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High-E phenomena in LSS
ClusterFilamentsVoid Radio

(Araya-Melo et al. 2012)



High-E phenomena in LSS
Motivations for CRs in clustersMotivations for CRs in clusters

Radio halos
Cooling flows
Intracluster cavities

Evidence & limitsEvidence & limits
Relativistic electrons 
SZE

non-th
: preliminary evidence

HXR/g-rays: upper limits
                  only cluster+RGs

Problems & PerspectivesProblems & Perspectives
CRs are essential in clusters
CR nature & origin is unknown

Perseus

MS0735

Coma

ES0657-56



Cosmic Rays in galaxy clusters
The only convincing argument for CRs 
in cluster is the diffuse Radio Halo 
emission. 
(if not projection →Skillman etal  2012) 
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RH (CR) emission opens the window to 
the  exploration of high-E emission in 
galaxy clusters

RH (CR) emission opens the window to 
the  exploration of high-E emission in 
galaxy clusters

Synchrotron
degeneracy

B ✕ nrel

What is the amount
of CRs ? 

The amount of CRs 
determine the level
of high-E emission

- Inverse Compton
- Bremsstrahlung
- p0→ g g

Rotated by 90 degAccretion shocks



RH in galaxy clusters: projection

(Skillman et al 2012)



RH vs thermal gas RH vs total pressure

Bimodality
- active RHs
- in-active RHs

No Bimodality
- all RH clusters have Y

SZ

RH in clusters: data

(Brunetti et al 2009) (Basu 2012)



Measuring Pnon-th

A800 (RH vs Xray)   

A800 (RH vs Gals)

X-ray emission is a measure of
the thermal pressure in clusters 

L

RH correlated to
galaxy distribution

RH correlated to
gas distribution

(S.C. et al 2013)



CR diffusion from cluster galaxies
Simulations of CR diffusion from cluster galaxies Real RH clusters 

CL1446+26

A1550
(S.C. & A. Tailor 2013)



Measuring Pnon-th

SZ Comptonization is a measure 
of the total pressure in clusters 

Non-thermal

Thermal

ES0657-56

(S.C. et al 2013)

Variance

Mean T value

(S.C. et al. 2011)

(Prokhorov & S.C. 2012)



Measuring Pnon-th :   YSZ - LX

Self-similar G-only
cluster formation

Y
SZ

≈ L
X

5/4

X = P
non-th

/P
th
 evolution with L

X
 

X ≈ L
X

-0.81

Self-similar cluster formation + Self-similar cluster formation + 
non-thermal pressure evolutionnon-thermal pressure evolution



X - L
X
: a barometric probe

Brunetti etal '09
L

X
=8.71•1045

Reichert etal '11
L

X
=6.52 •1045

X
0.209

L
X
=4.66•1045 L

X
=4.09 •1045 0.08



Consequences: high-E 

A2163: radio spectrum A2163: g-ray spectrum

A 2163
X= P

non-th
/P

th
 = 0.105

Primary e± model  



Consequences: high-E 
Secondary pp model  

Secondary cc model  



The future

MILLIMETRON

SKA

MeerKAT

R=100
T

exp
=10 min

MeerKAT-1

1ES0657-56

SKA

MeerKAT



HESS-II                      CTA

HESS-II will be able
to set strong constraints
to secondary pp models
in clusters
→ CR proton amount

CTA will be the ultimate
probe of g-rays in clusters
→ cluster counts
→ CR distribution in LSS 
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Thanks
for

your attention
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