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1. Introduction

2. XMM observations and analysis of 19
clusters

= 3, Results and Discussion.

"1, RGS limits on the thermal nature of the cool core
2. Radial distribution of thermal and abundance structure.

4. Summary
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= At the cores of X-ray clusters, the
_gas Is cooling via X-ray radiation.
— Teool <HT

CO0-

A cooling flow, unless some heat
sources balances with the
radiation dynamically.

However, no direct evidence of BRREIE Kishima et
the cooled material. al. 2001

ASCA spectra shows a lack of
ewEtemperature emission. From McNamara et al. 2000

"AGN-ICM interactions: —

CF rate with ASCA (M, yr') _

CF rate before ASCA (M yr™)
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= M. (ICM) > Mc.(stars) B =0.7

— Production and circulation of " Brmeta=0.8
the ICM metal has not fully : B ..=09
understood. ' Ve

= Metal origins in galaxies

— Normal stars -> SN la
— Massive stars -> SN ||
= lLhe.most direct evidence ' 20
~ would be foundiaround,.cD Radius [arcmin]
“galaxies. From Ezawa et al. 1997
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| Spat1al and spectral resolution of prevmus instruments
are limited.

Poor spatial resolution along with the
projection effect.

Fe-L line complex could not resolved
(Coupling of absorption and temperature).

Thermal structure depends on the assumed
model.

—  gevere ernfors in therablndances of Fe and
other elements.

In most cases these measurements are
limited to the Fe, Si and S abundances (Not O).
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= EPIC (CCD; PN+MOS) = RGS (Reflection
— Larger effective area in Grating Spectrometer)

0.3-10 keV. — High resolution

— Better spatial resolution spectroscopy in 0.3-2
(15” in PSF HPD). keV (O and Fe-L

— Better spectroscopic resolved spectrum)
capabillity in low X-ray — Only for peaked X-ray
- energy. band. core, of clusters: -

L — (highihacKgrend) —"(Only one dimensional
Spatial' resolution).
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A496  |.032
A3112* |.077
A 1795* |.064
A399  |.071

Perseus |.018
A 2052 * |. 3.1 A 1835 254

—-—i'—-

Hyd-A : 3.4 Coma* |.024

MKW 3s | 305 A 754 | .056
i~ A 3226 |.061

A 4059 |. 4.0 , med-T, hot clusters

A 1837 - 4.4 Soft excess (<0.5 keV) clusters (*)
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= X-ray spectral distribution Spectral models:
i[Srassumed-to-be 1. Single-Phase, collisional
spherically symmetric_ jonization equilibrium: 1T

Using a set of concentric 2. Multi-temperature
spectra, 3D-spectra for 3. Isobaric cooling flow: CF

each shell is derived. " |soliERRe e —
constant pressure cooling

via X-ray radiation.
= dEM(T)/dT o< 1/A(T),
A (T) is the cooling
— function. -
— “Abundances of O, Ne, Mg,
Si, S, and Fe are free
parameters.
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oFe“-"IZ em|ssreﬂ—from a

range of ionization
Black & Red: stages, Fe XVII, XVIII..

Data
Green:CF XXIIl. — Not isothermal.

model

| ® The CF model over-
““““”*"‘*‘“f”“*ﬂww i produces some of Fe-L

L emissions. — plasma
cooler than ~ 600 eV
should be cut-off or
cooling-flow is very
small.

ﬁWJ l“#‘ﬁ er b

From Sekelliou et al. 2002
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Cooling Luminosity Limits
- . : A

From Peterson et al. 2003

Fractiomal Temperature

Detection of line emission
from plasma down to

TICM/2 (TICM is the
ambient ICM temperature).

The isobaric.cooling flow
model can be rejected in
almost all cases: a sever
lack.of emission from
lowelRtemperature plasma.

No evidence of X-ray
absorption by cold material.
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. ;33 MB7 262 A1837 S159 MKWOZAO33SIKIIs MOdel SpherICa”y
2 j59Hyd—A A496 A3112 A1795 A399Perseust1835 7 Symmetrlc Slngle_phase
* At R<20 kpc, can be

rejected.
— Complex thermal structure.

Large scale AGN/ICM

interaction, or ISM in cD

galaxy, or else.
20<R<100 (kpc), describe
mostielithe data.

— EXceptions are Perseus (the
brightest) and A3112 (Soft
excess).
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o < 10 Gyr, we resolved
temperature drop.

= Some clusters show

strong drop, but some
show weak one.
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495811y- 4496 AB112 41795 A399Perseust 675 law in T vs. R with
cooling time. Some
clusters (Ser159-3,

MKW 3s, Hyd-A) show
weak temperature
gradient, some (A496)
shows steep.one.

A'iange of evolutionary
stages. Why 7?
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1+ Argon
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R (h™ ! kpe)

-
Radius (kpc)

cool clusters (T<3keV)

med-T clusters

hot clusters (T > 6keV)
“Soft excess”

average (cool+med-T)

RGS results 2005-3 T.Tamura &
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" The observe'c'Wn_:;cal

SNIT 20M
(Thielemann et al.1996)

Cluster core (XMM)

Atmic Number

ratios (e.g., O/Fe) are
between SNla and
SNII predictions.

The cluster. center
gas could be
produced by
SNla+SNII.

NN, ~0.6,

I\/IFeIa/I\/IFetotal = 08’
MC /MO, .. ~0.05
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Aygen mess and (o
pnumberor SNilFatthe clustercere
Measurement Theoretical assumption :

Obser\qed O mass within 1. All O was originated from SNII.
o0h-" kpc :
108-2x10° h-2°5 Msun 2. One SNII produces 2 Msun

Oxygen (Tsujimoto et al. 1995).

—  108-2.5%10° of SN

— 107 year (a typical life time of
a 20 Msun star) x (10-200) SN
lle/year:.

(cfi. a typical starburst galaxy ~
alfew SNIl/year)

[SACACAS MRS | v TUNMITITUA UV U Uit




= S|, 'S, Fe show similar central increase, but O
shows no spatial variations.

= Consistent with that Si-S-Fe for a large part have a
common origin, while the O has a different origin.

= One possibility:

— Outer region (Cluster as a whole): Past SN Il and SN la
metal has been mixed.

—

__— Centralregion srecent'SNIa metal causes an excess in
T SI-S-Fe.
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We have analyzed the XMVl data off ~20 X-ray bright“CD
clusters.

The high-spectral spectroscopy with the RGS provided
strong limits on the cooling plasma.

The spatially resolved spectra from the EPIC were used to
derived accurate thermal and chemical structure of the
central region of the ICM.

The central plasma is cooling, but not as expected from the
cooling, flow. model, suggesting some unknown heat source
and/or energy transfer mechanismy

In most cases) therEe abundances along with the Si and S
Nincrease towards the cluster center. Tihe O abundance, in
contrast, show uniform distribution. Different origins
between Fe-Si-S and O.
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