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Activities by Multi-wavelength Observations

J. Wang
NAOC/GXU
Beijing 2025/05

Voo | oY oy

*Iﬂ—"ﬁlﬁ'}aﬁl%%xﬁ %7 o 7L\ %
I UNIVERSITY




Content

* Introduction
* TWO case studies with high—energy

» Superflares of M-dwarfs detected by GWAC
» Suggestions on Multi wavelength study with EP



Who are
active

* Activity on H-R diagram

(e.g., Pettersen89; Schmitt94; Osten+05; Huenemoerder+10;
Balona+15; Notsu+16; Van Doorsselaere+17; Kowalski+13;
Davenport+16; Chang+18; Paudel+18; Schmidt+19; Xin+21)

« Evidence of magnetic reconnection in some
cases

(e.g., Noyes+84; Wright+11; Shulyak+17).
« Total energy: 102° — 1032erg
 Time scale : minutes — hours

e Sun
« Coronal mass ejections (CMEs)
* Prominence eruption
» Evaporation & Condensation

ABSOLUTE VISUAL MAGNITUDE

SUPERGIANTS

03BO A0 FO Go KO MO Ma
1] 1 S ] ) 1 | | | | I 1 eS|
GIANTS
03BO° AD FO GO KO MO MB
1 [ I s | o | 1 | 1 | L

MAIN SEQUENCE

Q3BO AQ FC GO KO
15 VR I O T e [ | | |

-1 T I T T T T T
Hot Winds
X -Rays
#LPip %o Cor  SUPERGIANTS #a Ori
- ,// *a' Sco  _|
* HD 37017 Extended Chromospheres
#*g Ori E % Cool Winds
- ga TrA -
*3 Boo %o Tou
i ‘e Coronal and
2 Sirius AR % Transition Region —
And | g1
A;Tc\:rlirr N Dividing Line
MAIN
8 SEQUENCE
* Single or Widely
Separated Stars Wolf €30 A
- O RS CVn Systems =
O Hybird Stars Fully
Convective
14—~ B4 Definitely Solor-like Stars  —|
I Almos! Certainly Solar - like
5] Probobly Sclar-like . ]
& Linsky 85
20 L | L | | | ] 1
-060 0.00 0.60 .20 .80 2.40

Ultraviolet
Telescope




Why study activities?

Will superflares occur on Sun?
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Do CMEs/evap occur on
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TABLE 1
SUPERFLARES

Energy

Star Detector ¥ pormat Amplitude Duration (ergs)
Gmb 1830 ........... Photography 6.45 AB =062 mag 18 minutes Eg~1x 10%
k. Cet.... Spectroscopy 4.83 EW(He)=013 A ~40 minutes E~2x 103
MT Tau Photography 16.8 AU = 0.7 mag ~ 10 minutes Ep~1x 10°%
X-ray 5.64 Ly=10"ergss™' > ~ 35 minutes Ez=12x 10
Visual 8.64 AV ~ 3 mag 17-367 minutes Ep~2x 10%
X-ray 10.0 Ly=2x 10" ergss ! ~49 minutes Ex» 3 x 10*
¥ 7] AS——. Photometry 5.11 AV = 0.09 mag ~5-15 days Egy= 9 x 10%7
Photometry 5.06 AV = 0.09 mag ~3-25 days Egy = 7 x 1077
Photometry 8.63 Al = 0.30 mag > ~ 57 minutes Equ=Tx 10%%
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Habitable planets:
» 0.2-5M_ for permanent
atmosphere

> Surface temperature 0-80C
for liquid water

Potentially Habitable Exoplanets

Ranked by Distance from Earth (light years)
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. Jupiter
So far, we have only 10 out of >5000 ™

tistic representations. Earth, Mars, Jupiter, and Neptune for scale. Distance from Earth is between brackets.

Space weather is expected in these
system, which determines the

habitability (Airapetian+16; Barnes+16)

LETTERS

nature
gEO science

PUBLISHED ONLINE: 23 MAY 2016 | DOI: 101038,/ NGEOZ 719

Prebiotic chemistry and atmospheric warming of
early Earth by an active young Sun

V. S. Airapetian’*, A. Glocer', G. Gronoff?, E. Hébrard"? and W. Danchi’

lack of observations.

top priority

» The space weather depends on stellar activities, which is

» Monitors of stellar activities, especially CME, is a task of




* In principle: habitability depends on stellar activity
e In debate(see talks in May 28)

Phy: negative Chem: positive
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Corrosion & detachment Greenhouse gases
(e.g., Cerenkov+17) (e.g., Airapetian+16; Barnes+16)

Direct obs evi: Stellar activity investigation
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Probe Mission

J. Wang'?3®, X. Mao'?, C. Gao'** H. Y. Liu'®, H. L. Li'®, H. W. Pan', C. wul4, Y. Liv!, G. W. Li'®, L. P. Xin'
S. Jin"**, D. W. Xu'*, E. W. Liang™®, W. M. Yuan', and J. Y. Wei'*

KL\ Laboratory of Space Astronomy and Technology. National Astronomical Ohsu\dt(mu Chinese Academy of Sciences, Beijing 100101, People’s Republic of
) China; wj@nao.cas.cn, liuheyang @nao.cas.cn
“ Guangxi Key Laboratory for Relativistic Astrophysics, School of Physical Science and Technology, Guangxi University, Nanning 530004, People’s Republic of
China
* GXU-NAOC Center for Astrophysics and Space Sciences, Nanning 530004, People’s Republic of China
* School of Astronomy and Space Science, University of Chinese Academy of Sciences, Beijing, People’s Republic of China
Received 2024 August 25; revised 2024 September 30; accepted 2024 October I; published 2024 November 14

_siffian”?

2MASS J12184187—0609123: A High Proper Motion M-

PN N o



=

9
=
(=]

=

Q
L
=

[erg/s/cm?]

FluXo.s — akev
kT
[keV]

EM
[10°2 ¢cm™3]

o

EP240507/a

-~

N
—r—

P
o

MJD [day]

Flare 1 Flare 2
o Einstein Probe/WXT triggers @ -
20240507UT08:45:08
) ?
¢ \
3 o
é &
O
?
¢ B0 '
- erg—. . — ¢
60435 60436 60437

10—1 L

._-
2
3

Intensity
[counts s~1 keV™1]

._.
g
1

._-
S
"

T

APEC model

k 7~1kev

<t

bl ok %

T4

0.5

1.0

Energy [keV]

4.0



. mm | Quiscent
Multi wavelength follow—-ups — ’
53 a
13.':' | 54
: i 55
1 — it i 1 gy m— 56
- II | COFT rband lIIH gl g -
| o |
= spectroscopy
13
I
A b
i v .6
g 14,0 : o “]ﬁlllﬁl
m I T T T T
= I 200 250 300 350 =
-'E : t—ty (min) 0N
o) 14.5 I £
I
= i | 'I | NI] o
i " | O
- TD | | +
15.07 | CGFT g-band -
| CGFT rband \ Y
| CGFTi-band + 1.0mag
g-band from F60 B-band
15.54 | rband from F60 R-band
0.85 0.90 0.95 1.00 1.05 1.10 1.15 1.20

JD-2460437 (day)

\

"-—h

Quiescent

‘h_-‘

6540 6560 658



Blue wing of H a
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Case

Possible Detection of a Flare-associated Coronal Mass Ejection on an
M-dwarf

I ‘Wanﬂr' i
(;uangm Key Laboratory for Relativistic Astrophysics, School of Physical Science d.l'id Technology, Guangxi University, Nanning 530004, China; wj@nao.cas.cn
Key Laboratory of Space Astronomy and Technology, National Astronomical Observatories, Chinese Academy of Sciences, Beijing 100101, China
Received 2023 March 2; revised 2023 April 25; accepted 2023 May 12; published 2023 August 10

0.8

Count Rate (count s°1)

KIC 8093473 : BY Dra e G

Variable

Time since start (seconds)

XMM-Newton X-ray light curves in
0O ?2-1?2 keVV



Normalized counts s-! keV-!
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Table 1

XMM-Newton EPIC PN X-Ray Spectral Fit Parameters for the Flaring and

Quiescent States of KIC 8093473

Parameter Value Unit Description
(1) (2) (3) (4)
Flare

Ny 1.3 10%% cm™? Interstellar column

density
kT, 0.35 £ 0.09 keV Plasma temperature
kT, 0.90 £ 0.15 keV Plasma temperature
kT 3.11 +0.50 keV Plasma temperature
Cash statistic ~ 64.16/54 = 1.178

Flare+-tail

Ny 0.9+27 102 cm ™2 Interstellar column

density
kT, 0.35 £ 0.06 keV Plasma temperature
kT, 0.94 +0.16 keV Plasma temperature
kT 2.47 4+ 0.40 keV Plasma temperature
Cash statistic  114.16/118 = 0.967

Quiescent

Ny <0.7 10 cm—2 Interstellar column

density
kT, 0.72 + 0.06 keV Plasma temperature
kT> 2.11 +0.60 keV Plasma temperature

Cash statistic

82.39/64 = 1.287

Decreasing M: Indicator of CME
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Superflares of M—-dwarfs detected by
GWAC

 Fast follow—up in Multi wavelength

- (K

GWAC+F60+2.16



Object 7o BTime) AT, (min) A7, AT, (min) Comments

(min)
G201221_C20405 25:50:36 16 ~23 40.55 G8/HaBL
G210108_C12599 24.25.07 78 "12 ~20 G8/No HaBL
G210111_C23283 29:01.456 78 12 20 G8/No HaBL
G210117_C09392 24:06:33 "13 712 25.50 G8/Weak HaBL
G211104_C09370  24.:50:17 75 ~7 "12 False positive (YSO)/Stop loss
G211229_C07135  19:48:49 "11 ~20 30.15 G8/HaBL
G220106_C03574 19:19:28 76 11 16.30 G8/HaBL
G220126_C05272 20:42.04 713 "3 43.93 G4/2.3"/abnormal line profile
G220204_C14956 27:38:35 11 10 20.12 EW binary, sdMe, No HaBL

EV Lac 23:25:59 b 11 16 False trigger
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Suggestion on Multi wavelength study with EP

Daily Observation Statistics

—-[Tntal Number of Source: 231

I Provided by X. H. Han

Statistics on LIEA+GWA
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Fluxo.s — akev

Suggestion on Multi wavelength study with EP

 EP + GWAC simultaneous survey
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Conclusion

« Complex dynamics can be revealed in stellar flares including
vCME
v' Chromospheric evaporation
v'Prominence eruption

by follow—-up in multi-wavelength.

 EP + GWAC simultaneous survey is expected to play
important role in studying stellar flares.
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