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Ways of detecting dark matter
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1 Direct detection.
2 Indirect detection: searching for products of annihilation.

High energy photons

Space telescopes: COMPTEL, Fermi-LAT.

ACTs: HESS, Veritas, Magic.

Electrons/positrons: PAMELA, ATIC, Fermi-LAT, HESS, MAGIC.
Antiprotons: PAMELA, AMS.
Neutrinos: ANTARES, IceCube.

3 Collider searches: LHC.

4 Indirect2: CMB optical depth and anisotropies, IGM temperature and
21 cm - recombination and reionization observables, BBN.
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Data

γ-rays from Galactic center, source 1FGL J1745.6-2900:

Fermi-LAT: range 100 MeV-100GeV (no official
analysis)

Hess: 200 GeV - 30 TeV

local electrons/positrons:

PAMELA: 1-625 GeV
Fermi-LAT: range 20 MeV-1 TeV
Hess: 200 GeV - 30 TeV

MAGIC: 140 GeV - 2.7 TeV
D.Hooper, T.Linden PRD84 (2011)
123005
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Previous interpretations of Galactic center gamma-rays

broken power law
M.Chernyakova et al. APJ, 726:60, 2011 :
proton flare of duration 10 years 300 years ago + constant source that switched on 300
years ago; in 10 pc region protons accelerated near the black hole may enter the
surrounding gaseous environment and initiate VHE gamma-ray emission through neutral
pion production and subsequent decay
D.Hooper, T.Linden PRD84 (2011) 123005:
broken power law + galactic ridge + 30 GeV bb̄
S. Profumo, PRD 72 (2005) 103521
best fit for HESS data 15 TeV DM
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Photon and electron/positron spectra

Annilation spectra of DM of M = 100 GeV
to gamma rays
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Annihilation and propagated spectra of DM

of M = 100 GeV to e+e−
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J factor

Φχ(E,ψ) =
dN

dEγ

(E)
〈σv〉

8πM2
χ

∫
los

ρ2(r)dl

J(ψ) = (0.3GeV/cm−3)−2(8.5Kpc)−1

∫
los

ρ2(r)dl

J(∆Ω) = 〈J(ψ)〉∆Ω =

∫
∆Ω

J(ψ) dΩ

for ∆Ω = 3e-6, J(∆Ω) is
NFW : 0.077
NFW γ = 1.1 : 0.28
NFW γ = 1.2 : 1.16
Moore : 250

φχ(E) =

∫
∆Ω

dΩ Φχ(E,ψ) =
dN

dEγ

(E)
〈σv〉

8πM2
χ

×

∫
∆

Ω

∫
los

ρ2(r)dl dΩ = Φχ(E)× J
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source 1FGL J1745.6-2900, power law and power law +
DM fits, Mχ = 20 TeV

power-law : Γ = 2.5,
A = 6.97× 10−8

power-law + heavy DM:
Γ = 2.57, A = 6.38× 10−8,
Mχ = 20 TeV,

46 % to τ+τ−, 54 to % bb̄,

bf = 1230
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source 1FGL J1745.6-2900, fitting by 2 DM spectra and 2
DM spectra + power law

power-law + 2 DM:
Γ = 2.61, A = 4.06× 10−8,

Mχ1
= 28 GeV, 54 % to

µ+µ−, 10 τ+τ−, 35% bb̄,
bf = 62

Mχ2
= 21.9 TeV, 7 % to

µ+µ−, 36 τ+τ−, 59% bb̄,
bf = 2007

light DM + heavy DM:

Mχ1
= 21 GeV, 73 % to

µ+µ−, 3 τ+τ−, 24% bb̄, bf
= 125

Mχ2
= 18.4 TeV, 26 % to

µ+µ−, 23 τ+τ−, 51% bb̄,

bf = 2690
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Electron/positron flux fits: 3 TeV DM annihilating to τ+τ−

φ = 600 MV,
χ2/dof = 1.52, Γ = −2.66,
bf = 7700

φ = 980 MV,
χ2/dof = 0.32, Γ = −2.29,
bf = 16600
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Electron/positron flux fits: 20 TeV bb̄ and τ+τ− channels,
φ = 600 MV

bτ+τ− = 0%

χ2/dof = 1.86, Γ = −2.67,
bf = 35.3× 103

bτ+τ− = 20%

χ2/dof = 1.86, Γ = −2.67,
bf = 40.3× 103

bτ+τ− = 46%

χ2/dof = 1.9, Γ = −2.9, bf
= 16.6× 103
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Electron/positron flux fits: 20 TeV bb̄ and τ+τ− channels

φ = 1140 MV, bτ+τ− = 0%

χ2/dof = 0.35, Γ = −2.04,
bf = 1.5× 105

φ = 1130 MV,
bτ+τ− = 20%

χ2/dof = 0.38, Γ = −2.06,
bf = 1.8× 105

φ = 950 MV, bτ+τ− = 46%

χ2/dof = 1.0, Γ = −2.32,
bf = 1.15× 105
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Galactic center revisited: 20 TeV DM
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Constraints from positron and antiproton data; dwarf
galaxies from HESS

p̄ PAMELA data

Adriani et al., Phys.Rev.Lett.
105 (2010) 121101

higher energies or other
channels?

10 TeV, W+W− Cirelli et al.,
Nucl.Phys.B813:1-21,2009

Fermi e+ data

Ackerman et al., PRL 108,
011103 (2012)

PAMELA e+ data

Adriani et al., Nature 458 :
607, 2009

HESS collab., Astropart.Phys. 34 (2011) 608-616
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How to reconcile galactic center γ-rays and electron
positron data?

TeV scale electrons and positrons from annihilation of heavy dark
matter are attenuated by inverse Compton scattering and synchrotron

l ∼ few kPc
(

E
1TeV

)−1
((

B
5µG

)

+ 1.6
(

w
1 eV cm−3

)

)−1
years

M.Regis et al arXiv:0907.5093
While we modeled electrons/positrons from smooth NFW DM density
profile, the hypothesis of a clump(s) alleviates the required boost
factors
The existing uncertainty of our knowledge of the solar modulation as
well as our crude approach to implementing it also leaves some room
for finding a similar explanation for gamma rays from the galactic
center and electron/positron flux
the boost factor for gamma ray from the galactic center is uncertain
due to our limited knowledge of the dark matter density profile
around black hole. It might be rather cuspy.
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Conclusion

It is possible to interpret the gamma-ray signal from the galactic
center (source 1FGL J1745.6-2900) (Fermi-LAT and HESS data) and
the total electron/positron flux in terms of the same dark matter
particle of mass ∼ 20 TeV going mostly to bb̄ and to a lesser degree
to τ+τ−

Such an interpretation is at first glance consistent with available
constraints, more detailed analysis is underway.
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