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MODELS

ALL WE NEED: ONE BSM PARTICLE THAT

▸ does NOT decay 

▸ has the correct abundance today 

▸ does NOT spoil BBN 

▸ is NOT already excluded by experiments/observations

We don’t need to specify the details: SIMPLIFIED MODELS





MODELS

WIMP PARADIGM

SuperSymmetry
Composite Higgs 

Extra Dimensions

before the LHC

after the LHC

Hidden sector DM, Wimpzillas, ALPs,……..



MODELS

SUPERSYMMETRY (SUSY)

We need a different Higgs doublet to give mass to up-type 
fermions and down type fermions:  

two Higgs doublets = 8 Higgs bosons  

3 absorbed in W,Z   => 5 Higgs bosons to be found



MODELS

SUPERSYMMETRY (SUSY)

Supersymmetric partners interact with the SAME couplings as 
SM particles.



TEXT

HIERARCHY PROBLEM
Any scalar particle (in SM we only have one) gets quadratic corrections  

to its mass: there is no symmetry protection mechanism for scalars. 

Even in the absence of any BSM, the SM is, in fact, an effective theory 

at Planck scale. 



TEXT

SUPERSYMMETRY’S RESPONSE
the stop quark

If SUSY was exact, the cancellation would be exact.  

But SUSY is broken, so the cancellation is incomplete (little hierarchy problem)



MODELS

SUPERSYMMETRY
There are many many many supersymmetric 
theories, depending on how much supersymmetry 
is allowed (N=1, N=2, N=4), and how the 
supersymmetry is broken. 

MSSM: Minimal Supersymmetric Standard Model:  
O(100) parameters (masses, Yukawas, etc) 

mSUGRA: more constrained model (five 
parameters beyond SM)



TEXT

SUPERSYMMETRY WITH R-PARITY

R-parity: a new imposed quantum number

Supersymmetric particles cannot decay to SM particles alone!

LSP: Lightest Supersymmetric Particle is stable!



TEXT

LSP AS DARK MATTER CANDIDATE

▸ needs to be electrically neutral and color neutral 

▸ sneutrinos 

▸ gravitinos 

▸ neutralinos (linear comb. of Zino, photino and neutral 
higgses)

Which one is the LSP depends on how SUSY is broken  
in each model. 



TEXT

COMPOSITE HIGGS / EXTRA DIMENSIONS
Composite Higgs: the Higgs boson is not a fundamental 
scalar, but a BOUND STATE of some new strong dynamics 
(like the pion or the rho meson is a bound state of QCD). In 
particular, the Higgs boson is supposed to be the 
(pseudo-)Goldstone boson of some (approximate) (global) 
symmetry that is spontaneously broken.

Extra dimensions: Warped with a microscopic radius. The 
fields propagate there, and periodic boundary conditions 
produce extra modes for each lower state:  

Kaluza-Klein modes 

The KK modes of the gluons are good DM particles



TEXT

HIDDEN SECTOR DM

▸ Light DM candidates 1KeV - 10GeV 

▸ Hidden sector that only interacts with SM via MEDIATOR 

▸ abundance does not come out right by default, needs 
explanation 

▸ Asymmetric DM: abundance after DM- anti-DM anihilation 

▸ Freeze-in: interaction with SM so weak that they can never be 
in equilibrium. They are continuously produced, until the SM 
decays to them stop, which is when their abundance freezes.



TEXT

HIDDEN SECTOR

Hadrophilic Leptophilic

Mediator interacts with hadrons 

Monojets

Mediator interacts with electrons 

monoleptons

Dark Higgs/photons

Mediator mixes with photons/higgses







(DARK HUMOUR IN MORIOND)







DM MEDIATOR 
INTERACTIONS

ALSO: SEARCHES FOR















STOP 
SEARCHES!

SUSY-LIKE SEARCHES







ALPS 



TEXT

AXION-LIKE PARTICLES
▸ Very light particles that are pseudo-Goldstone bosons of some global BSM 

symmetry 

▸ mono-W, mono-Z, mono-photon signatures 

▸ a-particle goes undetected 

▸ F_a coupling needs to be extremely small, or the mass of axions should be 
below 20eV, for their population not to be depleted. 

▸ the CDM candidate is a Bose condensate of axions, i.e. a bound state of the 
field. 





DIRECT 
DETECTION










