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Scaling relation of X-ray properties
from elliptical galaxies to rich clusters
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Based

Yasushi Fukazawa
Hiroshima University

on

1.ASCA data analyses of Egals and clusters

(Fukazawa et al. 2004, PASJ 56)

2. Chandra (and XMM-Newton) data analyses of

Egals and galaxy groups

(Fukazawa et al. 2005, in preparation)



LT relation

Steep Simple self-similar
Large scatters | scaling model

Breaks around kT=1 keV Non-gravity effects

(preheating /supernovae/ AGN)?
Dark matter properties?
Scatter of conversion efficiency
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a How about other relations?\

Gas properties vs KT
Mass ditrbitution
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ASCA ~300 clusters including galaxy groups and Egals
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counts /sec kaV

Example of spectra and surface brightness
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Consistency with the previous studies with Einstein/ROSAT
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= LT relation

Overall rel%ion .
Lx=5.8x10"(kT)™

Non-gravity effect is large «—— 1.5<kT<SkeV [x oc (kT)3'74i0-32
Gravity effect is large «—— kT>4keV Lx oc (kT )2'34i0'29



Cavaliere et al. 1997

Theoretical prediction considering shocks in mergers
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Entropy floor (Ponman et al. 1998)
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Metal abundance of ICM 1 L
Fukazawa et al. 1998

05 |

A significant amount of Si -
produced in the early galaxy 05 |
phase in SNe II were lost
in lower KT clusters (kT<4keV). 0z |
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Parameters of Imaging fits

beta Rcore ICM central density
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Most objects with KT<2keV prefers 2 8 model,
Ikebe et al. 1996, Matsushita et al. 1997

Mulchaey et al. 1998
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X-ray faint groups often have a very low gas density.
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HCG51(z=0.026)

Egal dominant group
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HCG57 (z=0.030)

Spiral dominant group
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X-ray surface brightness of Egals observed with ASCA

X-ray faint |*
Egals

comta "
1w w = am

1™

-—.ﬂuﬁ.’-—-

w* w* B W am T wt ™ ET ol

st/ ="

(Matsushita 1997)

s

| i

] il 1

X-ray bright
Egals

soumdndnwremin®
- .

1w

i e
1 ] (] ] i
v uremind

L
%a
t
%

L]
r {mroiin|

Another extended emission
possibly due to group emission



Why lower temperature systems have a lower Lx?
Why X-ray faint Egals do not have an extended emission?

1 Beyond
GIS field of view

. Gas density at the
Central gas density (cm—3)maximum detection radius
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In many low-kT systems,
X-ray emission at the outer region is not detected?



Gas mass within Rdetect Gas mass within R,

(Mg)
ndsr
break L
_ il 01 1< Only galaxy ISM
* 1 KT(keV) 10 " 1 KkT(keV) 10

MgaS _ 1 O > 1012 (kT)2.33i0.07

In poorer systems, gas at the outer region exists but not detected?



Two components of X-ray emission

Galaxy groups
X-ray faint E-galaxy | | X-ray bright E-galaxy

Rich clusters

Spiral dominant
Galaxy groups




From ASCA data analyses, ....
What are galaxy and cluster/group-scale components?

Two-different scale of dark matter?

not predicted by CDM model

Gas does not follow the scaling law.

How about dark matter?
NFW?

Chandra/XMM-Newton Era

Chandra data analyses of Egals
(Analyses of clusters are referred to other works)



‘ Double structure in the gravitational mass profile
Fornax cluster (KT ~1keV)
a l S e R 0 e e 1 e
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Ikebe et al. 1996



NFW profile

p — 5cpcrit
1L o s A +r/r)
King model
Po

pKing 1
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Density
Profile

arbitrary density

Tamura 1998

NFW is prefered.
A1060 ASCA data
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Deprojection technique cannot be applied to the ASCA data



NFW mass profile
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XMM-Newton results (Pointecouteau et al. 2005)
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Chandra data of ~50 Egals

X-ray faint Egals can be studied

very well
LMXBs can be removed
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kT (keV)

Two types of Egals
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Profiles of all objects
Egals with <10-3cm-at 10kpc

Egals with >10-3cm-at 10kpc

Galaxy clusters -
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X-ray bright Egals certainly surrounded by the group emission

X-ray faint Egals only the galaxy ISM
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Example of mass profile . .
Rotation curve of spiral galaxy

gt NGC5846
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Mass-to-light ratio profile

Flat profile M/L=3-10
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Scaledimass profiles of all objects
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De Vaucouleurs

Stellar profile

O X-ray Bright Egals

O X-ray

int Egals
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Two scales of gas distribution is due to the different scale of star

and dark matter

Galaxy DM cannot be distinguished with group-scale DM.



Combined with XMM-Newton data

in order to trace the mass at the outer region of
X-ray faint Egals

Gas density

T T
‘ NGC3923-
Ol E
: - 7
5.01 L .
o e
- + Chandra —
;10_3 i + XMM-Newton ]
: Lol Ll |_|'_|_!_||E
1 10 160

Radius (arcsec)

M/L

wb  (N5044/N1399)

M/ (M L)molar

F X-ray faint

(N3923/11459)

| X-ray bright

i

|
100

1 L TR Nl A B
I

|
10

0.1
Reudtus {kpc}

Radius(kpc)

X-ray faint Egals also have a dark matter—— Group-scale hot gas?



Summary

ASCA data analyses of galaxy clusters
Two breaks in LT relation

at kT=4keV Non-gravity heating

at kT=1keV Low gas density
Two components of hot gas

galaxy-scale/cluster-scale

Chandra data analyses of Egals

X-ray bright Egals are certainly surrounded
by the group emission
X-ray faint Egals are not.

Two scales of gas distribution is due to
the different scale of star and dark matter

Do X-ray faint Egals have a group-scale gas?
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ASCA results
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Gas mass within R_1500 vs KT  Gas mass within Rlimit vs kT

kT (keV) ‘ kT (keV)
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;é.]e_ ux ﬁE sl (Egal) ASCA image(Matsushita D)
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