Evwlution of the dark matter distribution
on galaxy cluster scales
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Clusters of galaxies ardark matter dominated

5% Galaxies

10-15% Intracluster
medium (ICM)
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Universal density mPle of cold dark matter haloe:

Navaro et al.1997
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Dark matter halo concentration

Rel3ects backgund density of
Universe at epoch of halo
formation

- Decreases withiv

- Decreases witle
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- 20% dispersion in c at g@n M

- Depends on cosmolog
Duffy et al2008



X-ray mass measament

Assume spherical symmegthydrostatic equilibrium

KT r {dk\! dh1T}

=l
WIS dmr+-dmr

um, G

IntegrateNFW: M (r) = 41 " (2)#rom(r/rs)

Suto et al1998 m(x) = |n(1.|. X) | x/ (1.|_ X)






Scaled total mass/densityorles
Reqgular systems (z < 0.25sume spherical symmegtHE
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Pointecouteau Arnaud & Pratt 2005 s s AU (Al lgAtr

(also Pratt 8Arnaud 2005;XMM,regular)




Dark matter constraintsc - Mrelation
Quantitative test of CDM scenario

Pratt &Arnaud 2005; Vikhlinin et al 2006 (Chandreelaxed)
Pointecouteau Arnaud & Pratt 2005 see alsoGastaldello et ak007 Buote
(XMM, relaed) et al.2007 Humphrey et al.2006,

Schmidt &Allen 2007



Dark matter constraintsc - Mrelation
Extension to lover masses
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Buote et al2007



Dark matter constraintsc - Mrelation
Extension to lover masses

Theoretical pedictions
! M:O.S,! !:0.7," 8:0.9

Buote et al2007



Cosmological constraints

2 <0.2
0.7< kT <12 leV

Theoretical pedictions
WMAP3 cosmoloy
| v=0.24) 1=0.76," s=0.76

Incompatible witthWMAP3

"> 0.8 at 99%

Buote et al2007;
Chandra/XMM



Evwolution of ¢ - Mrelation

KT > 5 keV
0.1<z<0.7

obsewed

- No evolution

- c-Mrelation steeper
than expected?

Schmidt &Allen 2007;
Chandra



~ Futue progress
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Sample equirements

- Morphologicall relaxed
- Essentialdr HE assumption (calibrate non-HBim \elocity broadening)
- eROSIA sunvey
- (Ideal sampleof calibration of mass-obseable elations)

- Wide mass/temperatu@ range
- leverage onc(M)
-(0.3-15lV/ 10! 10* M, ,.e,galaxies rich clusters)
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Technical equirements

- High throughput
- 1 keV goup Bux ~10° erg cm? stat z~1

- Low backgound
- group and cluster outskis are backgound limited (& <*R?*# R?)

- High spatial@solution (< 50)
- central regions of distant systems
(resolution andAGN effects)

- Large BV
- for mapping extended emission

in nearly systems (Ro> 150)
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Redshift z
Courtesy MArnaud



Conclusions

- Dark matter distribution and its wlution critical test of:
- current structure formation paradigm
- nature of dark matter

- X-ray obsewations gig us the best means to measuthis
ccuratey on cluster scales
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