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A dark matter signature ? 

 The existence of dark matter in the Universe is known  
for a long time. Its origin and properties are however 
still mysterious . 
 We are maybe living the golden age of dark matter  
physics, due to the  triple interpretation 
 of   the DM-DM                 SM-SM interactions : 
- DM annihilation  into SM particles  DM+DM  SM+SM : 
 relic density (WMAP)  and indirect DM detection 
-DM scattering on nuclei  DM+ N  DM+ N   :  
 direct detection 
- DM production in colliders (LHC) SM + SM  DM + DM    



 



Of particular interest are the annihilations into photons 
 
      DM + DM     photon + X (anything) 

In this case the photon is monochromatic (M_Z=M_X here) 
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Observation of a line : Galactic Center

[Weniger, 1204.2797]

Table 1. Identified signal regions in the Galaxy, number of photons in the two energy intervals and
the statistical significance of excess in those regions. The radii of regions are all 3◦ (except for Weniger
Reg3).

Region l (deg) b (deg) Nγ (20–300) GeV Nγ (120–140 GeV) significance

Weniger Reg3 – – 3298 65 3.6σ
Central −1 −0.7 818 27 4.5σ
West −10 0 726 21 3.2σ
East 17 −3 481 14 2.7σ
North −7 16.5 109 4 1.6σ
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Figure 3. Best fits to high-energy gamma-ray data for the Central (left panel) and West (right panel)
signal regions presented in table 1, together with 95% CL error band as functions of photon energy.
Background fitted from data is also shown (black solid line), the power-law spectrum with power 2.6
is plotted for comparison (dotted line). The blue dashed lines show 95% CL limits for statistical
fluctuations of the background.

processes. If, however, the origin of the 130 GeV peak is DM annihilations, figure 2 shows
the distribution of the most dense DM sub-haloes in the central region of our Galaxy. Notice
that the dark centre of the Galaxy does not exactly coincide with the galactic coordinate
origin.

The fits to high-energy gamma-ray data originating from the Central and West signal
regions are plotted in the left and right panels of figure 3, respectively, using the same notation
as in figure 1. The Central region exhibits an excess with statistical significance of 4.5σ. This
is much higher statistical significance than can be expected from just assuming that the peak
is due to statistical fluctuation of the background. Also the fit to West region shows a clear
peak at 130 GeV with statistical significance of 3.2σ. We have also fitted the signal from
other bright regions in figure 2 that all show an excess peaked at the same photon energy,
Eγ = 130 GeV. Those are listed in table 1.

Based on the model independent results presented in figures 1–3 and in table 1, we
conclude that, whatever is the physics origin of the excess, its significance is high, it has a
clear peak shape, and it comes from several regions around the Galactic centre.
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Figure 3. Best fits to high-energy gamma-ray data for the Central (left panel) and West (right panel)
signal regions presented in table 1, together with 95% CL error band as functions of photon energy.
Background fitted from data is also shown (black solid line), the power-law spectrum with power 2.6
is plotted for comparison (dotted line). The blue dashed lines show 95% CL limits for statistical
fluctuations of the background.

processes. If, however, the origin of the 130 GeV peak is DM annihilations, figure 2 shows
the distribution of the most dense DM sub-haloes in the central region of our Galaxy. Notice
that the dark centre of the Galaxy does not exactly coincide with the galactic coordinate
origin.
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as in figure 1. The Central region exhibits an excess with statistical significance of 4.5σ. This
is much higher statistical significance than can be expected from just assuming that the peak
is due to statistical fluctuation of the background. Also the fit to West region shows a clear
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Eγ = 130 GeV. Those are listed in table 1.
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Figure 3. Best fits to high-energy gamma-ray data for the Central (left panel) and West (right panel)
signal regions presented in table 1, together with 95% CL error band as functions of photon energy.
Background fitted from data is also shown (black solid line), the power-law spectrum with power 2.6
is plotted for comparison (dotted line). The blue dashed lines show 95% CL limits for statistical
fluctuations of the background.
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Courtesy of A. Morselli

FERMI

mercredi 24 octobre 2012



Other parts of the sky?

mercredi 24 octobre 2012



Other parts of the sky?

Clusters of Galaxies

10050 20030 15070
2�10�7

5�10�7

1�10�6

2�10�6

5�10�6

Energy �GeV�

E
2 �
�E��G

eV
cm
�
2
s�
1
sr
�
1 �

R�3 °

10050 20030 15070
2�10�7

5�10�7

1�10�6

2�10�6

5�10�6

Energy �GeV�
R�5 °

10050 20030 15070
2�10�7

5�10�7

1�10�6

2�10�6

5�10�6

Energy �GeV�

E
2 �
�E��G

eV
cm
�
2
s�
1
sr
�
1 �

R�8 °

10050 20030 15070
2�10�7

5�10�7

1�10�6

2�10�6

5�10�6

Energy �GeV�
R�15 °

Hektor, Raidal, Tempel 1207.4466

mercredi 24 octobre 2012



Other parts of the sky?

Clusters of Galaxies

10050 20030 15070
2�10�7

5�10�7

1�10�6

2�10�6

5�10�6

Energy �GeV�

E
2 �
�E��G

eV
cm
�
2
s�
1
sr
�
1 �

R�3 °

10050 20030 15070
2�10�7

5�10�7

1�10�6

2�10�6

5�10�6

Energy �GeV�
R�5 °

10050 20030 15070
2�10�7

5�10�7

1�10�6

2�10�6

5�10�6

Energy �GeV�

E
2 �
�E��G

eV
cm
�
2
s�
1
sr
�
1 �

R�8 °

10050 20030 15070
2�10�7

5�10�7

1�10�6

2�10�6

5�10�6

Energy �GeV�
R�15 °

Hektor, Raidal, Tempel 1207.4466

Dwarf, AGN, H clouds, earth limb : no

mercredi 24 octobre 2012



Other parts of the sky?

Clusters of Galaxies

10050 20030 15070
2�10�7

5�10�7

1�10�6

2�10�6

5�10�6

Energy �GeV�

E
2 �
�E��G

eV
cm
�
2
s�
1
sr
�
1 �

R�3 °

10050 20030 15070
2�10�7

5�10�7

1�10�6

2�10�6

5�10�6

Energy �GeV�
R�5 °

10050 20030 15070
2�10�7

5�10�7

1�10�6

2�10�6

5�10�6

Energy �GeV�

E
2 �
�E��G

eV
cm
�
2
s�
1
sr
�
1 �

R�8 °

10050 20030 15070
2�10�7

5�10�7

1�10�6

2�10�6

5�10�6

Energy �GeV�
R�15 °

Hektor, Raidal, Tempel 1207.4466

Dwarf, AGN, H clouds, earth limb : no

Unassiocated sources?
mercredi 24 octobre 2012



Other parts of the sky?

Clusters of Galaxies

10050 20030 15070
2�10�7

5�10�7

1�10�6

2�10�6

5�10�6

Energy �GeV�

E
2 �
�E��G

eV
cm
�
2
s�
1
sr
�
1 �

R�3 °

10050 20030 15070
2�10�7

5�10�7

1�10�6

2�10�6

5�10�6

Energy �GeV�
R�5 °

10050 20030 15070
2�10�7

5�10�7

1�10�6

2�10�6

5�10�6

Energy �GeV�

E
2 �
�E��G

eV
cm
�
2
s�
1
sr
�
1 �

R�8 °

10050 20030 15070
2�10�7

5�10�7

1�10�6

2�10�6

5�10�6

Energy �GeV�
R�15 °

Hektor, Raidal, Tempel 1207.4466

Dwarf, AGN, H clouds, earth limb : no

Unassiocated sources?

Spectrum of unassociated 2FGL sources

1.2 1.4 1.6 1.8 2.0 2.2 2.4
log(E/GeV)

0

1

2

3

4

5

dN
/d

ln
E 

(a
rb

. u
ni

ts
)

12
9 

G
eV

12
9 

G
eV

11
1 

G
eV

11
1 

G
eVEselect: 100-140 GeV

YES

NO

Mirabal 1208.1693

Su, Finkbeiner 1207.7060

AGN

mercredi 24 octobre 2012



One line or 2 lines?

mercredi 24 octobre 2012



One line or 2 lines?

Convolving with line spread function
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Table 1. Identified signal regions in the Galaxy, number of photons in the two energy intervals and
the statistical significance of excess in those regions. The radii of regions are all 3◦ (except for Weniger
Reg3).

Region l (deg) b (deg) Nγ (20–300) GeV Nγ (120–140 GeV) significance

Weniger Reg3 – – 3298 65 3.6σ
Central −1 −0.7 818 27 4.5σ
West −10 0 726 21 3.2σ
East 17 −3 481 14 2.7σ
North −7 16.5 109 4 1.6σ
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Figure 3. Best fits to high-energy gamma-ray data for the Central (left panel) and West (right panel)
signal regions presented in table 1, together with 95% CL error band as functions of photon energy.
Background fitted from data is also shown (black solid line), the power-law spectrum with power 2.6
is plotted for comparison (dotted line). The blue dashed lines show 95% CL limits for statistical
fluctuations of the background.

processes. If, however, the origin of the 130 GeV peak is DM annihilations, figure 2 shows
the distribution of the most dense DM sub-haloes in the central region of our Galaxy. Notice
that the dark centre of the Galaxy does not exactly coincide with the galactic coordinate
origin.

The fits to high-energy gamma-ray data originating from the Central and West signal
regions are plotted in the left and right panels of figure 3, respectively, using the same notation
as in figure 1. The Central region exhibits an excess with statistical significance of 4.5σ. This
is much higher statistical significance than can be expected from just assuming that the peak
is due to statistical fluctuation of the background. Also the fit to West region shows a clear
peak at 130 GeV with statistical significance of 3.2σ. We have also fitted the signal from
other bright regions in figure 2 that all show an excess peaked at the same photon energy,
Eγ = 130 GeV. Those are listed in table 1.

Based on the model independent results presented in figures 1–3 and in table 1, we
conclude that, whatever is the physics origin of the excess, its significance is high, it has a
clear peak shape, and it comes from several regions around the Galactic centre.
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One line or 2 lines?

FERMI resolution ΔE/E = 10% not sufficient to 
distinguish 1 or 2 lines.

(Oda, 1207.1537)

Convolving with line spread function
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Table 1. Identified signal regions in the Galaxy, number of photons in the two energy intervals and
the statistical significance of excess in those regions. The radii of regions are all 3◦ (except for Weniger
Reg3).

Region l (deg) b (deg) Nγ (20–300) GeV Nγ (120–140 GeV) significance
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East 17 −3 481 14 2.7σ
North −7 16.5 109 4 1.6σ
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Figure 3. Best fits to high-energy gamma-ray data for the Central (left panel) and West (right panel)
signal regions presented in table 1, together with 95% CL error band as functions of photon energy.
Background fitted from data is also shown (black solid line), the power-law spectrum with power 2.6
is plotted for comparison (dotted line). The blue dashed lines show 95% CL limits for statistical
fluctuations of the background.

processes. If, however, the origin of the 130 GeV peak is DM annihilations, figure 2 shows
the distribution of the most dense DM sub-haloes in the central region of our Galaxy. Notice
that the dark centre of the Galaxy does not exactly coincide with the galactic coordinate
origin.

The fits to high-energy gamma-ray data originating from the Central and West signal
regions are plotted in the left and right panels of figure 3, respectively, using the same notation
as in figure 1. The Central region exhibits an excess with statistical significance of 4.5σ. This
is much higher statistical significance than can be expected from just assuming that the peak
is due to statistical fluctuation of the background. Also the fit to West region shows a clear
peak at 130 GeV with statistical significance of 3.2σ. We have also fitted the signal from
other bright regions in figure 2 that all show an excess peaked at the same photon energy,
Eγ = 130 GeV. Those are listed in table 1.

Based on the model independent results presented in figures 1–3 and in table 1, we
conclude that, whatever is the physics origin of the excess, its significance is high, it has a
clear peak shape, and it comes from several regions around the Galactic centre.
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Generic issues with modeling

Being able to realize <σv>γγ ~ 10  cm s and still respecting WMAP 
-27 2 -1
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Generic issues with modeling

Being able to realize <σv>γγ ~ 10  cm s and still respecting WMAP 
-27 2 -1

Being able to realize <σv>γγ ~ 10  cm s and still respecting 
FERMI continuum photon from dwarf galaxies or other 
indirect detection constraints.
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Models type 1 : resonance channel(s)Dudas, Y. M., Romagnoni, Pokorski
2009/2009/2012

Jackson, Servant, Shaughnessz, 
Tait, Taoso , 2009

Das, Ellwanger, Mitropoulos
2012

mercredi 24 octobre 2012



Models type 1 : resonance channel(s)Dudas, Y. M., Romagnoni, Pokorski
2009/2009/2012

Jackson, Servant, Shaughnessz, 
Tait, Taoso , 2009

Das, Ellwanger, Mitropoulos
2012

γφ, Z’

γ, Z, (h,X..?)

ψ

ψ (scalar, vector..)

ψ= DM candidate

mercredi 24 octobre 2012



Models type 1 : resonance channel(s)Dudas, Y. M., Romagnoni, Pokorski
2009/2009/2012

Jackson, Servant, Shaughnessz, 
Tait, Taoso , 2009

Das, Ellwanger, Mitropoulos
2012

Eγ (GeV)

dN/dE

Eγ = Mψ
(ψ at rest)

130 

Eγ = Mψ[1-(Mz/2Mdm) ]
2

114 

γZ γγ

γφ, Z’

γ, Z, (h,X..?)

ψ

ψ (scalar, vector..)

ψ= DM candidate

mercredi 24 octobre 2012



Models type 1 : resonance channel(s)Dudas, Y. M., Romagnoni, Pokorski
2009/2009/2012

Jackson, Servant, Shaughnessz, 
Tait, Taoso , 2009

Das, Ellwanger, Mitropoulos
2012

Eγ (GeV)

dN/dE

Eγ = Mψ
(ψ at rest)

130 

Eγ = Mψ[1-(Mz/2Mdm) ]
2

114 

γZ γγ
Does not need to be on the pole (depends on 

the couplings/loops..)

γφ, Z’

γ, Z, (h,X..?)

ψ

ψ (scalar, vector..)

ψ= DM candidate

mercredi 24 octobre 2012



Models type 1 : resonance channel(s)Dudas, Y. M., Romagnoni, Pokorski
2009/2009/2012

Jackson, Servant, Shaughnessz, 
Tait, Taoso , 2009

Das, Ellwanger, Mitropoulos
2012
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SUSY realization : φ = pseudoscalar, ψ ~ singlino (Ellwanger 2012)

Need another independant mechanism for WMAP

Does not need to be on the pole (depends on 
the couplings/loops..)
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2

114 

γZ γγ

Can enhance h -> γγ channel 

«issue» : line => λx ~10 and Mx ~ 130 GeV 
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Models type 3 : intermediate state
Fortin, Shelton, Thomas, Zhao

2009
Ibarra, Lopez Gehler, Pato

2012
Fan, Reece

2012
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Models type 3 : intermediate state
Fortin, Shelton, Thomas, Zhao

2009
Ibarra, Lopez Gehler, Pato

2012
Fan, Reece

2012

Eγ=130 GeV => Mψ = 260 GeV. 
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Model type 4 : internal bremstrahlungBringmann, Bergstrom, Edsjo
 2007
Shakya
2012

mercredi 24 octobre 2012



Model type 4 : internal bremstrahlungBringmann, Bergstrom, Edsjo
 2007
Shakya
2012

ψ

ψ

f
~

f

f

<σv>ff ~ (mf/mψ)  helicity suppressed 
2

mercredi 24 octobre 2012



Model type 4 : internal bremstrahlungBringmann, Bergstrom, Edsjo
 2007
Shakya
2012

ψ

ψ

f
~

f

f

<σv>ff ~ (mf/mψ)  helicity suppressed 
2

γ

Eγ (GeV)

dN/dE

130 

if M  ~Mψ, <σv>ffγ ~ <σv>ff f
~

mercredi 24 octobre 2012



Model type 4 : internal bremstrahlungBringmann, Bergstrom, Edsjo
 2007
Shakya
2012

FERMI

ψ

ψ

f
~

f

f

<σv>ff ~ (mf/mψ)  helicity suppressed 
2

γ

Eγ (GeV)

dN/dE

130 

if M  ~Mψ, <σv>ffγ ~ <σv>ff f
~

mercredi 24 octobre 2012
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FERMI

ψ

ψ

f
~

f

f

<σv>ff ~ (mf/mψ)  helicity suppressed 
2

γ

Eγ (GeV)

dN/dE

130 

if M  ~Mψ, <σv>ffγ ~ <σv>ff f
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To fit a «monochromatic» line, Msfermion ~ 140 GeV
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 Hidden Z’ DM models 

Additional neutral gauge bosons can be light if hidden  
from  SM. Natural communication between hidden U(1)  
and SM sectors  
    
 kinetic mixing   

 Chern-Simons terms (loop of heavy  fermions or 
Green-Schwarz mechanism in string theory) 



If the mass of heavy fermions mostly generated by 
U(1)_X breaking, then effective operators should 
respect SM gauge symmetry. The Chern-Simons  
operator comes  from 

where         is the axion absorbed by Z’ and    
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Conclusions 

• Is it a real line or instrumental effect ? The 
effect is based on 50 photons…  

• One or two (or even three) lines  will 
discriminate among different models. 
• Have to wait for more data; hopefully within two 
years the DM interpretation of the signal will  be 
disproved or confirmed. Waiting also for  HESS (CTA) 
results.   
• Hidden Z’ models are interesting since generic 
in field and string theory 
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