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Introd UCtIOn & CaICU |at|0n MOdel To simplify, | created the following model |

eROSITA bubble

CIE, cronal 1e+7K

column density 1e+21 cm”-3
N hden 1e-3cm*-3

My goal

to create a simplified model
of the eROSITA bubble, look 2 ewrensorkes
at the spectra due to various
abundances and hydrogen
densities, and compare
them with the Gupta paper
observed by the Suzaku

telescope.
luminosity 1E38 erg

table AGN

Projected Milky Way galaxy with edge on
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Result with various abundances
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Discussion & Summary
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Introduction: Fe Ka line on Pre-main sequence stars

- The low-ionized Fe Ka line (~6.4 keV) is sometimes observed during flares on
pre-main sequence stars (e.g., Imanishi+2001, Tsujimoto+2005, Favata+2005).

-The line has been considered to be emitted from the photoionized disk.

Stellar surface origin Disk origin
'We Ca|CU|ated the (Photoionization of photosphere ?) - S (Photoionization of the disk?)
g S L [Frernative] 1 otel
photoionized flux of the | ozl ! N G T

line using Cloudy for the L
Energy (keV)

” o

X-ray emission from lonization paramete!
stellar corona [ Lx j

future observation.

2
Disk rotation nyr

(5 10kms™)

5 | [Protostar
(Elias 29)
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Method: Making the coronal spectrum and insert it to disk

N
Coronal spectrum (_Corona + DI.Sk spectrumﬂ
Coronal 108K output input table read file output
Sphere — B — Cylinder h(r)
|
hden 1012 o hden ny (r) |
radius Tin> Fout
> § y, 2
keV :
Disk

r —15/8
ny () =6x10Y ( ——— cm™3
0.014 AU

(Castro+2024)

-\
h (r) = 0.047 (—)
1 AU

[0.3 au<r< 9au]

From hazy 1
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Results & Summary: the variation of the Fe Ka line with radius

- The low-ionized Fe Ka line
(~6.4 keV) should be
emitted from the inner edge
(< 5 au) of the disk.

-| will also calculate the
photoionized flux during the
quiescent phase.

-Elias 29 (Class | protostar)
will be observed by XRISM
in the near future!



https://docs.google.com/file/d/1gErKtMB6VtLgji4-zNu7sKlt-ZXG7v-X/preview
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Introduction: Active atmosphere of young stars

At first, | studied the optical emission lines from the disk of a
pre-main-sequence star like Inoue-san, but these lines were

Prominence

10° K . ’ :
T 0 weak than expected. Then | studied another region:
N Corona : :

6
Convf"ctwe ol

Chromosphere is active atmosphere between
photosphere and corona (Fig. 1), which
produces bright emission lines such as Calll.

Pre-main-sequence stars (young; 10° - 107 yr,
BIE % %|2) also have chromosphere, but the
temperature structure are not examined in
detail.

| try to investigate the relationship between
. the chromospr_\ere temperature structure
Fig. 1: Structure of a solar-type star (ISAS, NAOJ) and the evolution of the young stars.
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Method: Modeling with CLOUDY

With reference to Batalha & Basri 10000 ot Er=s 700001
(1993), | constructed very simple ' 1 '
models of chromosphere by using < 8000 .
CLOUDY. ° ' L M=, 7700K)
S L
- Sphere § QORI g
21 -3
- Typical Hydrogen density % [ am™, S300K)
(1017 _ 1023 Cm-3) — 4000_— =
- SED: coronal (10000 - 3000 K) _ | | (1023 <|:m-3), 3000 lKﬁ
2000 18 20 22 24 26
Model 1, 2, and 3 was successful.  Outside 1o 10 o= o Ins?c?e

log (Hydrogen density) [cm ™3]
Model 4 did not work. Fig. 2: Setting of the chromospheric model
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R " Outside Ca 1. 1 :
. N 1500_— N
Result: Strength of Ca Il lines e | 1 9 5 ;
2 10001 .
Tab. 1: Overview of Ca Il triplet emission lines > |
2 500} -
Observations CLOUDY models | £ .,
1.10" cm, 10000 K | faint lines bright lines 6260 8300 5400 ©500 8600 5700 8500 8500 5000
Wavelength [A]
2.10" cm, 7700 K | bright lines bright lines 2000 [ e
:\... (1019 cm‘3 77!00 K) : 2 _
3.10%" cm™®, 5300 K | brightest lines no lines v 1500l MSIdE 1 9 5 J
S —— IE
lonization energy of Ca Il is 11.9 eV. The S 10001 g 3 ; L
.. . . L, i o i ]
emission lines should be detected in model 2, 3.| = | NV
- J 2 5ol Ll /A -
g FiTa A -
Scattering effects in the upper atmosphere, so EOL AN T/ -
|

the emission lines in the model 1 may not be
observed. | have no idea about the model 3.

NS I IS [ SV (S I I I
8200 8300 8400 8500 8600 8700 8800 8900 9000
Wavelength [A]

Fig. 3. Model spectra calculated with

CLOUDY (near Ca Il lines)
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Discussion: difference between models and observations

prominence I a | The line strength ratio (8498 A : 8542 A : 8662
10° K
q o 4 A) of the models was about1:9: 5.

It is consistent with the ratio of transition

0 8500 '8'5'16' 'éslz'o' 8530 'és|4'0‘ 8550 8650 '8'6]6'0 ‘8670 strenqth (qf ValueS), and the observed

- - o emission lines from the solar prominence
(Fig. 4a).

It is NOT consistent with the observational
results of pre-main-sequence stars (Fig. 4b,
4c). Most of them have the line strength ratio
equal to each other (~1:1.2:1.2). It may

Intensity [arbitrarv unitl

R I""l"":2'5 i

1 2.0}

] L5
syt

0558500 g5 0 gs20as30—daa0sssdmso—sesssero.  result from the shock of mass accretion

Wavelength [A]

Fig. 4: Observed Ca Il emission lines ~ from the disk.




Kpc scale AgN and StellAr disk

Summary
Nishihama:

- By comparing the various abundances, the spectral peaks were in some agreement. But, there were
differences from my results in the rate of decrease at the high energy side.
- Perhaps it was an effect of the Earth's atmosphere or a faulty setting of the plasma temperature.

Inoue:

- linvestigated the dependence of the Fe Ka line of pre-main-sequence stars on the distance from the
disk center.

- The line should be emitted from the inner edge of the disk (less than 5 au).

Yamashita:

- | constructed simple models of chromosphere.

- The line strength is not consistent with the observational results of pre-main-sequence stars, which
may result from the shock of mass accretion from the disk.

Special thanks to many teachers
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The line strength ratio (8498 A: 8542 A : 8662 A)

was about 1:9:5.
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1028: 10000 e e e
i - O\ BRLEELER
1027 - - E 8000 |- \ N
F e Eofal < i \ ‘-]E%QJE(K7&)
1026 - TR IEJ@?I?_E —J 6000 r—
i e REH o ._
_ HE -"-' —— star 0g I
1025 - _ 4000 | Lg \i?ﬁ/ —}
................... gog‘g E * E ; \ 'BR
9% 703 9x 103 T
Wavelength [A] Outside EEE g Cm'3] Inside
10'8 1020 1022 1024 1026

_ log (Hydrogen density) [cm ™3]
Fig. 2: The temperature model of chromosphere

of the T Tauri star (Batalha & Basri 1993)
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Yamashita's work: Drawing chromospheric emission lines

Chromosphere is active
atmosphere between
photosphere and
corona.

| calculated the
chromospheric Ca Il
emission lines at 8498,
8542, 8662 A.

(e.g. coronal 4000 K)

Now | am trying to get
line ratio with the grid of
temperature and
Hydrogen density.

Intensity [erg cm~2 s71]

Prominence

105K
NS - — 4000 K ol
Con vEgive i —— 10000 K
- GV Chromosphere ‘
k 10000 K I \
\
O Photosphere [l | “ =
= 6000 K VIR
'\ Flare |
z 105K ' ‘
9x 103

8x 103

Wavelength [A]

Thank you again today, many teachers !
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Prominence
105K

Corona

Yamashita's work1: simple model A _

My goal is to get a chromospheric structure, and study about
the relationship between it and the stellar evolution.

| constructed a very simple 12222;_ 000 K, 107 cm™) |
model of chromosphere. : :
_ 8000f- .

x axis: Hydrogen density ? 70005— Q0K, 10% em™) —
o £ 6000[ =

y axis: Temperature o 00K, 1021 cm-3) #
| tried to calculated the four & 4000~ —
models. One of them did not 3000 (3000@_3)—2
work. 2000" | ' ' L]

108 1020 1022 10% 7 10%

log (Hydrogen density) [cmn ™3]

Very simple chromospheric model



Yamashita’'s work?2:

chromospheric Ca |l
emission lines at 8498,
8542, 8662 A

The line strength ratio
(8498:8542:8662) is about
1:9:5.

It is not consistent with the
observational results.
Tomorrow | will tell you the
discussion about it.

Line ratio
10% -
f —— (10000K, 1017 cm™3) | |

= [ —— (7700K10%cm=3) |
‘Tm 103 K (5300 K, 1021 cm—B) |
s AP _
O
=
&
2 107
C -
2
£

5

103

Wavelength [A]

9x 103



