


The has been a success of the SM, but
is also demanding a detailed knowledge of its properties.

ATLAS and CMS data are consistent with fermionic and bosonic couplings
expected from a SM Higgs particle. Searches have been performed in
several decay modes. 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.

Experimental energy resolutions have been so far much wider of the
expected intrinsic Higgs width of about 4 MeV. A detailed study of the
properties of this particle is mandatory. Will the ultimate LHC be enough?

-A Offers the
unique opportunity of a precision study of the total and partial widths of
H in the various decay channels.

-A FCCee/CEPC/ILC.



 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~2x103%3 cm-2s

(ii)) Next MC at high c.m. energy (up to 4 Tev), for new
phenomena, L ~ 10%% cm-2s71

« Muon lonization Cooling is the key technology required to be
able to realise a Muon Collider and a Neutrino Factory

 MICE



A novel approach to muon cooling after MICE:

“A complete demonstrator of a muon cooled Higgs factory.”

 Muon cooling: a Higgs factory at CERN?

The collider radius is about 50 m. The issue of muon

cooling is essential for the luminosity and the energy
spread of the beams. We need highly mono-chromatic
beams (see later).
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The Higgs width according to the Standard Model
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No radiative corrections are included yet.



SUSY Extensions of the SM

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

Crucial role played by the beam energy resolution for study of the
widths in the case of muon colliders.
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Fig. 39: Production cross-section of H and A via u"pu~ — H, A — bb as a function of the centre-of-mass energy

for ma = 300 GeV/c? and tan 8 = 10, with a centre-of-mass energy relative spread of 3 x 107°. The triangles

with error bars represent a simulated six-energy-point scan, with 25 pb ' per point.







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 large effects do not apply in the case of Higgs
production in electron-positron colliders (= ZH, see later).

* ISR effects similar to J/Psi, Z, ... production in e+e-
annihilation, but not accounted for in previous studies.



The | SR effect

- Correction factor X (F/M)HO‘/W) log(=Lr/m)
modifies the Born cross section for production of a

narrow resonance by o(50%).
| W 1 Y
S 2| tandr(W)

4oy

T

- By defining: g=—

Infrared factor modifies

Born cross section as: M.C. Codes for LEP
Bi/2
res  __ y2 + (F/2)2 / 1
mfra — (M/2)2

to o(1-2 %) accuracy

1

W —M
ST/(~)

M.G., Pancheri, Srivastava, Nucl. Phys. B101, 1975

and B171, 1980

Birrsd

/2






Ttot(UU—h) (fb)

Higgs line shape
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No similarly large effects for e*e colliders at higher energies

Production cross sections at the e+ e- collider

P(e, e*)=(-0.8, 0.2)
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*First lock 8} the TLEP Prysics case’
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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.

seems more appropriate for measuring the Higgs width
and couplings, checking flavor 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.. In addition the
energy spread of beams plays an important role.

. ISR effects are also relevant in associated HZ
production. Possible effects on the expected degree of accuracy of
relevant physical quantities.



