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Galaxies, stars, and
black holes in the
Universe

cosmo social distance
Image credit: ESO, M. Kornmesser -
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lonized plasmas
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Black holes, stars, and
galaxies.

Optical: SDSS
X-ray: NASA/CXC/RIKENI/L. Gu et al.

Image credit: Chandra photo album




A catalog of ~12000 lines from ~1600 RGS spectra
CIELO'RGS (stellar coronae, XRBs, SNRs, AGN, galaxies, etc.)

RGS Spectrum Mao et al. 2019c
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Flux (counts s™' keV-")

Image credit: NASA/CXO, Hitomi

Pe rs e u s g a I axy C I u ste r Collaboration/JAXA, NASA, ESA, SRON, CSA

Hitomi collaboration, 2017, Nature
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Supernova (SN)

SN 1994D (Type la) in NGC 4526

Image credit: NASA/ESA, The Hubble Key Project
Team and The High-Z Supernova Search Team

Location of elements in supernova remnant
Cassiopeia A (Type lIb)

SILICON SULFUR CALCIUM

HIGH ENERGY X-RAYS

Image credit: NASA/CXC/SAO



NGC 5044 (elllptlcal) [ fou=(31.8£1.6)% y'/dof.=113/7 |
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log v (M year~' Mpc3)

Early enrichment

Madau & Dickson, 2014. ARAA
Lookback time (Gyr)
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Missing high-mass SNcc progenitors (Smartt 2015)

Arp 299 (LI RG) e Theory: SNcc from massive stars with 8 to 40 Msun

e Observation: SNcc from massive stars up to 25 Msun

— RGS < =
—— EPIC/pn Z Mao et al. ;
30 — Model in prep.
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AGN ionized winds

> Obscuring wind

Artist impression of AGN winds
" Image credit: NASA .
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NGC 5548 (Seyfert 1)

X-ray: XMM-Newton,
UV: Hubble Space Telescope

Chandra, NuSTAR,
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Reverberation mapping

e Textbook anatomy
o Urry & Padovani (1995)

e Broad-line region
o Reverberation mapping = MsmBH
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Broad (em.) line holiday

NGC 5548
e In 2014, ~70 days of
holiday where the
broad emission line
decorrelates the
continuum
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vF,(Jy Hz)

When the wind blows
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Obscuring effect

Image credit: Pixabay

Dehghanian et al. 2019

Case 1: Transparent Case 2: The Holiday Case 3: Changing Look
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Fingerprints in the NIR band

e NGC 5548 (2016 - 2017) Landt et al. 2019

i Wil 1. 2021
o Hel1.08* micron ildy et al. 20
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MR 2251-178 (quasar)
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Opportunities and challenges

Plasma codes

e AtomDB/APEC v3.08
e CHIANTI v8.0
e SPEXv3.03.00

Uncertainty

e Fe abundance: 16%
e Statistical: ~1%

Hitomi collaboration. 2018, PASJ. 70, 12

(The Atomic Paper)

S, counts s~! keV~!

0.1

Hitomi collaboration, 2016
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Image credit:
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Plasma codes are built on a large and
ever-increasing amount of atomic data

Atomic data

(de-)Excitation

o Electron

o Proton
lonization

o Photon

o Electron
Recombination

o Radiative + dielectron

o Charge exchange

2p 2P |

2p %P3, [

Mao et al. in prep.
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Hitomi collaboration, 2018, PASJ, 70, 12

" L L] (]
Electron-impact excitation BT ' .
Si X1V !
o | * SPEXv3.0.3 !
| O AtomDB v3.0.2 !
. L A CHIANTI v8.0 !
Distorted wave (DW) o | & AtomDBv3.038 |
= < [ ¢ Fisheretal.1997 i
R-matrix (RM) S |
z &t i
2522p?(3Py) - 2522p*(3Py) ‘gn !
(o] 1
- RM (Mao et al. 2020a) g o L 1 ! :
DW (Dere et al. 1979) £ 6 7 8
E T T ; T
s Fe XXVI E
- 2 e SPEX v3.0.3 ;
& = O AtomDBv3.0.2 :
o I [ 4 CHIANTIV8.0 :
g I A AtomDB v3.0.8 !
g ¢ Fisher et al.1997 !
N - |
1 1071 Lol !
= :
| L 1
3] |
o :
g o | | : |
10725 10 20 30 20 50 6 7 8

Energy (Ryd) logm T (K)



Summary

CHANDRA

X-RAY ORBERVATORY

1 High-resolution spectroscopy of
ionized plasmas linking black holes,
stars, and galaxies

'XRISM

O AGN classical and obscuring " xrayimagitig and spectroscopy Mission
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d Continuous development of
plasma codes (incl. atomic data)

- = Exploring the formation and evolution
\ of clusters, galaxies, and stars
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