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Introduction

Last time | was in Liverpool ...
* |n the next ~45 minutes I'll aim to:

1. Explain why we need to start planning
for future colliders now.

2. Provide an overview of the Future
Circular Collider (FCC) integrated
project.

3. Discuss the opportunities and
challenges associated with this project.

« | am happy to take questions as we go
through, at the end or by email
(sarah.louise.Williams@cern.ch)
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The Standard Model
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However you “view” the Standard Model, it is an immensely successful and well
tested theory, but we know it has shortcomings...
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Big questions in particle physics
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Outstanding questions
about nature/our universe
could be solved through
uncovering new physics at
particle colliders.

Unlike the Higgs discovery,
we no longer have a clear
idea of the (energy) scale
at which it might appear.

(Maximally) exploring the
unknown is key...
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https://arxiv.org/pdf/2211.11084
https://arxiv.org/pdf/1903.05062

. . ) . This diagram could do with
Frontiers in particle physics an update (what about the

quantum frontier?)

« Pushing the intensity and energy frontiers
represent two complementary routes for probing
new physics.

What’s a discovery in particle physics S. Gori
. - Detecting for the first time a new fundamental process

.............

* Whilst the ‘focus’ of ete- machines is precision
(intensity frontier) - a future Higgs factory could
meet all definitions of discovery.

» Possible evidence for electron/strange yukawa?

 Direct discovery of ~ low-mass (very) weakly + Pushing the energy frontier to
coupled BSM. its highest achievable scale will
maximise (direct) sensitivity to

« Indirect discoveries up to ~50-100 TeV. NP.... (and deliver much more)
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What should come after the HL-LHC?

In the aftermath of the Higgs
discovery, lots of discussion
on what machine should
follow the LHC...

Linear collider?
S

P ete” machine?\ ILC (Japan?)
What should come Circular colllder’?
after the LHC? CepC (China)
O Hadron collider? \
\ | \ FCC-eelhh

Muon collider? (CERN)

How might Europe fit into the global context?
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1984 LHC proposed
Timescales in particle physics 1995: LHC approved

..are long. .. 2012: Higgs discovery

ECFA 84/85

ECFA_84_085_V_2 ?g:‘ptrb;‘":m 11. SUMMARY AND CORCLUSIONS

& theoretical consensus is emerging that new phenomena will ke discovered ar or below

1 TeV. There is no comsensus about the nature of these phenomena but it is interesting
that many of the ideas which have been suggested can be tested in experiments af aa LBC.
Although many,if mot all, of these idess will doubcless have been discarded, disproved or

established by the time an LHC is built, this demonstrates the potential wirtwes of such a

machine.

22 years later in 2006...

The European strategy for particie physics

Particle P]ﬂgsics stands on the threshold of a new and exciting era of cliscoverg.
The next gencration of cxpcriments will cxPIore new domains and probe the decp
structure of space-timc. T‘neg will measure the Properties of the elementarg con-
stituents of matter and their interactions with unPrecedented accuracy, and the

will uncover new Phenomena such as the Higgs boson or new forms of matter. Long~
stancling Puzzles such as the origin of mass, the matter-antimatter asymmetry of
the Universe and the mysterious dark matter and energy that Permeate the cos-
mos will soon benefit from the insights that new measurements will bring. Together,
the results will have a profound imPac’c on the way we see our Universe; Euro/ocan
IDart/c/c Io/ysics s/zou[;/ tﬁorough[g cx/D/o/t its current exciting and diverse research
programme. It should Pos/t/on itself to stand reaa’y to address the challenges that
wil emerge from 6)7D/orat/bn of the new frontier, and it should participate u//q inan

LARGE HADRON COLLIDER incrcas/ng/y g/oba adventure.
IN THE LEP TUNNEL

Vol. 1 http://council-strategygroup.web.cern.ch/council-strategygroup/
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http://cdsweb.cern.ch/record/154938/files/CERN-84-10-V-1.pdf
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http://council-strategygroup.web.cern.ch/council-strategygroup/

To put this in context...? Can you guess the films?

1995

(TAKE THAT’Y“'
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The 2020 European Strategy Update

Following ~ 2 years of consensus gathering within the
community, the ESU made several key recommendations to

the community:

1. 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

2. 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

Following the 2020 ESU, the FCC feasibility study was launched in 2021,
aiming to provide input by 2025 to feed into the next ESU...
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Timeline for the update of the
European Strategy for Particle Physics

Deadline for the

Council appointment of the Deadline for the Open submission of final
members of the PPG and submission of main S . national input in advance Submission of the draft
decision on the venue for the input from the ymposium of the ESG Strategy strategy document to
Open Symposium community Drafting Session the Council
End September 2024 31 March 2025 23-27 June 2025 14 November 2025 End January 2026
December 2024 26 May 2025 End September 2925 1-5 December 2025 March and June 2026
COU”Cifl detﬁiSiEgg” the Deadline for the Submission of the ESG Strategy Discussion of the draft strategy
;e:m;e orD eft' submission of additional “Briefing Book” to . document by the Council and
Strategy Drafting national input in the ESG Drafting updating of the Strategy
essio advance of the Open Session

Symposium

We are here now, just over a week away from the deadline for the final round of
national inputs. Thanks to everyone who has participated in this (long but
productive) process!
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Headlines from the ESPPU so far

» Broad support for FCC as the next flagship collider for CERN (reflected
in UK's national submission

https://indico.cern.ch/event/1439855/contributions/6461578/ ).

« BUT the need to establish clear “plan B” alternatives highlighted.
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https://indico.cern.ch/event/1439855/contributions/6461578/

Integrated FCC programme

Comprehensive long-term programme maximises physics
opportunities at the intensity and energy frontier:

1. FCC-ee (Z, W, H, tt) as high-luminosity Higgs, EW + top factory.

2. FCC-hh (~ 85 TeV) to maximise reach at the energy frontier, with pp, AA
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Status of the FCC project

» Feasibility study report submitted as input to the
ESPPU on 31st March this year.

« Key achievements: final choice of ring placement
(PA31-4.0) and 4 interaction points.

* No showstoppers to feasibility — with
ongoing/future R+D efforts for FCC-ee to focus on
increasing energy and operational efficiency and
reducing costs.

* For FCC-hh- significant challenge will be high-field 2/ ~ ~— -~
magnets needed for ~ 14 T dipoles. 535 //m_j e

o LSS@TECH (PB PF,PH,PL)  2032m
hgy ""‘_PJ xpe riment  arc length 9.6 km

. Sum of arc lengths 76.9m
Total length 90.7km

PF: technical -

PH: technical

‘ \ PG: experiment
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https://cds.cern.ch/record/2928193

FCC timescales

2014
2018
o ®

Conceptual Design Feasibility Study Projectapprovalby
] Study I CERN Council

Construction of
tunneland FCC-ee
starts

gl Olivia borq

e 2025. Earliest date
Q’{; to start PhD~ 2047.
Pt (Retirement >2093)

y | /=
Gz o ~ =
Ny Y X T /

>

-

2012- SW a PhD =
student at CERN
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A

HL-LHC
ends

Operationof FCC-ee

I

SW retirement
around 2055

Operationof FCC-hh

=> Realising FCC will be
a multigenerational
challenge!
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Synergies in FCC programme —BSM

FCC-hh Simulation (Deipheg), (s = 100 TeV

Higgs couplings
=]

precision reach on effective Higgs couplings from SMEFT global fit
BFCCee+hh
Free H Width
_ 7I no H exotic decay Z/WW denote Z-pole & WW threshold
so%  6gl" @ @ S S A @) oy 0 Mt R
For rare decays- need FCC-hh to reach ultimate precision L

1|®MHL-LHC S2 + LEP/SLD |mFCCee Z/WW/240GeV+365GeV
" : Il || JL H ‘ ‘ ‘ ‘
107 [ Vs V.
Mass scale [TeV]

* Order of magnitude improvement in « Direct sensitivity up to ~ 50 TeV at
Higgs couplings. FCC-hh (and access to Higgs self
coupling).
» Factor of 10-50 improvement in EW
precision observables at FCC-ee => FCC-hh could directly discover
(indirect sensitivity up to ~ 70 TevV) NP indirectly accessed at FCC-eel!
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https://fcc-cdr.web.cern.ch/
https://fcc-cdr.web.cern.ch/
https://fcc-cdr.web.cern.ch/
https://cds.cern.ch/record/2928193

FCC-ee and -hh synergies - Higgs measurements

et Higgsstrahlung 7

« FCC-ee can provide a model independent (ZH)

measurement of g,,, through measuring g, .
This provide standard candle to normalize the
measurement of other Higgs couplings.

« FCC-ee will measure ttZ couplings through e H
ee — tt. This gives a second standard candle
used to extract g,y and gy at FCC-hh.

« FCC-hh will provide the statistics to access
rarer Higgs decays (H — uu, H - Zy) and ~
20 million HH events to give precise ultimate
tests of the EWPT.
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https://fcc-cdr.web.cern.ch/
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FCC-ee physics landscape

Schematics from

FCC-ee Physics landscape
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FCC-ee Detector requirements

/ Higgs \

factory

track momentum
resolution (low X,)

IP/vertex resolution for
flavor tagging

PID capabilities for flavor
tagging

jet energy/angular
resolution

(stochastic and noise)
\ and PF /

JERIR

/ Flavor \
“boosted” B/D/t factory:

track momentum
resolution (low X,)

IP/vertex resolution
PID capabilities

Photon resolution, pi0
reconstruction

A
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/ QcD - EWK \ &
most precise SM test

acceptance/alignment
knowledge to 10 pm

luminosity

& )

BSM
feebly interacting particles

Large decay volume

High radial segmentation
- tracker
- calorimetry
- muon

impact parameter
resolution for large
displacement

\ triggerless J

by M. Selvaggi at FCC week

— Broad landscape of
physics opportunities!

= Significant effort to study
impact of detector
concepts across range of
physics areas, with lots still
to do in the coming years
(opportunities for
engagement)
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https://indico.cern.ch/event/1202105/contributions/5396850/attachments/2659433/4606491/Detector%20Requirements%20from%20Physics.pdf

Ultimate precision @ FCC-ee

I T - - - 1 * Unprecedented luminosity at
;E " s multiple centre of mass energies
= v W s et 1 will enable ultra-precise
g I : measurements of Higgs (and EW
5 vF o 3 and top) sectors of the SM...
i —— =1 « New SRF plans enable flexibility of
o w0 om0 30 w0 &0 running order between Z/Zh/WW
Working point £ pole WW thresh. ZH tt
_ /5 GeV) 88, 91, 94 157, 163 240 340-350 365
* To. lllustrate this Lumi/IP (10 cm 25~ 1) 140 20 75 1.8 1.4
Lumi/year (ab~ ") 68 9.6 3.6 .83 0.67
further... | thought Roun Eeae fyeat) .y 3 ) | .y
we would play a Integrated lumi. (ab~ 1) 205 19.2 10.8 042 270
game 2.2 % 10" ZH 2 x 107 tt
T Number of events Bwx 10 Z 2.4 = 10% WW + + 370k ZH

65k WW - H 4+ 92kWW o H

UNIVERSITY OF

CAMBRIDGE Dr Sarah Williams: University of Liverpool HEP seminar 4/11/25




e*e- numbers game

Put these numbers in ascending order (and guess if you can?)
1. # Z bosons/hour at FCC-ee (Z-pole)

# Higgs bosons/day at FCC-ee (Zh pole)

# Z bosons produced at LEP

W N

# Creme eggs produced by Birmingham Cadbury's factory per
day
5. # Higgs bosons produced by the LHC in 2017.

In the interest of time- try guessing the highest and lowest...
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Disclaimer: these numbers have not been
e*e- numbers game updated since the mid-term report- both for FCC

and the Cadburys factory...

Put these numbers in ascending order (and guess if you can/ want
to...?)

1. # Z bosons/hour at FCC-ee (Z-pole) => 360 million (5)
# Higgs bosons/day at FCC-ee (Zh pole) => 2000 (1)
# Z bosons produced at LEP => 18 million (4)

s W N

# Créme eggs produced by Birmingham Cadbury's factory per day
=> 1.5 million (2)

5. # Higgs bosons produced by the LHC in 2017 => 3 million (3)
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Plots taken from vol. 1 of FCC
Case study- Higgs physics CDR:

et Higgsstrahlung 7 g B T T T : T .

N D § 250~ —e'e > HZ —

> 1 million ZH I —WW S H g
events § 2op — E
o mp T

~ 100,000 WW of -
fUSion E | " .J._’I/_/.—/._T_T_T_.,_I’:l._/_lz_i_.—é

800 220 240 260 280 300 320 340 360 380 400

— VC
¢ WW Fusion (HWW) (s (GeV)

« Large rates, clean experimental environment (no UE, Pileup,
triggerless) with no QCD background will open up a new era of Higgs
precision physics.

* Opportunities to remove model-dependence from measurements and
reach sub-percent level for post couplings.
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https://fcc-cdr.web.cern.ch/
https://fcc-cdr.web.cern.ch/
https://fcc-cdr.web.cern.ch/

et Higgsstrahlung 7
(ZH)

Higgs recoil mass method

e H
* Precise C.0.M knowledge* enables:
FCC- imulation /s = 240 GeV, 5 Bl
» Zto be tagged (through leptons). U LA AAAT R M A A il A e
(5 1400 — — TTETe T i =
: : . S ] ww 1
» Construct recoil mass associated with 3 1200 .z -
. 2 _ 2 q{:) :] Z/Y' - s, T
nggs Mrecoil = S — 2\/§Ell +my @ 1000/

I Rare (e(e)Z, vy —» pp, o) |

« Event counting gives precise Zh o B
production cross-section 600~ ]
measurement. k. E
* Absolute + model independent 200

measurement of g, coupling.

20 122 124 126 128 130 132 134 136 138 140
Myec (GEV)

*Achieved through resonant depolarization (unique to circular I+l- colliders)
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Top and flavour @ FCC-ee

L e T
E oo rmmoe oo 3
e tt threshold scan will enable most precise S 08 il 715 o1y 147 Gov
measurements of top-quark mass and width. VT Tl
S o5F
« Tera-Z run offers unprecedented flavour o
opportunities- 10x more bb/cc pairs than final 02 L
. . . : based on EPJ C73, 2530 (2013) {
Belle-Il statistics. N
340 345 350
s [GeV]
Particle species  BY BY B A, B o 11 B e e
Yield (x10%) 370 370 90 80 2 720 200 il

z :
« Exciting physics potential with boosted b/z, and : //
opportunities to probe LFV/LFU in T decays. y /
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EWK precision @ FCC-ee

High-statistics at FCC-ee drives substantial improvements in EWK
precision programme...

Observable | Current | FCC-ee | LCF | LEP3 N gy~
Am (keV) 2000 | 4(100) 200 7.5 (100) i
AT (keV) 2300 | 4(12) 125 7.5(23) 176} = HL-ALHCALCFzsone
R, (x10°°%) R, = ’Ie;ﬂ 1600 | 24(23) | 90(90) | 4523 o o
SR, (x107%) R, = ]_‘;:d 3300 | 12016) | 70(60) | 22030 @ & | M er™
Asin® By, (% 10%) 130 | 0.4(0.5) | 2.7(2.3) |075(0.95) & 172} T el
Aat(m) ! [x107) 14 0.8 38 - 1.4,7.3
Ay (keV) 9900 | 180 (160) | 500 (1600} | 430 (700) 1701
ALy (keV) 42000 | 270(200) | 2000 650 (500)

80.33 80.34 80.35 80.36 B80.37 80.38 80.39
My [GeV]

Challenges (and opportunities) in theory and on the experimental

side (energy calibration/luminosity measurement) to reach ultimate
precision...

UNIVERSITY OF
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Theory input required for FCC programme

CJuantity Current FCC-ee stat. Required Theory status Meeded theory
precision  (syst.) precision theory mmput as of today improvement’
mz (MeV) 2.0 0,004 {0.1) uiu-_n:sunenl. NLO, | NNLO for
e e —ff, ISR loganithms |, _ F
Iz (MeV) 23 0.004 (0.012) initial-state up to 6% order e’'e —
sin? @,  L6x107" 1.2(1.2)x 19% radiation (ISR)
my (MeV) 9.9 0.18 (0.16) lineshape of NLO NNLO for
ete” = WW feta™ — df ete” = WW,
near threshold ~ or EFT W ff
framework) in EFT setup
HZZ - 0.1% cross section for  WLO EW plus  full NNLO EW
coupling ete” = ZH partial NNLO
QUDEW
meep (MeV) 290 4.2{4.9) threshold scan NILO QCD, Matching fixed
ete” —tt MNNLO EW, orders with
resummations  resummations,
up to WINLL, merging with
O30 MeV) MC, g (input)
scale uncert.
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BSM @ FCC-ee - a shapshot

Taken from FCC Snowmass

Image credit: FCC CDR

1. Indirectly discover new particles '
coupling to the Higgs or EW bosons up Current limitl
to scales of A = 7 and 50 TeV. Current exp.

sensitivity

2. Perform tests of SUSY at the loop level LHC Run3.

in regions not accessible at the LHC.

LHC Run4.
3. Study heavy flavour/tau physics in rare
decays inaccessible at the LHC. FCC—ee/hh

. . 560 1OIOO 15IOO
4. Perform searches with best collider

e . - [GeV]
sensitivity to dark matter, sterile e
neutrinos and ALPs up to masses ~ 90 Projected 20 indirect
GeV. reach from Higgs

couplings on stops.
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https://arxiv.org/pdf/2203.06520.pdf

FCC-ee case study: LLPs

=ssss neutral HSCP displaced B BSM

m— charged dilepton M lepton

m— AL ok LLPs that are semi-stable or
anythir .
- . lfd"y’ = decay in the sub-detectors are
disepporring i predicted in a variety of BSM
&orferld, " models:
L AT N e * Heavy Neutral Leptons
TN AT (HNLs)
£ + ALPs
oo 2 ’V’ not pictured: « Dark sector models
d'*l’:‘dLCd displaced out-of-time decays
veriex

conversion

The range of unconventional signatures and rich phenomenology
means that understanding the impact of detector design/performance
on the sensitivity of future experiments is key!
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LLPs @ FCC-ee

—
’ »’

] '
’ ' | o7
/ ¢ el AN pleesy
I o]

High luminosities at Z-pole
and ZH threshold offer
unique sensitivity to LLPs
coupling to Z or Higgs.

No trigger requirements.

Excellent vertex reconstruction
and impact parameter resolution
can target low LLP lifetimes (this

can drive hardware choices). e ——  w -
my [GeV]

Projections often assume

background-free searches (we ESPPU briefing plot for HNLs mixing with
should check these muon neutrinos.

assumptions).

UNIVERSITY OF

CAMBRIDGE Dr Sarah Williams: University of Liverpool HEP seminar 4/11/25




Detector concepts for FCC-ee

CLD (“CLIC-like Detector”) IDEA (“Innovative Detector for  “Allegra”
Electron-positron Accelerator”)

Noble Liquid ECAL based

new

10m/2

3 @
12m/2

Full silicon vertex-detector+ tracker Silicon vertex detector New proposal using
3D high-granularity calorimeter Short-drift chamber tracker. liquid LAr
Solenoid outside calorimeter Dual-readout calorimeter  calorimeter!

Easy to study impact of detector design on physics sensitivity through FCC
software framework!
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Key point: like the
Physics opportunities at FCC-hh LHC- FCC-hh will also

be a Higgs factory!

Wino=like (minimal Jplel) Dark Matter:

| = — e . summary of constraints (solid edge) and reaches (dashed edge)
Lz B !
04 mm AN 3E WFHL-41F) 04 protons |
GC y-lna [
=
Bl FCC-oesshh dwarts p continussm
0.3 0.3
Mono-pet I" I
0.2 0.2 Mono-phoon |
YVBF -
0.1 0.1 Disappearing racks !—
500 1000 15I0U Eﬂlﬂﬂ Eﬁll'.'lﬂ 3000 3500 4000
M, [GeV)

Despite the longer timescales, there was a dedicated effort to strengthen the
physics case/ better understand detector considerations for FCC-hh and check
the impact of different COM energies. This included more sophisticated
simulations and applications of ML- see report!
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https://indico.cern.ch/event/1439855/contributions/6461632/

Physics opportunities at FCC-hh

ZE: 105 gasar LEP land It COF
; _.l L]
=~ 3 vern Complementary opportunity for
10" o LLPs compared to that at FCC-ee. i.e.
L opportunity to probe yy = a = yy in
s et pp/p-A/AA collisions
—— = FCC-pp (8= 100TaV, L = 30 00"
10—4 CCPb (8=200 TeV, L_ = 110.0 nb™*
10.5 PRI UrTYYT™ | : sospul Laiu AT AR
10° 102 107" 1 10 10 10° 10* _ 10 ;
m, (GeV) , . ,, Py Neutrino WPy
. . . . ¢ S / 4 \n\ {8 / .“’"'e;:-_.' ) )
Exploit high-intensity beams of \Tootems/ Nt Niowate/ N o5 N e
forward neutrinos and perform
unique BSM searches through
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1. Why think about future colliders now?

« To avoid a significant gap in data-taking after the High-Luminosity LHC key
decisions need to be taken in the coming years.

« Knowledge transfer to those that will deliver the project (i.e. ECRs) cannot
wait.

« We are resource limited (including person power)- making the HL-LHC
must be our top priority, so making a future collider reality in parallel will
require...

« Consensus in the
community.

« Strategic planning and
collaboration
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2. The integrated FCC project...
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Integrated programme combines precision at the intensity frontier (FCC-ee) giving
indirect sensitivity to a multitude of NP as well as unique direct sensitivity to low-
mass and weakly interacting BSM physics, with dlscovery potential at the energy
frontier (FCC-hh) that will extend the precision achleved at FCC-ee!
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3. Opportunities and challenges associated with FCC

« Paradigm shift in
precision to EWK/
QCD/ Higgs physics.

Suite of challenges we need
to overcome to get there:

.. * Theory
« Exciting flavour Subject to
opportunities. overcoming... « Technological (detector
development+ design,
* Unprecedented accelerators, computing).

sensitivity to BSM.
« Sociological.

e Political.

In my opinion- this is achievable and definitely worth it...
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https://gencraft.com/generate

Want to learn more about FCC/get involved?

* Further reading if you have:

« ~ 1 day: browse the 10-page summaries
submitted by FCC to the ESPPU
https://indico.cern.ch/event/1439855/contribut
ions/

« ~ (we wish) 1-2 weeks: read the FCC
Feasibility study report
https://cds.cern.ch/record/2928193

« ORyou could attend (virtually or in-person) the ~ Thanks for listening- |
FCC-UK meeting on Wednesday 12th am happy to take
November at IPPP: questions ©
https://conference.ippp.dur.ac.uk/event/1496/
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Updated FCC costings

Domain | Cost [MCHF] Domain Cost
Civil engineering 6,160 HF

Technical infrastructures 2,840 (MC )
Injectors and transfer lines 590 Civil engineering 520
Booster and collider 4,140 . .

CERN contribution to four experiments 290 Te'Chnlcal lnfraStrUCtur_es 3,960
FCC-ee total 14,020 Injectors and transfer lines 1,000
+ Four experiments (non-CERN part) 1,300 Collider 13,400
FCC-ee total, including four experiments 15,320 FCC-hh total 18,880

(Assuming FCC-hh as part of
integrated programme- after FCC-ee)
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ete™ colliders: circular or linear?

Circular colliders

Multi-pass at |IP

Modest accelerating gradients
Limited by synchrotron radiation
No beam polarization

Potential to re-use tunnel for
hadron collisions.

¥ Fec

% -G Wea s
«.” 100 km circumference i 2

B | oft: FCC-ee (CERN)
i Below: CEPC (China)

Linear colliders

Single pass at IP

Maximum accelerating gradients
No synchrotron radiation

Can exploit (longitudinal) beam
polarization

Staged approach to higher energies
(energy~length)

Right: ILC (Japan)
Below: CLIC (CERN)




Synergies in FCC programme- FCC-eh

Taken from by J. D"Hondt at FCC week Taken from updated
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 Empower FCC-hh with precision input on hadron structure 1%\nd'os.trgngmc:odoplinwg X
(to permille accuracy) during parallel running.

» Complementary measurements of Higgs couplings (CC+NC DIS x-sections, no
pile-up, clean)- see slides by U. Klein here

* Plus... complementary BSM prospects (LLPs, LFV, not-too-heavy scalars, GeV-

scale bosons)
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https://indico.cern.ch/event/1202105/contributions/5435643/attachments/2662467/4612844/FCC-JDH-8June2023.pdf
https://cds.cern.ch/record/2706220/files/Agostini_2021_J._Phys._G__Nucl._Part._Phys._48_110501.pdf
https://indico.ijclab.in2p3.fr/event/8623/contributions/27079/subcontributions/1943/attachments/19802/27128/Orsay_UKlein_26.10.2022.pdf

FCC-ee and -hh synergies - BSM §;eam ot ngccj\;eek

e
Direct FCC-ee sensitivity O RE

. HNLS COLLIDER
* Alps
« Exotic Higgs decays

...plus indirect access to
a range of BSM
phenomena through ultra-
precise measurements of
SM parameters...
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https://indico.cern.ch/event/1202105/contributions/5423455/attachments/2659121/4607170/fcc-london.pdf

FCC-ee and -hh synergies - BSM searches

More details in FCC TDR and 2020 ESU submissions

FCC-hh sensitivity to direct NP

FCC-hh Simulation (Delphes), s = 100 TeV
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In summary- exciting possibilities to discover/characterize NP that could
be indirectly predicted through precision measurements at FCC-ee
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https://fcc-cdr.web.cern.ch/

Comparing future colliders

from the Snowmass 21 Implementation task force

Pears . Apple MANGO PEAR

... is hard! Its important to define
VS “; your comparison metrics carefully
| 2 and consider the errors involved!

« See slides by L. Nevay at IOP-HEPP
2023

« Some claim that "FCC-ee is, by very
large factors, the least disruptive in
terms of environmental impact”
(arXiv:2208.10466).

» For discussion of the potential of HTS to

make FCC-ee more sustainable see
(Also consider whether the people making the  these slides.

comparison might prefer apples or pears)

Personal recommendation: go through the numbers, look at the whole
picture (physics goals, upgrades, operation time etc) and critique the
numbers for yourselves!
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https://arxiv.org/pdf/2208.06030.pdf
https://indico.cern.ch/event/1261135/contributions/5299407/attachments/2625454/4540240/2023-04-05-nevay-future-colliders.pdf
https://cds.cern.ch/record/2827204/files/2208.10466.pdf
https://indico.cern.ch/event/1202105/contributions/5385376/attachments/2661124/4610047/HTS4_London_final.pdf

FCC-ee accelerators

« Separate rings for electrons and
positrons and full-energy top-up booster
ring in same tunnel.

« Max 50MW synchrotron radiation per
collider ring across full operating range.

* Asymmetric IR layout limits photon
synchrotron radiation 500m upstream of
IP towards detectors, and generates
large 30mrad crossing angle.

4 possible at PA,
« Crab waist technique to optimize PD, PG and PJ with RF stations at PH,
luminosity. PL and injection/extraction and

collimation in PB/PF straights.
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