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CLUSTERS OF GALAXIES

LARGEST GRAVITATIONALLY BOUND STRUCTURES IN THE
UNIVERSE WITH 104 = 10"™ My AND MPC RADII
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HADRONIC PROTON-PROTON

E.G., PFROMMER ET AL. (2008), PINZKE RADIO
& PFROMMER (2010), ... SEE BRUNETTI
& JONES (2014) FOR A REVIEW SYNCHROTRON
X-RAY INVERSE
COMPTON

T T NEUTRINOS
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INTRA-CLUSTER MEDIUM
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NEUTRINOS FROM CLUSTERS
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MURASE & BEACOM (2013), MURASE ET AL. (2013), ...
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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

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

(BRUNETTIET AL. 2012, ZANDANEL ET AL. 2014)

FERETTI ET AL. (2012)
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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

GAMMA LUMINOSITY: RADIO LUMINOSITY:
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FIELD SPATIAL STRUCTURE B>>Bcus
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WE STUDY THE CASES WITH:
B> B.yg, B=1uG AND B = 0.5 uG
¥.=15,2,2.2 AND 2.4
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RADIO COUNTS

+ NVSS (0.044 <z < 0.2)
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30/07/2015 FABIO ZANDANEL (GRAPPA)



TOTAL GAMMAS AND NEUTRINOS
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RADIO LOUD/QUIET CLUSTERS
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TOTAL GAMMAS AND NEUTRINOS

gamma
neutrinos
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ANISOTROPY POWER SPECTRUM

FULL SPATIAL MODELING OF CRs, GAS AND MAGNETIC FIELD
(FOLLOWING ZANDANEL, PFROMMER & PRADA 2014) 2 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 0 =2

 MUCHLESS FOR 0y>2, BUT CAN EXPLAIN
DATA FOR SPECULATIVE VALUES OF o, <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!
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