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SCIENTIFIC JUSTIFICATION 
To characterize the thermodynamic of !

the X-ray emitting plasma at the virial radius!

WHY!
  To calibrate the masses (gas and dark matter) in local  
      galaxy clusters to use them as cosmological probes  

       Between R500 and R200: 70% of cluster volume and ~30% of Mvir 

  When and how is entropy injected into the  
      Inter-galactic medium (IGM)?   

  What is the history of metal enrichment of the IGM? 	



€ 

Mtot (< r)∝ r × Tgas(r) × (−αn −αT )



What limits the observations at R200? 

Surface brightness in hydro-simulated clusters!
(from Roncarelli, Ettori et al. 2006)!
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εK~60%!
εT~75%!



Tgas at R200: prospects for eROSITA 

R500        R200!
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eROSITA  50ks �



ICM at R200: Simulated clusters 

ngas 
Tgas 



Sb at R200: Observed clusters 
Study of Sb at r >0.7 R200 in a sample of 

high-z (z>0.3) objects with CXO !
(Ettori & Balestra 09)!

Slope of Sb:!
at 0.7 R200: -3.9 ± 0.7,   at R200: -4.3 ± 0.9!

Note:  Sb ~ r1-6β  … β = 0.8/0.9 (generally 0.67 is assumed)!



Sb at R200: Observed clusters 
Study of Sb at r >0.7 R200 in a sample of 31 nearby 

bright clusters observed with ROSAT PSPC!
(Eckert, Vazza, SE, et al. 11)!

€ 

ngas (1 R200)
ngas (0.2R200)

≈ 0.04

€ 

fgas (R200) ≈ (0.15 ± 0.01) (T /10keV )0.48

fgas (R200) ≈ 0.89 (Ωb /Ωm )WMAP7



Sb at R200: Observed clusters 
Study of Sb at r >0.7 R200 in a sample of 31 nearby 

bright clusters observed with ROSAT PSPC!
(Eckert, Vazza, SE, et al. 11)!

β (0.65-1.3 r200)!
CC  0.96 ± 0.05!
nCC 0.82 ± 0.03!

CC / nCC!



Sb at R200: Observed clusters 
Study of Sb at r >0.7 R200 in a sample of 31 nearby 

bright clusters observed with ROSAT PSPC!
(Eckert, Vazza, SE, et al. 11)!



Sb at R200: Observed clusters 
Study of Sb at r >0.7 R200 in a sample of 31 nearby 

bright clusters observed with ROSAT PSPC!
(Eckert, Vazza, SE, et al. 11)!

(see Vazza, Roncarelli, Ettori, Dolag 11)!

ENZO!
ART!CC / nCC!



ICM at R200: scatter & clumpiness 
(Ettori, Roncarelli et al. 2011) 

Correlation σX-CX is very significant (3e-11/ 3e-5)!

Simionescu et al. 11!



CONCLUSIONS on  
the ICM in the outskirts 

We know what we’d observe at R200 (Tgas, Sb):  
X-ray observations & simulations provide a 

consistent picture 

ngas~r-b~r -2.6          Tgas~r-a~r -0.5  

Sb (0.5-2 keV)~ 2e-12 erg/s/cm2/deg2 

…but we can have also some surprises (Kgas, MHE)… 

Sb from CXO & from simulations!

-c!

-b!

-a!



CONCLUSIONS on  
the ICM in the outskirts 

•  The scatter provides an observational probe of the 
physics acting in the outskirts  

  Is the physics in the hydro/grid-based simulations correct ?  
  how much are the present estimates at R200 representative ?  
  how does the clumpiness affect the estimated ICM properties ? 


