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What can we hope for the future?
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What do we hope to learn?

8 Dear Santa Claus,

We have been good
these past decades. Any future project will aim to address
Please could you these questions
now bring us

® adark matter candidate No guarantee that answers will be

® an explanation for the fermion masses found

® an explanation of matter-antimatter

asymmetry

® an axion, to solve the strong CP problem

® a solution to fine tuning the EW scale

® a solution to fine tuning the
cosmological constant

Thank you, Particle Physicists
From G. Salam’s talk@FCC-week 2023
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ARE THERE ANY GUARANTEED GAINS FROM A
FUTURE COLLIDER?
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Higgs precision

Origin of EWSB?
Thermal History of Higgs Portal
Universe to Hidden Sectors?

m Stability of Universe

Fundamental CPV and
Partially probed@LHC - -
Is it unique? - Origin of masses?

Origin of Flavor?

From G. Salam’s talk@FCC-week 2023
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Higgs: Yukawa couplings

Unprecedented precision expected: below 1% for 3rd generation
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Hope to probe also: electron and strange Yukawa for the first time!

e.g. H to hadrons at FCC-ee (strange), ee@125GeV (electron)
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Higgs potential
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The potential holds the key to: EWSB (and hence masses) and stability of the Universe
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Quantifying our knowledge

precision reach on effective couplings from SMEFT global fit
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Snowmass study: arXiv: 2206.08326

Precision gives an indirect energy reach!
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How about new particles?

Example: Z’

pp.13TeV. 139 fb1

Y—Universal Z , 20

' Exclusion limit ~ 5.1 TeV

Europte‘am Strateg)

pp. 100 TeV., 20 ab-! '

Exclusion limit ~ 41 TeV M[TeV]
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What about Dark Matter?
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What about Dark Matter?

SENPANIS N A LN S A

arXiv:1612.09284

95% C.L. upper limit on selected Higgs Exotic Decay BR 100

—— XENONA1T

\ n PRL 121 (2018) 111302

1 = PandaX

PRL 117 (2016) 121303

= DarkSide-50

PRL 121 (2018) 081307

—LUX
PRL 118 (2017) 021303

— DarkSide-Argo (proj.)
DarkSide-Argo EPPSU submission
DARWIN-200 (proj.)

JCAP 11 (2016) 017

— HL-LHC: BR<2.6%

Higgs PPG, arXiv:1905.03764

— HL-LHC+LHeC: BR<2.3%

Higgs PPG, arXiv:1905.03764
—— CEPC, FCC-ee,, , ILC,_: BR<0.3%

Higgs PPG, arXiv:1905.03764

—— FCC-ee/eh/hh: BR<0.025%

Higgs PPG, arXiv:1905.03764

—]
|

107

107%)

o, (x-nucleon) [cm®]

g
g

(m HL-LHC )
m CEPC | 10
m ILC(H20)
[l FCC—eef

o)
>
S
L
|

—
<

RN

o
N
|

RN

o
&
|

BR(h—Exotics)
LU IIIII|
L 11 IIIII|

‘\DarkSide-Argo (proj.)

RN
o
A

model

ches, Scalar DM

107% 3 ollidegmits at 95% CL, direct detection limits at 90% Ck - -
AT | . . R : " o

IRV N NEE

\
\

|| : : 1 _
MmuhuNdLuNNann

Mg, (bb)+ME7 D+ (7 I+, P+, e, T (bb)p, ) (©eey Dy o)y ((ry Wy )y,

-

-
<
a

. { \
1 10 102 10° European Strategy,
m, [GeV]

Dark Matter Portals through invisible Higgs width Some regions: unique
sensitivity from colliders

Eleni Vryonidou Future Collider Prospects



Physics prospects of future colliders

M Higgs couplings

M Higgs potential

™ Indirect reach through precision measurements
M Direct reach of heavy particles

M Probing the dark sector
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Thanks for your attention



Useful slides & references

European strategy for Particle Physics Briefing book
https://arxiv.org/abs/1910.11775

Snowmass efforts:
https://www.slac.stanford.edu/econf/C210711/

FCC week 2023
https://indico.cern.ch/event/1202105/

Muon Collider Showmass:
https://arxiv.org/pdf/2203.08033.pdf

Keynote talk on FCC Physics perspectives by Gavin Salam:

nttps://indico.cern.ch/event/1202105/contributions/5423455/attachments/2659121/460/7170/fcc-london.pdf
-CC physics case by Matthew McCullough

nttps://indico.cern.ch/event/1202105/contributions/539684 7/attachments/2659371/4606360/FCCWeek. pdf
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FCC-ee Physics Programme

'mz, 'z, N, e 0. s(mz) with per-mil accuracy

‘Ri, Ars *Quark and gluon fragmentation

‘mw, l'w *Clean non-perturbative QCD studies

EW & QCD
detector hermeticity particle flow
tracking, calorimetry energy resol.
particle ID
- | J -
direct searches Intensity
of light new physics frontier”

e Axion-like particles, dark photons,
Heavy Neutral Leptons
e long lifetimes - LLPs

flavour factory
(10'2bb/cc; 1.7x10" z7)

T physics B physics
*Flavour EWPOs (Rp, AFgP°)
er-based EWPOs ¢CKM matrix,
elept. univ. violation tests ¢CP violation in neutral B mesons

vertexing, tagging
energy resolution
hadron identification

momentum resol.

eFlavour anomalies in, e.g., b = szt
tracker

ChAristophie 6/‘9 jean

Higgs

MHiggs, I_Higgs
Higgs couplings
self-coupling

Top

Mtop, rtop
EW top couplings

detector req.

FCC cweek, May 30, 2022



