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CTA An advanced facility for ground - based high - energy gamma ray astronomy
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Possible Cherenkov Telescope Array (CTA) sensitivity. 
What kind of new, fundamental physics can be found?
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Dark energy: cosmological
constant or time -evolving field
(quintessence?)
Probably no connection to 
gamma-ray astrophysics ? 

New Physics needed in cosmology: Dark Matter and Dark Energy
New Physics needed in particle physics: Neutrino Masses, baryon & 
lepton asymmetry , Higgs(es), hierarchy mW << mPl

Ordinary matter : 
focus of óordinary ó 
gamma-ray
astrophysics

Dark Matter: 
What is it? Is 
it related to 
new particle 
physics? Does 
it have a 
signature in 
gamma-rays? 



The óWIMP miracleó

J. Feng & al, ILC report 2005
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Equilibirium curve 
in early universe

Here number 
density 
becomes too 
small to 
maintain 
equilibrium, 
ófreeze-outó 

I will not cover super -WIMPS, like gravitinos or right -handed 
neutrinos ðthey may also be part of this ómiracleó, but have quite 
different phenomenology.

A weakly interacting massive 
particle of 50 GeV ðfew TeV can
explain all non-baryonic dark 
matter



Methods of WIMP Dark Matter detection:

ÅDiscovery at accelerators (Fermilab, LHC, 
ILCé).

ÅDirect detection of halo particles in 
terrestrial detectors.

ÅIndirect detection of neutrinos, gamma 
rays,  antiprotons, positrons in ground - or 
space-based experiments.

ÅFor a convincing determination of the 
identity of dark matter,  plausibly need 
detection by at least two different methods.

Annihilation rate 
enhanced for 
clumpy halo; near 
galactic centre and 
in subhalos

Direct 
detection

Indirect detection
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The Milky Way halo in gamma -rays as measured by 
EGRET (D.Dixon et al, 1997)
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Via Lactea simulation (J. Diemand & al, 2006)
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Major uncertainty for gamma -ray detection from galactic center: Overall halo 
dark matter density distribution. 
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Fits to N -body 
simulations

Fits to rotation 
curves

Fit to lensing 
(elliptical 
galaxies)

óOptimisticó

óRealisticó
Standard choice

Not used 
so much 
for Milky 
Way halo
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NFW fit

New!



J. Angle  et al., 2007

Based on 50 days 
in Gran Sasso 
with a 5 kg liquid 
Xe detector. 
Technology may 
be scalable to 1 
tonne!

Smooth 
halo 
assumed



Note: equal amounts of 
matter and antimatter in 
annihilations

Decays from neutral pions, 
kaons etc:
DarkSUSY uses PYTHIA.

Example of indirect detection: annihilation of 
neutralinos in the galactic halo

e

Majorana particles: helicity 
factor for fermions v mf
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One-loop effect: 2 or Z
final state gives narrow lines



õMilky Wayõ simulation, Helmi, 
White & Springel, PRD, 2002

Stoehr, White, Springel,Tormen, Yoshida, MNRAS 
2003. (Cf Calcaneo -Roldan & Moore, PRD, 2000.)

Simulation of Dark Matter halo of 
the Milky Way

Important problem: What is the fate of the smallest 
substructures? Hofmann, Schwarz & Stoecker 2001; 

Berezinsky et al.,  2003 & 2005; Green, Hofmann & 
Schwarz, 2003; Diemand, Moore & Stadel, 2005; Ando, 
2005; Loeb & Zaldarriaga, 2006, Bertschinger 2006, 
Diemand, Kuhlen & Madau, 2007; Tormen, Pieri & 
Branchini, 2007; Vogelsberger et al., 2007;é

Rates 
computed 
with


