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Introduction

* Reminder: Outcome of the 2020 European Strategy Process

* An electron-positron Higgs factory is the highest-priority next collider.
For the longer term, the European particle physics community has the
ambition to operate a proton-proton collider at the highest achievable
energy.

* Europe, together with its international partners, should investigate the
technical and financial feasibility of a future hadron collider at CERN with
a centre-of-mass energy of at least 100 TeV and with an electron-positron
Higgs and electroweak factory as a possible first stage.

* Future Circular Collider (FCC) Feasibility Study launched in 2021
* Mid-term review by end of 2023
* Full Feasibility Study Report in 2025

* Outcome from the US Snowmass+P5 process expected soon



The FCC Program

* Comprehensive long-term program with physics at the intensity and energy

frontier:

* Electron-positron collider: FCC-ee (Z,WV, H, tt) as high-luminosity Higgs,

EW + top factory

* Hadron-hadron collider: FCC-hh (~100 TeV) to maximize energy to
search for BSM physics and make precision measurements

* includes pp,AA and eh options
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FCC Physics Case

* Unbiased, high precision Higgs measurements
* Higgs width (FCC-ee)
* |Ox improvement Higgs couplings (Mostly FCC-ee, some at FCC-hh)
* Higgs self-coupling (Mostly FCC-hh)
* Searches for physics beyond the Standard Model
* Indirect searches via precision measurements up to 70 TeV(FCC-ee)
* Direct searches for new particles and new interactions (FCC-hh)
* |Ox reach of HL-LHC
* And many more
* |0-50x improvement on EW observables

* |Ox Belle Il statistics for b, c, tau



FCC Timeline

Technically-limited schedule

1 [P 5 B (l © £ 1 | 19 EOB] Fccee | 10 years ) FCC-h,
- FCC-ee dismantling, CE

Geological investigations, infrastructure & infrgstmcture
detailed design and tendering preparation adaptations FCC-hh,

Tunnel, site and technical
infrastructure construction

FCC-ee accelerator and detector

FCC-ee accelerator and detector R&D and technical
consfruction, installation, commissioning

design

Long model magnets High-field magnet
Superconducting magnets R&D e industrialization and
ol series production

FCC-hh accelerator
FCC-hh accelerator and detector

and detector R&D aadh ; P
and technical design construction, installation, commissioning

Realistic schedule

2014 2045
2018 2048

o [ D I o O o]
, HL-LHC

Conceptual Design Feasibility Study Project approval by Construction of ends Operation of FCC-ee  Operation of FCC-hh

Study (geclogy, R&D on accelerator, CERN Council (15 years physics explodtation) (~ 20 years of physics exploftation)

X detector and computing tunnel and FCC-ee
{(Concepiual Design Repont
) technologie s, adminisratve starts
end 2018) procedures with the Host States,

environmental impact, financial
feasb iy, etc.)

E Gianotti, June 2023



https://indico.cern.ch/event/1202105/timetable/#426-introductory-remarks
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FCC Ring Location

Major achievement: optimization of the ring placement
Layout chosen out of ~ 100 initial variants, based on geology and
surface constraints (land availability, access to roads, etc.), environment
(protected zones), infrastructure (water, electricity, transport), etc.

“Eviter, reduire, compenser” principle of EU and French regulations

Lowest-risk baseline: 90.7 km ring, 8 surface points,
4-fold superperiodicity, possibility of 2 or 4 IPs
Whole project now adapted to this placement
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https://indico.cern.ch/event/1202105/timetable/#430-fcc-feasibility-study-stat
https://indico.cern.ch/event/1202105/timetable/#430-fcc-feasibility-study-stat

Beam Parameters

Parameter Z wWw H (ZH) ttbar
beam energy [GeV] 45 80 120 182.5
beam current [mA] 1280 135 26.7 5.0
number bunches/beam 10000 880 248 36
bunch intensity [10""] 243 2.91 2.04 2.64
SR energy loss / turn [GeV] 0.0391 0.37 1.869 10.0
total RF voltage 400/800 MHz [GV] 0.120/0 1.0/0 2.08/0 4.0/7.25
long. damping time [turns] 1170 216 64.5 18.5
horizontal beta* [m] 0.1 0.2 0.3 1
vertical beta* [mm] 0.8 1 1 1.6
horizontal geometric emittance [nm] 0.71 217 0.64 1.49
vertical geom. emittance [pm] 1.42 4.34 1.29 2.98
horizontal rms IP spot size [um] 8 21 14 39
vertical rms IP spot size [nm] 34 66 36 69
luminosity per IP [1034 cm2s] 182 19.4 7.3 1.33
total integrated luminosity / year [ab™'/yr] 4 IPs 87 s 0.65
beam lifetime (rad Bhabha + BS+lattice) 8 6 10

Currently assessing
feasibility to change order,
i.e. start with ZH

4 years
5x10'% Z

LEP x 10°

2 years
> 108 WW
LEP x 104

3 years S years
2x10%H 2 x 106 tt pairs

E Gianotti, June 2023
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Detector Concepts for FCC-ee

CLD

| E
S
i Joem —>

Well established design

* ILC->CLIC detector->CLD
Full Si vtx + tracker;
CALICE-like calorimetry;
Large coil, muon system
Engineering still needed for operation with
continuous beam (no power pulsing)

* Cooling of Si-sensors & calorimeters
Possible detector optimizations

. op/pl o./E

* PID(O(10 ps) timing and/or RICH)?

IDEA

Instrumented return yoke

Double Readout Calorimeter
27T coil

Ultra-light Tracker

MAPS %
\\\\mmw

Pre-shower counters

v

< 13 m
A bit less established design

* But still ¥15y history
Si vtx detector; ultra light drift chamber w
powerful PID; compact, light coil;
Monolithic dual readout calorimeter;

* Possibly augmented by crystal ECAL
Muon system
Very active community

* Prototype designs, test beam

campaigns, ...

Noble Liquid ECAL based

Muon Tagger

HCAL Barrel

new

10m/2

sa¥iey vonyy

12m/2

A design in its infancy
Si vtx det., ultra light drift chamber (or Si)
High granularity Noble Liquid ECAL as core

* Pb/W+LAr (or denser W+LKr)
CALICE-like or TileCal-like HCAL;
Coil inside same cryostat as LAr, outside ECAL
Muon system.
Very active Noble Liquid R&D team

* Readout electrodes, feed-throughs,

electronics, light cryostat, ...
* Software & performance studies

M. Selvaggi
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Physics Landscape

- D-EWK @ BSM
/ Higgs \ / Flavor \ Qc feebly interacting particles

factory “boosted” B/D/t factory: most precise SM test
m,, O, r_H CKM matrix Heavy Ng_llﬂﬁl) Leptons
self-coupling CPV measurements mz, I_z ’ rinv
H— bb, cc, ss, gg Charged LFV
H—inv Lepton Universality sin’0,. ,R? R, R
ee—H r properties (lifetime, BRs..) Wbt Dark Photons Z
H—bs, .. A", Tpol.
o o7 Axion Like Particles (ALPs)
Top s Bs T ds
B.-K'rt . iy
B K* v v r Exotic Higgs decays
Mtop, rtop, ttZ, FCNCs B.>@VV... mW’ W
S

& N AN A >

Detector Requirements

: CD - EWK \ / el \
/ Higgs \ / Flavor \ . feebly interacting particles

factory “boosted” B/D/t factory: most precise SM test
track momentum track momentum _ Large decay volume
resolution (low X,) resolution (low X ) acceptance/alignment
° knowledge to 10 um High radial segmentation
|P/vertex resolution for IP/vertex resolution - - tracker
flavor tagging luminosity - calorimetry
- muon

PID capabilities
PID capabilities for flavor

tagging Photon resolution, pi0 impact parameter
e e e e resolution for large

jet energy/angular displacement
resolution

\(stochazﬂz ?Dan noise)J \ / \ / \

triggerless

M. Selvaggi



https://indico.cern.ch/event/1202105/timetable/#373-detector-requirements-from
https://indico.cern.ch/event/1202105/timetable/#373-detector-requirements-from

Precision EW at FCC-ee

...a quantum leap
In our
understanding of
electroweak
physics...

M. McCullough

Compare these columns.

Observable Present FCC-ee FCC-ee
value + error (statistical) (systematic)

my, (keV /c?) 91186700 £ 2200 5 100
I'z (keV) 2495200 £+ 2300 8 100
RZ (x10%) 20767 = 25 0.06 1
as(myz) (x10%) 1196 £+ 30 0.1 1.6
Ry, (x109) 216290 + 660 0.3 <60
op.q (X10%) (nb) 41541 + 37 0.1 4
N, (x10%) 2991 + 7 0.005 1
sin?09T (x 106) 231480 + 160 3 2-5
1/aqep(mz)(x10%) 128952 + 14 4 Small
AR (x10%) 992 + 16 0.02 <1
ARST (32 10) 1498 + 49 0.15 <2

- myw (keV/c?) 803 500 + 15000 600 300

\ )
|
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https://indico.cern.ch/event/1202105/contributions/5396847/attachments/2659371/4606360/FCCWeek.pdf
https://indico.cern.ch/event/1202105/contributions/5396847/attachments/2659371/4606360/FCCWeek.pdf

Higgs Couplings at FCC-ee

no evidence yet

guaranteed at FCC-ee

First
generation

11

Second Third H " .
e e Interactions

=~ 2.2 MeV/c2

up

no obvious path to
SM-level
measurement

bright ideas
needed!

no evidence yet

tantalisingly close
to reach of FCC-ee

= 4.7 MeV/c2

_down |

=~ (0.511 MeV/c2

electron

=~ 1.27 GeV/c2 =~ 173 GeV/c2

. ‘ established (50) at LHC

charm top by observation of direct
Interaction with H

=~ 93 MeV/c2

~4.18 GeV/c2

|
‘ ’ =~ 80.4 MeV/c2 = 91.2 MeV/c2
strange ||| bottom ‘ ‘
~106 MeV/c2 | | ~ 1.78 GeV/c2 W-boson | | Z-boson
muon tau first evidence (30)

to be conclusively
established at the LHC
within 3-10 years

G. Salam +20% on k)



https://indico.cern.ch/event/1202105/contributions/5423455/attachments/2659121/4607170/fcc-london.pdf
https://indico.cern.ch/event/1202105/contributions/5423455/attachments/2659121/4607170/fcc-london.pdf

Dark Sector at FCC-ee

Our Dark Future

Would not be surprised if first dark world
discovery is of light states which are not
necessarily the dark matter itself, but are
connected with dark sectors.

95% C.L. upper limit on selected Higgs Exotic Decay BR 1612.09284

m HL-LHC

m CEPC

m ILC(H20)

m FCC-ee ||
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FCC-ee enables us to explore the richness of the
dark sector with unprecedented breadth.

M. McCullough
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Conclusion

* The FCC program is an exciting proposal P
to secure the future direction of our field

* Offers both precision physics . = ““
measurements of Standard Model gEzmmENLL 7T
particles and the Higgs boson as well ““ f '
as searches for physics beyond the F-ﬁh g |
Standard Model e 2R e
b N PP e
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