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Some motivations (more in the next talk)
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FIG. 1: The Higgs boson as the keystone of the Standard Model is connected to numerous fundamental questions that can be
investigated by studying it in detail.
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Some motivations (more in the next talk)

: BSM
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FIG. 2: Examples of the interplay between experimental observables and fundamental questions connected to the Higgs boson.
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Higgs Production & Deca
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Higgs Couplings

- The strengths of the couplings increase
with the masses of the elementary
particles

- So far, good agreement, within experimental
uncertainties

- SM BR( h— inv), is only about 0.1%, from
the decay of the Higgs boson via ZZ'— 4v

- Observation of an invisible decay, would be a
clear signal of BSM Physics

-+ The most stringent constraint currently is set
by CMS exploiting the VBF topology, with
101 fb-1 at 13 TeV

CMS 18% obs. (10% exp.)
ATLAS 14.5% obs. (10.3% exp.)
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Higgs Self Coupling Status
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HILUMI

LARGE HADRON COLLIDER
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Higgs Physics at the HL-LHC
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Higgs Physics at the HL-LHC
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Theory Uncertainties
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Impressive theoretical progress has been, and is continuing, to be achieved, leaving theorists optimistic 5

that the theory uncertainties can be reduced by a factor of two in the future O

Meeting this necessary theoretical accuracy will require a dedicated effort with significant computational
resources
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Machine Overview

Future Circular Collider (FCC) o

Hadrons

Discovery Machines
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Leptons

Muon Collider
Conceptual Layout
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EW couplings
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What Machines are under consideration after the HL-LHC?

(@\
Collider Type Vs P(%] Lint Collider Type | /s Pl%] | Lint §
e~ fet ab™! gl g L s
HLLHC = 14 ToV HE-LHC pp 27 TeV 15 >
>
ILC and C3 ee | 250 GeV | £80/+£30 | 2 S pp__| 100 TeV 30 a
nhd
c.0.m almost 350 GeV | £80/+£30 | 0.2 LHeC 0, 1.3 TeV g
similar 500 GeV | £80/+30 | 4 FCCen 3.5 TeV 2 2
1 TeV | £80/ + 20 ] CLIC ee 1.5 TeV | +80/0 | 2.5 "
CLIC ee 380 GeV | =+80/0 1 3.0 TeV | +80/0 | 5 2
CEPC oo M 60 High energy muon-collider pu 3 TeV 1 =
2 My 36 10 TeV 10 -E
(o
240 GeV 20 n
360 GeV 1 §;
FCC-ee ce M, 150 Higgs EF Report does not review the &
2Mwyy 10 - : : o
ol : machines, only the Higgs-physics s
2 My, 1.5 reach of each, given these scenarios ©

muon-collider (higgs) puu 125 GeV 0.02

> ;

17



Hadron Colliders
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e+e- Colliders

ZH is the dominant production mode : o N s | J ~
between 250 GeV and 1 TeV et S o ] =
- Measurement of the inclusive ZH cross g -
section at 0.5-1% S =
. . . ete- t
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FIG. 15: Example of the recoil mass for 250 GeV e*e™ collision energy at ILC [49]. 19



Muon Colliders

An old idea that has new footing due to recent
technological advances
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Muon Colliders are actually EWK colliders with a mix of initial states
— Low Beamstrahlung, high partonic energy but large Beam Induced Background (BIB)
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SMEFT

A consistent theoretical framework requires the
use of effective field theory (SMEFT)

techniques

The inclusion of the di-boson and Giga-Z data
greatly improves the precision of the hWW and

hZZ couplings

Provides a more comprehensive

understanding of high scale physics
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precision reach on effective Higgs couplings from SMEFT global fit

LCC Physics WG
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B HL-LHC S2 + LEP/SLD
(combined in all lepton collider

enarios)

Free H Width

B CEPC Z;,0/WW;/240GeV B CLIC 380GeV, MuC 3TeV
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subscripts denote luminosity in ab~', Z & WW denote Z-pole & WW threshold
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Higgs Couplings Summary

FIG. 18: Projected relative Higgs coupling measurements in % when combined with HL-LHC results. All values assume no

beyond the Standard Model decay modes. In addition, only initial stages are shown for near-term colliders: This corresponds
100 - to 3 ab~' and two interaction points (IPs), ATLAS and CMS, for the HL-LHC at 14 TeV, 2 ab™! and 1 IP at 250 GeV for
ILC/C?, 20 ab™ " and 2 IP at 240 GeV for CEPC, 1 ab~! and 1 IP at 380 GeV for CLIC, and 5 ab~! and 4 IP at 240 GeV for
FCC-ee. *Note the HL-LHC K projection uses only the CMS detector and is an upper bound [56].
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I“C’P odd

CP Violating Decays,
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CP violation is one of the HZy L [
requirements for baryogengesis G5 e
Electron Yukawa is the smallest  n. e

coupling in the SM 3 x 10-6

Proposal to run the FCC-ee on the s-
channel Higgs resonance offers the
first glimmer of hope that this
measurement could be accomplished
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A possible direct-look into first
generation decays
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FIG. 22: Prospects for measuring the electron Yukawa in a dedicated FCC-ee run [53].



Conclusions

Hopefully, we’ve given you an overview of what has gone into the first sections
of the report.

The SM will not be complete until we have enough precision in all its properties to
verify that all SM predicted couplings exist

However, that is not the primary goal of precision Higgs physics program....

Please see the next talk :-)
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“The only way to know the truth about our Universe is to ask it these
questions. Figuring out what the laws of nature are and how
particles behave is a step forward for human knowledge and the
entire enterprise of science.

The only true nightmare would be if we stopped exploring, and
gave up before we ever looked at all.”

Ethan Segel, Forbes
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https://www.forbes.com/sites/startswithabang/2018/11/01/why-physics-needs-and-deserves-a-post-lhc-collider/?sh=3903f35e2fcd

Snowmass Agora Links (slides and zoom recordings)

Snowmass Agora on Future Colliders: Linear e+e- Colliders
Snowmass Agora on Future Colliders: Circular e+e- Colliders
Snowmass Agora on Future Colliders: Muon Colliders

Snowmass Agora on Future Colliders: Circular pp and ep Colliders

Snowmass Agora on Future Colliders: Advanced Colliders
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https://indico.fnal.gov/event/52161/
https://indico.fnal.gov/event/52534/
https://indico.fnal.gov/event/53010/
https://indico.fnal.gov/event/53473/
https://indico.fnal.gov/event/53848/

