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ü What kind of stars synthesized 
the heavy elements? SN cc

Simionescu +19Abundance ratio ∼ Solar

Galaxy Clusters 
Hot (10!-10"K) X-ray emitting gas (ICM) fills the space between galaxies. 

We need to measure abundances of all the 
metals from O to Fe, Ni. 

1

Measurement of temperature structure is 
directly linked to abundance measurement.

ü CHEmical Evolution RGS Sample(CHEERS) 
Previous study

e.g., de Plaa +17, Mao+19, Fukushima+23Simionescu +19

ü Perseus cluster (Hitomi/SXS, XMM/RGS)
(Not spatially resolved spectra)

Abundances in the ICM enable us to understand the chemical evolution history and 
evolution process of the clusters. 

Ratio of SN Ia/SN cc

SN Ia
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Combination of several detectors

→ high resolution spectroscopy over a wide energy band. 
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Combination of XRISM/Resolve and  XMM-Newton/RGS 

RGS 1st/2nd order
XRISM/Resolve

0.3-12 keV



Detector 
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NGC5044 0.3-2.0 keV

Combination of XRISM/Resolve and  XMM-Newton/RGS 
→broad band spectroscopy, spatial distribution of temperature and abundance profile
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Emission lines are broadened by 
Δ𝜃：spatial extent of the source
𝑚：spectral order

ü XMM-Newton Reflection Grating Spectrometer (RGS) 
energy range: 5-38 Å (0.35-2.5 keV)

RGS spectrum can be spatially resolved in the 
direction of cross dispersion angle.
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Target objects
NGC5044 Abell 262
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ü Nearby bright cluster with cool core
ü ICM ∼ 2 keV
ü X-ray cavities 
ü Relation between AGN activity and X-ray 

emission
60 arcsec

Inner cavity

Outer cavity
Radio emission

Clarke+09

Chandra 0.3-10 keV

30 arcsec

Chandra 0.5-5 keV

Gastaldello +09

cavity

cavity

By using RGS spectrum, I tried to reveal the temperature structure 
and abundance ratio along the cross dispersion direction.

ü Nearby bright group with cool core
ü ICM ∼ 1 keV
ü X-ray cavities 
ü asymmetric temperature structure



Spectrum of NGC5044 central region (−6′′~6′′)
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Ogorzalek+17



Spectrum of NGC5044 central region (−6′′~6′′)
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rgsxsrc model

ü Convolve RGS spectrum for 
extended emission

ü I use an image (0.7-2.0 keV)

gsmooth model

ü Gaussian smoothing

Ogorzalek+17



Spectrum of NGC5044 central region (−6′′~6′′)
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77

In −6′′~6'' region,
higher kT component has a more 
diffuse distribution than lower one.
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OVIII

phabs*(rgsxsrc*bvvapechigh kT + gsmooth*bvvapeclow kT )
Line broadening of 
High kT component

Line broadening of 
low kT componentFeXvIII

Total model 
High/low temperature component
Data (RGS1⋅2/1st order)

Ogorzalek+17



Temperature 
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phabs*(rgsxsrc*bvvapechigh kT + gsmooth*bvvapeclow kT)
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ü 0.6 ∼ 0.8 keV plasma exists 
in the central region.

ü
!"#$!"# $%
!"#$&'(& $%

∼ 10-50%

NGC5044

NGC5044 0.3-2.0 keV
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O/Fe Abundance
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NGC5044 0.3-2.0 keV
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phabs*(rgsxsrc*bvvapechigh kT + gsmooth*bvvapeclow kT)

NGC5044

Fukushima +23
< 1 keV objects

> 1 keV objects
Fukushima +23

ü No major discrepancy 
with previous study

ü O/Fe ∼ Solar

Abundance table:Lodders+09



O/Fe Abundance  XSPEC vs SPEX
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NGC5044 0.3-2.0 keV
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XSPEC (AtomDB)

SPEX (SPEXACT)

>

Cross dispersion angle (arcsec)

Mao+19

phabs*(rgsxsrc*bvvapechigh kT + gsmooth*bvvapeclow kT)
hot*lpro*(cie + cie)

XSPEC
SPEX

NGC5044

Fukushima +23

Fukushima +23

Abundance table:Lodders+09
NGC5044

> 1 keV objects

< 1 keV objects

(SPEXACT)

(AtomDB)



Combination of XMM-Newton/RGS and XRISM/Resolve
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XRISM/Resolve spectrum of A262

200 ksec

Combination of XMM-Newton/RGS (< 2 keV)  and XRISM/Resolve
→ We can realize high resolution spectroscopy over a wide energy band.

NGC5044
Abell 262

N O Ne Mg Ni

Average abundance ratio (< 60′′)

∼ Solar

S Ar
S

CaSi

S

Fe
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Spectrum of NGC5044
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RGS1, 1st order

Rgsxsrc model was over-extending the OVIII line of the low temperature component.

phabs*(rgsxsrc*bvvapechigh kT + gsmooth*bvvapeclow kT )phabs *rgsxsrc*(bvvapechigh kT +bvvapeclow kT )

RGS1, 1st order
High/low temperature component High/low temperature component



Spectrum of NGC5044
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rgs1o1

Fit results did not change significantly in SPEX.

lpro*hot*(cie+cie) hot*(lpro*ciehigh kT+cielow kT)



Spectrum of NGC5044
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phabs*(rgsxsrc*bvvapechigh kT + gsmooth*bvvapeclow kT )
Phabs *rgsxsrc*(bvvapechigh kT +bvvapeclow kT )
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Data (RGS1⋅2/1st order)
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Spectrum of NGC5044
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phabs*(rgsxsrc*bvvapechigh kT + gsmooth*bvvapeclow kT )

Phabs *rgsxsrc*bvvapec

Phabs *rgsxsrc*(bvvapechigh kT +bvvapeclow kT )

phabs*(rgsxsrc*bvvapechigh+gsmooth*bvvapeclow)

XSPEC best fit model

Total model 

Data (RGS1⋅2/1st order)

Energy (keV)
0.6 1.0

1

0.6 0.7 0.8

0.6 0.7 0.8

0.80.70.6

Energy (keV)

High/low temperature component



NGC5044
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0.3-1.0 keV image /1.0-2.0 keV image
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Abell 262
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Kirkpatrick and McNamara +15

RA

DE
C

0.3-2.0 keV image

Cross dispersion 
direction

60′′

−60′′

−6′′
6′′

−18′′

18′′



Abell 262
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1 arcmin

Inner cavity

Outer cavity
Radio emission

Chandra image of A262 (Clarke+09)



Differences between XSPEC and SPEX

phabs*(rgsxsrc*bvvapec + gsmooth*bvvapec)

hot*lpro*(cie + cie)

Binning : 1count/1 bin
Statistic : c-stat

SPEX

XSPEC

Binning : Optimal binning
Statistic : c-stat
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Line broadening 

Line broadening 
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NGC5044



Previous study
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Mao et al. 2019



Previous study
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Mao et al. 2019



Previous study
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Mernier et al. 2022 (NGC 1404)
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Ne/O Mg/O O/Fe

Ni/FeNe/Fe

NGC5044 ◯︓XSPEC
×︓SPEX
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N O
Mg

NiFeNe

NGC5044 ◯︓XSPEC
×︓SPEX


