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Figure 2: The regions on the parameter space m�–⇤⇥v⌅ that are excluded by the di�use galactic
gamma ray measurements by the Fermi satellite. The first column of panels refers to DM annihila-
tions into e+e�, the second into µ+µ� and the third into ⇤+⇤�; the three rows assume respectively
an NFW, an Einasto and a cored Isothermal profile. Each panel shows the exclusion contour due
to Fermi observations of the ‘3⇥ ⇥ 3⇥’ region (blue short dashed line), ‘5⇥ ⇥ 30⇥’ region (orange
dashed line), the ‘10⇥ � 20⇥ strip’ (red long dashed line) and the ‘Galactic Poles’ |b| > 60⇥ region
(black long dashed line). We also report the regions that allow to fit the PAMELA positron data
(green and yellow bands, 95 % and 99.999 % C.L. regions) and the PAMELA positron + Fermi and
HESS data (red and orange blobs, 95% and 99.999% C.L. regions).

10

Gamma constraints
from Inverse Compton on         in haloe±�

‘natural’ scale



Gamma constraints

Ci
re

lli
, P

an
ci

, S
er

pi
co

 0
91

2.
06

63

102 103 104
10�26

10�25

10�24

10�23

10�22

10�21

10�20

m⇥ �GeV⇥

⇤
v
�cm3 ⇤

s⇥

DM DM ⇧ ee, Einasto profile

FERMI 3°⌅ 3°

FERMI 5°⌅ 30°

FERMI 10°� 20°

FERMI Gal. Poles

102 103 104
10�26

10�25

10�24

10�23

10�22

10�21

10�20

m⇥ �GeV⇥

⌅
v
�cm3 ⇤

s⇥

DM DM ⌃ ⇤⇤, Einasto profile

FERMI 3°⇧ 3°

FERMI 5°⇧ 30°

FERMI 10°� 20°

FERMI Gal. Poles

102 103 104
10�26

10�25

10�24

10�23

10�22

10�21

10�20

m⇥ �GeV⇥

⇤
v
�cm3 ⇤

s⇥

DM DM ⌃ ⌅⌅, Einasto profile

FERMI 3°⇧ 3°

FERMI 5°⇧ 30°

FERMI 10°� 20°

FERMI Gal. Poles

102 103 104
10�26

10�25

10�24

10�23

10�22

10�21

10�20

m⇥ �GeV⇥

⇤
v
�cm3 ⇤

s⇥

DM DM ⇧ ee, NFW profile

FERMI 3°⌅ 3°

FERMI 5°⌅ 30°

FERMI 10°� 20°

FERMI Gal. Poles

102 103 104
10�26

10�25

10�24

10�23

10�22

10�21

10�20

m⇥ �GeV⇥

⌅
v
�cm3 ⇤

s⇥

DM DM ⌃ ⇤⇤, NFW profile

FERMI 3°⇧ 3°

FERMI 5°⇧ 30°

FERMI 10°� 20°

FERMI Gal. Poles

102 103 104
10�26

10�25

10�24

10�23

10�22

10�21

10�20

m⇥ �GeV⇥

⇤
v
�cm3 ⇤

s⇥

DM DM ⌃ ⌅⌅, NFW profile

FERMI 3°⇧ 3°

FERMI 5°⇧ 30°

FERMI 10°� 20°

FERMI Gal. Poles

102 103 104
10�26

10�25

10�24

10�23

10�22

10�21

10�20

m⇥ �GeV⇥

⇤
v
�cm3 ⇤

s⇥

DM DM ⇧ ee, Iso profile

FERMI 3°⌅ 3°

FERMI 5°⌅ 30°

FERMI 10°� 20°

FERMI Gal. Poles

102 103 104
10�26

10�25

10�24

10�23

10�22

10�21

10�20

m⇥ �GeV⇥

⌅
v
�cm3 ⇤

s⇥

DM DM ⌃ ⇤⇤, Iso profile

FERMI 3°⇧ 3°

FERMI 5°⇧ 30°

FERMI 10°� 20°

FERMI Gal. Poles

102 103 104
10�26

10�25

10�24

10�23

10�22

10�21

10�20

m⇥ �GeV⇥

⇤
v
�cm3 ⇤

s⇥

DM DM ⌃ ⌅⌅, Iso profile

FERMI 3°⇧ 3°

FERMI 5°⇧ 30°

FERMI 10°� 20°

FERMI Gal. Poles

Figure 2: The regions on the parameter space m�–⇤⇥v⌅ that are excluded by the di�use galactic
gamma ray measurements by the Fermi satellite. The first column of panels refers to DM annihila-
tions into e+e�, the second into µ+µ� and the third into ⇤+⇤�; the three rows assume respectively
an NFW, an Einasto and a cored Isothermal profile. Each panel shows the exclusion contour due
to Fermi observations of the ‘3⇥ ⇥ 3⇥’ region (blue short dashed line), ‘5⇥ ⇥ 30⇥’ region (orange
dashed line), the ‘10⇥ � 20⇥ strip’ (red long dashed line) and the ‘Galactic Poles’ |b| > 60⇥ region
(black long dashed line). We also report the regions that allow to fit the PAMELA positron data
(green and yellow bands, 95 % and 99.999 % C.L. regions) and the PAMELA positron + Fermi and
HESS data (red and orange blobs, 95% and 99.999% C.L. regions).
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Figure 2: The regions on the parameter space m�–⇤⇥v⌅ that are excluded by the di�use galactic
gamma ray measurements by the Fermi satellite. The first column of panels refers to DM annihila-
tions into e+e�, the second into µ+µ� and the third into ⇤+⇤�; the three rows assume respectively
an NFW, an Einasto and a cored Isothermal profile. Each panel shows the exclusion contour due
to Fermi observations of the ‘3⇥ ⇥ 3⇥’ region (blue short dashed line), ‘5⇥ ⇥ 30⇥’ region (orange
dashed line), the ‘10⇥ � 20⇥ strip’ (red long dashed line) and the ‘Galactic Poles’ |b| > 60⇥ region
(black long dashed line). We also report the regions that allow to fit the PAMELA positron data
(green and yellow bands, 95 % and 99.999 % C.L. regions) and the PAMELA positron + Fermi and
HESS data (red and orange blobs, 95% and 99.999% C.L. regions).
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Gamma constraints
     from  DM annihilations in the Galactic Center�a.

GC region. A circular region of radius 1! centered at the
GC was chosen for the search, and contamination by
astrophysical !-ray sources along the Galactic plane was
excluded. An optimized background subtraction technique
was developed and applied to extract the !-ray spectrum
from the source region. The analysis resulted in the deter-
mination of stringent upper limits on the velocity-weighted
DM annihilation cross section h"vi, being among the best
so far at very high energies. At the same time, the limits do
not differ strongly between NFW and Einasto parametri-
zations of the DM density profile of the Milky Way.
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FIG. 4 (color). Upper limits (at 95% CL) on the velocity-
weighted annihilation cross section h"vi as a function of the
DM particle mass m# for the Einasto and NFW density profiles.

The best sensitivity is achieved at m# " 1 TeV. For comparison,

the best limits derived from observations of dwarf galaxies at
very high energies, i.e., Sgr Dwarf [10], Willman 1, Ursa Minor
[15], and Draco [9], using in all cases NFW shaped DM profiles,
are shown. Similar to the sky region investigated in the presented
analysis, dwarf galaxies are objects free of astrophysical back-
ground sources. The green points represent DARKSUSY models
[32], which are in agreement with WMAP and collider con-
straints and were obtained with a random scan of the
mSUGRA parameter space using the following parameter
ranges: 10GeV<M0<1000GeV, 10GeV<M1=2<1000GeV,
A0¼0, 0< tan$< 60, sgnð%Þ ¼ &1.
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HESS has detected     -ray emission
from annulus around GC.  

Derive bounds from on/off comparison.

�

simulations, flux spectra shown in Fig. 3 are calculated
from the number of events recorded in the source and
background regions. [The background spectrum is rescaled
by the ratio of the areas covered by source and background
regions (cf. also [27]).] It should be stressed that these
spectra consist of !-ray-like cosmic-ray background
events. Both source and background spectra agree well
within the errors, resulting in a null measurement for a
potential DM annihilation signal, from which upper limits
on h"vi can be determined.

The mean astrophysical factors !Jsrc and !Jbg are calcu-
lated for the source and background regions, respectively.
The density profiles are normalized to the local DM density
#0 ¼ 0:39 GeV=cm3 [29]. Assuming an Einasto profile,
!Jsrc ¼ 3142" #2

E " dE and !Jbg ¼ 1535" #2
E " dE,

where #E ¼ 0:3 GeV=cm3 is the conventional value for
the local DM density and dE ¼ 8:5 kpc the distance of
Earth to the GC. For a NFW profile, !Jsrc¼1604"#2

E"dE
and !Jbg ¼ 697" #2

E " dE are obtained. This means that
for an assumed Einasto (NFW) profile, background sub-
traction reduces the excess DM annihilation flux in the

source region by 49% (43%), which is taken into account
in the upper limit calculation.
Under the assumption that DM particles annihilate into

quark-antiquark pairs and using a generic parametrization
for a continuum spectrum of ! rays created during the
subsequent hadronization [30,31], limits on h"vi as a
function of the DM particle mass are calculated for both
density profiles (see Fig. 4). These limits are among the
most sensitive so far at very high energies, and in particular
are the best for the Einasto density profile, for which at
#1 TeV values for h"vi above 3" 10$25 cm3 s$1 are
excluded. As expected from the astrophysical factors, the
limits for the Einasto profile are better by a factor of 2
compared to those for the NFW profile. Still, the current
limits are 1 order of magnitude above the region of the
parameter space where supersymmetric models provide a
viable DM candidate (see Fig. 4). Apart from the assumed
density parametrizations and the shape of the !-ray anni-
hilation spectrum, the limits might shift by 30% due to the
uncertainty on the absolute flux measurement [26].
Additionally, the uncertainty of 15% on the absolute en-
ergy scale might not only shift the DM particle mass scale
by this amount, but also the limits up (down) by % 30% if
the !-ray energy is overall under- (over)estimated.
Summary.—A search for a VHE !-ray signal from DM

annihilations was conducted using H.E.S.S. data from the
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FIG. 3 (color). Top panel: Reconstructed differential flux
FSrc=Bg, weighted with E2:7 for better visibility, obtained for

the source and background regions as defined in the text. The
units are TeV1:7 m$2 s$1 sr$1. Because of an energy-dependent
selection efficiency and the use of effective areas obtained from
!-ray simulations, the reconstructed spectra are modified com-
pared to the cosmic-ray power-law spectrum measured on Earth.
Bottom panel: Flux residua Fres="Fres, where Fres ¼ FSrc $ FBg

and "Fres is the statistical error on Fres. The residual flux is
compatible with a null measurement. Comparable null residuals
are obtained when varying the radius of the source region,
subdividing the data set into different time periods or observation
positions, or analyzing each half of the source region separately.

FIG. 2 (color). Illustration of the cosmic-ray background sub-
traction technique for a telescope pointing position below the
Galactic plane (depicted by the star). Note that this is only one of
the several different pointing positions of the data set. The DM
source region is the green area inside the black contours,
centered on the GC (black triangle). Yellow regions are excluded
from the analysis because of contamination by astrophysical
sources. Corresponding areas for background estimation (red
regions) are constructed by rotating individual pixels of size
0:02& " 0:02& of the source region around the pointing position
by 90&, 180&, and 270&. This choice guarantees similar !-ray
detection efficiency in both the source and background regions.
As an example, pixels labeled 1 and 2 serve as background
control regions for pixel 0. Pixel 3 is not considered for back-
ground estimation because it is located in an excluded region.
Pixels in the source region, for which no background pixels can
be constructed, are not considered in the analysis for this
particular pointing position and are left blank.
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Figure 10. Exclusion lines for a neutralino DM annihilating exclusively into µ+µ− (green lines)
or τ+τ− (blue line) and for a DM candidate interacting with a light intermediate state φ decaying
into a pair of electrons (pink line). The same annihilation channels (with the same color coding) are
considered to draw the regions in the plane that provide a good fit to the PAMELA measurement
of the energy spectrum of the positron fraction. The regions are taken from [45], which are adapted
from [81]. We used an astrophysical factor of J̃(∆Ω) = 1.14× 1019 GeV2 cm−5 sr.

we test our ULs against some of the models proposed in the literature that fit the PAMELA
data. The regions in the (mχ, 〈σannv〉) plane that provide a good fit to the PAMELA data
are shown in figure 10 for a DM candidate annihilating into µ+µ−, τ+τ− and for the case
of the intermediate state φ decaying to e+e−, with mφ = 1 GeV. These regions have been
adapted from [81] after rescaling from a local DM density of 0.3 GeV/cm3 to 0.43 GeV/cm3

[83].
Using again the specific DM annihilation spectra, we plot in figure 10 the ULs obtained

from the Segue 1 data. We can see that, in this case, the ENFs needed to meet the PAMELA-
favoured region are much smaller than for mSUGRA, and in the case of annihilation into
τ+τ− our ULs are probing the relevant regions. However, we recall that the uncertainty
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Figure 3: Upper limit at 95% C.L. of 〈σv〉 as function of the DM particle mass
for different DM halos for Sculptor (top) and Carina (bottom). For the NFW
halo profile of Sculptor two concentration parameters are used: 20 and 35.
For the pseudo-isothermal halo profile two core radii are used: 0.05 kpc and
0.5 kpc. Two hypotheses on the velocity anisotropy parameter are also stud-
ied: a constant (solid lines) and an Osipkov-Merritt (dashed lines) anisotropy.
The velocity anisotropy and the concentration parameters are given in brack-
ets for the NFW profile. The velocity anisotropy and the core radius are given
in brackets for the pseudo-isothermal profile. The Fermi-LAT limits [11] for
a NFW profile are also plotted as well as the H.E.S.S. limits for this NFW
profile (rs = 0.9 kpc and ρs = 3.7×107 M!kpc−3). For Carina both the NFW
halo profile and the pseudo-isothermal halo profile are plotted (see text for
parameters).
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FIG. 2. Derived 95% C.L. upper limits on WIMP annihilation
cross section for the bb̄ channel, the �+�� channel, the µ+µ�

channel, and the W+W� channel. The most generic cross
section (� 3 · 10�26 cm3s�1 for a purely s-wave cross section)
is plotted as a reference. Uncertainties in the J-factor are
included.

nominal J-factors. Averaged over the WIMP masses, the
upper limits increase by a factor up to 12 for Segue 1,
and down to 1.2 for Draco. Combining the dSphs yields
a much milder overall increase of the upper limit com-
pared to using nominal J-factors, a factor of 1.3.

The combined upper limit curve shown in Fig. 1 in-
cludes Segue 1 and Ursa Major II, two ultra-faint satel-
lites with small kinematic datasets and relatively large
uncertainties on their J-factors. Conservatively, exclud-
ing these objects from the analysis results in an increase
in the upper limit by a factor �1.5, which illustrates the
robustness of the combined fit.

Finally, Fig. 2 shows the combined limits for all stud-
ied channels. The WIMP masses range from 10 GeV to
1 TeV, except for the ⇥+⇥� and W+W� channels, where
the lower bounds are 5 GeV and 100 GeV, respectively.
We restrict the range to WIMPmasses where reliable pre-
dictions for the gamma-ray yield were available. For the
first time, using gamma rays, we are able to rule out mod-
els with the most generic cross section (� 3·10�26 cm3s�1

for a purely s-wave cross section), without assuming ad-
ditional astrophysical or particle physics boost factors.

In conclusion, we have presented a new analysis of the
Fermi-LAT data that for the first time combines mul-
tiple (10) Milky Way satellite galaxies in a single joint
likelihood fit and includes the e�ects of uncertainties in
J-factors, yielding a more robust upper limit curve in the
(mW ,⇥�annv⇤) plane. This procedure allows us to rule out
WIMP annihilation with cross sections predicted by the
most generic cosmological calculation up to mass of � 27
GeV for the bb̄ channel, and up to mass of � 37 GeV for
the ⇥+⇥� channel. Future improvements planned by the

Fermi-LAT Collaboration (apart from increased amount
of data) will include an improved event selection with a
larger e�ective area and photon energy range, and the
inclusion of more satellite galaxies.
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Figure 10. Exclusion lines for a neutralino DM annihilating exclusively into µ+µ− (green lines)
or τ+τ− (blue line) and for a DM candidate interacting with a light intermediate state φ decaying
into a pair of electrons (pink line). The same annihilation channels (with the same color coding) are
considered to draw the regions in the plane that provide a good fit to the PAMELA measurement
of the energy spectrum of the positron fraction. The regions are taken from [45], which are adapted
from [81]. We used an astrophysical factor of J̃(∆Ω) = 1.14× 1019 GeV2 cm−5 sr.

we test our ULs against some of the models proposed in the literature that fit the PAMELA
data. The regions in the (mχ, 〈σannv〉) plane that provide a good fit to the PAMELA data
are shown in figure 10 for a DM candidate annihilating into µ+µ−, τ+τ− and for the case
of the intermediate state φ decaying to e+e−, with mφ = 1 GeV. These regions have been
adapted from [81] after rescaling from a local DM density of 0.3 GeV/cm3 to 0.43 GeV/cm3

[83].
Using again the specific DM annihilation spectra, we plot in figure 10 the ULs obtained

from the Segue 1 data. We can see that, in this case, the ENFs needed to meet the PAMELA-
favoured region are much smaller than for mSUGRA, and in the case of annihilation into
τ+τ− our ULs are probing the relevant regions. However, we recall that the uncertainty
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Figure 3: Upper limit at 95% C.L. of 〈σv〉 as function of the DM particle mass
for different DM halos for Sculptor (top) and Carina (bottom). For the NFW
halo profile of Sculptor two concentration parameters are used: 20 and 35.
For the pseudo-isothermal halo profile two core radii are used: 0.05 kpc and
0.5 kpc. Two hypotheses on the velocity anisotropy parameter are also stud-
ied: a constant (solid lines) and an Osipkov-Merritt (dashed lines) anisotropy.
The velocity anisotropy and the concentration parameters are given in brack-
ets for the NFW profile. The velocity anisotropy and the core radius are given
in brackets for the pseudo-isothermal profile. The Fermi-LAT limits [11] for
a NFW profile are also plotted as well as the H.E.S.S. limits for this NFW
profile (rs = 0.9 kpc and ρs = 3.7×107 M!kpc−3). For Carina both the NFW
halo profile and the pseudo-isothermal halo profile are plotted (see text for
parameters).
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FIG. 2. Derived 95% C.L. upper limits on WIMP annihilation
cross section for the bb̄ channel, the �+�� channel, the µ+µ�

channel, and the W+W� channel. The most generic cross
section (� 3 · 10�26 cm3s�1 for a purely s-wave cross section)
is plotted as a reference. Uncertainties in the J-factor are
included.

nominal J-factors. Averaged over the WIMP masses, the
upper limits increase by a factor up to 12 for Segue 1,
and down to 1.2 for Draco. Combining the dSphs yields
a much milder overall increase of the upper limit com-
pared to using nominal J-factors, a factor of 1.3.

The combined upper limit curve shown in Fig. 1 in-
cludes Segue 1 and Ursa Major II, two ultra-faint satel-
lites with small kinematic datasets and relatively large
uncertainties on their J-factors. Conservatively, exclud-
ing these objects from the analysis results in an increase
in the upper limit by a factor �1.5, which illustrates the
robustness of the combined fit.

Finally, Fig. 2 shows the combined limits for all stud-
ied channels. The WIMP masses range from 10 GeV to
1 TeV, except for the ⇥+⇥� and W+W� channels, where
the lower bounds are 5 GeV and 100 GeV, respectively.
We restrict the range to WIMPmasses where reliable pre-
dictions for the gamma-ray yield were available. For the
first time, using gamma rays, we are able to rule out mod-
els with the most generic cross section (� 3·10�26 cm3s�1

for a purely s-wave cross section), without assuming ad-
ditional astrophysical or particle physics boost factors.

In conclusion, we have presented a new analysis of the
Fermi-LAT data that for the first time combines mul-
tiple (10) Milky Way satellite galaxies in a single joint
likelihood fit and includes the e�ects of uncertainties in
J-factors, yielding a more robust upper limit curve in the
(mW ,⇥�annv⇤) plane. This procedure allows us to rule out
WIMP annihilation with cross sections predicted by the
most generic cosmological calculation up to mass of � 27
GeV for the bb̄ channel, and up to mass of � 37 GeV for
the ⇥+⇥� channel. Future improvements planned by the

Fermi-LAT Collaboration (apart from increased amount
of data) will include an improved event selection with a
larger e�ective area and photon energy range, and the
inclusion of more satellite galaxies.
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Figure 3: The regions on the parameter space MDM–�dec that are excluded by the Fermi and
H.E.S.S. constraints and that can be explored by CTA, together with the regions of the global
fit to the charged CR data, for di�erent decay channels.
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Figure 3: The regions on the parameter space MDM–�dec that are excluded by the Fermi and
H.E.S.S. constraints and that can be explored by CTA, together with the regions of the global
fit to the charged CR data, for di�erent decay channels.
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Figure 3: The regions on the parameter space MDM–�dec that are excluded by the Fermi and
H.E.S.S. constraints and that can be explored by CTA, together with the regions of the global
fit to the charged CR data, for di�erent decay channels.
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soft gammas from bremsstrahlung of       on ISMe±b.
Secondary emission

H

- (very) relevant at low energy, in the disk and at the GC



Relative importance of 
secondary emissions

=> brem is the dominant energy loss for low energy e±!



Gas maps

But: inner kpc of the Galaxy is denser 
(and more uncertain)

CMZSNB CNR

Text

Stellar Nuclear Bulge Central Molecular Zone Circum-Nuclear Ring

< 1 kpc
?

< 200 pc
102-103 /cm3

< 3 pc
105/cm3



Formalism



Formalism
Bremsstrahlung gamma emission:



Formalism
Bremsstrahlung gamma emission:

bremsstrahlung differential cross section



Formalism
Bremsstrahlung gamma emission:

e± population

bremsstrahlung differential cross section



Formalism
Bremsstrahlung gamma emission:

gas density
e± population

bremsstrahlung differential cross section



Formalism
Bremsstrahlung gamma emission:

gas density
e± population

bremsstrahlung differential cross section



Results
The e± population is affected by bremsstrahlung

10-1 1 10

10-1

1

10

102

e± energy in GeV

E3
dF
êdE
HinG

eV
2 êm2

ss
rL

e++e- spectrum

DM DM Æ m m
mDM = 5 GeV

10-26sv = 3 cm3ês
NFW, MED

At Earth

wi
tho
ut
bre
m

wi
th
br
em

10-1 1 10
10

102

103

104

e± energy in GeV

E3
dF
êdE
HinG

eV
2 êm2

ss
rL

e++e- spectrum

DM DM Æ m m
mDM = 5 GeV

10-26sv = 3 cm3ês
NFW, MED

Near GC

wêo b
rem

w
br
em
, '
co
ars
e-
gd
' n
ga
s

w
br
em
, '
re
ali
sti
c'
n g
as

= factor 2 uncertainty in ngas



Results
The e± population is affected by bremsstrahlung

10-1 1 10 102

10-2

10-1

1

10

e± energy in GeV

E3
dF
êdE
HinG

eV
2 êm2

ss
rL

e++e- spectrum

DM DM Æ t t
mDM = 20 GeV

10-26sv = 3 cm3ês
NFW, MED

At Earth

wi
tho
ut
bre
m

wi
th
br
em

10-1 1 10 102
1

10

102

103

e± energy in GeV

E3
dF
êdE
HinG

eV
2 êm2

ss
rL

e++e- spectrum

DM DM Æ t t
mDM = 20 GeV

10-26sv = 3 cm3ês
NFW, MED

Near GC

wêo b
rem

w
br
em
, '
co
ars
e-
gd
' n
ga
s

w
br
em
, '
rea
lis
tic
' n
ga
s

= factor 2 uncertainty in ngas



Results
The e± population is affected by bremsstrahlung

10-1 1 10 102

10-2

10-1

1

10

e± energy in GeV

E3
dF
êdE
HinG

eV
2 êm2

ss
rL

e++e- spectrum

DM DM Æ b b
mDM = 25 GeV

10-26sv = 3 cm3ês
NFW, MED

At Earth

wêo br
em

wi
th
bre
m

10-1 1 10 102
1

10

102

103

e± energy in GeV

E3
dF
êdE
HinG

eV
2 êm2

ss
rL

e++e- spectrum

DM DM Æ b b
mDM = 25 GeV

10-26sv = 3 cm3ês
NFW, MED

Near GC

wêo b
rem

w
br
em
,' c
oa
rse
-g
d'
n ga
s

w
bre
m,

' rea
list
ic'
n gas

= factor 2 uncertainty in ngas



Results
The total γ ray spectrum

10-2 10-1 1 10

10-32

10-31

10-30

10-29

g-ray energy in GeV

E3
dE
êdE
HinG

eV
2 êcm

3
ss
rL

g-ray emission

DM DM Æ m m
mDM = 5 GeV

10-26sv = 3 cm3ês
NFW, MED

At Earth

pro
mp
t

ICS

wêo brem
with brem

bre
m

10-2 10-1 1 10
10-29

10-28

10-27

10-26

10-25

10-24

g-ray energy in GeV

E3
dE
êdE
HinG

eV
2 êcm

3
ss
rL

g-ray emission

DM DM Æ m m
mDM = 5 GeV

10-26sv = 3 cm3ês
NFW, MED

Near GC

pro
mp
t

ICS

wêo bremw
brem

bre
m,

' co
ars
e-
gd'

n gas

bre
m,
' re
ali
sti
c'
n ga
s

- brem is dominant
- ICS is affected

- uncertainty            is somewhat 
  reabsorbed: 
   large ngas           more loss and more emission



10-1 1 10 102
10-29

10-28

10-27

10-26

10-25

10-24

g-ray energy in GeV

E3
dE
êdE
HinG

eV
2 êcm

3
ss
rL

g-ray emission

DM DM Æ t t
mDM = 20 GeV

10-26sv = 3 cm3ês
NFW, MED

Near GC

pr
om
pt

ICS

wêo brem

w
brembrem

,

' coa
rse-

gd'

ngas

bre
m,
' re
ali
sti
c'
n ga
s

10-1 1 10 102

10-32

10-31

10-30

10-29

g-ray energy in GeV

E3
dE
êdE
HinG

eV
2 êcm

3
ss
rL

g-ray emission

DM DM Æ t t
mDM = 20 GeV

10-26sv = 3 cm3ês
NFW, MED

At Earth

pr
om
pt

ICS

wêo br
em
with brem

bre
m

Results
The total γ ray spectrum

- brem is important
- ICS is affected

- uncertainty            is somewhat 
  reabsorbed: 
   large ngas           more loss and more emission



10-1 1 10 102
10-29

10-28

10-27

10-26

10-25

10-24

g-ray energy in GeV

E3
dE
êdE
HinG

eV
2 êcm

3
ss
rL

g-ray emission

DM DM Æ b b
mDM = 25 GeV

10-26sv = 3 cm3ês
NFW, MED

Near GC

pro
mp
t

ICS

wêo bre
m

with
brembre

m,
' cg
'bre

m,
' re
alis
tic'

n gas

10-1 1 10 102

10-32

10-31

10-30

10-29

g-ray energy in GeV

E3
dE
êdE
HinG

eV
2 êcm

3
ss
rL

g-ray emission

DM DM Æ b b
mDM = 25 GeV

10-26sv = 3 cm3ês
NFW, MED

At Earth
pro
mp
t

ICS

wêo brem
with brem

brem

Results
The total γ ray spectrum

- brem is important
- ICS is affected

- uncertainty            is somewhat 
  reabsorbed: 
   large ngas           more loss and more emission



Some recent developments:
- bremsstrahlung γ-rays from light DM
- FERMI 130 GeV line
- excesses near the Galactic Center



What if a signal of DM is  already  hidden 
in Fermi diffuse     data?�
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Figure 4. Upper sub-panels: the measured events with statistical errors are plotted in black. The
horizontal bars show the best-fit models with (red) and without DM (green), the blue dotted line
indicates the corresponding line flux alone. In the lower sub-panel we show residuals after subtracting
the model with line contribution. Note that we rebinned the data to fewer bins after performing the
fits in order to produce the plots and calculate the p-value and the reduced χ2

r ≡ χ2/dof. The counts
are listed in Tabs. 1, 2 and 3.
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Figure 1. Left panel: The black lines show the target regions that are used in the present analysis in
case of the SOURCE event class (the ULTRACLEAN regions are very similar). From top to bottom,
they are respectively optimized for the cored isothermal, the NFW (with α = 1), the Einasto and the
contracted (with α = 1.15, 1.3) DM profiles. The colors indicate the signal-to-background ratio with
arbitrary but common normalization; in Reg2 to Reg5 they are respectively downscaled by factors
(1.6, 3.0, 4.3, 18.8) for better visibility.
Right panel: From top to bottom, the panels show the 20–300 GeV gamma-ray (+ residual CR)
spectra as observed in Reg1 to Reg5 with statistical error bars. The SOURCE and ULTRACLEAN
events are shown in black and magenta, respectively. Dotted lines show power-laws with the indicated
slopes; dashed lines show the EGBG + residual CRs. The vertical gray line indicates E = 129.0 GeV.

– 4 –

Figure 1. Left panel: The black lines show the target regions that are used in the present analysis in
case of the SOURCE event class (the ULTRACLEAN regions are very similar). From top to bottom,
they are respectively optimized for the cored isothermal, the NFW (with α = 1), the Einasto and the
contracted (with α = 1.15, 1.3) DM profiles. The colors indicate the signal-to-background ratio with
arbitrary but common normalization; in Reg2 to Reg5 they are respectively downscaled by factors
(1.6, 3.0, 4.3, 18.8) for better visibility.
Right panel: From top to bottom, the panels show the 20–300 GeV gamma-ray (+ residual CR)
spectra as observed in Reg1 to Reg5 with statistical error bars. The SOURCE and ULTRACLEAN
events are shown in black and magenta, respectively. Dotted lines show power-laws with the indicated
slopes; dashed lines show the EGBG + residual CRs. The vertical gray line indicates E = 129.0 GeV.

– 4 –

Ch. Weniger, 
1204.2797

4.6� (3.3� with LEE)

h�vi��!�� '
1.3 · 10�27cm3/s
(large!)



What if a signal of DM is  already  hidden 
in Fermi diffuse     data?�

Figure 4. Upper sub-panels: the measured events with statistical errors are plotted in black. The
horizontal bars show the best-fit models with (red) and without DM (green), the blue dotted line
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Fig. 3.— All-sky CLEAN 3.7 year maps in 5 energy bins, and a residual map (lower right). The residual map is the 120− 140 GeV map
minus a background estimate, taken to be the average of the other 4 maps where the average is computed in E2dN/dE units. This simple
background estimate is sufficient to remove the Galactic plane and most of the large-scale diffuse structures and even bright point sources.
A cuspy structure toward the Galactic center is revealed as the only significant structure in the residual gamma-ray map. All of the maps
are smoothed with a Gaussian kernel of FWHM = 10◦ without source subtraction.

are available on the Internet, and it is from these files
that we build our maps.
The point spread function (PSF) is about 0.8◦ for 68%

containment at 1 GeV and decreases with energy as r68 ∼
E−0.8, asymptoting to ∼ 0.2◦ at high energy. The LAT
is designed to survey the gamma-ray sky in the energy
range from about 20 MeV to several hundreds of GeV.
We use the latest publicly available data and instru-

ment response functions, known as Pass 7 (P7 V6)4. For
most figures in this work we use the CLEAN event class,
which has larger effective area than ULTRACLEAN and
lower background than SOURCE. In a few cases, we show
figures made with ULTRACLEAN or SOURCE events as ev-
idence that this choice has no qualitative effect on our
results.
Photons coming from the bright limb at Earth’s

horizon, dominantly produced by grazing-incidence CR
showers in the atmosphere, are a potential source of con-
tamination. We minimize this background by selecting
events with zenith angle less than 100◦ as suggested in

4 Details at http://fermi.gsfc.nasa.gov/ssc/

data/analysis/documentation/Pass7 usage.html

the Fermi Cicerone5. We also exclude some time in-
tervals, primarily while Fermi passes through the South
Atlantic Anomaly.

2.2. Map Making

We generate full-sky maps of counts and exposure us-
ing HEALPix, a convenient equal-area iso-latitude full-
sky pixelization widely used in the CMB community.6

Spherical harmonic smoothing is straightforward in this
pixelization, and we smooth each map by the kernel re-
quired to obtain an approximately Gaussian PSF of some
target FWHM, usually 10◦. We generate maps for front-
and back-converting events separately, smooth them to
a common PSF, and then combine them.
We construct maps both with and without point source

subtraction. We subtract point sources listed in the Sec-
ond Fermi-LAT catalog (2FGL), which is based on 24
months of P7 V6 LAT observations.7 The PSF and ef-

5 http://fermi.gsfc.nasa.gov/ssc/data/analysis/documentation/.
6 HEALPix software and documentation can be found at

http://healpix.jpl.nasa.gov, and the IDL routines used in
this analysis are available as part of the IDLUTILS product at
http://sdss3data.lbl.gov/software/idlutils.

7 http://fermi.gsfc.nasa.gov/ssc/data/access/lat/2yr catalog,
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Figure 1. Map at 120-140 GeV showing regions with positive and negative excesses around the background.
Three most significant regions from [2] are shown with white circles, the remaining regions from [2] are
shown with green circles.

Region Power law parameters χ2 Prominent Significance
Features σ

REG 1 Γ = 3.4± 0.4; N100 = 4.3 ± 0.6 0.98 Line at 115 GeV 3.86
REG 2(overall) Γ = 2.2± 0.2; N100 = 7.1 ± 0.6 0.94 –
REG 2(60–110 GeV) Γ = 1.4± 0.8; N100 = 8.0 ± 2.0 2.12 Dip at 95 GeV -4.7
REG 2(110–200 GeV) Γ = 2.7± 0.5; N100 = 7.8 ± 1.4 0.29 –
REG 3 Γ = 3.6± 0.5; N100 = 2.3 ± 0.4 0.79 Line at 80 GeV 2.86

Table 1. Continuum fits for regions REG 1, REG 3, REG 2. We fit the background at overall (60-200 GeV)
or specified energy band using the power law (N(E) = N100(E/100 GeV−Γ) and show the most prominent
feature above this background together with its formal significance.

1 Introduction

It has been recently reported in [1] that the γ-ray emission from the region around the Galactic
Center (GC) exhibits a line-like excess at the energies ∼ 130 GeV. An interest to this result is
based on the expectation that any signal of astrophysical origin at high energies would have a
broad (compared to the Fermi spectral resolution) spectral shape. Diffuse emission with the line-
like spectrum has therefore been considered as an exotic one, e.g. as a “smoking gun” for dark
matter annihilation [3]. The region of [1] was selected by maximizing signal-to-noise ratio for
the expected dark matter annihilation signal. The preprint of [1] was followed by [2] where the
claim was confirmed and it was demonstrated that a similar excess originates from several regions
of the size ∼ 3◦ around the Galactic plane. A number of works [2, 4–7] have discussed possible
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Figure 4. Upper sub-panels: the measured events with statistical errors are plotted in black. The
horizontal bars show the best-fit models with (red) and without DM (green), the blue dotted line
indicates the corresponding line flux alone. In the lower sub-panel we show residuals after subtracting
the model with line contribution. Note that we rebinned the data to fewer bins after performing the
fits in order to produce the plots and calculate the p-value and the reduced χ2

r ≡ χ2/dof. The counts
are listed in Tabs. 1, 2 and 3.
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Figure 1. Left panel: The black lines show the target regions that are used in the present analysis in
case of the SOURCE event class (the ULTRACLEAN regions are very similar). From top to bottom,
they are respectively optimized for the cored isothermal, the NFW (with α = 1), the Einasto and the
contracted (with α = 1.15, 1.3) DM profiles. The colors indicate the signal-to-background ratio with
arbitrary but common normalization; in Reg2 to Reg5 they are respectively downscaled by factors
(1.6, 3.0, 4.3, 18.8) for better visibility.
Right panel: From top to bottom, the panels show the 20–300 GeV gamma-ray (+ residual CR)
spectra as observed in Reg1 to Reg5 with statistical error bars. The SOURCE and ULTRACLEAN
events are shown in black and magenta, respectively. Dotted lines show power-laws with the indicated
slopes; dashed lines show the EGBG + residual CRs. The vertical gray line indicates E = 129.0 GeV.
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Figure 1. The map of significance of residuals for the region around the
Galactic Center.

backgrounds correspondingly. The number of free parameters
for the diffuse background model is 2 (the norms for each of the
backgrounds). The total number of free parameters in our model
is thus 48.

This model is similar to the one described in
Chernyakova et al. (2010).

2.2 Analysis

The data analysis was performed using the LAT Science Tools
package with the P6 V3 post-launch instrument response func-
tion (Rando et al. 2009).

We find the best-fit values of all parameters of the model
of Section 2.1 (using gtlike likelihood fitting tool) and deter-
mine resulting log-likelihood (Mattox et al. 1996) of the model.
Best fit values for the obtained fluxes agree within statistical
uncertainties with fluxes reported in Fermi Catalog (Abdo et al.
2010a) and in Chernyakova et al. (2010) (e.g. for the central
source we obtained the flux 5.68 × 10−8 cts/cm2/s while the
catalog gives (5.77 ± 0.3) × 10−8 cts/cm2/s).

We then freeze the values of the free parameters of our
model and simulate spatial distribution of photons at energies
above 1 GeV (using gtmodel tool). The significance of resid-
uals, (Observation - Model)/ statistical error, is shown in Fig 1.
We see the absence of structures in the central 2◦ region. The
average value of residuals is about 10% in the 2◦ region around
the GC, compatible with estimated systematic errors (10-20%)
of Fermi LAT at 1 GeV.3

Thus we see that the adopted model (point sources plus
galactic and extragalactic diffuse components) explains the
emission from the GC region and no additional components is
required.

3 DISCUSSION

We conclude that the signal within central 1◦−2◦, contain-
ing the “excess” found by Hooper & Goodenough 2010 (HG10
hereafter), can be well described by our model : (point sources
plus Galactic and extragalactic diffuse background compo-
nents). The discrepancy is then due to a different interpretation
of the data.

3 See e.g. http://fermi.gsfc.nasa.gov/ssc/data/
analysis/LAT_caveats.html
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Figure 2. Spectrum of the point source at the GC reported in
Chernyakova et al. (2010) (green points) together with the HG10 total
spectrum from 1.25◦ (black points), excess (blue squares) and GC point
source flux from HG10 (red open circles). Continuation of the HESS
data (van Eldik et al. 2008; Aharonian et al. 2004) (blue points) data
with a power law is shown with dashed black line.

The spectrum of the central point source (1FGL J1745.6-
2900c, probably associated with the Galactic black hole Sgr
A∗) was taken in HG10 to be a featureless power-law start-
ing from energies about 10 TeV (results of HESS measure-
ments, blue points with error bars in Fig. 2, (Aharonian et al.
2004; van Eldik et al. 2008)) and continuing all the way down
to ∼ 1 GeV. The flux attributed in this way to the central
point source is significantly weaker than in the previous works.
For comparison, the (PSF corrected) spectrum of the GC point
source reported in Chernyakova et al. (2010) is shown in Fig. 2
in green points. Its spectral characteristics are fully consistent
with the results of 11-months Fermi catalog Abdo et al. (2010a)
(∼ 6 × 10−8 cts/cm2/s above 1 GeV, compared to the ∼

5×10−9 cts/cm2/s at the same energies in HG10). The change
of the slope of the source spectrum below ∼ 100 GeV, as com-
pared with the HESS data is explained by Chernyakova et al.
(2010) with the model of energy dependent diffusion of pro-
tons in the few central parsecs around the GC. Alternatively,
the spectrum can be explained with the model developed in
Aharonian & Neronov (2005). The low-energy (GeV) compo-
nent of the spectra in this model is explained by synchrotron
emission from accelerated electrons, while high-energy (TeV)
one by inverse Compton radiation of the same particles. Accord-
ing to the analysis of Abdo et al. (2010a); Chernyakova et al.
(2010) the central point source provides significant contribution
to the flux in the 1.25◦ central region. HG10 suggest, apparently,
a different interpretation. They assume that there is no signifi-
cant change in the spectrum of the central source at∼ 100 GeV
and the spectrum observed by HESS at high energies continues
to lower energies. Then, large fraction of the flux between the
energies ∼ 600 MeV and ∼ 6 GeV has to be attributed to the
“DM excess”. One of the reasons in favor of such an interpreta-
tion could be the feature in the total spectrum from the central
region (rise between∼ 600MeV and several GeV) discussed in
HG10. Such a feature would also be consistent with a possible
contribution from millisecond pulsars (Abazajian 2010), that is
also expected to have a maximum at ∼ 2− 3 GeV.

To illustrate the nature of the spectral shape at these ener-
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Figure 1. The map of significance of residuals for the region around the
Galactic Center.

backgrounds correspondingly. The number of free parameters
for the diffuse background model is 2 (the norms for each of the
backgrounds). The total number of free parameters in our model
is thus 48.

This model is similar to the one described in
Chernyakova et al. (2010).

2.2 Analysis

The data analysis was performed using the LAT Science Tools
package with the P6 V3 post-launch instrument response func-
tion (Rando et al. 2009).

We find the best-fit values of all parameters of the model
of Section 2.1 (using gtlike likelihood fitting tool) and deter-
mine resulting log-likelihood (Mattox et al. 1996) of the model.
Best fit values for the obtained fluxes agree within statistical
uncertainties with fluxes reported in Fermi Catalog (Abdo et al.
2010a) and in Chernyakova et al. (2010) (e.g. for the central
source we obtained the flux 5.68 × 10−8 cts/cm2/s while the
catalog gives (5.77 ± 0.3) × 10−8 cts/cm2/s).

We then freeze the values of the free parameters of our
model and simulate spatial distribution of photons at energies
above 1 GeV (using gtmodel tool). The significance of resid-
uals, (Observation - Model)/ statistical error, is shown in Fig 1.
We see the absence of structures in the central 2◦ region. The
average value of residuals is about 10% in the 2◦ region around
the GC, compatible with estimated systematic errors (10-20%)
of Fermi LAT at 1 GeV.3

Thus we see that the adopted model (point sources plus
galactic and extragalactic diffuse components) explains the
emission from the GC region and no additional components is
required.

3 DISCUSSION

We conclude that the signal within central 1◦−2◦, contain-
ing the “excess” found by Hooper & Goodenough 2010 (HG10
hereafter), can be well described by our model : (point sources
plus Galactic and extragalactic diffuse background compo-
nents). The discrepancy is then due to a different interpretation
of the data.

3 See e.g. http://fermi.gsfc.nasa.gov/ssc/data/
analysis/LAT_caveats.html
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Figure 2. Spectrum of the point source at the GC reported in
Chernyakova et al. (2010) (green points) together with the HG10 total
spectrum from 1.25◦ (black points), excess (blue squares) and GC point
source flux from HG10 (red open circles). Continuation of the HESS
data (van Eldik et al. 2008; Aharonian et al. 2004) (blue points) data
with a power law is shown with dashed black line.

The spectrum of the central point source (1FGL J1745.6-
2900c, probably associated with the Galactic black hole Sgr
A∗) was taken in HG10 to be a featureless power-law start-
ing from energies about 10 TeV (results of HESS measure-
ments, blue points with error bars in Fig. 2, (Aharonian et al.
2004; van Eldik et al. 2008)) and continuing all the way down
to ∼ 1 GeV. The flux attributed in this way to the central
point source is significantly weaker than in the previous works.
For comparison, the (PSF corrected) spectrum of the GC point
source reported in Chernyakova et al. (2010) is shown in Fig. 2
in green points. Its spectral characteristics are fully consistent
with the results of 11-months Fermi catalog Abdo et al. (2010a)
(∼ 6 × 10−8 cts/cm2/s above 1 GeV, compared to the ∼

5×10−9 cts/cm2/s at the same energies in HG10). The change
of the slope of the source spectrum below ∼ 100 GeV, as com-
pared with the HESS data is explained by Chernyakova et al.
(2010) with the model of energy dependent diffusion of pro-
tons in the few central parsecs around the GC. Alternatively,
the spectrum can be explained with the model developed in
Aharonian & Neronov (2005). The low-energy (GeV) compo-
nent of the spectra in this model is explained by synchrotron
emission from accelerated electrons, while high-energy (TeV)
one by inverse Compton radiation of the same particles. Accord-
ing to the analysis of Abdo et al. (2010a); Chernyakova et al.
(2010) the central point source provides significant contribution
to the flux in the 1.25◦ central region. HG10 suggest, apparently,
a different interpretation. They assume that there is no signifi-
cant change in the spectrum of the central source at∼ 100 GeV
and the spectrum observed by HESS at high energies continues
to lower energies. Then, large fraction of the flux between the
energies ∼ 600 MeV and ∼ 6 GeV has to be attributed to the
“DM excess”. One of the reasons in favor of such an interpreta-
tion could be the feature in the total spectrum from the central
region (rise between∼ 600MeV and several GeV) discussed in
HG10. Such a feature would also be consistent with a possible
contribution from millisecond pulsars (Abazajian 2010), that is
also expected to have a maximum at ∼ 2− 3 GeV.

To illustrate the nature of the spectral shape at these ener-
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Figure 1. The map of significance of residuals for the region around the
Galactic Center.

backgrounds correspondingly. The number of free parameters
for the diffuse background model is 2 (the norms for each of the
backgrounds). The total number of free parameters in our model
is thus 48.

This model is similar to the one described in
Chernyakova et al. (2010).

2.2 Analysis

The data analysis was performed using the LAT Science Tools
package with the P6 V3 post-launch instrument response func-
tion (Rando et al. 2009).

We find the best-fit values of all parameters of the model
of Section 2.1 (using gtlike likelihood fitting tool) and deter-
mine resulting log-likelihood (Mattox et al. 1996) of the model.
Best fit values for the obtained fluxes agree within statistical
uncertainties with fluxes reported in Fermi Catalog (Abdo et al.
2010a) and in Chernyakova et al. (2010) (e.g. for the central
source we obtained the flux 5.68 × 10−8 cts/cm2/s while the
catalog gives (5.77 ± 0.3) × 10−8 cts/cm2/s).

We then freeze the values of the free parameters of our
model and simulate spatial distribution of photons at energies
above 1 GeV (using gtmodel tool). The significance of resid-
uals, (Observation - Model)/ statistical error, is shown in Fig 1.
We see the absence of structures in the central 2◦ region. The
average value of residuals is about 10% in the 2◦ region around
the GC, compatible with estimated systematic errors (10-20%)
of Fermi LAT at 1 GeV.3

Thus we see that the adopted model (point sources plus
galactic and extragalactic diffuse components) explains the
emission from the GC region and no additional components is
required.

3 DISCUSSION

We conclude that the signal within central 1◦−2◦, contain-
ing the “excess” found by Hooper & Goodenough 2010 (HG10
hereafter), can be well described by our model : (point sources
plus Galactic and extragalactic diffuse background compo-
nents). The discrepancy is then due to a different interpretation
of the data.

3 See e.g. http://fermi.gsfc.nasa.gov/ssc/data/
analysis/LAT_caveats.html
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Figure 2. Spectrum of the point source at the GC reported in
Chernyakova et al. (2010) (green points) together with the HG10 total
spectrum from 1.25◦ (black points), excess (blue squares) and GC point
source flux from HG10 (red open circles). Continuation of the HESS
data (van Eldik et al. 2008; Aharonian et al. 2004) (blue points) data
with a power law is shown with dashed black line.

The spectrum of the central point source (1FGL J1745.6-
2900c, probably associated with the Galactic black hole Sgr
A∗) was taken in HG10 to be a featureless power-law start-
ing from energies about 10 TeV (results of HESS measure-
ments, blue points with error bars in Fig. 2, (Aharonian et al.
2004; van Eldik et al. 2008)) and continuing all the way down
to ∼ 1 GeV. The flux attributed in this way to the central
point source is significantly weaker than in the previous works.
For comparison, the (PSF corrected) spectrum of the GC point
source reported in Chernyakova et al. (2010) is shown in Fig. 2
in green points. Its spectral characteristics are fully consistent
with the results of 11-months Fermi catalog Abdo et al. (2010a)
(∼ 6 × 10−8 cts/cm2/s above 1 GeV, compared to the ∼

5×10−9 cts/cm2/s at the same energies in HG10). The change
of the slope of the source spectrum below ∼ 100 GeV, as com-
pared with the HESS data is explained by Chernyakova et al.
(2010) with the model of energy dependent diffusion of pro-
tons in the few central parsecs around the GC. Alternatively,
the spectrum can be explained with the model developed in
Aharonian & Neronov (2005). The low-energy (GeV) compo-
nent of the spectra in this model is explained by synchrotron
emission from accelerated electrons, while high-energy (TeV)
one by inverse Compton radiation of the same particles. Accord-
ing to the analysis of Abdo et al. (2010a); Chernyakova et al.
(2010) the central point source provides significant contribution
to the flux in the 1.25◦ central region. HG10 suggest, apparently,
a different interpretation. They assume that there is no signifi-
cant change in the spectrum of the central source at∼ 100 GeV
and the spectrum observed by HESS at high energies continues
to lower energies. Then, large fraction of the flux between the
energies ∼ 600 MeV and ∼ 6 GeV has to be attributed to the
“DM excess”. One of the reasons in favor of such an interpreta-
tion could be the feature in the total spectrum from the central
region (rise between∼ 600MeV and several GeV) discussed in
HG10. Such a feature would also be consistent with a possible
contribution from millisecond pulsars (Abazajian 2010), that is
also expected to have a maximum at ∼ 2− 3 GeV.

To illustrate the nature of the spectral shape at these ener-
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Conclusions
Huang, Urbano, Xue 1307.6862

Gamma rays are promising for DM searches, 
but they are difficult. 

So far only solid constraints and maybe some hint. 

(Even the best smoking guns have proven to be a bit wet...)

environmental dependence, backgrounds...


