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Gamma-Ray Annihilation Signatures from 
(WIMP) Dark Matter

Detector energy resolution



Gamma-Ray Flux from Dark Matter Annihilation
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Astrophysics term:

- assume density profile of DM  ρ        (NFW, Einasto..)
- peaking at cores of galaxies, clusters, stars....
→ constraints on <σv>

Prefer astrophysically 'boring' targets 

→ Dwarf galaxies, globular clusters....
→ But galactic centre region, galaxy clusters are still in favour



Bringman & Weniger 2012

  Auger  CRs E>1018 eV     constraints on super-heavy particles (Abraham etal 2009)



 χχ → γγ     χχ → bb       χχ → bb   
_                  _

Gamma-rays &  DM : Evolution  of limits
Bringman & Weniger 2012

thermal relic



Bergstrom 2012



Galactic Centre Halo  χχ → γγ      (r<1 deg, |b|>0.3deg)

HESS Abramowski etal 2013            Fermi LAT Ackermann etal 2012 



Dwarf Galaxies (x15) Fermi-LAT      Ackermann etal 2014



130 GeV Line Feature towards Galactic Centre

Weniger (2012)

3.2σ significance (post-trial)  Einasto profile

Also – Possible
 VIB signal  
Bringmann etal 2012   

         



DM Implications of this 130 GeV line   χχ → γγ     
Weniger (2012)         

BR (χχ → γγ ) ~ 5%    expect ~10-4

But other sources of GeV lines....!? 
- Earth limb    Finkbeiner etal 2012, Hektor etal 2012, Ackermann etal 2013
- Sun region Whiteson 2013
- Galaxy Cluster stacking Hektor etal 2012
- UnID Gal. Sources Su&Finkebeiner 2012
- Astrophysical? Inv-Compton KN pile-up Aharonian etal 2012    



Earth limb gamma-rays
(from cosmic-ray air-showers)

 130 GeV line feature seen at ~2σ



Most recent analysis by the Fermi team 

Ackermann etal 2013 (pass 7 data)

Pass 7 Data →  energy resolution depends on incidence angle 

- Feature at 133 GeV but <2σ signifance (post-trial or global)
- Still seen in Earth's limb. 
- Line feature narrower than Fermi-LAT energy resolution



  1-10 GeV 'Excess' towards Galactic Centre (inner 10o)  
    Dark Matter interpretation (e.g. Daylan et al 2014)

→ Astrophysical interpretation (Okkam's Razor) instead of Dark       
     Matter (e.g. Carlson & Profumo et al 2014)
- Current GeV background model inappropriate
- E-dependent cosmic-ray propagation into the ISM (e.g. Gabici et al 2007)    
              



Slide from R. Crocker 
Recontres du Vietnam 2014)

Sgr A* in gamma-rays



Pass 8 Data from Fermi LAT – Even better at  GeV 
energies - stay tuned!



  

- Full array 0.02 to ~ 20 TeV coverage
- 28m telescope  ~0.02 to  ~5 TeV     now commissioned

- Field of view  3 to 5o 
- Angular resolution ~3 to 6 arcmin
- Energy resolution  ~0.1 to 0.2    ∆E/E

H.E.S.S.  4x12m + 1x28m diam.  Cherenkov 

Imaging Telescopes  (22o S  1800m a.s.l. Namibia)

Note size of car!



Flux sensitivity : HESS-II & Fermi-LAT crucial overlap 

HESS-II + HESS-I
(Tluczycont 2006)

Fermi-LAT
(1 yr)

Fermi-LAT (50 hrs)
   approx.



First “Mono” Results from H.E.S.S. IIFirst “Mono” Results from H.E.S.S. II

Statistics (17 hr)
~8σ  signif (a-priori)

Nγ = 6059 ± 640

<E> = 40 GeV

~30 GeV threshold

- Vela Pulsar pulsed 
  emission detection.
- Crab Nebula
- Gal. Centre
- 2 AGN

     

Pulsar period - 89ms
Grey Band
Fermi-LAT 
pulsar peak 
phase



HESS II Sensitivity to χχ → γγ  

- 50 h Galactic Centre      Bringmann etal 2012

- Expect first results by end of 2014



CTA - The Next Step in TeV Gamma-Ray Astronomy



CTA SensitivityCTA Sensitivity

Telescopes               South  North
Small     4-6m              70
Medium 12m                25     15
Large     23m                 4       4

HESS-IIHESS-II (approx) (approx)



Extragalactic
AGN z>0.5, GRBs, Star-bursts,
Gal. clusters,  AGN haloes..

Astro-particle
Dark matter, Axions, Lorentz invariance....           Optical    
                                                                              Intensity Interferometry

CTA ScienceCTA Science
Special Issue Vol 43,   
Pg 1-356 (Mar 2013)



> €30M funded 

CTA Time-line & FundingCTA Time-line & Funding

7 April 2014



August 2014  CTA Consortium



CTA – Australia

Six institutes  

- ARC LIEF 2015: First hardware contribution $550k
                                    & raise Oz consortium to full member status
- Additional construction costs (LIEF, NCRIS++?, EIF++?) ~ $1-3M 
- Operational cost model under discussion (per person, GDP scaling?)



CTA – Effect of Telescope Layout - Galactic Centre 100h 
       - array E layout (Doro etal 2013) dashed 
       - array I layout (Pierre etal 2014) solid



χχ → γγ  

χχ → γγ  

Slide from C. Weniger 
“Debates on the natue of 
dark matter” 2014)



CTA – Dark Matter Key Science Programme

CTA Consortium incl C. Balazs (2014) in preparation



Backup



Bergstrom 2012 arXiv:1205.4882
See also: Porter etal 2011  Ann. Rev. Astron. Astrophys. 49, 155
                 Bringmann, Weniger 2012  arXiv:1208.5481 



CTA – Example Telescope Layouts          Bernlohr etal 2013 



Gamma-ray 'Line'  Astrophysical Origin?
e.g. Deep Klein-Nishina inverse-Compton scattering by cold pulsar 
wind electrons (~monoenergetic)  Aharonian eta 2012



TeV (1012 eV) Gamma-Ray 
detection:

Stereoscopic Cherenkov 
Imaging

Cherenkov 'image' as
viewed by each
telescope

Combination:

  

Huge effective 
collection area > 105 m2 

(cf. Fermi-LAT 0.1 – 20 GeV - 1m2 )

>500m



                                              Doro etal 2012
  χχ → bb

_

Example Outlook for CTA....  (array B) 



R = distance CR travels into molecular cloud core

 

χ=diffusion suppression

→ Low energy CRs can't reach cloud core.
→ Expect harder  TeV spectra  from cores.
→ GeV cutoffs in energy specra
→ Don't expect electrons to penetrate!!
          (due to sync. losses)

→ Need to map dense cloud cores

CR Diffusion Into Molecular Clouds                   Gabici etal 2007

10 TeV proton           1 TeV proton 

mol. cloud core
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