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(Mark evitch et al. 2000)



LE 065756

M=1 0:2 (Vikhlinin etal. 2001) M =32 0.7 (Markevitch etal.,in prep.)



Cold fronts are now being seenin merger simulations

(e.g, Nagai& Kravtsov 2002;Onuora et al. 2002;Bialek et al. 2002;
posterby Tittley & Henriksen)



Cold fronts are now being seenin merger simulations

(e.g, Nagai& Kravtsov 2002;Onuora et al. 2002;Bialek et al. 2002;
posterby Tittley & Henriksen)

Not limited to mergers—
obsewed alsoin coresof “r elaxed” clusters












3 fronts at differ ent scales






Velocities?
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M = 0:75 0:2 (Mazzottaetal. 2003)
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Dark matter clump inferr ed from X-ray Dark matter clump seenin weaklensing
Image (Vikhlinin etal. 2002) massmap (Cloweetal.,in prep.)



In mergers, gasis pulled along by a dark matter subcluster
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In coresof non-mergers, gasis sloshingin a “static” gravitational potential
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In mergers, gasis pulled along by a dark matter subcluster

In coresof non-mergers, gasis sloshingin a “static” gravitational potential

What causessloshing?

residualoscillationsfr om old merger?
(Churazov et al. 2003;poster by Tittley & Henriksen)

recentdisturbance of central potential by infall of small groups?
(e.g, Nagaietal. 2002)

Counterexample: A2029



In mergers, gasis pulled along by a dark matter subcluster

In coresof non-mergers, gasis sloshingin a “static” gravitational potential

What causessloshing?

residual oscillationsfrom old merger?
(Churazov et al. 2003;poster by Tittley & Henriksen)

recentdisturbance of central potential by infall of small groups?
(e.g, Nagaietal. 2002)

Counterexample: A2029

rising hot bubbles? (Perseus Hydra-A; Quilis etal. 2001)






Radio contoursfrom G. Taylor



How common?



How common?

Out of 33 “short coolingtime” clusterswith goodChandraimages

(from Pereset al. 1998,Allen et al. 1998,2000)

density edgesseenin at least 19 (60%)

(clearly no edgesn 8; bubblesat leastin 13)



Conclusionson sloshing

Subsonicsloshing (M 0:5) is a natural stateof the densegas
In cluster centers

Origin unclear, probably residualfrom pastmergers, but maybebubbles

Whatever the origin — resewoir of kinetic energy of order 1/3thermal,
available for dissipation



Thermal conduction



Theoretical expectationsfor { in clusters(due to thermal diffusion of electrons):

from  Spitzer =5 (Narayan & Medvedes 2001),
down another factor of 10 (Malyshkin & Kulsrud 2001),
to exactlyO (posterby Okabe & Hattori)



Theoretical expectationsfor { in clusters(dueto thermal diffusion of electrons):

from  Spitzer=5 (Narayan & Medvedes 2001),
down another factor of 10 (Malyshkin & Kulsrud 2001),
to exactlyO (posterby Okabe & Hattori)

Obsewations:

From temperature jumps at cold fronts: { reducedby factor > 100
(Ettori & Fabin 2000)

Cool gasaround 2 central galaxiesin Coma: reduction by factor 30 100
(Vikhlinin etal. 2001)

Theseare very specialplaces



Thermal conductionin the bulk of the gas
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Thermal conductionin the bulk of the gas
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Time for T variations to disappear
(for Spitzer {):

( Knel® . 1.5 107 yr
cond —{_ . y

Age of the structure:

tage CLS 5 10Pyr

Conduction suppressedoy factor

tage 1=2
>
tcond 10 h65



Thermal conductionin cooling o ws
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(from Voigt et al. 2002; alsoZakamska & Narayan 2003)



Thermal conductionin cooling o ws
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(from Voigt et al. 2002; alsoZakamska & Narayan 2003)



Thermal conductionin cooling o ws
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Thermal conductionin cooling o ws
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Conclusionson conduction

Collisional conductivity < 0:1 Spitzer, soprobably unimportant for
cooling ows

Other kinds of conduction of interestingmagnitude — e.g,
turb ulent conduction— are not excluded
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