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Flux from a single source. J-factor.
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H.E.S.S. and Fermi-LAT

HESS

Fermi-LAT

30(100) MeV-100GeV

1.8 m? effective area

1 orbit is 96 minutes
full sky coverage in 2 orbits

100 GeV - 30 TeV
10% — 10° m? effective area
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Data: v-rays from Galactic center

source 1FGL J1745.6-2900 or HESS ~ e St ]
J1745-290: v -
@ Fermi-LAT: range 100 MeV-100GeV (no official ;
analysis), 3 year data starting from 2008 E
@ Hess: 200 GeV - 30 TeV, from data from %

2004-2006, analysis (2009)
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Previous interpretations of Galactic center gamma-rays

@ broken power law: I' = 2.19640.001 in 300 MeV-5 GeV energy range, and I'=

v F,, erg/cm?®/s

2.681+0.003 in 5-100 GeV energy range (Fermi); 2.10 + 0.04 (stat) £ 0.10 (syst) and
a cut-off energy at 15.7 £+ 3.4 (stat) + 2.5 (syst) TeV (HESS)

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 et al PRD84 (2011) 123005:

broken power law -+ galactic ridge + 30 GeV bb

S. Profumo, PRD 72 (2005) 103521

best fit for HESS data ~ 15 TeV DM
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Galactic center Fermi and HESS. PL and PL + DM.
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Galactic center Fermi and HESS. LogParabola+DM and
PL+ExpCutoff+DM.

Fermi+HESS:
(E/4_2)—2.54—0A07log(E/4A2)
A =0.25x10"8

M = 15.5 TeV
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PL + 2DM (Fermi and HESS). PL + DM (HESS)
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Galactic center Fermi and HESS (full).
PL+ExpCutoff+DM and PL + 2DM.

Fermi+HESS(full): T' = 2.59
A =4.06x10-8
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Galactic center HESS data. PL, PL + DM, PL+ExpCutoff.
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Galactic center

Fermi and HESS data. The summary table

of best-fits.
case datasets r 108x A GeV range fit My [TeV] (B_4 . —i Byy) 1073 x BJ<\}1)F‘W x? /d.o.f.
G1  FermitHESS 248 6.45 E E E E 5.48
G2  Fermi+HESS 251 6.63 = 127 (1.0;0.0) 0.39 3.34
G3 Fermi+HESS - 0.25 log-parabola ™ 15.5 (0.45;0.55) 1.6 1.4
G.4  Fermi+HESS 248 4.8 E 1:5e~F/3.4 12.2 (0.8;0.2) 0.5 1.0
G5  Fermi+HESS 255 4.4 light DM?> 18.2 (0.48;0.52) 1.4 0.9
G6 HESS 251 3.21 = 182 (0.53;0.47) 1075 0.81
G.7 HESS 220 176 = = = = 1.96
G.8 HESS 21 056 - 15.23 - = 0.78
G.9 Fermi+HESS(full) 2.59 4.06 E—1%4e=F/3:8 149 (0.47;0.53) 13 1.42
G.10 Fermi+HESS(full) 2.61 3.98 light DM* 18.2 (0.42;0.58) 1.7 1.05

1 |og-parabola is set by (E/4.2)=2-54-0-07log(E/4.2)

2 M, =28GeV, B
3 the value refers to the energy cutoff, AETe~
4 My =28GeV, B

(2)
NFW

(1)
NFW
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Branching ratio constraints to the gamma rays from the
galactic center

branching ratio to "7 vsm,, case G.4 10 branching ratio to "7 vsm,, case G.6
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Boost factor constraints to the gamma rays from the
galactic center

boost factor over NFW with vs m,, u* i~ channels, case G.4

boost factor over NFW with vs m,, 7" 7~ channels, case G.4
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Boost factor constraints to the gamma rays from the
galactic center

boost factor over NFW with vs m,, 7'~ _and b channels, case G.4 boost factor over NFW with vs m, 7" =~ and bb channels, case G.6

10° 10% 4

boost factor

boost factor

M, [GeV] M, [GeVl
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Data: charged particles

@ electron-+positron flux:

o
o
)

o

PAMELA: 1-625 GeV. 2011

Fermi-LAT: range 20 MeV-1 TeV, 2009

Hess: 370 GeV - 4.5 TeV, 2010
MAGIC: 140 GeV - 2.7 TeV, 2011

@ positron flux:

o

PAMELA: 1.5-100 GeV, 2008

@ Fermi-LAT: range 20 MeV-200 GeV, 2009
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Cosmic ray electron fits to PAMELA+ Fermi+HESS data.
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Cosmic ray electron (and positron) fits to Fermi+HESS
data.

1000 5 ——
Mpy =3 TeV, x“/dof = 0.05, HESS+Fermi fit
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CREs and cosmic ray positrons. The summary table of
best-fits.

)10 3xByrpw [ A ¢[MV] x2 /dof.

datasets mass[TeV] (Br_y __; Bryg: Br
TUT p g
PAMELA+Fermi+HESS 3 (0.9997;0;0) 12.8 3.72 1943 986 0.3
PAMELA+Fermi+HESS 3 (0;0;0.9996) 1.38 3.33 595 600 13
Fermi+HESS (+Fermi e™) 3 (0.9997;0;0) 8.7 3.32 400 - 0.05
HESS 9 0.035;0.965;0 94.9 - - - 0.4
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Branching ratio constraints to electrons and positrons

10 branching ratio to 7" 7 vsm,, case E.1 10 branching ratio to 77 vsm,, case E.3 and fermi positron data
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Branching ratio constraints to electrons and positrons

branching ratio to "7 vsm,, case E.3 branching ratio to 7%+ vsm, , case E.3 and Fermi positron data

branching ratio to "7 vsm,, case E.4
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Boost factor constraints to the total electron + positron
and positron flux

10° boost factor over NFW for 7+ channel vs m, , case E.3 10° _ boost factor over NFW for bb channel vs m, , case E.3
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allowed regions of parameter space m-BF, 7T+~ channel allowed regions of parameter space m-BF, bb channel
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Boost factor constraints to the total electron + positron
and positron flux

10° boost factor over NFW for i s~_channel ys m, , case E.3 10° _ boost factor over NFW for #f channel vs , , case E.3
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Boost factor constraints to the total electron + positron
and positron flux

5 _boost factor over NFW for 7t7 and bb channels vs m, , case E.3

10
Fermi+HESS (+Fermi e™) : 10° |
the boost factor plots over
standard NFW profile, each g
point is marginalized over &
the branching ratios to é
7t7=, bband T p~ and
the parameters of the power 10° 4
law
10 ‘ ‘
10° 10*
M, [GeV]
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The overlapping regions between gamma rays and cosmic
ray electron

branching ratio to 7' 7 vsm_, cases E.4 and G.6

1.0

0.8

HESS data, fit by electrons 5 0.6
annihilating to dark matter 2
at fixed branching ratio s
c

Br 4, and S 041
Brbz =l= Br‘r+‘r_ &
o
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HESS GC halo

a boost factor of about 140 at 10 TeV
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HESS galactic ridge

a boost factor of about 700 at 10 TeV

DM DM - r*7~, Einasto profile DM DM - 7°7~, NFW profile
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Galactic center as seen by IceCube

best constraints are at level of (cv) = 10~ 22cm3s—1
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Antiproton constraints on TeV DM

antiproton flux: PAMELA: 0.09-128 GeV
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Constraints from positron and antiproton data
Dwarf galaxies from HESS

higher energies or other channels?
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Adiabatic contraction of dark matter density around a
massive black hole
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Electrons propagating from a DM clump
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Conclusions

@ the gamma ray spectrum from the galactic center (Fermi++HESS) can be fit over 5 orders
of magnitude by a combination of spectrum of unresolved pulsars and TeV-scale dark
matter

@ good fits of the galactic center gamma-ray spectrum are achieved for the slope of the
power law I' = 2.5 — 2.6 and > 10 TeV DM annihilating to a combination of 777~ and
bb; log-parabola also provides a good fit

@ we performed the analysis of HESS data alone and found that the DM parameter space is
less constrained

@ we identified the best fits for cosmic ray electron and positron for a combination of
PAMELA, Fermi and HESS data sets as a power-law + dark matter of few TeV
annihilating to a combination of 77~ and bb

@ we studied the overlap between gamma-ray data from the galactic center and cosmic ray
electrons and positron data in the parameter space branching ratio to 7+7—-M, and
found overlap between 99.999% C.L. regions
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