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1. Introduction

 Extremely hot outer atmospheres

- Corona > 1 MK/ chromosphere ~10,000 K
- Magnetic heating: magnetic flux transports energy from
surface upwards'
- Exact mechanism still unclear=
> Wave dissipation?s

> Nanoflares?4

EK Dra (130 Myr)

- Young Sun and Sun-like stars 1
n UMa (300 Myr)

>  Strong XUV emission due to strong magnetic fields
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Do the Sun and Sun-like stars share a common
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Wavelength (A)

atmospheric heating mechanism?

[Guinan & Ribas 2002]

[1: Gudel 2004; 2: Withbroe & Noyes 1977, Klimchuk 2006]
[3: van Ballegooijen et al. 2011, Cranmer & van Ballegooijen 2005; 4: Parker 1972, 1988]



. Introduction

* Universality of atmospheric heating

Mag flux—X-ray scaling [Pevtsov+ 2003]

33 - X-ray luminosity has a uniform scaling relationship with a
10
. | power-law index of ¢ = 1.15
- Power-law index a=1.15 Sun-like stars
% F oc &% Rl - One of the key Yohkoh results'
g 1029 - Barometer for efficiency of coronal heating in regard to
= Active surface magnetic flux
L regio
30 e
S
Quiet _ : ’
>%< regions ray bright  What about in other lines (= temperatures)? 2
1018 | - Analysis of Sun-as-a-star synoptic data over 10 yr
24 - X-ray, EUV, UV, optical, and radio
Magnetic flux, ® (Mx) - corresponding to corona (logT=6-7) to chromosphere
(logT=4)

-  Compare scaling with stellar data

[1: Fisher+ 1998; Pevtsov+ 2003; Vidotto+ 2014]
[2: Skumanich 1975; Schrijver+ 1989; Rutten+ 1991; Loukitcheva+ 2009; Barczynski+ 2018]



2. Analysis

e Solar synoptic data over 10 yr

Total magnetic flux and representative emission li
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2. Analysis

e Solar synoptic data over 10 yr

Total magnetic flux and representative emission lines
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3. Results

Mag flux—multi-line proportionality Fo ® @
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[Toriumi & Airapetian 2022]

e Stellar data

- Mainly G-dwarfs with ages from 50 Myr to 4.5 Gyr
- Total magnetic flux based on Kochukhov et al. (2020)
- Irradiance from published data

e X-rays
- 0=1.16is consistent with Yohkoh results
- Stellar data are located on the extensions of the
solar power-law relation
e Other lines

- Power-law scalings are consistent between the Sun
and Stars at any wavelengths (= temperatures)

) 4

v Heating mechanism is universal among the
Sun and stars, regardless of age or activity




3. Results

Irradiance (W m-2)

[Toriumi & Airapetian 2022]

—_
o
o
1

—
o
R
1

-
o
A
1

-
o
&
1

o
L

Table 3
Characteristics of the Sun-like Stars
HD Name Sp. Type T log g Age P, R P X-rays 5.2-124 A Fe XV 284 A Cm 1335 A Lya Mg I k+h
(K) Myr)  (days)  (Ro) (Mx) (W m™?) (W m™?) (W m™?) (W m™?) (W m™?)
(1) (2) (3) (4) (5) (6) (7) (8) 9) (10) (11) (12) (13) (14)
1835 BE Cet G3V 5837 4.47 600 7.78 1.00 4.55 x 10** 480 x 1072, 1.78 x 1072 6.04 x 1072
20630 k' Cet G5V 5742 4.49 600 9.3 0.95 2.61 x 10* 2.19 x 1072, 2.56 x 102 240 x 1072 9.50 x 10~* 3.01 x 1072 7.09 x 1072
39587 y! Ori GOV 5882 4.34 500 4.83 1.05 247 x 10%* 3.48 x 1072, 3.73 x 1072 5.00 x 107° 1.52 x 1073 4.16 x 1072 1.18 x 107!
56124 GOV 5848 4.46 4500 18 1.01 478 x 10 9.79 x 10>
72905 7' Uma G1.5V 5873 4.44 500 4.9 0.95 3.08 x 10** 448 x 1072, 2.96 x 102 5.00 x 107 1.52 x 1073 422 x 1072 8.93 x 10~
73350 V401 Hya G5V 5802 4.48 510 12.3 0.98 243 x 10** 2.05 x 1072
76151 G3V 5790 4.55 3600 20.5 1.00 2.62 x 10** 7.78 x 1073
82558 LQ Hya K1V 5000 4.00 50 1.601 0.71 1.39 x 10* 324 x 107", 243 x 107! 591 x 1072 7.27 x 1072
129333 EK Dra G1.5V 5845 4.47 120 2.606 0.97 1.52 x 10% 3.03x 1071, 252 x 107! 2.20 x 1072 470 x 1073 1.26 x 10!
131156 ¢ Boo A G7V 5570 4.65 200 6.4 0.83 1.13 x 10% 2.58 x 1077, 2.83 x 1072 3.53 x 1072 6.19 x 1072
166435 GI1IV 5843 4.44 3800 3.43 0.99 4.94 x 10* 1.12 x 107!
175726 GOV 5998 4.41 500 3.92 1.06 1.26 x 10** 4.48 x 1072
190771 G2V 5834 4.44 2700 8.8 1.01 3.48 x 10** 4.80 x 102
206860 HN Peg GOV 5974 4.47 260 4.55 1.04 1.92 x 10** 3.56 x 1072, 2.52 x 102 5.90 x 1072
Sun (mean) G2V 5777 4.44 4600 25.4 1.00 1.73 x 107 424 x 107* 412 x 107 1.84 x 1074 6.77 x 1073 2.55 x 1072
(median) 1.67 x 10% 3.87 x 1074 3.59 x 107 1.82 x 107* 6.69 x 10> 2.52 x 1072
(max) 3.35 x 10*° 1.01 x 1073 1.27 x 10°* 246 x 107% 8.94 x 1072 3.06 x 1072
(min) 1.16 x 10% 1.85 x 107* 5.68 x 107° 1.52 x 107 5.60 x 1073 2.32 x 1072

Note. The HD number, name, spectral type, effective temperature, surface gravity, age, rotation period, and radius of the stars are shown in Columns 1-8. Column 9 shows the total hemispheric magnetic flux estimated
based on the Zeeman broadening of the spectral lines. Columns 10-14 show the irradiances of X-ray 5.2-124 1&, Fe XVv 284 A, C11334.5 + 1335.7 1&, Lya, and Mg 1l k+h (combined) in the literature, all converted to

the values at 1 au from the stars. For X-rays, multiple observations are shown (if they exist).

References. Turon et al. (1993), Valenti & Fischer (2005), McDonald et al. (2012), Gonzalez et al. (2010), Cole et al. (2015), Allende Prieto & Lambert (1999), Vidotto et al. (2014), Rosén et al. (2016), Olah et al.
(2016), See et al. (2019), Kochukhov et al. (2020), Telleschi et al. (2005), Ribas et al. (2005), Takeda et al. (2007), Wood & Linsky (2010), Giidel et al. (1997), Wood et al. (2005), Schmitt et al. (1990), Dorren &
Guinan (1994).
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[Toriumi & Airapetian 2022]

e Stellar data

- Mainly G-dwarfs with ages from 50 Myr to 4.5 Gyr
- Total magnetic flux based on Kochukhov et al. (2020)
- Irradiance from published data

e X-rays
- 0=1.16is consistent with Yohkoh results
- Stellar data are located on the extensions of the
solar power-law relation
e Other lines

- Power-law scalings are consistent between the Sun
and Stars at any wavelengths (= temperatures)
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v Heating mechanism is universal among the
Sun and stars, regardless of age or activity
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3. Results

Power-law index a as a function of T
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3. Results

Power-law index, &

Power-law index a as a function of T
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e Corona:logT >6

[Toriumi & Airapetian 2022]

- Not only X-rays but also other coronal proxies consistently

show o >1

- Explained by theoretical and numerical models [zhuleku et al.

2020; also Fisher+1998; Takasao+ 2020]

radial distance r

0 field-aligned coordinate §

closed flux tube

e o

O TMx]

unsign

1624

[Shoda & Takasao 2020]



[Toriumi & Airapetian 2022]

3. Results

e Corona:logT >6
- Not only X-rays but also other coronal proxies consistently
show o >1

T R E— R - Explained by theoretical and numerical models [zhuleku et a.
2020; also Fisher+1998; Takasao+ 2020]

Power-law index a as a function of T

e TR to chromosphere:logl <6
- Power-law exponents fall below unity, o <1, indicating
that the efficiency of atmospheric heating is weaker
than the corona
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v Index,
W
|

Ca ll K 3949 A =1 - Explanation using a simple geometrical model [schrijver et
CallH 3968 A = -
- al. 1989]
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3. Results

 Line number is greatly increased

. . - for cl ' ti ft t
Power-law index o as a function of T Allows for close inspection of temperature dependence

1 6 L1 1 1 1 I 4t r 1 1 1 11 I L 1 1 11 | L . 1 r 1111 I 1
= [~ Table 1. Summary of the observables
7 Feature log (T/K) Wavelength (A) Basal Minimum Maximum Unit Source
7 B 1 (2) 3) (4) (5) (6) (7) (8)
1 .4 — —_— Radial magnetic flux 3.8 6173.3 1.18 x 1022 1.16 x 1023 3.35 x 1023 Mx SDO/HMI
LOS magnetic flux 3.8 6173.3 7.02 x 1022 6.85 x 1022 2.52 x 1023 Mx SDO/HMI
6 - ~ Sunspot number 3.8 WL 0 0 220 - WDC-SILSO (ver 2.0)
Sunspot area 3.8 WL 0 0 3120 MSH  USAF/NOAA
- . B F10.7cm radio ~6 10.7 x 108 68.83 63.67 466.57 sfu DRAO
>< n n X-rays 1-8 A 6-7 1-8 0 1.00 x 1072  4.81 x 107> W m~2? GOES/XRS
X-rays 5.2-124 A 6-7 5.2-124 211x107% 1.85x107* 1.01 x 1072 W m~? SORCE/XPS
(]) 1 2 —_ - X-rays (XRT) 6.8 - 5.00 x 1075 4.63x 107 1.01 x 107> W m~2 Hinode/XRT
. Fe XV 284 A 6.4 284.154+1.50  9.36 x 1076 568 x 1076 1.27x10* W m~2 SORCE/XPS
IU - - Fe XIV 211 A 6.3 211.324£1.50 1.20x 10™° 9.88x107% 6.75x 107> W m—2 SORCE/XPS
C Fe XII 193+195 A 6.2 193.50£2.50  6.16 x 10~% 5.66 x 107° 1.72x10~* W m~2 SORCE/XPS
 — - = Fe XIT 1349 A 6.2 1349.404+1.00 3.64 x 1076 3.23x107% 5.66x 1076 W m—2 SORCE/SOLSTICE
Fe X 174 A 6.1 174.53 £1.50 564 x 107° 5.40x107° 0.90x 10°* W m~2 SORCE/XPS
; - = Fe XI 180 A 6.1 180.414+1.50 457 x 107° 4.31x 1075 095x 107* W m~—2 SORCE/XPS
F10.7cm radio ~6 10.7 x 108 68.83 63.67 466.57 sfu DRAO
('U 1 .O Fe IX 171 A 5.9 171.07+£1.50 550 x 107 532x 107> 0.73x107* W m~2 SORCE/XPS
— _ n NV 1238 A 5.3 1238.90 £ 1.15  1.62x 107 1.55 x 107° 2.39x 107> W m~2 SORCE/SOLSTICE
| NV 1242 A 5.3 1242.95+1.00 1.04x 107% 9.89 x 1079 154 x 107> W m—2 SORCE/SOLSTICE
— - - C 1V 1548 A 5.1 1548.254+1.20 1.11x 107% 1.07x107* 153 x10~* W m~2 SORCE/SOLSTICE
q) C1IV 1551 A 5.1 1550.73+£0.95 6.58 x 107° 6.38x 107°> 9.02x 107° W m~2 SORCE/SOLSTICE
— - C1III 1175 A 5.0 1175.70 £1.75  5.52x 107° 535x107° 824 x 107> W m~2 SORCE/SOLSTICE
; He IT 256 A+blends 4.9 256.304+3.00 5.53x107° 520x107° 1.21x10"* W m~2 SORCE/XPS
08 _— — He 11 304 A 4.9 304.004+1.00 425x107* 4.09%x107* 6.19x10"* W m~? SORCE/XPS
O SiIV 1393 A 4.9 1393.854+1.30 4.45x 107 427 x107° 7.66x 107> W m~2 SORCE/SOLSTICE
D_ 7 B Si IV 1402 A 4.9 1402.854+0.85 2.32x 107° 225x107° 3.91x107° W m—2 SORCE/SOLSTICE
Si 11T 1206 A 4.8 1206.60 +1.25 859 x 107° 8.32x107° 1.66x 10% W m~2 SORCE/SOLSTICE
N B He 110830 A 4.5 10830.40 4 0.25 0.0292 0.0270 0.0308 W m~2 SORCE/SIM & SOLIS/ISS
__ . L CII1335 A 4.3 1335.25£1.90 1.57x107% 152x107% 246x10% Wm~2 SORCE/SOLSTICE
HI1216 A (Lya) 4.3 121570 £2.00 573 x 1073 5.60x 1072 8.94x 1073 W m—2 SORCE/SOLSTICE
0 6 — - 011302 A 4.2 1302.20 £ 0.85 4.16 x 1075 3.93 x 107® 5.40x 107> W m~2 SORCE/SOLSTICE
- Ch h T t . C 011305 A 4.2 1305.50 £1.75  9.14 x 1075 877 x 107° 1.17x10~% W m~2 SORCE/SOLSTICE
— romOSP ere ransition reglon orona — Mg IT k 2796 A (3.9) 2796.38 £ 0.78 0.0136 0.0135 0.0180 W m~2 SORCE/SOLSTICE
Mg IT h 2803 A (3.9) 2803.48 + 0.65 0.0097 0.0096 0.0126 W m~2 SORCE/SOLSTICE
1T 1T T 1 I 1 T 1T 1T T T1T71T1 I T 1 T 1T T 1T 7177171 I | S O D D I I | C111351 A (3.8) 1305.50 £1.75  9.06 x 1076 857 x107% 1.17x 107> W m~2 SORCE/SOLSTICE
Ca Il K 3934 A (3.8) 3933.66 £ 0.50 0.0114 0.0111 0.0130 W m~2 SORCE/SIM & SOLIS/ISS
Ca Il H 3968 A (3.8) 3968.47 £ 0.50 0.0139 0.0139 0.0155 W m~2 SORCE/SIM & SOLIS/ISS
4 5 6 7 H 16563 A (Ha) (3.8) 6562.80 £ 0.50 0.0369 0.0360 0.0448 W m~2 SORCE/SIM & SOLIS/ISS
Ca II 8542 A (3.8) 8542.10 £ 0.50 0.0347 0.0346 0.0392 W m~2 SORCE/SIM & SOLIS/ISS
Te m p e r a t u re | O g T ( K) NoOTE—The first column shows the features, i.e., the total unsigned radial magnetic flux and the spectral lines. The second and third columns
b provide the formation temperature and wavelength range, respectively, for the measurement of irradiance. The temperatures are obtained
from the CHIANTI database, except for the optically thick chromospheric lines, which are given in parentheses. The central wavelengths
for Fe XV 284 A and Fe XIV 211 A and central wavelengths and windows for Si IV 1393 A, SiTv 1402 A, C 111335 A, H11216 A (Lya),
Mg 1T k 2796 A, and Mg 1T h 2803 A are adopted from ?. Columns 4, 5, 6, and 7 show the basal flux, minimum and maximum values, and
their physical units. 1 sfu = 10722 W m~2 Hz~!. Column 8 provides the data source.
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3. Results

 Line number is greatly increased

Power-law index o as a function of T - Allows for close inspection of temperature dependence

1 6 | | | | | I | | | | | | | L1 I | | | | | | | | | I | | | | | | | | | I |
= — Table 1. Summary of the observables
7 B Feature log (T/K) Wavelength (A) Basal Minimum Maximum Unit Source
7 | . B 1) (2 (3) ) (5) (6) (7 (8)
1 4 — ' b Radial magnetic flux 3.8 6173.3 1.18 x 1023 1.16 x 1023 3.35x 1022  Mx  SDO/HMI
' LOS magnetic flux 3.8 6173.3 7.02 x 1022 6.85 x 1022 2.52 x 1023 Mx SDO/HMI
6 - Sunspot number 3.8 WL 0 0 220 - WDC-SILSO (ver 2.0)
Sunspot area 3.8 WL 0 0 3120 MSH  USAF/NOAA
- - F10.7cm radio ~6 10.7 x 10% 68.83 63.67 466.57 sfu DRAO
>< X-rays 1-8 A 6-7 1-8 0 1.00 x 1072  4.81 x 107> W m~2? GOES/XRS
T X-rays 5.2-124 A 6-7 5.2-124 211 x107% 1.85x10™% 1.01 x 1073 W m—2 SORCE/XPS
G) 1 2 ] X-rays (XRT) 6.8 - 5.00 x 1075 4.63x 107 1.01 x 107> W m~2 Hinode/XRT
. Fe XV 284 A 6.4 284.154+1.50  9.36 x 1076 568 x 1076 1.27x10* W m~2 SORCE/XPS
—O - | Fe XIV 211 A 6.3 211.324+1.50 1.20x 107° 9.88x 1076 6.75x 1075 W m~2 SORCE/XPS
C Fe XII 193+195 A 6.2 193.50£2.50  6.16 x 10~% 5.66 x 107° 1.72x10~* W m~2 SORCE/XPS
 — - Fe XIT 1349 A 6.2 1349.404+1.00 3.64 x 1076 3.23x107% 5.66x 1076 W m—2 SORCE/SOLSTICE
Fe X 174 A 6.1 174.53 £1.50 564 x107% 540x 1075 0.90x10~* W m—2 SORCE/XPS
; - Fe XI 180 A 6.1 180.414+1.50 457 x 107° 4.31x 1075 095x 107* W m~—2 SORCE/XPS
F10.7cm radio ~6 10.7 x 10% 68.83 63.67 466.57 sfu DRAO
CU 1 O Fe IX 171 A 5.9 171.07+1.50 5.50x 107 5.32x107% 0.73x107* W m~—2 SORCE/XPS
— i I I i a=1 NV 1238 A 5.3 1238.90 £ 1.15 1.62x 107% 1.55x107° 2.39x107°® W m~2 SORCE/SOLSTICE
| NV 1242 A 5.3 1242.95+1.00 1.04x 107% 9.89 x 1079 154 x 107> W m—2 SORCE/SOLSTICE
— _ C1IV 1548 A 5.1 1548.254+1.20 1.11x 107% 1.07x107* 153 x10~* W m~2 SORCE/SOLSTICE
q) i I I C 1V 1551 A 5.1 1550.73 4+ 0.95 6.58 x 107° 6.38 x 107> 9.02 x 107> W m~2 SORCE/SOLSTICE
- CIII 1175 A 5.0 1175.70 £ 1.75 552 x 107° 535x107° 8.24x 107 W m~2 SORCE/SOLSTICE
; ! I { He II 256 A+blends 4.9 256.30£3.00 553x107° 520x 1075 1.21x107% W m—2 SORCE/XPS
O 8 —_— I H He 11 304 A 4.9 304.004+1.00 4.25x 1074 4.09x10™* 6.19x 10* W m~2 SORCE/XPS
O Si IV 1393 A 4.9 1393.854+1.30 4.45x 107° 4.27x107° 7.66 x 107° W m~2 SORCE/SOLSTICE
D_ . Si TV 1402 A 4.9 1402.854+0.85 2.32x 107° 225x107° 3.91x107° W m—2 SORCE/SOLSTICE
Si II1 1206 A 4.8 1206.60 +1.25 859 x 107° 8.32x107° 1.66x 10% W m~2 SORCE/SOLSTICE
7 HEE He 110830 A 4.5 10830.40 4 0.25 0.0292 0.0270 0.0308 W m~2 SORCE/SIM & SOLIS/ISS
_ CII1335 A 4.3 133525 £1.90 1.57x107% 1.52x107% 246x10% W m~2 SORCE/SOLSTICE
HI1216 A (Lya) 4.3 121570 £2.00 573 x 1072 560 x 1072 8.94x 1073 W m—2 SORCE/SOLSTICE
O 6 —_ 011302 A 4.2 1302.20+£0.85 4.16 x 107 3.93x 107° 5.40x 107°® W m~2 SORCE/SOLSTICE
. . q 011305 A 4.2 130550+ 1.75  9.14 x 107° 877 x107° 1.17x10™* W m~—2 SORCE/SOLSTICE
- ChromOSphere TranSItlon I’egl0n Corona Mg IT k 2796 A (3.9) 2796.38 £ 0.78 0.0136 0.0135 0.0180 W m~2 SORCE/SOLSTICE
Mg IT h 2803 A (3.9) 2803.48 + 0.65 0.0097 0.0096 0.0126 W m~2 SORCE/SOLSTICE
1T 1 71 1 I 1T 1 71 1 1 1 1 I 1T T T T T 17711 I T 1T T T T 17711 I Cl11351 A (3.8) 1305.50 £1.75  9.06 x 1076 857 x 1076 1.17x107° W m:2 SORCE/SOLSTICE
Ca Il K 3934 A (3.8) 3933.66 £ 0.50 0.0114 0.0111 0.0130 W m~2 SORCE/SIM & SOLIS/ISS
Ca IT H 3968 A (3.8) 3968.47 £ 0.50 0.0139 0.0139 0.0155 W m~2 SORCE/SIM & SOLIS/ISS
4 5 6 7 H 16563 A (Ha) (3.8) 6562.80 £ 0.50 0.0369 0.0360 0.0448 W m~2 SORCE/SIM & SOLIS/ISS
Ca II 8542 A (3.8) 8542.10 £ 0.50 0.0347 0.0346 0.0392 W m~2 SORCE/SIM & SOLIS/ISS
Te m p e r a t u re I O g T ( K) NoTE—The first column shows the features, i.e., the total unsigned radial magnetic flux and the spectral lines. The second and third columns
b) provide the formation temperature and wavelength range, respectively, for the measurement of irradiance. The temperatures are obtained
from the CHIANTI database, except for the optically thick chromospheric lines, which are given in parentheses. The central wavelengths
for Fe XV 284 A and Fe XIV 211 A and central wavelengths and windows for Si 1V 1393 A, Si1v 1402 A, C 111335 A, H1 1216 A (Lya),
Mg I k 2796 A, and Mg II h 2803 A are adopted from ?. Columns 4, 5, 6, and 7 show the basal flux, minimum and maximum values, and
their physical units. 1 sfu = 10722 W m~2 Hz~!. Column 8 provides the data source.
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4. Discussion and Perspectives Preliminary

¢ |mpacts on exoplanets: XUV modeling

Observation: solar spectra This study: Mag flux vs irradiance for each line

— Iline ... /B ((I) b (I)())a 4+ I(l)ine

Tg oALY :‘\ )
E 4 . " "T\‘s
:‘a; \ Namekata et al: Mag flux vs irradiance for the whole XUV spectrum
B . sboEve . TwenseE | - with a wavelength resolution of 1 A bin
60 80 100 120 140 160 180 ! \XUszp tra 1 A‘ ~ 1800 A

Wavelength [nm]

Simulation: modeled spectra for G dwasfs

(8) () =Io(4) + A(® — Do) 'y e N
. v
f \M ijH h thesized XUV spectra for G-dwarfs based on observed
I _ | %
i B

Maybe utilized
atmospheres

Inputs for chemical calculations of exoplanetary

/“\ ||| ‘

—— EK Dra (1.5x10% Mx)
71 UMa (2.6x10%* Mx)
x1 Ceti (2.1x10% Mx)

—— Min Sun (1.2x10% Mx)

Extrapolated Flux [erg s=' cm™2 nm~! at 1 AU]
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[Namekata et al. in prep]

4. Discussion and Perspectives Preliminary

* |Impacts on exoplanets: XUV modeling

= Overall consistent with observed spectra

i .Q_‘ - . . . f
Model (red) vs Observation (black) i For active young stars, deviations are seen particularly on the
s,ho.rter wavelength range
Fot s

(a) EK Dra (1.5x10%° MXx)

I |
l Y NS
b1 ; SN
U - Lymt d observatlons\of stars in XUV
gtanl' to peﬁorm Simultaneous multi-wavelength

'@n o,\‘Q a' long period of time and in multiple phases
./ &

Flux [erg s~' cm™ nm~! at 1 AU]

—— Model in this study
— Observation (Ribas+2005)

100 1 ‘ N
Wavelength [nm] ‘
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5. Summary

e ——

e Analysis

- Comparison of scaling laws F' 0oc @ between the Sun
and Sun-like stars.-with ages from 50 Myrito 4.5 Gyr

Mag flux—multi-line proportionality Fo ® @

_ 10? : 102
. . Y 10° . S 10°
® ReSUItS . ;_, 10 °o§° é 10
- The'scaling relations are consistent in any wavelength C 10+ € 10
O ©
dOmalnS (= temperatureS) = 10” X-rays 5.2-124 A _ - | Fe XV 284 A £ 107 ; CI11335 A
' -7 - o9T=6-7 .| " logT=6.4 s logT=4.3
- a decreases from above- (Corona) to b@lOW'Ur"ty (Chrom) 1074 102 1022 10% 1026 10%° 1022 102 102 10%° 1022 102 1028
Mag flux (MXx) Mag flux (Mx) Mag flux (Mx)
. 10°
» C oncC I usSion a=0.89+0.02 A
= 10° )
- The heating mechanism is universal among the Sun and 2 o
o
. 0 C O
Sun-like stars, regardless of age or activity § 10
O]
- Variation in a for different temperatures may indicate £ 10 M1 1216 A (Lyee) v g 1l e
_ logT=4.3 _ logT=3.9
difference in heating mechanisms e o e

; e . Mag flux (Mx) Mag flux (Mx)
- Now working on empirical XUV spectra modeling

Toriumi & Airapetian 2022, Apd, 927, 179
https://doi.org/10.3847/1538-4357/ac5179
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Thank you for your attention

Send feedback to toriumi.shin@jaxa.jp




