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Outline

The discovery of cold fronts

Description of the origin and the evolution of cold
fronts through simulations and models

Hunting for cold fronts in a sample of galaxy clusters.




A candidate shock in A3667

The history of cold fronts: once upon a time there was a (candidate) shock..

Measurements with ASCA and ROSAT
of A3667 seem to detect a shock in
the SE region.
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| The surface brightness shows a sharp
regon g o decrease. The temperature jump is

uncertain.

Markevitch et al 1999




Chandra observations of shocks ?

First observations of some merging galaxy clusters
with Chandra confirm surface brightness edges.
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Are these the first Chandra observations of shocks??




Chandra observation of A2142
(Markevitch et al. 2000)

SB profiles in fwo opposite
regions of the cluster
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Chandra observation of A2142

Chandra observation of A2142 (Markevitch et al 2000)
What can we expect if this is a shock?

B SB (and density) jump: v

B Temperature jump

B What do we expect for the outer
temperature from the Rankine-Hugoniot
jump conditions if this is a shock???

For the NW edge the inner temperatureis T ~7.5
keV :

p/p=[zC(T/T-1) -T/T] -34T/T-1

: _ i B We expect an external
with &= (r+1)/(r-1) ) temperature of T ~ 4 keV

v=5/3 adiabatic index of monoatomic gas




Chandra observation of A2142

A temperature jump
is detected, but the
temperature
increases across the
front.
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Chandra observations of shocks

Chandra observation of A2142 (Markevitch et al 2000)

What can we expect if this is a shock?
B SB (and density) jump: v
B Temperature jump: X
B Pressure jump: X

north-west

This definitively rules out the shock interpretation.




Chandra observation of A3667

Chandra observes A3667 (Vikhlinin,
Markevitch and Murray 2001)

E Also the
hypothetical shock
in A3667 is
definitively not a
shock.




Chandra discovers cold fronts

What are these sharp edges then??

The approximate pressure equilibrium across the density jump
suggests (Markevitch et al. 2000) that these features are
contact discontinuities at the boundaries of a cool and dense

gas cloud moving sub- or transonically through a hotter and less
dense surrounding gas

This feature has been called COLD FRONT

(Vikhlinin, Markevitch and Murray, 2001)




A possible scenario:
survival of subcluster core after the shock of a merger.



Cold front and bow shock



Ram pressure stripping: the bullet cluster



Ram pressure slingshot: A168






A1795 and sloshing

The gas is not in
hydrostatic
equilibrium!!



Simulations of gas sloshing



The gas temperature during the sloshing

is due to ram pressure and to
hydrodynamic mechanisms



No cold fronts

are detected for redshifts
Z>0.075.




Perseus 2A0335

Centaurus A496
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Metal abundances across the cold fronts
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& Cold fronts in merging clusters correspond to the edge of the cool core
of the merging substructure which is rapidly moving in the hotter
surrounding ICM

&l Cold fronts are frequent also in cool core clusters. They originate from
sloshing of the cool central gas. Sloshing is induced by minor merging
events. Ram pressure makes the gas shoot up from the minimum of the
potential well and then slosh back and forth in it. It is an hydrodynamic
process.

@A systematic search of cold fronts in a sample of galaxy clusters shows
that this is a common feature: at least ~60% of clusters host one
(underestimation of occurrence).

BSome features supporting the sloshing models have been detected in
clusters (displacements of the gas peak from the center of the potential
well, spiral pattern in temperature maps...)

&l Excluding merging clusters, a different behavior is detected for clusters
hosting or not a cold front. Clusters with a cold front have an entropy
profile which steepens in the central regions.



