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o Dark wmakbter evidences

o A Little thermal history of the Universe in 3 acts

o Boltzman equation from insi{ght)de

o A sp@.«ti&a example : Extra U(1) Thidden photon, Z/, Zdark..]
o Astrophysical signals, exemple of synchrotron emission

o Cownclusion an F'ersyeﬁﬁve



Astroparticle

3 different scales : particle (pb), Astro (Light years), Cosmo (Hubble time)

3 different philosophies/visions of physics

Accelerators are wade bj physicists for physicists whereas Universe was made

by ? for 7

LHC provic&es &£00 millions collisions per seconds whereas we jus& have 1 Universe :
we cannok reproduae Fhe ex[peri,mem& to Unerease bhe iummosi,&v”'

(W

LHC Frovéd&s his own background, whereas in the Universe, you have no idea of the
bo\twgroumd as you atwavs weosure Sigmo\h—Bo\twgrouMcL



Dark matter evidence : Galactic scale "
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Cluster c:) Galaxy scale




Cosmological scale (PLANCK results March 19th)

Cosmic Microwave Background (CMB)




Dark Matbter candidates

Neubralino Mass/coupling classification
CGrravitino
KK modes ® Wealkly coupling
VR, (neubralino, sterile neubrino..)
Hidden fermonic sector  © Planck induced coupling
Dark U(1) (gravitine)
Sterile neubrino ® Inktermediabte («feeble»)
Phantom dark makter coupling
Higqs doublet (FIMP, S0(10) theories)
Mirror darke matter ® Dark coupling

Stable extra gauqe boson.. (Extra U(1), dark photons)
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A Little thermal history of the Universe (I1I)

B
T

1l te

Equilibrium:

Thermol bakh Dark Matter

decoupt&ug

TR 10 GreV 300 keV
time l0-§ sec it

Nm:i.eonsvnﬁhesis






Radiation dominated Matter dominated
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A Little thermal history of the Universe (I1I)
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What is Ehe dio&or(s)?

DM o oy WMAP + 10% tnvisible
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What is the c:l.i‘.o&or ¢

M
Detection prospect (2017

. DM Neutraline DM DM
\- ,f\-{_H_ _/_§ , ta (NDMSSM |

/ No exclusions (yet)
Possible detection
DM, possibility of non-
SUSY scalar H
Cotta, Ra jaraman,
Tait, Wijangeo
1308.6609
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BUT in coherent Supergravibj
scenario, difficult to observe
due to Higgs mass :
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- M. Blenow,

G, Hernandez,

Insights on the Boltzman equation e

B. Zaldivar
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A concrete example

In all what follows I will take 2’ as a mediator for illustration but..

) Yukoawa (Higgs portal)

Yulkowas (SUSY)

1

3 Effective approach

&UT / S0(10)



A concrete exemple : Exbtra U(1)
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Mz’ > TrH, 0 ~ gEW

Y. M., K. Olive,, 3. Quevillon, B. Zaldivar (2013)

TABLE I. Possible breaking schemes of SO(10).

50(10) — gx [Higgs] Mmt(GeV) TRH(GGV)
A 4 x 21 x 1g [16] 102 3 x 10°
A 4% 21, x 1 [126] 10'"8 1 x 10®
Grauge unification in Bl 4x2 x2z 16 104 [ 3% 10"
Mo, o B 4 x 2 x 2 [126] 10'°® 5 x 10'°
y C|3c x2rL x2r x 1p_r [16] | 10'0° 3 x 10°
- Cl3c x 21 % 2r x 1p_r [126]] 108° | 6x 103
40 L
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Mz => Trn from WMAP/PLANCK




Astro-phenomenological stude
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Enerqy Losses processes

Charged Far&ittes moving

i bhe interstellar medium

lose energy from different
processes
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Prospective - Conclusion

o A Lok of extensions to the classical thermal history of the Universe

o Synchrotron radiation interesting detecting mode

o Heavy states (> TrH) as natural as WIMP scenario

e Promising wnext Years..
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Other parts of the sky?

B —

‘ 7 o D“Qrfl AG'N; H cl.ou.ds, earth U.Mb . O
CLuS&ers Of GQLQX‘:QS wana Fermi two-year all-sky map

Helctor, Raidal, Tempel 12074466 UMQ s s LOCQEQ& so urCQS?
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Spectrum of unassociated 2F:G:L sources O&ker PQrES Of &ke s kv?
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Convolving with line spread functio
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Earth Limb + sun skill n question. Efficiency of FERMI
around 135 GeV?




Several models appeared quickly in the market
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Ibarra, Lopez. CGrehler, Pako : «Dark matter constrainks from box—skaped gamma-ray feakures», 1208,0007; Dudas, Mambrini, Pokorski, Romaghoni: «Extra U(1)
as a natural source of a monochromatic gamma ray Line», 1208,1620; Cline : «130 GeV dark matter and the Fermi gamma-ray line», 1208.26%%,; Chol,

Seto : «A Dirac right-handed sneutrinoe dark matter and its signature in the gamma-ray Lines», 1208.3276; Kyae, Park, «130 GeV Gamma-Ray Line from Dark
Matter decayn 12084151, Min Lee, Park, Park : «Fermi Gamma—fiqv Line at 130 GeV from Axion-Mediated Dark Makter», 1208.4678; Ajaraman, Taik,
Whiteson : «Two Lines or Not Two Lines? That is the Question of Gamma Ray Spectra, 1205.4723; Buckley, Hooper : «Implications of a 130 GeV Gamma-Ray
Line for Dark Matter», 1205.6%11; Chu, Hambje., Scarna, ij:go&: «What if Dark Matter Gamma-Ray Lines come with Gluon Lines», 1206.2279; Das, Ellwanger,
MLEroPou,Los : <A 130 GeV Pho&om Line from dark matter annihilaktion in the NMSSM», 1206,2639; Kang, Li, Li, Liu : «Brightening the (130 GeV) Gamma-Ray
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Other approaches motivating CS-like couplings

Gauge invariant &d operators With 2 extra U5(1) : 4d operators
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Prospective - Conclusion

o A Lok of extensions to the classical thermal history of the Universe

o Monochromakic Line still to be besked

o Supersymmebry? Extra forces? Sterile neutrino?
o Heavy states (> TrH) as natural as WIMP scenario

e Promising wnext Years..



