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1. Introduction

¢ Before LHC Satisfied with these successes,

we have now to face deeper questions such

Higgs? (%)
what is the origin of mass?

what kind of unification may exist beyond the standard model?

what is the origin of flavour?

is there a deeper reason for gauge symmetry?

LARGE HADRON COLLIDER
IN THE LEP TUNNEL

Vol.I

PROCEEDINGS OF THE ECFA-CERN WORKSHOP

held at Lausanne and Geneva.
21-27 March 1984

(*) A no-lose theorem for the LHC:

We give an S-matrix theoretic demonstration that if the Higgs boson
1
mass exceeds M, = (87 N2/ 3GF)Z partial-wave unitarity is not respected

by the tree diagrams for two-body scattering of gauge bosons, and the weak

/Y/Z ? interactions must become strong at high energies, We exhibit the relation
e+ e+

1
M, = M_ = (@8wZ/3G )7 = 1 Tev/c®
“If the Higgs boson did not exist, we should have to h ¢
invent something very much like it Lee, Quigg, Thacker, Phys. Rev. D 16 (1977) 1519

- Chris Quigg
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1. Introduction

 Now:

Satisfied with these successes,

we have now to face deeper questions such

Yes, the Higgs! ... yet (*)

what kind of unification wmay exist beyond the standard model?
what is the origin of flavour?

LARGE HADRON COLLIDER
IN THE LEP TUNNEL

Vol.I

is there a deeper reason for gauge symmetry?

PROCEEDINGS OF THE ECFA-CERN WORKSHOP

held at Lausanne and Geneva.
21-27 March 1984

(*) We only got more questions:

Is there a more fundamental description of EWSB?
What mechanism sets the scale and stabilizes the Higgs mass?

Other questions include:
What is the nature of Dark Matter?
What is the mechanism for Baryogenesis?

What is the mechanism for neutrino masses?
The unknown! What's new at the 10TeV c.o.m. scale?
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1. Introduction: The Higgs

* The Higgs:

What kind of unification may exist beyond the SM? What is the nature of Dark Matter?

What is the origin of flavor? What is the mechanism for Baryogenesis?

Is there a deeper reason for gauge symmetry? What is the mechanism for neutrino masses?
Is there a more fundamental description of EWSB? The unknown! How can nature surprise us?

What mechanism sets the scale and stabilizes the Higgs mass?

The Higgs might be the key!

e N

Measuring Higgs couplings might The Higgs might be the portal to
answer some of the fundamental new physics!
questions!

WE NEED TO PUT THE HIGGS UNDER A ‘MICROSCOPE’
STUDY IT TO DEATH!
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1. Introduction: The Higgs

* Higgs couplings @ Muon Collider:

Percent level Higgs couplings!
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Han, Liu, Low, Wang, Phys. Rev. D 103 (2021) 1, 013002
Buttazzo, Franceschini, Wulzer, JHEP 05 (2021) 219
Matthew Forslund, Patrick Meade, JHEP 08 (2022) 185

C. Accettura et al., Eur. Phys. J. C 83 (2023) 9, 864
Matthew Forslund, Patrick Meade, JHEP 01 (2024) 182 3k
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1. Introduction: The Higgs

e Forward Muons: BR(inv) comparable to a Higgs factory
ZZH coupling comparable to WWH

Precision of Higgs coupling measurement ("model-independent" fit)
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1. Introduction Electroweak Radiation
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1. Introduction
* The Higgs

2. Other Deliverables ?

Testing the neutrino content of the muon at muon colliders

- Rodolfo Capdevilla (Fermilab), Francesco Garosi (Garching, Max Planck Inst. and SISSA, Trieste and INFN,
e Neutrino PDF
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2. Other Deliverables: Neutrino PDF

e Splitting Functions

The proton is a
‘soup’ of particles?

Splitting Functions!
colinear colinear

initial 3 collidin
] > < 9

quark antiquark
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2. Other Deliverables: Neutrino PDF

* Muon PDFs
> Y/ lepton
AVAVAVAVAVAVIRS photon
muon . < / antilepton

NV W/Z  vector bosons

F. Garosi, D. Marzocca, S. Trifinopoulos, JHEP 09 (2023) 107
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2. Other Deliverables: Neutrino PDF

* Muon PDFs
> / lepton/quark
AVAVAVAVAVAY 7/9 photon/gluon
muon —P— < / anti-lepton/quark
VN W/Z  vector bosons
_______ H Higgs

F. Garosi, D. Marzocca, S. Trifinopoulos, JHEP 09 (2023) 107
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2. Other Deliverables: Neutrino PDF

e Neutrino PDF

> 1% neutrino

Calculable! A prediction of the SM

How can we ‘measure’ these predictions? (Does it make sense?)

Testing the SM at multi-TeV energies
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2. Other Deliverables: Neutrino PDF

* Monolepton
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2. Other Deliverables: Neutrino PDF

* Monolepton
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2. Other Deliverables: Neutrino PDF
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2. Other Deliverables: Neutrino PDF

* Radiation Amplitude Zero
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2. Other Deliverables: Neutrino PDF

e Neutrino PDF:

> 1% neutrino

muon - —Pp—r-

Calculable! A prediction of the SM

A combination of rates (monolepton)

o and spectral features (RAZ)
reduce theoretical uncertainties!

Testing the SM at multi-TeV energies
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2. Other Deliverables: EW Restoration

* How do we probe this?

(H) + 0

m > 0

T<TC T Tc T>TC

20 Rodolfo Capdevilla, Fermilab



2. Other Deliverables: EW Restoration

* Order parameter:

Is there an order parameter for M ( T) A Order P arameter
the Higgs?
Disordered
... the Higgs vev... but, can /! >
we measure it at different T? p
47
l\
Not at a collider... maybe
Cosmology? Ordered
>
T, T

... what can be done at
a collider?
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2. Other Deliverables: EW Restoration

e Diboson:

Low Energy: High Energy:
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. Other Deliverables: EW Restoration

e Diboson:

E pH 1 M
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2. Other Deliverables: EW Restoration

e Diboson:
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2. Other Deliverables: EW Restoration

e Diboson:
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Summary

1. In order to understand the microscopic theory behind the Higgs mechanism we
need to put the Higgs under a “microscope.” A muon collider will be able to

measure the couplings of the Higgs at the 0.1% level.

2. Besides the Higgs, the muon collider program has a series of deliverables based
on the fact that this machine will test the SM at new energy regimes. We studied
the neutrino content of the muon beam, also known as the neutrino PDF, and we

proposed an attempt to test the idea of electroweak symmetry restoration.

Thank You!
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