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Toolbox to build a model of dark matter
One should first ask :

<« which constraints / theoretical issue(s) / [signal(s)] I really want to solve?
\
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Detection of Dark Matter
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Observation of a Line : Galactic Center (05/12)
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Several models appeared quicktv A the warlkeet
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Ibarra, Lopez Gehler, Pato : «Dark matter constraints from box—skaped gamma-ray features», 1208.0007; Dudas, Mambrini, Pokorski, Romagnoni: «Extra U(1)
as a natural source of a monochromatic gamma ray Line», 1208.1820; Cline : «130 GeV dark matter and the Fermi gamma-ray Line», 1208.26%%; Chot,

Seto : «A Dirac right-handed sneubrine dark matter and its signature in the gamma-ray lines», 1205.3276; Kyae, Park, «130 GeV Gamma-Ray Line from Dark
Matter deccw», 1205.4151; Min Lee, Park, Park : «Fermi Gamma-Ray Line at 130 GeV from Axion-mMediated Dark Makter», 1208.4678; Ajaraman, Tait, 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 Matbter», 1208.6%11; Chu, Hambje, Scarna, Tvl’:go&: «What if Dark Matter Gamma-Ray Lines come with Gluon Lines», 1206.2279; Das, Ellwanger,
ME,Eropoutos : «A 130 GeV Pko&om Line from dark matter annihilation in the NMSSM», 1206.2639; Kawng, Li, Li, Liu : «Brightening the (130 GeV) Gamma-Ray
Line», 1206.2%63; Feng, Yuan, Fan : «Tentative wiggle in the cosmic ray elactron/positron spectrum at 100 GeV : a dark matter annihilation signal in
accordance with the 130 GeV ganmma-ray Line?», 1206.475%,; Cohen, Lisanti, SLo&jer, Wacker : «Illuminating the 130 GeV Gamma Line with Continuum
Photons», 1207.0500; Cholis, Tavakoli, Ullic : «Searching for the continuum ic—&ons correlated to the 130 GeV gamma-ray Lline;, 1207.14-6%; Frandsen,
Haish, Kahlhoefer, Mertsch, Schmidt-Hoberq : «Loop-induced darlk matter direct detection signal from gamma-ray lines», 1207.3971; Park, Park : «Radiatively
decaying scalar dark matter throigh U(1) mixings and the Fermi 130 GeV gamma-ray Line», 1207.49%1; Bergstrom, Bertone, Conrad, Farnier, Weniger :
«Investigating Gamma-Ray Lines from Dark Matter with Future Observatories», 1207.6773; Tulin, Yu, Zurek : «Three Ex&ep&ions for Thermal Dark Makter with
Enhanced Annihilation to Gamma-Gamma», 120%,0009; Hooper, Linden : «Are Lines From Unassociated Gamma-Ray Sources Evidence For Dark Matter
Annihilakion?»; 120%.0%2%; Cline, Moore, Frey : «C‘.omposifze magnetic dark matter and the 130 GeV line», 120%.26¥%5; Bai, Shellon : «Gamma Lines without a
Continuum : Thermal Models for the Fermi-LAT 130 GeV Gamma Line», 120%.4100; Laha, Ng, "Dasgup&a, Horiuchi : «Galactic Center Radio constraints on
Gamma-Ray Lines from Dark Matter Annihilation», 120%.54%%; Bergrstrom, «The 130 Fingerprint of Right-handed Neutrino dark maltter», 120%.60%2; Wang,
Han : «130 GeV gamma-ray line and enhacement of h -> gamma gamma in the Higgs briplet model plus a scalar dark matter», 1209.0376; Weiner, Yavin :
«UV Completion of Magnetic Inelastic Dark Matter and RayDM for the Fermi Line(s)», 1209.1093; Mambrini : «Dont tell me you are really reading all these
references!!», 13021%xx; Fanh, Reece :»A Sim'nte Recipe for the 111 and 12% GeV Lines», 1209,1097; Baek, Ko, Senaha : «Can Zee-Babu model metemem&ed wikh
scalar dark matter explain both Fermi/LAT 130 GeV gamma-ray excess and neuktrino physics?», 1209.16%5; Shakya : «A 130 GeV Gamma Ray Signal from
Supersvmme&rj», 1209.2427; Rao, Whiteson : «Where are the Fermi Lines Coming From?», 1210.4934; Schmidt-Hoberqg, Staub, Wolfgang Winkler, «Enhanced
dipko&om rates ab FERMI and the LHC», 1211.2¥%38; Fazran, Rezael Akbarieh, «natural exptama&iom for 130 GeV Fho&on Line in vector boson dark matter
model», 1211.46%8; Gorbukov, T yniakoy, «On the offset of the DM cusp and the interpretation of the 130 GeV line as a DM signal», 1212.04 %%, KOPF, Neil,
Primulando, Zupan : «From gamma ray line signals of dark matter to the LHC», 1301,16%3; Jackson, Servant, Shaughnessv, Taik, Taoso : «gamma--ray lines
and One Loop Continuum from s-chainnel Dark Matter Annihilation, 1302.1%02;
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Cralactic center stignal? « Hcmpero»\ »

T. bajtan, D. P. Finkbeiner, D, Hooper, T. Linden, S. K. N, Portilleo, N L. Redd, and T, R, Stal:jer, [1403.6803]

30 GeV dark matter mass from GC bbar final state, NFW—Llike profile
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va\ckrokrov\ eri
effective

To restrick the annihilabion cross section
for a giveln DM mass and final state

It seems that nearby galaxies are
even more restrictive

We can in the first step look at
effective couplings
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Indirect positron : AMS-02 (04-/13)

+ SNR'S explanation [Mertsch, Sarkar: 1402,0%55]
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X-ray (3.66 keV) Line by XMM Newton

Gravitine: problem,
Lifetime ~10730 seconds
or Trh™ 170 GeV
Roszkkowski ek al,
[1403.6630]

3.8 keV Lifetime ~1072% seconds
Bulbul et al. [1402.2301]  sterile neubrino Boyarski
Lifetime ~1072% seconds et al. [1402.4119]
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Toward an effective approac:h

There is a time for concept and a time for pragmatism. Can we cook model

buildings the same way with or without data?

Personally speaking, I would have a &esr\cle.wt:j to say no.
However, as a theorist, I should ask mvseif the question:

at what price can I forget about formal concepts and microscopic approach in fitting data



Limit of the approach

¢ Papucci, Zurelk [1402,22%5]
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A Little thermal history of the Universe

Equilibrium:

Thermol bokh Dark Matter

decaupiing

TR 10 GeV 300 keV
%Eme. 10-8 sec 1 mabiA

Nu.cteosvn&hesis
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Prospective - Conclusion

o No real DM signals (yet) or. koo many!!

o WIMTY paraciigm besbted

o Thermal kisﬁmrv?

o Fundwmwenktal LHC searches

o Promising next years..



Dark Makter candidates

Neutralino Mass/toupti;v\g) classificakion
Crravitinoe
KK modes ® Weod«ftv toupiihg
VIR (neubtralino, sterile neutrine..)
Hidden fermonic sector © Planck induced coupling
Dark U(1) (gravitine)
Sterile neutrino © Intermediate («feebler)
Phantom dark matter coupling
Higqs doublet (FIM?, S0(10) theories)
Mirror dark matter g Dark coupling

Stable extra qauge boson. (Extra U(1), dark photons)



A Little thermal history of the Universe (11I)
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A cowncrete exampte

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

Woeeeeea - -‘ Yulkawa (Higgs portal)
0
H/A/S
2! : Y S R . _. Yulkawas (SUSY)
3 Effective approach

(D ‘
= : GUT / s0(10)



- exemple : Extra U(1)
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