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Effective Theory for DM Direct Detection

DM Indirect Detection and backgrounds

The LHC and DM connection

DM and Baryo connection

Outline 



Power and limitations of effective theories !

More precise determinations of backgrounds
and signals...

Interdisciplinary approaches

Connection of DM with Baryons, Neutrinos, 
Model Building, etc...

“Leitmotivs” of theory 



Effective Theory
for DM DD



Effective Theory for DD
[Riccardo Catena Astro-1]



Effective Theory for DD
[Riccardo Catena Astro-1]

Interference matters !

Reconstruction
not univocal...

More Ops can contribute 
to solar capture



DM indirect 
detection &

backgrounds



Marco Cirelli - Astro-2



M. Cirelli - Astro 2
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E+/E- excess
[Andrea Vittino Astro-2]



E+/E- excess: NO DM !?!
[Andrea Vittino Astro-2]



E+/E- excess: DM bounds

[Andrea Vittino Astro-2]



PLANCK: DM annihilation
WIMP annihilation also modifies the epoch of recombination

due to the release of energy in the primordial plasma and leaves 
imprints into the CMB ! Planck can now exclude cross-sections 

as those needed by PAMELA and AMS-02:
[Planck 1502.01589]

Pamela-inspired
DM models

Galactic centre
excess



CMB B-mode polarization
[Masaya Hasegawa Astro-7]



CMB B-mode polarization
[Masaya Hasegawa Astro-7]



CMB B-mode polarization
[Masaya Hasegawa Astro-7]



J-factor in Triaxial halo
DM halos in simulations are not spherical !
Consider the effect of a triaxial structure.

[Raghuveer Garani Astro-6]



PeV Neutrinos 

[Stefano Morisi Astro-3]

DM 
3-body
 decay

+
power-
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LE



TeV-PeV Neutrinos 
[Andrea Palladino Astro-2]



TeV-PeV Neutrinos 
[Andrea Palladino Astro-2]



TeV-PeV Neutrinos 
[Andrea Palladino Astro-2]



[Jorge Diaz Astro-3]

Lorentz violation



[Jorge Diaz Astro-3]



LHC & DM 
connection



LHC: simplified models
[O. Buchmueller Astro-6]



LHC: simplified models
[O. Buchmueller Astro-6]



LHC:EFT breakdown !
[O. Buchmueller Astro-6]



LHC:EFT breakdown !
[O. Buchmueller Astro-6]



LHC:EFT breakdown !
[O. Buchmueller Astro-6]



SUSY

Z’ models

Baryon Number -DM models

...

Models at LHC 

[Sven Heinemeyer Astro-2]

[Farinaldo Queiroz Astro-6]

[Sebastian Ohmer Astro-5, 
Michael Duerr Astro-6]



SUSY neutralino DM
[Sven Heinemeyer Astro-2]

GUT-based models prefer large mass scales above 400 GeV,
while phenomenological models point to 100-300 GeV DM !



SUSY neutralino DM
[Sven Heinemeyer Astro-2]

For GUT models DD signal could be lower than neutrino floor,
in the pMSSM more favorable prospects for DD !



Z’ Models at LHC

[Farinaldo Queiroz Astro-6]

Large mass for the mediator implies DM masses above 1 TeV !



Baryon-DM Models
[Sebastian Ohmer Astro-5, 

Michael Duerr Astro-6]



Baryon-DM Models
[Sebastian Ohmer Astro-5, 

Michael Duerr Astro-6]



DM & Baryon 
connection



[Sofiane Boucenna Astro-5]



[Sofiane Boucenna Astro-5]



[Sofiane Boucenna Astro-5]

y=1



[Bhupal Dev Astro-5]

Resonant Leptogenesis



[Bhupal Dev Astro-5]

Left-Right
Model



[Julia Harz Astro-5]



[Julia Harz Astro-5]



Conclusions 
Improvement in the model-independent 
parametrization of DM-matter NR interactions

Better understanding of propagation and 
background uncertainties in DM ID

Connection LHC-DM more intensively 
exploited, in SUSY but not only !

Tests of leptogenesis/baryogenesis possible !

Very lively session and very active theory 
astroparticle community
         ... stay tuned for more results !
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