs

Instrumented return yoke

IDEA

Double Readout Calorimeter
2 T coil

Ultra-light Tracker
- MAPS '—-
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LumiCal

Pre-shower coun
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Thin and light 2 T solenoid coll inside
calorimeter system

Silicon vertex detector
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drift, ultra light wire chamber
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Dual Readout calorimeter
MPGD-based muon detector




Future Circular Colliders: CepC/SppC@China

Circular colliders projects in China with
many possible sites that meet the
construction conditions

Changchunl_JiIin n A

‘54— Qinhuangdao.
; Hebei

Qinghuandao (F££ %) with great geological J

conditions and strong support from the local
municipal government could be the potential
site

Circular electron Positron Collider
(CepC)

The first phase will construct a circular
electron-positron collider in a tunnel with
a circumference of 50-70 km

Could start operations in the early 2030s
~10 years operation in total

Super proton proton Collider (SppC)
Could follow in the late 2040s



Linear Colliders: ILC, CLIC
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» ILC (International Linear = CLIC (Compact Linear Collider)

Collider) @Japan: @CERN:

= Vs = 250 GeV, upgradable = Vs = 380 GeV, upgradable to
to 500 GeV and possibly to 1.5 TeV and possibly to 3 TeV
1 TeV

= CERN'’s interest decreasing with
the internal competition of FCC

e
ILC Cand\date mte m Kltakam Tohoku Compact Linear Collider (CLIC) 7.
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Involvement of DIFA/INFN Bologna

We are already very active
on different fronts

FCC physics
performance studies
contact:
sylvie.braibant@unibo.it

CepC and FCC-ee
IDEA detector R&D
contact:
paolo.giacomelli@bo.infn.it
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“Back” to the Future

Several future colliders are proposed
Circular lepton colliders: FCC-ee and CepC
pp colliders: FCC-hh and SppC

Circular lepton colliders can later be replaced by very high
energy pp colliders = The sequential implementation of a
lepton and a hadron collider maximises the physics
reach

Attractive scenarios of staging and implementation cover
more than 50 years of exploratory physics
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