


Since the — a great success of the
SM — ATLAS and CMS data are so far consistent with fermionic and
bosonic couplings as expected from a SM Higgs particle. With the
present experimental resolutions, much wider of the expected
intrinsic Higgs width of about , we can’t conclude we have
found the SM Higgs and not one of the many scalars postulated
within possible extensions of the SM.

Precision measurements of Higgs properties are essential for any
future collider project. New-physics effects will manifest in the Higgs
couplings.



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 partial widths are crucial parameters.

Test of lepton universality of Higgs couplings.
Non minimal extensions of MSSM —> neutral Higgs bosons.

Neutral Higgs bosons could be very close.
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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.




Since the — a great success of the
SM — ATLAS and CMS data are so far consistent with fermionic and
bosonic couplings as expected from a SM Higgs particle. With the
present experimental resolutions, much wider of the expected
intrinsic Higgs width of about , we can’t conclude we have
found the SM Higgs and not one of the many scalars postulated
within possible extensions of the SM.

Measurements of Higgs properties are essential for any future
collider project. New-physics effects will manifest in Higgs couplings.



Example: Exotic decay h—aa

Higgs portal interaction and loop-mediated processes
allow for ALP pair production in Higgs decay:

lee ? vPmd 2m? 4m2
Bl ) = s R
( ag) 325 A ( il ) m3

with:
Nc y2 #2
o = Cunlp) + & g — )| + ..
~ Can(A) +0.173 ¢, — 0.0025 (Chyw + C22)

* A 10% branching ratio is obtained for |C¢| ~ 0.62 (A/TeV)?

M. Neubert: Recent progress on ALPs (La Thuile 2019)










Two novel approaches to MC after MICE:

(i) “A complete demonstrator of a muon cooled Higgs factory.”
( Collider radius is about 50 m.)

(ii) “Low emittance muon beams using positron beam on target.”

(Process: e*e” = p*u just above threshold, )

* Key role is played by the beam energy spread.

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



The Higgs width according to the Standard Model
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C. Rubbia

No radiative corrections are included.
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| SR effects

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

* Those large effects are not present in the case of Higgs
production in electron-positron colliders (= ZH, see later).

* |SR effects similar to J/Psi, Z, ... production in e+e-
annihilation, but generally 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)
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- 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 %) accuracy
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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)

® The production cross sections =
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® Double Higgs boson diagrams
via of f-shell Higgs-strahlung
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é = | “First lock &} the TLEP Physics case’
‘ JHEF 01 (3014) 164
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Figure 15: The effect of initial-state QED radiation on the cross section. The dotted
curve shows the full result without ISR. The solid band (with ISR) is the envelope
of results obtained by convoluting the full ‘partonic’ cross section with the structure




Conclusions

* Precision studies of the properties of the Higgs particle are mandatory.
e 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 ISR effects — of order 50% or larger — must be carefully taken
into account for high precision measurements.. In addition the energy
spread of the initial beams plays an essential role.

ISR effects are also relevant in associated HZ
production, particularly near threshold. Possible effects on the expected
degree of accuracy of the relevant physical quantities, if not taken into
account with high precision. Relevance of similar effects in t-tbar
production near threshold.



