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CLUSTERS OF GALAXIES!

Largest gravitationally bound structures in the 
Universe with 1014 – 1015 M¤ and Mpc radii!

Miniati & Beresnyak (2015)! Blasi, Gabici & Brunetti (2007)!

shocks, turbulence, 
and galaxy outflows!

!

à Cosmic Ray Protons!

diffusion time!CR!
Protons!

CR!
Electrons!
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Radio 
Synchrotron 

&!
X-ray Inverse 

Compton !

Gamma-rays!

Neutrinos!

HADRONIC PROTON-PROTON 
INTERACTIONS!

Intra-cluster medium!

e.g., Pfrommer et al. (2008), Pinzke 
& Pfrommer (2010), … see Brunetti 
& Jones (2014) for a review!
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NEUTRINOS FROM CLUSTERS!

Murase, Ahlers & Lacki (2013)!

e.g., Berezinsky et al. (1997), Murase et al. (2008), Kotera et al. (2009), !
Murase & Beacom (2013), Murase et al. (2013), …!

Can the 
summed 

output of !
all galaxy 
clusters in 

the universe 
explain the 

IceCube 
neutrinos?!

!
Aartsen et al. (2014)!
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CONSTRAINTS!
•  Non-detections of clusters in gamma rays!

!

Reference: upper limits on!
Perseus (MAGIC Coll. 2012) and Coma (Zandanel & Ando 2014)!

!
!

•  Observed diffuse radio emission in clusters!

Feretti et al. (2012)!

Conservative constraint:!
!

Not overshoot observed 
cluster radio counts! !

!
Reference: NVSS survey !

(Giovannini et al. 1999)!
!

Why conservative?!
!

we do know that most  
emission is likely not from 

secondaries!
!

(Brunetti et al. 2012, Zandanel et al. 2014)!
!



SIMPLE APPROACH!

Calculate total gamma-ray and neutrino fluxes  for 
all clusters in the universe using their mass function!

!
We adopt a gamma-ray luminosity – mass relation !

respecting constraints from radio to gamma-rays!

Radio luminosity:!Gamma luminosity:!

Ignoring magnetic 
field spatial structure !

Assuming!
B >> BCMB!

We study the cases with: !
!

B >> Bcmb, B = 1 μG and B = 0.5 μG!
!

αp = 1.5, 2, 2.2 and 2.4!
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RADIO COUNTS!
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Zandanel, Tamborra, Gabici & Ando (2015) !



TOTAL GAMMAS AND NEUTRINOS!
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Zandanel, Tamborra, Gabici & Ando (2015) !

Aartsen et al. (2014)!
Coll. (2014)



RADIO LOUD/QUIET CLUSTERS !
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Zandanel, Tamborra, Gabici & Ando (2015) !

Not all host 
radio emission!

e.g., Cassano et al. (2013) !



TOTAL GAMMAS AND NEUTRINOS!
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Zandanel, Tamborra, Gabici & Ando (2015) !



ANISOTROPY POWER SPECTRUM!

11!30/07/2015! Fabio Zandanel (GRAPPA)!

Zandanel, Tamborra, Gabici & Ando (2015) !

Full spatial modeling of CRs, Gas and Magnetic Field!
(following Zandanel, Pfrommer & Prada 2014) à we can estimate the 

power spectrum of gamma-ray anisotropies!
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SUMMARY & CONCLUSIONS!

•  We consider radio constraints for the first time!
!

•  clusters ≤ 10% of IceCube flux  for αp = 2 !
!

•  Much less for αp > 2, but can explain !
data for speculative values of αp < 2!

!
•  Contribution to diffuse gamma-ray background 

always negligible + anisotropies!
!

•  IceCube can test most optimistic scenarios !
stacking nearby sources!

!
Our conclusions are valid for all sources 

injecting CRs into the intra-cluster medium!!


