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~__Franco Vazza says:

“I thank the organizers, and |
am sorry | could not make to
be there with you. | had many
problems with the flights from

4 Bologna and | could not reach
the conference in fime.

g2 | hope that this short

o ~3¥¥ | presentation of my work (for
' 1 which Klaus Dolag kindly lent
his voice) is useful enough for
the topics you are discussing!
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....and this made

me losing a minute

already...

SO, better fo start...
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"Tnerz drz novwddays meany (indireci)
ooszryaiionadl indicaiions for inz
oresznce of (suosonic) turoulzni
rmofions in galasy clusizers,”

OBSERVATIONAL EVIDENCES FOR

TURBULENCE
« Presudo-pressure maps in X-ray NUMERICAL EVIDENCES FOR
Schuecker et al.; Briel & Henri, Ota et al. TURBULENCE
» Lack of resonant scattering . Large Eddies in AMR simulations
e.g. Churazov et al. Norman & Bryan.
« Metal diffusion e.gRebuscoetal. — GADGET with low viscosity
« Non-Thermal Emissions  e.g. Brunetti et al. Dolag et al..
« Rotation « Non thermal pressure support
e t & Ensslin e.g Rasia et al., Lau et al.
«Sub-grid modeling

e.g. Maier et al., Scannapieco & Bruggen
"Also irorn ine nurnerical vi2vs ooini, rmcdny
| wori<s suggesied indr ine sirnuladizd 1Y)
. snould conrdin cnaoiic mofions, dcross <

145kpc widz range of scalzs”




Grid simulations of galaxy clusters with ENZO (Bryan
et al.1998) & ADAPTIVE MESH REFINEMENT

-

locity field ofa

c) in ENZO

Vazza, Brunetti, Kritsuk e al.2009 A&A



Grid simulations of galaxy clusters with ENZO (Bryan
et al.1998) & ADAPTIVE MESH REFINEMENT

)l Of a cluster simulatg
refinement
N /0O




2009 [talian Key
Project:

Total

volume:
(480 Mpc/h)3

DM mass
resolution:
6.7 x 108 M /h

gas resolution:
from 200kpc/h
to 25kpc/h

time resolution

(output 2
oui=10°%Y




Gas density Gas temperature
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3D power spectra
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“many"”
N~10°-10°
passive tracers
advected by the
evolving ICM

“lagrangian” &
“"eulerian” view
together

Vazza, Gheller & Brunetti 2010 A&A



PAIR DISPERSION STATISTICS
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Pair Dispersion
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How much is the kinetic (turbulent) energy
compared to the thermal enerqy?
(B field amplification, particle re-acceleration...)
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“Whate Time is already lefte
Gosh!
Ok, | skip to the conclusions...

~

Maybe the best picture we obtained so far
of one of our simulated cluster, with 4 levels
of refinement (dynamical range N ~ 600),
may convince you that the simulated ICM
necessarily contain (subsonic) turbulent
motions... “
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Traniss and nayz a good conyzrzpcz!
Franco Vazzedg
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