
X-RAY SCALING RELATION OF 
GALAXY CLUSTERS

Qinxun Li



Clusters are among the most luminous x-ray sources in the 
sky. This X-ray emission comes from hot intracluster gas.

X-ray observations provide information on the amount, distribution, temperature 
and chemical composition of the Intracluster gas




MOTIVATION



CLUSTER COSMOLOGY

• The number of galaxy clusters above halo mass  
can be predicted from halo mass function:

• So, measuring halo mass of massive cluster can be a 
probe to HMF and cosmology

• X-ray observation is powerful to find clusters.
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CLUSTER COSMOLOGY



CLUSTER COSMOLOGY

✓Advantages

✓Clusters provide an 
efficient way of 
surveying a large 
volume of space

✓Cluster distribution 
provides information 
about conditions in the 
early universe

✓Clusters can be seen at 
great distances

✓Disadvantages

✓Their low space density 
makes clusters sparse 
tracers of the large scale 
structure

✓Results may depend on 
the chosen cluster 
sample

✓Redshifts of many 
clusters are still 
unmeasured



BARYONIC FEEDBACK

• Feedback heats ICM

• Feedback blows gas away 

• Change the shape of scaling 
relation





I. THEORY



SHOCK HEATING OF ICM



⼤于声速(激波后
⽅⻢赫数 ⼤于
)时, ⽓体被压
缩、减速、加热

𝑣1

 𝑀̂1

1



SELF-SIMILAR MODEL

• Assume pure gravitational 
heating
• Prove that in this case, 
𝑀 ∝ 𝑇3/2





X-RAY HALO MASS



DYNAMICAL HALO MASS



LENSING HALO MASS



II. OBSERVATION



M(T) RELATION: X-RAY MASS



M(T) RELATION: X-RAY MASS

X-Rays

☺ All Sky Surveys (e.g. ROSAT) can 
provide large and homogeneous samples

☹  Depend of  thermal/dynamical state of  
the ICM

☹ Cannot separate components along the 
line of  sight. 



M(T) RELATION: DYNAMICAL MASS



M(T) RELATION: X-RAY MASS

Dynamics of


galaxies

☹  Depend on the dynamical state of  the 
cluster galaxies (galaxies relaxes later than 
the ICM)

☺  Can separate structures along the line 
of  sight 

☹  Reliable results depends on a large 
number of  galaxy velocities over a large 
area (e.g. Czoske et al. 2002)



XMM CLUSTER SURVEY



SDSS SHAPE CATALOG

SDSS DR7 footprint Redshift distribution



LENSING SIGNAL



OUR CONSTRAINT




