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In gamma-rays, most of  the effort based on the detection of  neutralino annihilations. 

IACTs and satellites: MAGIC, HESS, VERITAS, CANGAROO, Fermi, AGILE… 

Fermi/LAT 

MAGIC 

E. range: 100 GeV - 30 TeV 

E. resolution: >20%  

FOV: ≈ 4 deg. 

Angular resolution: ≈ 0.1º 

E. range: 10 MeV - 300 GeV 

E. resolution: <10% @ 10 GeV 

FoV: ≈2.4 sr 

Angular resolution: 0.1º@10 GeV 

Typical IACT 
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A.  Direct detection: scattering of  DM particles on target nuclei (nuclei recoil expected). 
B.  Indirect detection: DM annihilation products (neutrinos, positrons, gammas…) 
C.  Direct production of  DM particles at the lab (e.g. LHC @ CERN). 
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Integral along the l.o.s.: 

Telescope PSF: 

Where to search? 

•  Galactic Center 
•  Dwarf  spheroidal galaxies (e.g. Draco, Willman-1…) 
•  Andromeda 
•  Galaxy clusters (e.g. Virgo, Coma) 
•  Etc, etc. 

nγ: Number of  photons 
<σ v>: cross section 
mχ: neutralino mass 

mχ(GeV)


n γ
<σ

·v
> 

Large uncertainties! 
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(Sánchez-Conde et al. 2007) 



  IACTs (above 100 GeV): 

  Several dwarfs: Draco, Willman 1, Segue 1, CMa, Bootes 1, UMi, Sagittarius…  
  Some clusters: Perseus, Coma, Abell 496, Abell 85, Abell 3667, Abell 4608… 
  Upper limits seem to be 3-4 orders of  magnitude above predictions 

  Fermi (below few dozens GeV): 
  Analysis done for 8 out of  the best dwarfs using 11 months of  data. 
  Clusters: no gamma-signal found for 33 targets. 6 of  them analyzed in a DM context. 
  DM spectral line signatures all over the sky: no hint of  lines up to 300 GeV. 

  Situation somewhat discouraging but still a lot of  work to do! Clarification of  best targets and new 
strategies still welcome. 
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  Much more distant, but they content impressive 
amounts of  DM. 

  Substructure boosts may be really important. 
  Contamination by other gamma sources expected 

5 (MASC et al., in prep.) 

  Very near. 
  No gamma-ray astrophysical sources expected 

in most cases. 
  Most DM-dominated systems in the Universe 

 A quantitative comparison of the DM detection prospects for the most promising clusters and nearby dwarf 
galaxies is ongoing. 

DWARFS CLUSTERS 
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  Main characteristics of CLUES: 
  Constrained N-body cosmological simulations of the Local Universe. 
  Runs with WMAP3 and WMAP5 parameters. 
  1 box 160 h-1 width and 5 boxes 64 h-1 Mpc each. 
  More details on http:// clues-project.org. 

  Different works already ongoing using CLUES data: 
I.  Extragalactic component of the DM annihilation flux. 
II.  Comparison between galaxy clusters and MW subhalos. 
III.  Angular spectrum of anisotropies in the EGB. 
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“Extragalactic gamma-rays from dark matter decay and annihilation” 
Cuesta, Jeltema, Zandanel, Profumo, Prada, Yepes, Klypin, Hoffman, Gottlöber, Primack, MASC & Pfrommer  

(submitted to ApJ letters, astro-ph/) 

•  We use CLUES to obtain γ-ray all-sky maps of  the Local Universe from DM decay and annihilation.  
•  By running Fermi observation simulation (5-year survey) we properly take into account the real backgrounds 
and instrument response: 

  Fermi may detect DM-induced γ-rays from extragalactic objects (clusters, groups, filaments) 
  DM decay more promising than DM annihilations 

DM density distribution in the Local Universe S/N all-sky map from Fermi simulations for DM decay 



Typical gamma-ray annihilation spectrum 

IB at work! 

•  Some effects (subestructure, Sommerfeld effect, IB) may enhance the expected gamma signal 
•  Commonly neglected first-order radiative corrections (IB) may be very important, specially for IACTs. 

The most affected 
models are those with 

the lowest cross 
sections 

Conclusion: prospects 
don’t change so much! 

8 

Cannoni, Gómez, MASC, Prada, Panella (2010) 
Bringmann et al. (2008) 





AGNs located at cosmological distances will be affected by both mixing in 
the source (e.g. Hooper & Serpico 07) and in the IGMF (De Angelis+07): 

A.   Source mixing: flux attenuation 
B.   IGM mixing: flux attenuation and/or enhancement 

In order to observe both effects in the gamma-ray band, we need 
ultralight axions. 
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Finally, ∆a is the ALP mass term:
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Note that in Eqs.(4-7) we have introduced the dimen-
sionless quantities BmG = B/10−3 G, M11 = M/1011

GeV and mµeV = m/10−6 eV.
Since we expect to have not only one coherence do-

main but several domains with magnetic fields differ-
ent from zero and subsequently with a potential pho-
ton/axion mixing in each of them, we can derive a total
conversion probability [21] as follows:

Pγ→a "
1

3
[1 − exp(−3NP0/2)] (8)

where P0 is given by Eq.(2) and N represents the number
of domains. Note that in the limit where N P0 → ∞, the
total probability saturates to 1/3, i.e. one third of the
photons will convert into ALPs.

It is useful here to rewrite Eq. (2) following Ref. [11],
i.e.

P0 =
1

1 + (Ecrit/Eγ)2
sin2





B s

2 M

√

1 +

(

Ecrit

Eγ

)2



 (9)

so that we can define a characteristic energy, Ecrit, given
by:

Ecrit ≡
m2 M

2 B
(10)

or in more convenient units:

Ecrit(GeV ) ≡
m2

µeV M11

0.4 BG
(11)

where the subindices refer again to dimensionless quan-
tities: mµeV ≡ m/µeV , M11 ≡ M/1011 GeV and BG ≡
B/Gauss; m is the effective ALP mass m2 ≡ |m2

a − ω2
pl|.

Recent results from the CAST experiment [5] give a value
of M11 ≥ 0.114 for axion mass ma ≤ 0.02 eV. Although
there are other limits derived with other methods or ex-
periments, the CAST bound is the most general and
stringent limit in the range 10−11 eV ) ma ) 10−2

eV.
At energies below Ecrit the conversion probability is

small, which means that the mixing will be small. There-
fore we must focus our detection efforts at energies above
this Ecrit, where the mixing is expected to be large
(strong mixing regime). As pointed out in Ref. [11], in the
case of using typical parameters for an AGN in Eq. (11),
Ecrit will lie in the GeV range given an ALP mass of the
order of ∼ µeV.

To illustrate how the photon/axion mixing inside the
source works, we show in Figure 2 an example for an
AGN modeled by the parameters listed in Table II (our
fiducial model, see Section III). The only difference is
the use of an ALP mass of 1 µeV instead of the value
that appear in that Table, so that we obtain a critical
energy that lie in the GeV energy range. Effectively, us-
ing Eq. (11) we get Ecrit = 0.19 GeV. Note that the
main effect is an attenuation in the total expected in-
tensity of the source. One can see in Figure 2 a sinu-
soidal behavior just below the critical energy. However,
it must be noted that a) the oscillation effects are small;
b) these oscillations only occur when using photons po-
larized in one direction while, in reality, the photon fluxes
are expected to be rather non-polarized; and c) the above
given expressions are approximations and actually only
their asymptotic behavior should be taken as exact and
well described by the formulae. Therefore, the chances
of observing sinusoidally-varying energy spectra in as-
trophysical source, due to photon/axion oscillations, are
essentially zero.
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FIG. 2: Example of photon/axion oscillations inside the
source or vicinity, and its effect on the source intensity (solid
line), which was normalized to 1 in the Figure. We used the
parameters given in Table II to model the AGN source, but
we adopted an ALP mass of 1 µeV. This gives Ecrit = 0.19
GeV. The dot-dashed line represents the maximum (theoret-
ical) attenuation given by Eq. (8), and equal to 1/3.

B. Mixing in the IGMFs

The strength of the Intergalactic Magnetic Fields
(IGMFs) is expected to be many orders of magnitude
weaker (∼nG) than that of the source and its surround-
ings (∼G). Consequently, as described by Eq. (11), the
energy at which photon/axion oscillation occurs in the
IGM is many orders of magnitude larger than that at
which oscillation can occur in the source and its vicinity.

•   Axions (pseudoscalar boson) were postulated to solve the strong-CP problem in the 70s. 
•   Good Dark Matter candidates 
•   They are expected to convert into photons (and viceversa) in the presence of  magnetic fields: 

(Sánchez-Conde+, PRD 09) 



3C 279 

  Flat spectrum radio quasar 
  z=0.54 
  The most distant AGN in 

gamma-rays (>100 GeV) 

  Push EBL models already to 
the limit! 

  Modeling of  AGN emission 
mechanisms typically assume 
spectral index >1.5 

[MAGIC Collaboration, Albert et al. 2008] 

  Recent gamma observations might already pose substantial challenges to the conventional 
models to explain the observed source spectra and/or EBL density. 

  More high energy photons than expected. 
  Very hard intrinsic spectrum, difficult to explain with conventional EBL models and physics. 
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Fermi/LAT and/or IACTs 
Look for  intensity  drops in  the residuals  (“best-
model”-data). 
Source model dependent. 
Powerful, relatively near AGNs. 

IACTs observations 
Look for systematic intensity 
enhancements at energies where the 
EBL is important.  

Distant (z > 0.2) sources at the 
highest possible energies (>1 TeV), 
to push EBL models to the extreme. 

Source and EBL model dependent, but 
very important enhancement expected 
in some cases. 

Fermi/LAT and/or IACTs 
Look for intensity drops in the residuals. 
Only  depends  on  the  IGMF  and  axion  properties  (mass  and 
coupling constant). 
Independent of the sources -> CLEAR signature! 



[3C279 data points from the MAGIC Collaboration, Albert et al. 2008] 13 

EBL+axions corrected 

PRELIMINARY 

Applying the photon/axion mixing scenario to some controversial spectra of  distant AGNs: 

•  Scanning the region of  the B-mass parameter space which is accessible to IACTs and Fermi. 
•  The best results are achieved by assuming critical energies around 100-200 GeV for the most 

distant AGNs (3C279, 3C66A). 
11 suitable (public) AGN spectra have 
been collected from MAGIC observations. 
Similar work will be done with Fermi data 
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New AGN observed by MAGIC at z=0.435 !!  
(ATel #2684) 
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NEUTRALINOS 

  Dwarfs probably the best candidates at present. However, galaxy clusters could be at the same flux level. 

  DM decay might be very promising, with predicted fluxes comparable to those expected from DM annihilations 

  Fermi especially important in neutralino searches: 
  All-sky survey -> e.g. great to seach for new DM candidates! 
  IACT follow-up of  possible DM candidates discovered by Fermi and deeper observations at high 

energies 

  Instruments that join an improved sensitivity with a Large FoV: MAGIC II, CTA… 

  Explore other possible DM scenarios: IMBHs, microhalos, other particle physics models… 

AXIONS 
  If  axions exist, they could distort the spectra of  astrophysical sources importantly. 

  If  there is mixing in the IGMFs, then also mixing in the source. If maxion≈10-10 eV -> γ-rays. 

  The effect is expected to be present over several decades in energy -> joint effort of  Fermi and current 
IACTs needed. 

  Detailed observations of AGNs at different redshifts and different flaring states could be used to identify the 
signature of  an effective photon/axion mixing. 


