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Fritz Zwicky’s pioneering work in 1933 

Vera Rubin and her colleagues: galaxies 
rotation curve of  nearly galaxies (1970s) 
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So what to look for? 



Indirect Detection: gamma-ray �



Techniques for the Indirect Detection of  Dark Matter 
 
 •Morphological Differentiation 
 

 •Galactic Center Search  
 •Milky Way Halo 
 •Dwarf  Spheroidal Galaxies 
 •Anisotropy Power Spectrum 
 •Gamma-Rays from Galaxy Clusters 
 •Cosmic Ray Electrons/Gammas from the Sun 

 
•Spectral Differentiation 

 •Gamma-Ray Line Search 
  The two-body annihilation of  DM into photons produces 
   monochromatic gamma rays 
 •e+e- ratio and electron + positron Spectrum 



Smoking gun signature 



GLAST (FERMI) 
Launched by NASA on a 
Delta II Heavy launch 
vehicle  (June 11, 2008) 

Fermi Gamma-ray Space Telescope 

(Credit: NASA/Fermi collaboration) 





From Tomi Ylinen’s thsis 



Atwood et al. 2009 



The Fermi-LAT four year maps 

Su & Finkbeiner (2013) 



Galactic Diffuse Gamma-ray Emission 

(from Tsunefumi Mizuno) 
 



Galactic dust map as a tracer 
of  diffuse π0 gamma-rays 

Schlegel, Finkbeiner & Davis (1998) 
Su et al. (2010) 



Simple disk model 

Su et al. (2010) 



Fermi Bubble from four year maps 



Subtracting Fermi diffuse model 

Su et al. (2012) 





Credits: ESA/Planck Collaboration. 

Planck satellite confirms FB! 



Planck satellite confirms FB! 



Image credit: David A. Aguilar (CfA press office) Meng Su 12th Pappalardo Symposium 

Su & Finkebiner (2012) 

Gamma-ray jet from the supermassive black hole?  
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Bubbles as foreground for 
 DM search from Galactic center 



Fermi-LAT Collaboration, arXiv:1205.2739v1 



Best limits using two years 
Fermi-LAT data:  

 

Fermi-LAT Collaboration, arXiv:1205.2739v1 



How to define a search region?  
 

!  Estimate the signal from DM, e.g. Einasto 
profile squared, projected along line of  sight.  

!  Estimate background from lower energy (1-20 
GeV) photons.  

!  Estimate S/N as DM signal/background. 

!  Make a cut on estimated S/N.  



There have been hints of  something at 
~ 130 GeV!  

 



Weniger (2012) 



Profumo and Linden (2012) 



Profumo and Linden (2012) 



Fermi-LAT maps at 100–180 GeV 

Su & Finkbeiner (arXiv:1206.1616) 



Smoothed maps 



A cusp structure! 



Spectrum: 
 

!  Make maps in each of  16 energy bins, 
assume that emission in each bin is a linear 
combination of  template maps, and plot the 
template coefficients. 

!  Coefficients are determined by maximizing 
the Poisson likelihood of  observing the 
observed counts given the model. 

!  Templates choice corresponds to hypothesis 
to be tested. 



Templates for spectrum fitting 



Energy spectrum of  the cusp 



1) χ+χàγ+γ  
2):χ+χà Z0+γ 
E γ=mx-Mz

2/4mx 

A pair of  lines at  
110.8±4.4 GeV and 128.8±2.7 GeV 
  
Consistent with single line at  
127.3 ± 2.7 GeV  

Energy spectrum of  the cusp 



Galactic longitude and latitude 
profile 

Even though the high-
incidence-angle photons 
(θ > 40◦; right) panels 
have half  the exposure 
(9.7% vs. 19% for the left 
panels), they have more 
than half  of  the photons, 
and nearly the same TS 
due to lower off-line 
background leaking in. 

Offset from the GC? 



High incidence angle events with better 
energy resolution 

Yvonne Edmonds PhD thesis 



Galactic longitude and latitude 
profile 

Even though the high-
incidence-angle photons 
(θ > 40◦; right) panels 
have half  the exposure 
(9.7% vs. 19% for the left 
panels), they have more 
than half  of  the photons, 
and nearly the same TS 
due to lower off-line 
background leaking in. 

Offset from the GC? 





Tests: we do not see the signal 
elsewhere in the Galactic plane: 



Offset dark matter profile fits better 



The detection significance of the gamma-
ray cusp for various models 

We do the fit in many ways. Off-center Einasto is the best. 



Two lines model 



Assessment of line profile 



Update from Fermi-LAT collaboration 

Fermi-LAT collaboration, arXiv:1305.5597 



Fermi-LAT collaboration, arXiv:1305.5597 

Line profile is not consistent with MC 



What can go wrong? 



Peculiarities of  the Galactic center 
observation? 



Atwood et al. （2012） 

Vela pulsar                                                                    The Crab 



Incidence angle distribution 



Hypothesis: The Galactic center is bright, so 
instrumental artifacts are more significant there 



Credit: HESS Collaboration; NASA/UMass/D.Wang et al. 



Hypothesis: the GC observations have a restricted  
range of  incidence angles on the instrument. 

!    Instrumental problems could be projected onto the Galactic 
center simply for geometric reasons 

!   In Dec (Jun) the Sun passes near the Galactic center 
(anticenter), solar panels orientation determines the GC 
direction is close to the Sun! 



No lines in other samples 



How to test? 



“Earth limb” photons 

Fermi-LAT collaboration, arXiv:1305.5597 



Another test: “Earth limb” photons 

The Fermi-LAT collaboration (2009) 



Subsample from high incident angle events 

What’s that? 





The Earth limb line and correlations with 
the GC signal 

!   The majority of  high-incidence limb events appear near the orbital pole 



Timing correlation 



The observed signal is variable 



But we see no way this can be the explanation. 
Even if  we discard all events with 30 < theta < 45, 

we get 4 sigma: 



Lines at the same energy from 
other sources might help… 





 DOUBLE GAMMA-RAY LINES FROM 
UNASSOCIATED FERMI-LAT SOURCES 

Su & Finkbeiner (arXiv:1207.7060) 



Background estimation 

Su & Finkbeiner (arXiv:1207.7060) 



What’s the future? 



Weniger, MS, et al, arXiv:13054701 

Fermi White Paper Call for Alternative Fermi 
Observing Strategies 





HESS-II expected performance 
in the tens of  GeV  

 

Image Credit: H.E.S.S. Collaboration, Frikkie van Greunen 

600 m^2 mirror area and a very 
high resolution camera.  
lower the energy threshold from 
100 GeV to about 30 GeV and 
enhance the HESS sensitivity. 

HESS collaboration, ICRC2009 



 Bergstrom et al. (arXiv: 1207.6773) 

Line detection sensitivity 



DAMPE (2015) 
The detector will be composed 
of a telescope  (red layers in 
left figure)  and an EM 
calorimeter. 
 
The EM calorimeter will be 
composed of 576 BGO crystal 
bars with dimensions of 2.5 
cm×2.5 cm×30cm. 
 
 The BGO crystals form 12 
layers with an area of about 
60cm×60 cm each. The r.l is 
~27. 
 
  There will be also Silicon 
detector on the top for charge 
and position measurement 

Total thickness is 34.5 r.l. 
G.F. 0.5m2.sr 
Total weight 1.5 tons � J. Chang (DSU 2011) 



CALET (2014?) 



 
 Galper et al. (2012) 

Gamma-400 (planned launch 2017-2018) 
 



Conclusions:  
 

!  The line signal is not a discovery yet. 
- need more data (trials factors!) 
- can change survey strategy to get it fast 

!   Want to know: 
- Is the cusp really off  center? 
- are there two lines (or more)?  

!  Doubling the data will address these 
questions...  



Thank You for Your Attention!  

(Video credit: 
NASA's Goddard 
Space Flight Center) 


