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Short Review From Lecture |l
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Is CP violated in the neutrino sector ?

Open Question VI

Best test : v, — v, oscillations.
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What is the Dark Matter ?

Existence of Dark Matter Supported by
overwhelming indirect evidence
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What do we know about Dark Matter ? - very little -

» Couples gravitationally
It is the most abundant form of matter
It can be part of a larger invisible/dark sector with new dark forces

It must be made of something different that all the particles we know, it can be made
of particles or compact objects, or better described as wavelike disturbances

lts mass can be anything from as light as 10-22eV to as heavy as primordial black

holes of tens of solar masses . mpm I
nontherma. nontherma
10720 ev ~ 100M s
Emust be bosonic must be composite e 0T G
mpi )
~ 1072 eV | L > ~ 100M : :
~ 100 eV ~ 1012 GeVv < MeV MeV Gev Mgz > 100 TeV
MpM Neff / BBN too much
] ]
Folding in assumptions about early /1 BRETE d'en Sector
Universe cosmology can provide some guidance



Dark Matter as a Big Bang Relic
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Preservation of R-Parity:
Supersymmetry at colliders

Gluino production and decay: Missing Energy Signature

Supersymmetric
Particles tend to
be heavier if they

carry color charges. SUSY Particles Rp — —1

SM Particles Rp =1
SUSY Particles produced in Pairs
Lightest SUSY Particle is Stable

Particles with large
Yukawas tend to be
lighter.

Charge-less particles . .
tend to be the AN
lightest ones.

q

» Lightest supersymmetric particle = Excellent
Cold dark matter candidate.



Dark Matter in SUSY Theories is a neutral partner
of either the Higgs or Gauge Bosons

Future Colliders : Direct Production Limits
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100 TeV collider will probe most promising regions
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It can collide with a single nucleus in your detector

recoiling
hucleus
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WIMP-nucleon og; [cm?]

Current Bounds from Direct Dark Matter Detection

Current Limits
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Dependence of the cross section on the heavy Higgs mass
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There may be surprises,

like in collider searches

The 2/3 soft and 23| analyses complement each other in the compressed region
o Orthogonal lepton p, ranges but different selections (e.g. MET for 2/3| soft)
— Challenging to be fully optimal in the crossover regime
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Enhanced radiative
decays into photons
provide a novel signature
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Updated Experimental Constraints and
Searches for Photons in the Final State

Arganda, Carena, de los Rios, Perez, Rocha, Sanda Seoane and C.W.arXiv:2410.13799
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Only a narrow band of allowed values if one takes the
standard relic density prediction.To be tested at next LHC run
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Standard Solution : Promote O to be a field, a (axion),

whose v.e.v is zero
Axions : Solve the strong CP Problem

Y
8- Q They are also a good CDM candidate
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