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®m Why study Solar Physics

® Basic physical problems of solar activity
research

® Progress In understanding multi-scale
magnetic activity of the sun (star)
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» Standard Models of Solar Flares & Geomagnetic Storm;__
amazing similarities in the universe - »
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>  Solar atmosphere and accretion disks around BHs ™%

SOLAR ATMOSPHERE ACCRETION DISK
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: Magnetic energy release
B, dominates.
Bon (Zhang et al, Science, 2001)
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Solar
activity

& space

weather

] Solar eruption - a violent electromagnetic storm
: represented by solar flares/coronal rrlqs_s_ VIR
ejections (CME), flare, fil. eru ——

L Natural disasters faced by mankind: violent

per strong
_w; fior of the solar
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N -Coronal-mass ejections; radio storms, particle accelerations andg
» . geomagnetic storms associated with flares i

Wind WAVES RAD1 + RAD2

Sunlight
(8 minutes constant)

Flare x-ray Emission

A ‘ﬂ [
JUVU
Radio Noise

) ; ; — Radio Ne
CMEs are often associated with a R
sustained southward magnetic field,
which allows a strong coupling between
solar wind and magnetosphere; |
Fast CMEs can generate l’?fl.”;y?i":,.stm]
interplanetary shocks, a key source of * | " v i ‘1'
energetic particles and radio bursts. TIMES —> 0 8 MINUTES 15 MINUTES 1 DAY 4DAYS 10 DAYS

- lasts a few days

— lasts a few days —
Magnetic
Storm
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)) ‘The stronge§t solar atorm in hlstory the Carrmgton event on ‘.
September 1, 1859 S g e = .

® The global aurora

(Carrington, 1859, ® The transoceanic telegraph system in
MNRAS, 20, 13) Europe and North America failed

2022/11/30 NAOC COLLUMQUIUM 2022 9



)) The strongest solar storm'in the weakest solar cycle in recent cemtury
(backside eVen'[S)—Carrmgton -like solar storm on 2012. 7. 23 -
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OThree Rounds of Attacks:
v'Coronal Mass Ejection

v Energetic Particles

vUV. EUV,. X'rayS

] SpaceX: Space storm
destroys 40 of Elon Musk’s
Starlink satellites on
- 2022.02. 03

(KF=, 2022, ERXX)
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> Solar mag. Activity & space weather and climate™
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Sunspot number, super solar active regions, X-class (Shaviv N J, Veizer J. Celestial driver of
flares, total solar radiation and cosmic ray intensity in Phanerozoic climate?, GSA today, 2003)
the past 5 solar cycles (Chen, AQ, Wang, JX+ 2022)
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)) Flelds affected by solaractlwty and space Weathe?’

Spacecraft safety

Space and aviation activity
safety

communication

Navigation and positioning
national defense

geological prospecting

Long distance pipe network
system

Meteorological Operation and
Research

biology

[E] B =0 el R AT KN FIR=<P &L  National Center for Space Weather http: //www.spaceweather.gov.cn
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> Why we » should study solar physics? %

Understand the position and living environment of human beings in the
universe

Understand the basic scientific laws in the universe, especially the
ubiquitous electromagnetic interaction in the universe

—Solar Interior - productivity mechanism, dark matter particles,
gravitational wave modes

—Solar atmospheric structure and solar activity - origin of magnetic field
and solar activity - fluid, magnetohydrodynamics, plasma physics, high-
energy physics, three- dimensional radiation magnetohydrodynamics
numerical experiment

—The influence of the sun on the Earth, solar system objects, heliospheric
space and life processes - multidisciplinary and interdisciplinary

Applied research: prediction of space weather and space climate
Search for universe neighbors and migration to habitable exoplanets
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Almo_st _aII celestial rac_hat_lon IS polarlz_ed. e
Polarization spectra contain important physical .

information such as magnetic fields. The
polarization accuracy measuring ~the solar
photosphere magnetic field is currently 10~(-3 )
| ¢, and it is more difficult to measure other stars
and galaxies
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)) magnetlc fleld m sunspot dlscovered in 1908"

The Zeeman effect was discovered in 1897 and won the Nobel Prize in Physics. Hale
discovered the strong magnetic field of sunspots based on the Zeeman effect in 1908,
which was the first to use physical methods to study celestial objects, marking the birth
of solar physics or astrophysics
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)) Solar ACtIVIty of. Bastille Event -- Evolving Vec. I\/Iag
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(e.g., Zhang et al.2001; Deng et al. 2001; Wang et al. 2004)

2022/11/30 NAOC COLLUMQUIUM 2022 17



»)) -Ivlag. energy accumulation processes In the solar g

0SP -;s.‘ere (partlally |on|zed plasma).
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' viag. Reconn. — viag. energy release process accompawe‘
» by topological change of mag. field .

For Sweet—Parker slow
mag. Recon.

B,
V. —

v, _
"~ JR., JupR,

For Petschek fast mag.
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Y Two-stage mag. Recon M'ode-ln.(e.gv,., Wang & Shi, 1993)

B. T. TSURUTANI ez a/.: A COMMON SCENARIO FOR FLARES AND SUBSTORMS

magnetotalil

ﬁ.__a\jbcre_.ﬁ-

Earth's
magnetosphere
substorm

Solar flares

-
magnetopause

-
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3> Mag. Recon. in multi-poles mag. topological 8ys. .

“flux emergence model” (Chen & Shibata

2000)

t=0dT,

breakout model

(Antiochos et al. 1999; Karpen

et al. 2012 ) » (Solar Radil)
D CURRENT (
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P> Global r'hagheticConnéctivity.in'CMgs e . i

3D Mag. null points and Mag. Topology
(Zhao et al. 2005, 2008)

Magnetic connectivity with the CME
on Oct. 28 2003 (Zhang+, 2007; Zhou+,
2007)

2022/11/30 NAOC COLLUMQUIUM 2022 22



Basic Phys. Para. — Vector Magnetic Field
Leading Physical Theory — RMHD

Weather Sys. Carrier — isolated Mag. Flux Sys. (Mag. Rope or Mag.
Loop) frozen with Plasma

Common mag. field environ. — dense driving layer and thin corona
Basic Topological Constraints — mag. Connectivity and Complexity
Core Physics Concept — Mag. Topology Interface

Main physical process — Interaction of independent mag. flux sys.
& mag. Recon. with topological tearing or topological collapse

Initiations of weather processes — near the 3D magnetic singularity
and its associated topology

cccee (Wang JX & Liu ZX, 2000, Science of China)
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| Obse(yétiéﬁ and M HD ﬁdé'scri.pti.on o mul_ti-pblarity mag. Afiléld"&onfig.
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(Wang+ 2015) (Kliem et al. 2014 ApJ)

A major flare/CME: brokenout first then followed successive
reconnections in the cluster
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)) Unvellmg Large soale rﬁégnetlc ropes & multlple mag R%con

—413 —147 - 1‘2(.)‘
X (arcsec) Base-difference images at 211 A from SDO/AIA

Identifying a Large-scale mag. ropes between active regions
fast (magnetoacoustic) shock driving mag. rope instability &
external mag. recon. above

Unveiling a new physical mechanism for coronal mass

ejections
(Zhou+, ApJ, 2019, 2020)
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’)) Magnetlc InterfaceS—Rléh PhyS|caI Processes o

Magnetic cancellation and CME triggering
(Zhang, J. et al. 2001 ApJ)

Dynamic activity of flare rings (Ji et al.2007 ApJ)
Super solar active regions (Wang et al. 2010 IAUS
273

Solar Wind Modeling (Tu et al. 2005 Science)
Multiple Magnetic Clouds (Wang, Y. et al. 2003
JGR)

Magnetic cloud boundary layer (Wei et al. 2003a,Db,
JGR, GRL)

The magnetopause component and reverse
reconnection (Pu et al.2007 GRL)
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I ‘Tracing-large-scale transverse current sheets at the violent CME: -
front from the source to the interplanetary-space on 2006. 12. 13 .~

A 5 s

b 12/20:30

EIT/02:12
MDI/01:39

W L 9 $
wSs a 'IA.:-:’l" f’ > n 3 L y !'-‘L -"K,“;}’
’ e ey Bl ‘W Current sheet
o xS \Verifying a large-scale transverse
R S, current sheet from above the active

region to the interplanetary space

It is essential for the triggering,
propagation, geomagnetic effects, and
modeling of CMEs

(Zhou+2011)
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ARG

3 Interplanetary

STEREO B Time = 0.8 hrs
2008-11-02
COR2:02:08:19UT

Hi1: 01:29:50UT

) 5

Major Interplanetary Sources of Disaster
Space Weather
Collision of multiple CMEs (Shen et al. 2012)
Shock wave propagates through mag. cloud
Interacting mag. cloud

2022/11/30 NAOC COLLUMQUIUM 2022 31



B \WWhy study Solar Physics

W Basic physical problems of solar activity
research

® Progress in understanding multi-scale
magnetic activity of the sun (star)
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Magnetic energy accumulation in the solar atmosphere
Explosive release of magnetic energy In the corona
Acceleration of high energy particles in solar
electromagnetic storms

General characteristics of solar electromagnetic storms -
solar cycle and dynamo (astronomical and physical
methods and theories)

Prediction of solar electromagnetic storms
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Cag

Vang et al.,

2012, Solar Phys.
The Sun's surface
IS an ocean of
small-scale
magnetic activity

i~ " e %
SRR INR L AT VL e e

2014, Science Hansteen et al. 2014, Science

Tian et al.,
A highly dynamic High speed
and extremely Intermittent jet
inhomogeneous in coronal
transition reg. hole/quiet Sun

IRIS 14004

2013—-11-09T12:04:15

(Testa et al. 2014, Science;
Tian et al. 2014, ApJL)

Flare-like
brightening in
transition reg.

Nanoflare heating corona ?

2022/11/30
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34



Homaologous IMICrofiares related 1o IViass Ejection and .
Plasma Heating on the Quiet Sun . | R

»

_ AIA304 2010-11-22T722:52;32

Microflares related wtih major
mag. Recon in the chromosphere

Related mass ejections
velocity up to 160 km/s

Heating the corona in the quiet
Sun up to 5.8 MK

AIA211 2010—11-22T722:52;24 EM 2010-11-22T722:52:24

(Jinetal. ApJL, 2021)
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1. A new form of flux appearance:
magnetic outbreak, which refers to an
early growth of unipolar magnetic flux
and its later explosion into fragments.

2. The magnetic phenomenon Is
associated with plasma upflow and
exploding granulations

-~
0
L
m
=
o
—
>

3. The newly discovered magnetic
outbreak might be the first evidence of
e @l the lOng-anticipated convective blowup.

A (arcsec) ¥ (arcsec)

(Jin et al., 2022, to be accepted)
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5 Rt oy

)) Understandmg varlousactlwty phenomena above the light Brld@ of
| sunspel el s et A .

- Coronal surge in |light bridge observed byIRIS

Frequency Distribution in 2014

N LW-| LW-Il
Types of Activites

- "9 - . (Hou et al. 2022)

1400 28 Oct 2014 22:17: 32 u p L 2?98 28 Oct 2014 22: 17'3

Identlﬁ/mg‘wfw@roups of mag act|V|ty above the light Bridge of sunspots
Decided by mag. convection, mag. Recon., & leakage of P-mode wave
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3> New observations.of Mag. Recon.

Sigmoid

Filament

N2

Mag. Recon. Play key role in filament formations

(Li et al. 2021a),, filament eruptions by mag.
emerging (Li et al. 2022) , and producing
coronal rain (Li et al. 2021c, d, Chen et al. 2022)

fast-mode magneto acoustic waves
accelerate the magnetic recon. (Li
et al. 2021b)

2022/11/30 NAOC COLLUMQUIUM 2022
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3> Karman vortex éffect in a twisted prominence .

-865
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P
—~ —645 l/“ ;
[§) A
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o
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> -690

735 10-Feb=2021
- (d) 05:12..

Strach number St=L/Pv =0.215
[0.20, 0.25] (e.g., Buchholz, 2008)

10-Feb03:35:Q1UT

(Zhang X.F. +, In preparing)
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2P Observations of a magnetic dip in a quiescent prominence foot

a KSO Hot 8-Apr-2014 07:56:41 UT

IRIS SJI 1400 8-Apr-2014 07:20.01.480 UT IRIS SJ12796 8-Apr-2014 07:20:10.460 UT

Fig.1 Magnetic dip observed in IRIS SJI 1400 A Fig.2 The field orientation of the magnetic dip

Filament material is always suggested to situated in a proposed dip structure
Using high-resolution imaging and spectral data from IRIS and SDO, a magnetic
dip structure Is demonstrated in a quiescent prominence foot.

(Chen H. D. +, In revising)
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> Formation & dynamicg of a fil, rooted in sunspot imbra

® The filament formed
In the sunspot umbra

® The original material =«
of the filament is likely |

to come from below the K
umbra, rather than from

the corona

® Newly understanding
of the origin of the

NVST Halpha

filament material g

Zhou +, In revision
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Mag. Flux suggested as an |mportant parameter to divide two q

)) types of flares
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Mag. Flux is important in
determining the occurrence of
eruptive flares

A new parameter (mag. field
twist number/mag. flux) is
proposed to distinguish two
types of flares

(& %, 2021, 2022)
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p> - rediqti."r'\g Solar flaréé’fa’hd CMEs based on vector magnetic fields .

Parameter

Description

Formula

| Prot|
| Pretl

Pfree
Efree

Aw

Uhest

Total unsigned magnetic flux

Net magnetic flux

Mx
Mx

Piot = 2 |Bz| dA
| Ppet| = |ZBsz|

Free magnetic-energy density

ergem

3

Piree = |Bo — Bp|? /87

Total free magnetic-energy density

Shear angle

ergcm

degree

1

Efree = Z Prree dA
‘l" — CDS_I [B'U - BI]KBDBP}

Area with & > 80°

Mm?

Ay =D dA

Horizontal gradient of Bz

GMm™

1

dByz ]
VB, =,/ 582)2 + (5P2)2

Length of magnetic-neutral line

Vertical electric current density

Mm

mA m—

2

Ly =2 dL
dBy IB
y X
Jz Jdx___ ady

Twist parameter

Best force-free parameter

Mm !
Mm !

Notes: Bx and By represent the horizontal components, and Bz represents the vertical component of the pho-
tospheric vector magnetic field B. Bo and Bp are the observed and the potential magnetic field. respectively.

(Chen, A. Q.+ 2022)
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)) Great achlevements in Space weather forecasting. All space laungh
missions planned have avoided'solar proton events (from 1999-2013) . -

2022/11/30 NAOC COLLUMQUIUM 2022
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Magnetic butterfly diagram
from SDO/HMI. poleward
surge Iin the southern
hemisphere.
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Field Strength [G]

Simulation with/without the

activity complexes.

2> Making progress in well understanding Solar Dynamo.

Activities complexes— a key
parameter in solar cycle
evolution

Observation & Simulation
Model— Simulation shows great
contribution of activity complexes on
forming the surge, Without the surge,
polar field cannot perform reverse.
(Wang, Z.-F.+ 2020, ApJ)

Analysis Model—Algebraic
quantification of an active region
contribution to the solar cycle (Wang,
Z.-F.+, 2021, ARA)

Statistic Model—Nonuniformity of
poleward flux transport on the solar
surface (Wang, Z.-F+, ApJ, 2022)

2022/11/30
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g B

High-altidude vector magnetic
fields from hinode over 10 years

5 .'” _..;;

‘aw"?’.

(a) North pole 20120910

structure, distribution, polarity [See

reversal of magnetic fields in the
solar poles

Provide important preliminary

Investigations for project of solar "

polar-orbiter observatory

(Yang shuhong +, In preparation)

(a) South pole 20120403

(b) North pole 20150911

(b) South pole 20150305

_ofmagnetlc J_elds |n solarpolar reglom

(c) North pole 20180911

(c) South pole 20180306

(d) North pole 20210907

(d) South pole 20210307

2022/11/30 NAOC COLLUMQUIUM 2022
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» Turnmg on Stellar exploratlons i ibnins o A

Based on photometrlc and spectral data, e.g. from TESS LAMOST, and
others instruments, double-line binary star systems were studied with
emphasis on obtaining their accurate system parameters and

understanding their evolutions.
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2022/11/30 NAOC COLLUMQUIUM 2022 47



> Characteristic time of Solar-like stellar flare§
Statistics of T e & Tyeca

KIC 4543412
Median Mean QI (3 Min Max  Sid

59 § 39 91 10 1520 132
17157 313 49 2168 324

© © =
2 2 3
o~ o~ o~

Relative Flux

Two Phases For Stellar Flares
rise time T, ~5.9 min
decay time T, ~ 22.6 min.

ripe
337.012 337.020 337.028 337.036 337.044 337.052
BJD-2454833 (d)

A flare light curve (Yan et al., 2021, MNRAS )

from Kepler SC mode.
NAOC COLLUMQUIUM 2022 48
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Y Collaborations of different fields %

Major Unsolved Fundamental Issues in Solar Activity
Solar (Stellar) Activity mechanisms
Solar dynamo—origin of solar mag. cycle
corona (stellar and galactic corona) Heating

he Evolution of the Sun as a Star and Its Influence on the
Celestial Bodies & Life Processes In the heliosphere: - - - -

Solar Pridictions—synthesize all the knowledge gained to
establish a new methodology of solar prediction
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‘The video and-slides of previous colloguia and-more-information can-be found at http://www. nao.cas.cn





