Dark Portal Scenarios

& 'Giorgio' Arcadi
LPT Orsay

Based on

G.A., Y. Mambrini, M. Tytgat and B. Zaldivar _ - . .'
JHEP 1403(2014), 134 N
arXiv:1401.0221
Francois Richard, G.A. and Yann Mambrini X >
arXiv:1411.0088 \
! G.A., Yann Mambrini and Francois Richard =~ '
2 : arXiv: 1411.2985
% Work in progress |
S o [ L (] ; . >
" UNIVErSITE | Smmios e s ianee | n0| sibles

PARIS-SACLAY et de I'Univers P y
neutrinos, dark matter’& dark energy physics

y . " i~ T 3 X ! ? A



Outline of the talk

We investigate generic models, featuring a DM fermion and a mediator,which can be embedded in many
particle physics frameworks:

-Z portal
-Z‘ portal
-Scalar+pseudo scalar portal

-Complementarity between Direct Detection, Indirect Detection and Planck limits.
-Correlation with GC signal
-Correlation between DM (LUX) constraints and collider searches.

-Prospects for next generation Direct Detection experiments
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Three, possibly complementary, kinds of DM searches:

Indirect Detection (ID) Direct Detection (DD)
XENON, DAMA-LIBRA, COGENT, CRESST,
Fermi, Pamela, AMS-02, H.E.S.S. LUX, SuperCDMS

Chandra, XMM

Collider
LHC

Complementary information from DM relic density. Case of study WIMP mechanism:

Qh? ~0.12 » (ov) ~ 3 x 107 %°cm?s™!

Giorgio Arcadi RPP, Paris 16-01-2015



Dark Portals

/-portal
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Scalar/pseudoscalar portal
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DM Direct Detection

Microscopic description through interactions of DM with quarks (or gluons)

Translated as effective interaction with nucleons.
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Two kinds of interactions customarily distinguished

Dark Matter
(mass ~ GeV —TeV)

Germanium

Aon energy
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Spin Indipendent (SI) interactions: Sum coherently among nucleons of the target
Spin Dependent (SD) interactions: Sensitive to the contributions from protons and nucleons

to the nuclear spin.



The pair annihilation cross-section can expressed in terms of observable
guantities, i.e. DM scattering cross-sections.

DD constraints the relic

abundance of DM.
ﬂx

s-wave or p-wave dominated according the nature of the DM coupling

N SI SD
(00) = f10% + o0 R |

/ \ Prediction of the value of

Possible constraints from ID the scattering cross-section
from the requirement the

DM is thermal.
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Example: Vector mediator
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Z—porta PLANCK+LUX+FERMI

10

Z-portal viable for almost pure axial couplings
except for Z-pole and multi TeV regions.
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Correct relic density (dominant axial interaction) <

Interaction of DM
with neutrons
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Lower bound on SD cross-section

Next future experiments can completely probe Z portal scenario
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Recent studies have reported an excess in gamma-rays (Daylan et al. arXiv:1402.6703).
The presence of an unknown component in the gamma-ray spectrum is confirmed by

FERMI collaboration.

The signal is compatible with a DM annihilating into bb and mass between 30 (Berlin et
al. 1404.0022) and 50 GeV (Calore et al. 1409.0042) (Astrophysical interpretation is also

feasible)
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Annihilation into bb mass and velocity suppressed in the pure axial limit.

GC, Z—portal
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In Z" scenarios one can consider heavier mediators allowing for sizable vector coupling
-> sizable s-wave cross-section

SSM, Planck+LUX
Excluded by DD
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CONCLUSIONS

We have considered the interplay of Dark Matter searches in some dark portal
scenarios.
These are simple but encopass several realistic particle frameworks.

Z-portal scenarios are the most minimal and constrained. They will be fully probed
by next generation DD experiments.

/" portal scenarios offer wider phenomenology. Correct relic density can be
achieved through s-channel annihilations even at low DM masses -> good
prospects for ID. They offer also good prospects for collider searches.
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