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Understanding and Problems 



            CR-acceleration & dynamics 

Brunetti & Jones 2014 

    CR confinement 
Voelk et al. 96 
Berezinsky et al 97 

Sarazin 99 

electrons 

 CRp live for Hubble+ time and 
are confined and accumulated 
in the cluster volume 
 

 CRe have short lifetime BUT  
# can be accumulated at energies 
100 MeV # 

# electrons are not lost if 
 mechanisms of in situ  
acceleration operate in the ICM # 



Galaxies (SN) [Voelk+ 96] 

            CR-acceleration & dynamics 

LOFAR DD 150 MHz 

(Hoang + 17) 

AGNs 

Unavoidable pool of CRp accounting for 0.1% of thermal energy 
GeV+ electrons diffuse on timescales ≈ energy losses 

Croston & Hardcastle 02 

Internal energy in excess of rel 

electrons: thermal or CRp ? 

# Need to take into account # 



de Gasperin+ 17 

A2256 
van Weeren+ 

Very long tails 

turbulent diffusion A1033 
de Gasperin + 

A1314 
Shimwell + 

Is this common ? 
- Weak shocks 
- Plasma effect/magnetic pumping ? 
- Reconnection ? 

A new paradigm for CRe lifecycle in the ICM ? 
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GENERAL AGREEMENT ON :  

a fraction of the merger-turbulent energy 

flux is channelled into CRe 

  

 No gamma-rays from clusters (faint gamma-rays in 

case of reacceleration of secondaries) 
 

 Statistical connection with mergers ‘’bimodal 

behaviour’’ : mergers +Syn powerful and giant 
 

 Existence of a large population of USS RHs  

THEORY 
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(eg  Brunetti + Jones 14) 

Astrophysical sources 
Galaxies (SN), AGN.. 

GENERAL AGREEMENT ON :  

a fraction of the energy flux at 

cosmological shocks is channelled into 

CRe 

  

 Connection with shocks [shocks have been 

discovered first by radioastronomers ! ] 
 

 High polarization level 
 

 Cooling (steepening) in the downstream  



Problems … expectations 

 Gamma rays from clusters  
 

 Turbulent reacceleration and expectations 
 

 Complexity of RS and new obs approaches 
 

 A connection between MHs and GRHs ? 



Real Problems … 

NO GAMMA-RAYS FROM CLUSTERS 
- ACCELERATION PHYSICS ? 
- DIFFUSION/TRANSPORT ? 
- SPECTRUM ? 
 

Wittor + 17 

Vazza + 16 

Pfrommer 08 

Fermi-LAT 

Simulations do not 
include reacceleration, 
AGNs, GW ! 
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Ion reflection happens in supercritical shocks 
Most of the merger shocks may be in the 
transition between sub/supercritical Mach 

B inclination controls the shock structure 

• quasi_ll shocks : ions eff10-20%, Kep~0.001 

• quasi_p shocks: eff CR reacc, electrons ? 



Real Problems … 
NO GAMMA-RAYS FROM CLUSTERS 
- ACCELERATION PHYSICS ? 
- DIFFUSION/TRANSPORT ? 
- SPECTRUM ? 
 

Ion reflection happens in supercritical shocks 
Most of the merger shocks may be in the 
transition between sub/supercritical Mach 

Fermi-LAT 

Gamma-rays are not  
boosted too much if CRp  
are reaccelerated 
stochastically 
 

B inclination controls the shock structure 

• quasi_ll shocks : ions eff10-20%, Kep~0.001 

• quasi_p shocks: eff CR reacc, electrons ? 

Reacceleration preserves the 
number of particles. 
# need to understand the impact  
on gamma-rays # 



Real Problems …      and minor issues 

NO GAMMA-RAYS FROM CLUSTERS 
- ACCELERATION PHYSICS ? 
- DIFFUSION/TRANSPORT ? 
- SPECTRUM ? 
 

Wiener, Zweibel, Oh 17 

 

Extreme solution: streaming  along field 
lines (Wiener + 13,17, Lazarian 17) 

Magnetic field is ‘’tangled’’ in GC 

Vazza + al sub 

D ~ 1/3 Vdrift lA 

 

D < 1029 cm2 /s 
 

 > Hubble 



Future obs constraints on CRp ? 

Brunetti & 

Jones 14 

Optimistic view : reacc of secondaries 

RM 

Bonafede 

(credits Zimmer) 

# smaller B makes detection easier # 

KSP on Perseus 

Factor 6 better  

than MAGIC  

# deep LOFAR observations of   

‘radio quiet’ and nearby clusters  

allow extremely deep constraints # 

LOFAR 



Critical issues … and minor issues 

PHYSICS OF TURBULENT ACCELERATION  
- IS THERE ENOUGH ROOM TO GENERATE RHs ? 
- WHAT DO WE PREDICT FOR THE RH/MERGER BIMODALITY ? 
- DO WE UNDERSTAND TURBULENT ACC IN THE ICM ? 

Energy flux x fraction of energy into CRe ‘’vs’’ nonthermal radiation 

Kolmogorov 

# Problems for sub-µG # 

Plasma physics 
Gray region between 
MHD and plasma 
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- CAN WE GENERATE RHs ? 
- WHAT DO WE PREDICT FOR THE RH/MERGER BIMODALITY ? 
- DO WE UNDERSTAND TURBULENT ACC IN THE ICM ? 

Brunetti + 07,09 

Critical issues … and minor issues 

Donnert + 13 

Miniati 2014 

Transition phase surprisingly short 
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PHYSICS OF TURBULENT ACCELERATION  
- CAN WE GENERATE RHs ? 
- WHAT DO WE REALLY EXPECT FOR THE RH/MERGER BIMODALITY ? 
- DO WE UNDERSTAND TURBULENT ACC IN THE ICM ? 

Cassano + 10,12 

Critical issues … and minor issues 

Mix of  populations: larger/smaller,flatter/steeper  

Mix of  evolutionary stages 

Different magnetic fields/seeds 

Brunetti + 09 

Cuciti’s talk 

z=0.4 



PHYSICS OF TURBULENT ACCELERATION  
- CAN WE GENERATE RHs ? 
- WHAT DO WE REALLY EXPECT FOR THE RH/MERGER BIMODALITY ? 
- DO WE UNDERSTAND TURBULENT ACC IN THE ICM ? 

Critical issues … and minor issues 

Mix of  populations: larger/smaller,flatter/steeper  

Mix of  evolutionary stages 

Different magnetic fields/seeds 

RHs emissivities 
(credits Cuciti) 

# low  frequencies #  
# higher z ? # 
# smaller masses ? # 
# work on theoretical side# 

A2261 



Real Problems … and minor issues 

PHYSICS OF TURBULENT ACCELERATION  
- CAN WE GENERATE RHs ? 
- WHAT DO WE REALLY EXPECT FOR THE RH/MERGER BIMODALITY ? 
- DO WE UNDERSTAND TURBULENT ACC IN THE ICM ? 

Important for scattering, 
mfp and dissipation of  
energy/generation 
of entropy in the ICM 



TTD acceleration  Transit Time Damping (TTD) 
 
 
 
 

Interaction between magnetic  
momentum of particles and parallel  

gradient of B 

-k//v//=0 

kcut 

Cut-off is generated at scales where damping 
is faster than cascading.  

ωw > ωii  

Coulomb 

ωw < ωii  

instabilities 

(Miller et al 96, Schlickeiser & Miller 98 

 ICM: Brunetti & Lazarian 07, 11) Dissipation 
scale 

Acceleration depends on COLLISIONALITY  
and on the SPECTRUM of ELECTROMAGNETIC 
fluctuations in the ICM… kinetic spectrum less 
relevant ! (Brunetti & Lazarian 11, Miniati 15, Brunetti 16) 

Damping in the ICM 



Nonresonant acceleration  
(Ptuskin 88, ..Brunetti & Lazarian 07) 

  10kc 

 

 

100kc 

 

- Turbulent energy      
 
- Turbulent scales 
 
- CRs diffusion (self-generated,  
   & background turbulence) 
 
- Plasma collision frequency      
   (effective mfp) 
 

 

      Burgers 
   Kolmogorov 
Kraichnan 

Spectrum: effects 

min scale: effects 



Details … however details can kill us !  
credits Rajpurohit  

credits van Weeren 

credits van Weeren 

Owen + 14 



Details … however details can kill us !  
(credits D

.R
yu) 

Govoni + 01 



A POSSIBLE OBSERVATIONAL STEP ?? 

Mpc 

Mm 
δB 

Peak of magnetic power spectrum 
depends on turbulence 
 

Turbulence reaccelerates particles  
 

Combining polarization and spectral 
index is ideal to probe particle 
acceleration here 
 
Similar for radio relics (?) 



 Particle mixing/transport by sloshing ? 

 Reacceleration ? Hadronic collisions ? 

 Is there a population in between MHs and GRHs ? 

 Do MHs evolve into GRHs in merging systems ? 

Venturi + 17 

Credits Savini 

Bonafede + 14 

MHs .. GRHs 


