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  Mass function Mass function 
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VIRGO simulations
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    Theory of the Mass function:Theory of the Mass function:

- trivially (!): dV will be in an object  with- trivially (!): dV will be in an object  with
mass > M if included in a NL  fluctuation mass > M if included in a NL  fluctuation 
of        with radius > R   of        with radius > R   
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The mass function:                                  The mass function:                                  

normalization condition:normalization condition:
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Blanchard et al. (1992)



  
Press and Schechter (1974) used:              Press and Schechter (1974) used:              

major recent improvements:major recent improvements:

              
with                            with                            

                                                  Sheth,  Mo,  Tormen  2001 MNRAS, 323 1Sheth,  Mo,  Tormen  2001 MNRAS, 323 1
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Checking   N(M) Checking   N(M) 

    Jenkins et al., 2001 MNRAS, 321, 372Jenkins et al., 2001 MNRAS, 321, 372
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Checking   N(M) (2)Checking   N(M) (2)

    Jenkins et al., 2001 MNRAS, 321, 372Jenkins et al., 2001 MNRAS, 321, 372
Orsay, IAS           DE Workshop                                                     2008.



Conclusion I Conclusion I 
 Reasonable description  Reasonable description 
of the mass function in of the mass function in 

numerical simulations... numerical simulations... 
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SScaling  argument forcaling  argument for
CClusters:lusters:

Clusters are geometrically identical Clusters are geometrically identical 

With virial radius-mass relationWith virial radius-mass relation

i.e.i.e.
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    MMass-ass-TTemperature emperature RRelation :elation :
T T ∝ ∝ GM/rGM/r

whatever you do with gravity...whatever you do with gravity...
                    

TT
xx
  ≃≃ A M A M2/32/3 ( ())1/31/3(1+z) keV(1+z) keV

Numerical simulations,  Bryan & Norman, 1998 

Orsay, IAS           DE Workshop                                                     2008.



Bryan & Norman  (ApJ 495 80 1998) 
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Vikhlinin et al  (ApJ 2008) 
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    MMass-ass-LLuminosity uminosity RRelation :elation :

LL
xx
  ∝ ∝ nn22TT1/21/2VV

......
                    

LL
xx
  ≃≃ B M B M4/34/3  1/61/67/37/3(1+z)(1+z)3.53.5  

LL
xx
  ∝∝ T T

22
  1/21/2(1+z)(1+z)1.51.5
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    OObserved bserved TTemperature -emperature -LLuminosity uminosity RRelation elation 

L
x
 T

x
~3
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CConclusions at that point are : onclusions at that point are : 

CClusters are not lusters are not 
self similar! self similar! 

NNoo S Scaling withcaling with
  redshift...redshift...

Orsay, IAS           DE Workshop                                                     2008.



A new estimation of the local N(T)A new estimation of the local N(T)
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  Mass-temperature  relation:Mass-temperature  relation:

        
TT

xx
  == A A

TMTM (Mh) (Mh)2/32/3 (1+z)( (1+z)(ΩΔΩΔ
vv
/178)/178)1/31/3 keV keV

AA
TMTM is a free parameter ... is a free parameter ...
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  σσ
88
  from   from XX-ray -ray 
clusters:clusters:
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ΩΩ
mm

FFrom X-ray Clustersrom X-ray Clusters

Number evolutionNumber evolution  
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  Growth rate of linear Growth rate of linear 

perturbations:perturbations:
  
  

PPrinciple:rinciple:

((M, z) = M, z) = AA(z, (z, ΩΩ
mm
,...),...)((M, 0)M, 0)
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PrinciplePrinciple

Oukbir, Blanchard, 1992, A&A, 262, L21 
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Estimated  N(T) at z Estimated  N(T) at z  0.33 0.33

Using Henri's sample (1997) 
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Likelihood on Likelihood on ΩΩ
mm
    

Blanchard et al (2000) 
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ΩΩ
mm

FFrom X-ray Clustersrom X-ray Clusters

  Number counts:Number counts:
300300 clusters  clusters 

with z > 0.3with z > 0.3

Vauclair et al, 2003Vauclair et al, 2003
A&A 412, L37A&A 412, L37
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XMM Lx-Tx evolutionXMM Lx-Tx evolution

+ local
 ◊ XMM
◊ Chandra
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  ❖❖  remarkable convergenceremarkable convergence
    Lx/Tx)Lx/Tx)

zz
 = Lx/Tx) = Lx/Tx)

z = 0z = 0(1+z)(1+z)ββ

withwith    ββ  = 0.65 = 0.65  0.28 0.28
in full agreement with Chandra (Vikhlinin et al, 2002), in full agreement with Chandra (Vikhlinin et al, 2002), 
ASCA (Sadat et al., 1998; Novicki et al., 2003....)ASCA (Sadat et al., 1998; Novicki et al., 2003....)

Conclusion on evolutionConclusion on evolution::

D.Lumb et al., 2003
Orsay, IAS           DE Workshop                                                     2008.



MMethod:ethod:
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RDCS: 50 deg²
fx  3. 10-14 erg/s/cm²

MACS: 22 000 deg²
fx   10-12 erg/s/cm²
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Likelihood analysis:Likelihood analysis:

ΩΩ
mm
  = 0.99 = 0.99  0.15  0.15  0.15 0.15

(Vauclair et al., 2005)(Vauclair et al., 2005)
Orsay, IAS           DE Workshop                                                     2008.



  

RDCS: 50 deg²
fx  3. 10-14 erg/s/cm²

MACS: 22 000 deg²
fx   10-12 erg/s/cm²

?     
?

      ?
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YYet  an  other et  an  other 
degeneracy?degeneracy?
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    KKill the ill the MMass-ass-TTemperature emperature RRelation :elation :

T T ∝ ∝ GM/r + ... GM/r + ... ∝ ∝ GM/r GM/r /(1+z)/(1+z)

i.e. i.e. ~~  forget gravity...forget gravity...
                    

TT
xx
  ∝∝  MM2/32/3    
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TT  ∝ ∝ GM/r GM/r /(1+z) /(1+z) ∝ ∝ 22  /(1+z) /(1+z) 

➢ ➢ TTestable...  i.e. estable...  i.e. 

  -1-1  ∝∝  T/T/2  2  ∝∝    1/(1+z) 1/(1+z) 

Breaking the degenracy... Breaking the degenracy... 
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