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WIMP Paradigm

Direct detection experiments continue to tighten
limits on O(100 GeV) mass WIMPs.

8 TeV Large Hadron Collider (LHC): no evidence
for WIMPs.

It Is crucially important to look into the TeV-scale



Minimal Dark Matter Scenarios

Quantum numbers

SU(2). U(1l)y Spin

Simple assumption:
extend the SM with
an electroweak
multiplet



Minimal Dark Matter Scenarios

Quantum numbers
SU(2). U(1l)y Spin
Simple assumption: 2 l‘fz 0
extend the SM with 2 ]./2 ]_‘/‘2
N itiplet 3 0 0
3 0 1/2
3 1 0
3 1 1/2
4 1/2 0
4 1/2  1/2
4 3/2 0
4 3/2 1/2
5 0 0
5 0 1/2
7 0 0

Cirelli, Fornengo, Strumia 2005



Minimal Dark Matter Scenarios

Quantum numbers
SU(2). U(1l)y Spin
Simple assumption: Inert Doublet Model > 2 1/2 0
extend the SM with Higgsino DM > 2 ]./2 ]./2
o natiplet 3 0 0
Wino DM > 3 () 1‘/2
3 1 0
3 1 1/2
4 1/2 0
4 1/2  1/2
4 3/2 0
4 3/2 1/2
5 0 0
Fermionic 5-plet > 5 0 1/;2
Scalar 7-plet > 7 0 0

Cirelli, Fornengo, Strumia 2005



Minimal Dark Matter Scenarios

Quantum numbers
SU(2). U(1l)y Spin
- ; Inert Doublet Model > 2 1/2 0
Impie assumption: .5-
extend the SMwith  Higgsing DM _ 2 1/2  1/2
o natiplet 3 0 0
Wino DM model > 3 0 1/2
~ 3 TeV 9 1 0
3 1 1/2
Multi-TeV 4 1/2 0
DM models 4 1‘/2 1//2
4 3/2 0
4 3/2 1/2
5 0 0
Fermionic 5-plet > 5 0 1}.‘2
~10 TeV
Scalar 7-plet > 7 0 0
~25 TeV

Cirelli, Fornengo, Strumia 2005



Minimal Dark Matter Scenarios

Quantum numbers
e SU(2). U(1)y Spin
- ; ~Inert Doublet Model > 2 1/2 0
Impie assumption: B5-
extend the SMwith  Higgsing DM _ 2 1/2  1/2
o o 0 0
Wino DM model > 3 () 1},’2
~ 3 TeV 9 1 0
3 1 1/2
Multi-Tev 1 1/2 0
DM models 4 1!2 1;“2
4 3/2 0
4 3/2 1/2
5 0 0
Fermionic 5-plet > 5 0 lf.‘z
~10 TeV )
Scalar 7-plet > 7 0 0
~25 TeV

Cirelli, Fornengo, Strumia 2005



Minimal Dark Matter Scenarios
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Only the mass is a free parameter. Very predictive scenarios!
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Fermionic 5—plet
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Fermionic 5—plet
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Cross-sections today are much larger than the canonical thermal value!!!
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Gamma-ray spectrum

Fermionic 5-plet M~ 10 TeV Scalar 7-plet M ~ 25 TeV
> ' . > .
S 107 Energy Resolution of 10% - E 10721 Energy Resolution of 10%
5 1 5w
= o :
= =
= i = 1n-23
g ] £
= =
= | n 10—24

20




Gamma-ray spectrum

Fermionic 5-plet M~ 10 TeV Scalar 7-plet M ~ 25 TeV
> ' . > .
S 107 Energy Resolution of 10% - E 10721 Energy Resolution of 10%
5 1 5w
= o :
= =
= i = 1n-23
g ] £
= =
= | n 10—24

20




Gamma-ray spectrum
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H.E.S.S. Limits from the Galatic Center
Soft Part

Target region: a circle of 1° radius centered in the Milky Way Center, excluding the

Galactic Plane |b| > 0.3°

e We calculate constraints on the featureless component from W W™ or ZZ annihila-
tions by comparing the gamma-ray fluxes measured with the H.E.S.S. instrument in a
“search region” and in a “background region”. The inferred residual flux is consistent

with zero, thus allowing to derive upper limits on the flux from annihilations.

(H.E.5.5.Collaboration), Phys.Rev.Lett. 106, 161301 (2011), 1103.3266.
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H.E.S.S. Limits from the Galatic Center
Sharp Spectral Feature

Target region: a circle of 1° radius centered in the Milky Way Center, excluding the
Galactic Plane |b| > 0.3°
e To calculate limits on the DM annihilation cross section into sharp spectral features,

we adopt the phenomenological background model proposed by the H.E.S.S. collabo-

ration, which is described by 7 parameters.

(H.E.S.S5. Collaboration). Phvs.Rev.Lett. 110. 041301 (2013). 1301.1173.
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Dark Matter Fraction

H.E.S.S. Limits from the Galatic Center

Fermionic 3=plet, Einasto profile
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Dark Matter Fraction

H.E.S.S. Limits from the Galatic Center

Fermionic 5—plet, Einasto profile Scalar 7-plet, Einasto profile
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H.E.S.S. Limits from the Galatic Center
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Dark Matter Fraction

Dark Matter Fraction

C.T.A. Prospects on VIB+Lines

Fermionic 5—plet, Einasto profile

Scalar T—plet, Einasto profile
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e We consider the same region around the Galact

ic Center and 112h of observation time.

ArXiv:1507.05536



Another Example: Inert Doublet

Quantum numbers
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Another Example: Inert Doublet
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Another Example: Inert Doublet
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Another Example: Inert Doublet

— —_
S 9
2 2
e (i)
1 1

#
S
)
=
1

3
(0V)ww+zz+hn (cm™/s)
—_ —_
> o
SR

#

<
o
2
|

Amlpromm A M S "

e N

M, (TeV)

10

20

Continuum BF

10°

107

1073

MHn (TEEV)

20



Another Example: Left-Right
Symmetric Dark Matter

Extend the idea of only one multiplet, but considering the group

Heeck and Patra, 2015 SU2)Lx SU(2)rx U(1)p_1
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Another Example: Left-Right
Symmetric Dark Matter

Extend the idea of only one multiplet, but considering the group

Heeck and Patra, 2015 SU2)Lx SU(2)rx U(1)p_1

Motivation: Recently, a number of excesses have appeared in analyses by both ATLAS

and CMS that can potentially be interpreted as LR gauge bosons. The excesses hint at a
W, mass of 1.9 TeV and gr/g;, = 0.65.

Fermion representation

Only the mass is

a free parameter.
Very prec_llctlve (2.2,0
scenarios! (3.3.0)

(3,1,0) @ (1,3,0)
(5,1,0) & (1,5,0)
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My, =1.9 TeV My, =19 TeV
Er/8L =065 7 gr/gr = 0.65
"""""""""""" 25 3.0 10 15 20 25 30 35
Bi-doublet mass M [TeV] Bi-triplet mass M [TeV]
o Fermion representation DM mass M /TeV
Preliminary
(3,1,0) & (1,3,0) 1.3, 2.3%, 2.4*
(5,1,0) ®(1,5,0) 3.2k
(2,2,0) 1.4,2.3,25

(3,3,0) 2.0%-2.1%, 2.5*
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Bi-doublet mass M [TeV] Bi-triplet mass M [TeV]

Fermion representation DM mass M /TeV

Preliminary Because of
G1oews0 1%23.24)  Sommerfeld

(5,1,0) & (1,5,0) 3.9%* Enhancement

(2,2,0) 1.4,2.3,25

(3,3,0) @ 2.1%, 2.5

Table I: DM candidates that yield the observed abundance for My, = 1.9 TeV and gr/gr = 0.65.
Solutions with one asterisk are robustly excluded by indirect detection, while those with two

asterisks are only excluded for the Einasto profile.
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Conclusions

 Minimal DM models predict a significant annihilation
Cross-sections into gamma-rays due to the Sommerfeld
Enhancement. Much above the canonical thermal value.

* This sort of scenarios are very predictive because they have
few parameters and include known cases as Wino and
Higgsino DM. They are a testing ground for new ideas and
can be compared with experiments easily.

 These can be searched for with Cherenkov telescopes and
eventually found or excluded in the near future.



Thanks for your attention!
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