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Production of gamma-rays

The gamma ray flux from dark matter annihilations/decays has two components:

e [nverse Compton Scattering e Prompt radiation of gamma rays
radiation of electrons/positrons produced in the annihilation/decay
produced in the annihilation/decay. (final state radiation, pion decay...)

e Always smooth spectrum. e May contain spectral features.



Inverse Compton Scattering radiation

The inverse Compton scattering of electrons/positrons from
dark matter annihilation/decay with the interstellar and
extragalactic radiation fields produces gamma rays.
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Prompt radiation
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Prompt radiation
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Features in the
energy spectrum




Diffuse Galactic emission

Divide the sky in different regions:
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Diffuse Galactic emission

Divide the sky in different regions:
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But beware of backgrounds when searching for dark matter...

Background I: sources

~/~ The Fermi LAT 1FGL Source Catalog

5 _. Te

AGN

SNR
AGM-Blazar s ind
| AGN-MNon Blazar
' No Association ] Starburst Galaxy PSR w/iPWN
[] Possible Association with SNR and PWN Galaxy Globular Cluster
Possible confusion with Galactic diffuse emission » HXB or MQO

Credit: Fermi Large Area Telescope Collaboraticn



Background II: modelling of the diffuse emission

Inverse compton

bremmstrahlung

n’-decay




Conservative approach: demand that the flux from dark matter does
not exceed the measured flux
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av [em®fs]

DM DM = uu. Einasto profile
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Dwarf spheroidal galaxies




Name Distance year of Mi;2/L12 1 b Eef
(kpc) discovery ref 8

Ursa Major II 30+ 5 2006 400073]% 15246 3744 12
Segue 2 35 2009 650 1494  -38.01 3
Willman 1 38+ 7 2004 770+530 15857  56.7%

Coma Berenices ~ 44= 4 2006 11ﬂﬂf§gﬁg 2419 836 1.2
Bootes II 46 2007 1800077 35369 6887 6.7
Bootes I 62+3 2006 170071400 358 08  69.62 6

Ursa Minor 66+ 3 1954 gga1§§3 10495 4480 45
Sculptor 79+ 4 1937 18+9 28715 -83.16 45
Draco 76+ 5 1954 200+50 8637 3472 459
Sextans 86+ 4 1990 1zﬂ35§ 2434 422 45
Ursa Major I 97+4 2003 13ﬂﬂjf§,["ﬂ' 15943 5441 6
Hercules 132+12 2006 14{1&11-%"' 2873 3687
Fornax 138+ 8 1938 B.Tii-% 2371 -657 45
Leo IV 16015 2006 lﬁﬂ‘mﬁ'ﬂ' 26544  56.51 6

200

High mass-to-light ratio:
dwarf galaxies contain large
amounts of dark matter

Relatively close



Assume a Navarro-Frenk-White dark matter halo profile inside

the tidal radius:
( 38 ?":E? .
o) = 4 T(?‘Z e for v <r,
k(] for r > r
Name Ds e JNEW
(M pe™ ) [(kpe) [(LOY GeVEemn™?)
Segue 1 1.65 0.05 0.97
Ursa Major 11 0.17 0.25 0.57
Segue 2 0.61 0.06 0.1
Willman 1 0.417 0.17 0.84
Coma Berenices 0.232 0.22 0.42
Usra Minor 0.04 0.97 0.35
Sculptor 0.063 0.52 0.12
Draco 0.13 0.50 0.43
Sextans 0.079 0.36 0.05
Fornax 0.04 1.00 0.11
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Constraints on WIMP dark matter models
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{(o,v)[x10-26cm3s-1]
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Closing 1n on light WIMP scenarios from dwarf galaxy observations
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Gamma-ray features

“Smoking gun” for dark matter: no (known) astrophysical process can
produce a sharp feature in the gamma-ray energy spectrum

Three gamma-ray spectral features have been 1dentified:

Gamma ray line

Srednicki, Theisen, Silk '86
Rudaz '86
Bergstrom, Snellman '88
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Internal bremsstrahlung

Bergstrom '89
Flores, Olive, Rudaz '89
Bringmann,Bergstrom, Edsjo '08
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Gamma-ray features

“Smoking gun” for dark matter: no (known) astrophysical process can
produce a sharp feature in the gamma-ray energy spectrum

Three gamma-ray spectral features have been 1dentified:

Gamma ray line Gamma ray box Internal bremsstrahlung
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Bringmann & Weniger (2012)
T

AE/E = 0.15

e AE/E = 0.02

x> dN/dx

GTZZWW

0.01F

1 1
0.02 0.05 0.10




Searching for spectral features with the Fermi-LAT
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Searching for spectral features with the Fermi-LAT
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Searching for spectral features with the Fermi-LAT

Beg?, iy, =149 GeV
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Searching for spectral features with the Fermi-LAT

b [deg]

Beg?, iy, =149 GeV

0.9 120
D-S 0 - +
0.7 Z sl
0.6 S wl
0.5 0k
0.4 -
0.3 L

0.1 E 10

} T T ——
lﬂ uor i Signal counts: 851 (4.37)

LI N B R B B L B B B
46.7 - 2478 GeV

~-60-40-20 0 20 40 60 L N

¢ ldeg] E [GeV]

my, = (149 £ 4) GeV
(ov) = (5.7 £ 1.4) x 10727 cm3 51
4.3 o (3.1 o with LEE)

m, = 120.8 £2.477, GeV
(ov) =(1.27 £0.32+518) x 10727 cm?® s

4.6 o (3.3 o with LEE)

150 200
Bringmann, Huang,

Al Vogl, Weniger
arXiv:1203.1312

Weniger,
arXiv:1204.2797



Fermi-LAT collaboration
Latest news on the 130 GeV excess " 505 5207
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Significance reduced to 3.30" (1.60° with LEE)

The 130 GeV excess could be just a statistical fluke



Bright future for dark wmatter searches using gamma-rays!

H.E.S.S. II — in operation GAMMA 400 — Launch in 2018




Direct dark matter searches

Gewneral Loen:

1) The Sun (and the Earth) is moving through a static “gas™ of dark matter
particles. Or, from our point of view, there 1s a flux of dark matter particles
going through the Earth.
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3) The nucleus gains momentum and recoils. The existence of dark matter
can then be inferred 1f there 1s a significant excess in the number of recoils

compared to the expected recoils induced by natural radiactivity in your lab
or in your detector.
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simpLe Lolea...

..out very challenging in practice!



Annual modulation

WIMP Wind
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2-6 keV
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Residuals (cpd/kg/keV)
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very controversial result, though! More Later...
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An example: CRESST II

Underground detector
Target: CaWO,
phonon signal + scintillation light

Criogenic: 10 mK
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Earth restframe (Summer)

Kuhlen'09
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Dark Matter Search Results Using the Silicon Detectors of CDMS II

We report results of a search for Weakly Interacting Massive Particles (WIMPs) with the sil-
icon detectors of the CDMS II experiment. A blind analysis of 140.2 kg-days of data revealed
three WIMP-candidate events with an expected total background of 0.7 events. The probability
that the known backgrounds would produce three or more events in the signal region is 5.4%. A
profile likelihood ratio test of the three events that includes the measured recoil energies gives a
0.19% probability for the known-background-only hypothesis when tested against the alternative
WIMP+background hypothesis. The highest likelihood occurs for a WIMP mass of 8.6 GeV{cE and

WIMP-nucleon cross section of 1.9x10~* em?.
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List of conclusions

End of list



Concluding remarks

1- Zwicky's observations of 1933
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