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Evolution of cluster scaling US
relations University of Sussex

*Three different physical models:
Radiative (no additional physics)
Preheating (1.5 keV/particle at z=4)
Feedback (10% probability of raising entropy of
cooled gas by 1000 keV cm?

‘Npy = N, = 1603-256°

gas

L =100-120 h-"Mpc

-ACDM, G;=0.9
Mpy, = 0.7-2.1x10'h- "M, M, = 1.3-2.6x10° h-'M,,
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Luminosity - temperature, z=0
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Scaling relations US
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logT = log(1+z)+%logM
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10gL=%10g(1+z)+210gT

logL, ,=Alog(l1+z)+alogT,
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Evolution parameters US
T

dyn -M 500 University of Sussex

logT, =Alog(l+z)+alogM
dyn 500

Model
Radiative
Preheating

Feedback

P. A. Thomas June 8, 2005




Ty-M,,, evolution
| I i | I ||

Radiative

Preheating
Feedback

0 0.1 0.2 0.3 0.4
log (1+2)




Evolution parameters US
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Evolution of temperature substructure
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Observed L-T evolution
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Luminosity - temperature evolution
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Luminosity - temperature evolution
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Luminosity - temperature evolution
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Evolution parameters US
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Conclusions 1 lls

University of Sussex

Different physical models can have very different evolution
properties for cluster scaling relations.

Feedback models (targeted entropy injection) show less

evolution than preheating models (distributed entropy
injection).

The observational picture is still uncertain but seems to

favour preheating models.
Caveat: we have to measure temperatures properly.
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SZ Scaling relations US
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Conclusions 2 lls
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The SZ integrated Y parameter is largely unaffected by cluster
physics.

Evolution in Y-T, and Y-L, is largely driven by evolution in the

X-ray properties.
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CLEF 113

CLuster Evolution & Formation University of Sussex

Medium-resolution cluster catalogues
*>400 (60) clusters with kT ;> 1 (3) kev
*60,000 hours at CINES, Montpelier

‘Npy = N = 4283

gas

L =200 h''Mpc

*h=0.7, _=0.7, _=0.2, _,=0.0486, 0;=0.9

My, = 7.1x10°h- "M, M,.s = 1.4x1 0°h Mg

‘Feedback, Z=0.3Z;, 10% of cooled particles given an entropy
excess of 1000 keV cm?
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Gas distribution

Surface brightness Mass-weighted temperature
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Substructure
evolution
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Substructure
evolution




Emission-weighted versus spectroscopic
temperature




3-d versus 2-d
substructure




Luminosity concentration versus
substructure -




Temperature concentration versus
substructure
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Projected temperature

profiles

Vikhlinin et al. 2005
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Millennium Gas Project US
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*Series of 1 billion particle SPH simulations
Same volume and phases as Millennium DM run
*Build up physics gradually

160 outputs equally spaced in time

= 500,000,000

‘Now =N
L = 500h-"Mpc

-h=0.73, _=0.75, _=0.25, ,=0.045

eMpy, = 1.01x10"°h"Mg, M, = 2.4x10° h"'M,,

gas
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z = 20.0 dark matter density - E gas density gas temperature

Z

kinatic S2 thermal S2 gas shocks
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The growth of individual US
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‘Resimulations

L.=200h-"Mpc box
*N=1603_2.320°

*h=0.71, _=0.65, _=0.35, _,=0.038

My = 2.1x10'%h- Mg, M, = 2.5x10° h- "M,

-Radiative, Z=0.3(t/t,)Z
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Resimulated clusters

= original radiative
« resimulation
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Lummosﬂy-temperature evolution

0 ':Lx_b-ol-f”um h~2 erg s )

3 35 4 45 5 3 35 4 45 5 3 35 4 45 5

|-I

ll'lTll'lTlI'lTl'llTl'll

Trr?
] —
i
A
J{ﬁb
| I

f- 2 (0%)

¥ 3 (67%)

: log,o(kT, /keV)
0 0.5 1

5 (66%)

l'lTl'llTl'll'lTll'lTl'llTl'l

|

l'l'l'!'l 'lTl T

lTl'lI'lTll'lTl'
praabypaaalaasslaapslagy
L | FTT R T TR TR T RT




Drift over time of L,-T,

Ly/ 1 0*°h~2%erg s~
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Drift of L,-T, relative to mean relation
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Example: double-peaked merger
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Here the cluster 1s an obvious binary
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Here the cluster 1s an obvious binary
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At 1ts brightest the cluster 1s regular in appearance

and displaced parallel to the L-T relation
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The cluster here 1s again bright and regular in appearance,

This time with a cool core—a cooling flow cluster.
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Example: permanent jump in luminosity
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Conclusions 3 lls
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Clusters grow both by smooth accretion and via major mergers.

Major mergers tend to push the luminosity up the L,-T, relation.
Between times the luminosity decreases, drifting with the mean

L,-Ty relation.

At the peak of the merger, the cluster often looks relaxed.
Occasionally there is a second peak with a cool core making
the cluster look instantaneously like a large cooling flow.
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Ty-M relation

—1s much tighter and less
affected by substructure 1f
properties are measured

within Rs,, rather than R, .

Similarly for Ly-M and, to
a lesser extent, L,-T.
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High-resolution resimulations US
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*High-resolution resimulations

L=479h-"Mpc box
N=variable

*h=0.7, _=0.7, _=0.3, _,=0.045, 5;=0.9, soft=3h-kpc
*Mp,, = 8.4x108h""Mg, M, = 1.5x108 h"'M,,

‘Feedback, Z=0.3Z;, 10% of cooled particles given an entropy
excess of 1000 keV cm?
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Temperature and entropy evolution
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Temperature and entropy evolution
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Conclusions lls
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Clusters show a wide range of formation histories.

The evolution of the intracluster medium provides a strong
probe of cluster physics.
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