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Many open ques

What is the nature of dark matter?

Origin of the Baryon asymmetry of the Universe?
Why is the Higgs so light?

What is the thermal history of the Universe?
Why are there multiple generations of fermions?
What is the solution to the strong CP problem?
Stability of the EW vacuum?

...and many many more....

But each question has multiple proposed solutions!
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Higgs and the thermal history of the Universe

* Inthe SM, there are no first-
order phase transitions (FOPT)

* Modifications of the Higgs
potential could lead to a FOPT

* Large deviation from
equilibrium can lead to
baryogenesis

* Colliding bubbles of true
vacuum - Gravitational Waves?

* Potential complementarity
between GW observatories
(LISA) and future colliders? See talk by M.J. Ramsey -Musolf
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Dark'Matte

95% C.L. upper limit on selected Higgs Exotic Decay BR
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Many more BSM scenarios covered in the talk by Xuai Zhuang







Axions and ALPs

o Pseudoscalar pseudo-Nambu-
Goldstone bosons arising from
approximate BSM symmetries
broken at some scale f, >> v

e Light ALPs are excellent DM
candidates through
misalignment/decays of topological
defects

e Coupling to the SM through the
effective Lagrangian:
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V- Masses

The see-saw Lagrangian The light neutrino masses

mp 75 - —1 T
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Low-scale Leptogenesis
- 2 HNLs, thermal
—— 2 HNLs, vanishing
3 HNLs, thermal
—— 3 HNLs, vanishing

5x1012
/ bosons

M [GeV]
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Case 1: NO




My = 30 GeV @ FCC-ee

10, FCC-ee at 4/ s =90 GeV
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Conclusions

Exciting times ahead!

Future colliders can probe BSM physics in both direct
and indirect probes!

Explanations to several puzzles of particle physics are
within the reach of future colliders

Future colliders can go beyond discovery and also do
tests of certain BSM scenarios

- Especially in the Z-pole run



