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Metals in the Intraclustermedium

ωFrom SN II

ωStar formation 
history in clusters

O, Ne, Mg

ωFrom SN Ia and 
SN II

ωHistory of SN Ia

Si, S, 
Ar,Ca,Fe,Ni

ωFrom intermediate 
mass stars

ωHistory of these 
stars

C,N
Star formation 

history in clusters



Star formation history in the Universe

History of  O, Ne and Mg 
abundance of ICM?

Recent star formation rate 
in units of stellar mass in 
clusters are smaller than 

that in the field

0                                    1                    2          
redshift

Kodama and Bower (2001)



Aims of IXO observations

Large effective area

Small field of view

Good energy resolution

Redshiftevolution of 
metals in ICM

ωC, N, O, Ne, Mg, Si, S, Ar, Ca, Fe, Ni

ωChemical evolution in clusters

Abundance pattern

ωMetal supply from cDgalaxies are 
important at central regions

ωGas mass is larger at outer regions

Up to virial radius

ωGroups are building blocks of 
clusters

from groups to clusters
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Fe abundance of ICM of nearby clusters  
observed with XMM

ωlargescatter

ωDifference in metal 
suplyfrom cD
galaxies

0.1-0.5 r180

ω 0.5 solar

ωUniversal Fe 
abundance and 
chemical evolution 

Matsushita  in prep
New solar abundance from Loddars (2003)



Evolution of Fe abundance 

Balestra et al. 2007

ÅWithin 0.15-0.3r180

ÅDecrease of Fe 
abundance with redshift



Evolution of Fe abundance of ICM

Maughan et al. 2008

http://www.journals.uchicago.edu/action/showFullPopup?doi=10.1086/521225&id=_e145


ÅX-ray luminous elliptical  galaxies at center of groups

ïHot gas is dominated by stellar mass loss  from elliptical 
galaxy

ïObservable z<0.5  with IXO

Fe abundance of hot ISM

= stellar Fe abundance + contribution from SN Ia

´ (SN Iarate)/(stellar mass loss rate)

Observation of  history of SN Ia rate 
with IXO

Evolution of  Fe 
abundance of hot ISM 
in  elliptical galaxies

Evolution of 
SN Ia rate



Fe abundance with IXO

ωevolution of cooling core

ωmetal supply from cDgalaxies

Evolution of 
metals        

< 0.1r180

ωUniversal metal supply from cluster 
galaxies? 

ωhow about groups of galaxies 

Evolution of 
metals         

> 0.1r180

To high redshift,   up to virial radius
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Abundance pattern observed with 
XMM (de Plaaet al. 2007)

Si/Fe ratio in ejectaof SN Iadepends on models.
We need O, Ne and Mg measurements.



O mass to light ratio in the Universe

ωChemical evolution of the Universe

ωӂhistory of synthesis of O

Half of metals in the solar system : O.

ωO mass reflects total amount of  massive stars in the past

O is synthesized by SN II 

ωGalaxies, groups, clusters of galaxies and WHIM

ωInitial mass function vs. environment

ωFeedback from SN II

O mass to light ratio in the Universe



O and Mg  in ICM observed with Suzaku

New solar abundance by Loddars (2003)

Poor clusters 

and groups

kT~2-4 keV

clusters

Solar abundance pattern!

Sato +07ab, 08ab
Tokoi +08, Matsushita+07
Komiyama+08



Abundance pattern at 0.1-0.3 r180

Enhancement 
of O and Mg 
abundances?

Are metals synthesized by SN II more extended ? 



Luminosity and metal density profiles 
of NGC 5044 group 

Komiyama, Matsushita+  submitted to PASJ

Similar O and light distributions



The effect of the Galactic component
Surface brightness of OVII, OVII lines of A1060

observed with Suzaku

The Galactic
component

From A1060

Sato K. et al. (2007)


