


Little of history

 The idea of muon colliders (MC) goes back to about
middle ‘90s.

* Discovery and study of s-channel Higgs physics in the
SM and beyond.

(i) First MC at low c.m. energy (100-500 Gev) for
Higgs discovery, L ~ 2 x 10(33) cm-2 s-1

(ii)) Next MC at high c.m. energy (up to 4 Tev), for
new phenomena, L ~ 10(35) cm-2 s-1






Principle Practice
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Muon lonization Cooling Experiment

Final MICE demonstration of ionization cooling was recently
reconfigured after a detailed project review
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emittance reduction and explore ionization cooling parameters
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New motivation

* The discovery of the Higgs particle (H) has been a success
of the SM, but is also demanding a detailed knowledge of
Its properties.

 Among the various types of colliders which have been
proposed, the muon collider offers the unique opportunity
of a precision study of the total and partial widths of H in
the various decay channels.

* |n addition, all the Higgs bosons of the minimal Susy model
(MSSM) are produced in sufficient abundance in s- channel
u+p— collisions to allow their detection for most of the
model parameter space.



The LHC discovery of the Higgs at 125 GeV

- Atlas and CMS have observed a narrow line of high significance at
about 125 GeV mass, compatible with the Standard Model Higgs
boson.

- Their data are consistent with fermionic and bosonic couplings

expected from a SM Higgs particle. Searches have been performed in
several decay modes.

- ATLAS and CMS and CDF also exclude so far other SM-type Higgs
bosons up to approximately 600 GeV.

- Experimental energy resolutions have been so far much wider of the
expected intrinsic Higgs width of about 4 MeV.



 From the available data it cannot be concluded yet that we
have found the SM Higgs and not one of the scalars
postulated within the possible extensions of the SM.

* In particular the Higgs width’s measurement is essential to
determine the couplings to fermions and bosons and their

partial widths

 Therefore the detailed study of the properties of this
particle is mandatory.

Q: Will LHC (14-Tev) be enough?






The Higgs width according to the Standard Model
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No radiative corrections are included.
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The need of a better precision

® What precision is needed in order to search for possible
additional deviations from the SM, even under the assumption
that there is no other additional "Higgs" state at the LHC ?

® Predicted ultimate LHC accuracies for “exotic” alternatives
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® Sensitivity to "TeV" new physics for "5 sigma” discoveries may
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SUSY Extensions of the SM

e MSSM: the Higgs sector contains at least two Higgs doublets and the
resulting spectrum of physical Higgs fields includes three neutral
Higgs bosons, the CP-even ho and Ho and the CP-odd Ao.

* The couplings of the MSSM Higgs bosons to fermions and vector
bosons are determined by tan B and the mixing angle a between the
neutral Higgs states ho and Ho.

 The Higgs boson widths are then crucial parameters, and for this
study the muon collider is particularly suitable.

Tests of lepton universality of Higgs couplings.

Crucial role played by the beam energy resolution for study of the
widths in the case of muon colliders.

* Non minimal extensions of MSSM —> neutral Higgs bosons.



The quest for Higgs Factories

 Two possible future lepton alternatives:

> A e*e collider at L > 10%* and a Z+H, signal of ~ 200 fb.
The circumference of a new, LEP-like ring is of about
~ 80 km or of a Linear Collider of 31 km.

» A uu” collider at L > 103¢ and a H, signal in the s-state
of & 20000 fb. The collider radius is much smaller, only
~ B0 m, but the novel "muon cooling” facility is required.



Production cross sections at the e+ e- collider

® The production cross sections
of the Higgs boson with the
mass of 125 GeV for e+-e- as
a function of the energy /s.

® The cross sections of the
production processes as a
function of the Js collision
energy.

® The Higgs-strahlung diagram
(Left), the W-boson fusion
process (Middle) and the top-
quark association (Right).

® Double Higgs boson diagrams
via of f-shell Higgs-strahlung
(Left) and W-boson fusion
(Right) processes
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Muon Collider

* The s-channel cross section is much higher and allows a
direct and very precise measurement of the H total and
partial widths. Possibility to detect and measure with
precision more scalars, if any, and therefore to distinguish
among the various extensions of the SM.

However:

* Key role is played by the beam energy resolution.

* Great importance of QED radiative effects for a precision
study of the line-shape and Sign/Backg ratio. Not enough
emphasized in the past.



Radiative effects

* In the case of a Higgs factory through a muon collider,
sizeable QED radiative effects - of order of 50% - must be
carefully taken into account for a precise measurement of
the leptonic and total widths of the Higgs particle.

* Those effects do not apply in the case of Higgs production
in electron-positron colliders.

* ISR effects similar to J/Psi, Z, ... production in e+e-
annihilation, but not accounted for in previous studies.
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- No similar effects for e+e- colliders

Production cross sections at the e+ e- collider
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Conclusions

Precision studies of the properties of the Higgs particle are
mandatory.

Various proposals of electron and muon colliders have been
suggested.

Muon collider seems more appropriate for measuring the Higgs
width and couplings, checking flavour universality, trying discover
and investigate the scalar sector predicted in various extensions of
the SM.

Sizeable radiative effects — of order 50% or larger — must be
carefully taken into account for high precision measurements.

The issue of muon cooling is really crucial. In addition to L the
energy spread of beams plays an important role.



