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Introdu
tion� Virialized systems 
omprise 3 distin
t mass
omponents. On average:2{5% Stars10{15% Hot gas80{85% Dark matter(H0 = 70 km s�1 Mp
�1 )� Useful 
osmologi
al probes; yield importantinformation on feedba
k & intera
tion pro
esses� Under simplest assumptions, expe
t su
h sys-tems to be self-similar { i.e. opti
al light & gastra
e mass, whi
h simply s
ale with halo mass� Observational eviden
e reveals simple s
alingnot obeyed for X-ray emitting IGM� Extra physi
s needed e.g.heating via energy inje
tionradiative 
ooling



The 
luster s
aling sample� Detailed X-ray study, as majority of baryonsreside in gaseous intergala
ti
 medium(� 107�8K, �10�3 
m�3)� Main (X-ray) sample 
omprises 66 ri
h 
lus-ters, groups & individual galaxies (median z =0:035) with kT � 0:4� 17 keV! � 200 kp
� 3 Mp
� Have determined deproje
ted gas T(r) & �(r),
orre
ted for e�e
ts of 
entral 
ooling� Opti
al sub-sample 
omprises 32 groups &
lusters, with deproje
ted opti
al luminositypro�les� Assume H0 = 70 km s�1 Mp
�1
(See Sanderson et al, 2003 for details)



Data Analysis� ASCA & ROSAT data { 
ombining Marke-vit
h, Finoguenov & Lloyd-Davies samples +new analysis� Use beta model for gas density and eitherlinear or polytropi
 temperature pro�le:�(r) = �(0) "1+ � rr
�2#�32�
T(r) = T(0) "1+ � rr
�2#�32�(
�1)

� Derive gravitating mass, assuming hydrostati
equilibrium:Mgrav (r) = �kT (r) rG�mp �d ln �d ln r + d lnTd ln r �� Virial radius, mean temperature et
., allderived self-
onsistently



Gas fra
tion vs temperature

Gas fra
tion at 0.3R200 as a fun
tion of emission-weightedtemperature� 6� trend: groups have signi�
antly less gas at0.3R200 than 
lusters|re
e
ts their 
atter gasdensity pro�les� Where is missing gas in 
ooler systems?



Gas fra
tion pro�les

Mean gas fra
tion pro�les, grouped by X-ray temperature.� fgas rises monotoni
ally with radius (> 0:03R200),normalization in
reases with temperature� Hot gas is most extended mass 
omponent) Most in
uen
ed by heating/
ooling me
hanisms� Rising fgas pro�le predi
ted by simulations, even with-out heating/
ooling (e.g. Santa Barbara 
omparison proje
t{ Frenk et al. , 1999)� Does group fgas \
at
h up" with 
lusters within Rv?



Gas entropy: an overview� For an ideal gas, ignoring 
onstants & logs,de�ned as S = kTn2=3e� Entropy 
onserved in any adiabati
 pro
ess) Powerful probe of non-gravitational physi
s� Entropy must rise monotoni
ally with radiusfor 
onve
tive stability

Entropy at 0.1Rv vs emission-weighted temperature (Lloyd-Davieset al. , 2001)



Entropy vs temperature

Entropy at 0.1R200 vs emission-weighted temperature� Slope (0:65�0:05, ex
luding the 2 galaxies) 
atterthan self-similar predi
tion of S(r) / kT� Good agreement with simple 
ooling model of Voit& Bryan, 2001� Ex
ess entropy { more apparent in 
ooler systems,but no eviden
e of entropy \
oor"



Simulated entropy pro�les

Entropy pro�les for a ri
h 
luster (M = 1015h�1M�, upper panel)and a small 
luster (M = 1014h�1M�, lower panel).Tozzi, P. & Norman, C., 2000, ApJ, 542, 106� Solid 
urves show external heating 
ase (pre-heating)� Predi
t S(r) / r1:1 within sho
k region� Predi
t 
at entropy 
ore from pre-heated IGM



S
aled entropy pro�les

Mean entropy pro�les (s
aled by kT ), grouped by temperature(from Ponman, Sanderson & Finoguenov, 2003: PSF03).� Entropy rises monotoni
ally with radius� Cooler systems have a greater entropy ex
ess� Asymptoti
 logarithmi
 slope 
onsistent with a

retionsho
k entropy{ e.g. Tozzi & Norman, 2000 model predi
ts S(r) / r1:1� No eviden
e of large isentropi
 
ore) In
ompatible with standard preheating



XMM-Newton observation of the poor 
luster A1983

From Pratt & Arnaud, 2003
� A1983 kT � 2 keV ; A1414 kT � 7 keV� No isentropi
 
ore present in A1983� Right: S
aled with S / (1 + z)�2TX0:65 from PSF03� Right: Dashed line is S / r1:1 (sho
k heating) normal-ized to s
aled entropy of a 10 keV 
luster from PSF03



Opti
al Luminosity vs Halo Mass

Opti
al luminosity within R200 (Bj band) as a fun
tion of Totalmass within R200 for the opti
al sample.� Surfa
e density �ts to APM data� Derive normalization from aperture luminosities in lit-erature (Mainly Girardi et al. , 2002)� Red line is best �tting power-law: LB;j / M�, where� = 0:93� 0:10� Logarithmi
 slope 
onsistent with self-similar predi
-tion of 1



Summary� The intergala
ti
 medium is less dense &more extended in smaller halos) heating and/or 
ooling� No eviden
e of isentropi
 
ores or entropy
oor� Stellar properties broadly self-similar) Star formation only slightly enhan
ed in groups
� Need both heating and 
ooling� Preheating may a
t mainly to redu
e gasdensity along a

reting �laments


