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Introduction

Some of us believe in 
the WIMP miracle.

DM is a neutral, very long lived, 
weakly interacting particle.

galactic rotation curves
weak lensing (e.g. in clusters)

‘precision cosmology’ (CMB, LSS)

DM exists

- weak-scale mass (10 GeV - 1 TeV)
- weak interactions
- give automatically correct abundance

�v = 3 · 10�26cm3/sec
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Indirect Detection: charged CRs

Cirelli, Gaggero, Giesen, Taoso, Urbano 1407.2173
cfr. Evoli, Cholis, Grasso, Maccione, Ullio, 1108.0664 
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e±

soft gammas from bremsstrahlung of       on ISMe±d.

H

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

Indirect Detection: gammas

Cirelli, Serpico, Zaharijas,1307.7152
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1b. line(s) 1c. sharp features

How does DM produce     -rays?�
1. prompt emission environment-independent

environment-dependent

1a. continuum

2. secondary emission
2a. ICS 2b. bremsstrahlung 2c. synchrotron

mDMmDM mDM

mDMmDMmDM radiosoft 
gamma



Relative importance of 
secondary emissions

=> brem is the dominant energy loss for low energy e±!
Cirelli, Serpico, Zaharijas, 1307.7152
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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

10-14

10-13

10-12

10-11

10-10

10-9

108 109 1010 1011 1012 1013 1014

E
F

E
 ,

 e
rg

/c
m

2
/s

E, eV

GC point source, this work
GC point source, HESS data

GC point source, HG10
DM excess, HG10

Total spectrum, HG10

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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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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bb 
35.25 GeV
2.15 x 10-26 cm3/s

Best fit: 
∼35 GeV, quarks, ∼thermal σv

GeV gamma excess?

A compelling case
for annihilating DM

Daylan, Finkbeiner, Hooper, Linden, 
Portillo, Rodd, Slatyer 1402.6703

Using events with accurate 
directional reconstruction



An excess with respect to what?
Extracting ‘data points’ is not trivial:

GeV gamma excess?

i. choose a ROI (shape, extension, masking...) and harvest Fermi-LAT data
ii. impose sensible cuts (Pass N, angles, CTBCORE...)
iii. in each energy bin, fit to a sum of spatial templates:

1. Fermi Coll. diffuse
2. isotropic
3. unresolved point sources
4. features (bubbles...)
5. AOB (molecular gas...)

iv. repeat the same, adding a template for:
6. Dark Matter, having chosen a certain profile!

v. if iii.     iv. improves χ2, there’s evidence for DM
vi. the component fitted by 6 is the residual excess to be explained 

Note: 
Adding 6 will in general change the recipe of 1...5  (you’ll need a bit more of x here, a bit less of y there...). 
Changing the profile of 6 too. 
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Fermi-LAT excess

Antiproton constraints may be
very relevant! But not robust.
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GeV gamma excess?
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How come?!? The devil is in the (CR propagation) details: 
solar modulation, convection, primary injection spectrum, tertiaries... 



a SN explosion spits protons 5000 yrs ago and they do spallations + 
bremsstrahlung as well as e± which do ICS...  fits spectrum & morphology 

Astrophysical interpretation

Abazajian 1011.4275

add
msec

pulsars

Hooper et al. 1305.0830
Yuan, Zhang 1404.2318

Millisec pulsars A transient phenomenon:

Boyarsky et al., 1012.5839

add
low-E SgrA
spectrum

2 A. Boyarsky, D. Malyshev, O. Ruchayskiy

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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Non-trivial 
SgrA spectrum

Petrović, Serpico, Zaharijas 1405.7928

Carlson, Profumo 1405.7685

the GC spit 1052 ergs in e± 1 mln yrs ago and they do ICS on ambient light, 
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but: can one really get everything right?
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