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Composite Higgs models (CHM)

e The Standard Model (SM) is an effective field
theory. Many new models arise: Supersym-

metry, Composite Higgs Models, etc.
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Composite Higgs models (CHM)

e The Standard Model (SM) is an effective field
theory. Many new models arise: Supersym-
metry, Composite Higgs Models, etc.
o In composite models, the Higgs boson is a

bound state of a new strong force with con- w', 27
finement scale ~ 1TeV.

o The CHM provides an interesting phe- | TeVed— f=v
nomenology that could be tested at future
colliders.
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The FCC-ee and pseudo-scalars

— The FCC-ee will be a goldmine to study the TeraZ phase with
around ~ 10'? visible Z bosons.
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around ~ 10'? visible Z bosons.
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provide a high predictive power.

— New results (arXiv:2104.11064v1) showed the viability of studying
pseudo-scalars at the FCC-ee and also the prediction of its mass and
decay constant for different luminosities.
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The FCC-ee and pseudo-scalars

— The FCC-ee will be a goldmine to study the TeraZ phase with
around ~ 10'? visible Z bosons.

— The composite models allow the existence of pseudo-scalars and
provide a high predictive power.

— New results (arXiv:2104.11064v1) showed the viability of studying
pseudo-scalars at the FCC-ee and also the prediction of its mass and
decay constant for different luminosities.

— The Electroweak precision tests (EWPTs) could shed some light in
the nature of the new particles either composite models or elementary
models (Work done).
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INTERNSHIP M2

Construction of an effective model, with a scalar singlet, to model
light composite scalars
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© Extension of the SM by adding a complex scalar field (cxSM).
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INTERNSHIP M2

Construction of an effective model, with a scalar singlet, to model
light composite scalars

© Extension of the SM by adding a complex scalar field (cxSM).

@ Connect the new particles with the electroweak (EWK) sector by
analyzing the decays with the Partial Widths (PWs).
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INTERNSHIP M2

Construction of an effective model, with a scalar singlet, to model
light composite scalars

© Extension of the SM by adding a complex scalar field (cxSM).

@ Connect the new particles with the electroweak (EWK) sector by
analyzing the decays with the Partial Widths (PWs).

@ Looking for signs of new physics in the EWPTs (oblique parame-
ters) in the ¢xSM for the FCC-ee.
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The decays a — ZZ, Zy, WWT

The scenarios
@ 2 VLF SU(2) doublets ¥, x
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The Partial Widths (PWs)
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The Partial Widths (PWs)

@ The first scenario provides zero PWs for all the decays

© The second scenario provides non-zero PWs but independent of
the VLF's hypercharges.
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The decays a — ZZ, Zy, WWT

@ 2 VLF SU(2) doublets ¥, x
@ 1 VLF SU(2) doublet ¥ + 1 VLF SU(2) singlet A
@ 1 VLF SU(2) triplet ¥ + 1 VLF SU(2) singlet

The Partial Widths (PWs)
@ The first scenario provides zero PWs for all the decays

© The second scenario provides non-zero PWs but independent of
the VLF's hypercharges.

@ The third scenario provides non-zero PWs but depends on the
VLFs hypercharges.
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The Oblique Parameters

— The quantum fluctuations due to new physics (NP) can be
determine by computing the so called oblique parameters S and T'.
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The Oblique Parameters

— The quantum fluctuations due to new physics (NP) can be
determine by computing the so called oblique parameters S and T'.
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— Taking into account VLF only, the contribution is zero,

S=0, T=0.
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The Oblique Parameters

— The quantum fluctuations due to new physics (NP) can be
determine by computing the so called oblique parameters S and T'.

k+q
A v
q
k
— Taking into account VLF only, the contribution is zero,
S=0, T=0.

— The cxSM provides two mixed states that can contribute to .S
and 7.
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The Oblique Parameters

—— The VLF does not contribute to the oblique parameters but the
mixed states do, therefore,

3 my.
ATy = ——————(1 — cos® ¢) log —=,
! 87 cos? HW( cosiiolie m,
1
ASg = —(1 — cos? ¢) log%.
6m M,

where ¢ is the mixing angle, my, = 125 GeV and mpg, > mpg, .
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The Oblique Parameters

—— The VLF does not contribute to the oblique parameters but the
mixed states do, therefore,

3 my.
ATy = ——————(1 — cos® ¢) log —=,
! 87 cos? HW( cosiiolie m,
1
ASg = —(1 — cos? ¢) log%.
6m M,

where ¢ is the mixing angle, my, = 125 GeV and mpg, > mpg, .
— If we consider the scalars as a composite state, we have,

3 A
AT, = —————(1 — cos? 0) log —
<o 87 cos? 9W( o )log, mp,’
1 9 A . 9
ASco = —(1 — cos” 0) log — + 2sin~ 6.
67 mp

where 6 is the compositeness angle, A the energy cut-off and
mp, = 125GeV.
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The 2D likelihood
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Conclusions

@ The cxSM provides a rich phenomenology which could be tested
at the FCC-ee in the TeraZ phase.
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pseudo-scalar for the elementary or composite models.
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Conclusions

@ The cxSM provides a rich phenomenology which could be tested
at the FCC-ee in the TeraZ phase.

o The different scenarios proposed are able to provide partial widths
that depend on the hypercharge values.

@ The oblique parameters could shed some light on the nature of the
pseudo-scalar for the elementary or composite models.

o The greater the mass of the second mixed state, the less is the
mixing between the new complex field particles and the SM-Higgs
boson.
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