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Formation of extragalactic jets
from black hole accretion disk

Elect ric Cut onls

Birkeland Current

Black hole Nebula
(I\/Ieler et al. 2001) (Morris et al. 2006)

Magnetopause Laboratory experlment (Gekelman et al. 2012)
(Burlaga 1988)
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FTERA:

o Evidence and formation of pre-existing
MFRs,

© Early evolution of CMEs,

© Magnetic reconnection during CME/flares
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corona

Solar Tornadoes

(Zhang et al. 2011; Li et al. 2012; Su et al. 2012;
Wedemeyer et al. 2012)
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CME in the inner corona

/

EUVI: 19:06:22
COR1: 19:05:22

(Patsourakos et al. 2010)

EUVI: 19:00:07 EUVI: 18:54:45
COR1: 19:00:22 COR1: 18:55:00
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“Direct” evidence of the

existence of MFRs-
EUV Hot Channel

(Zhang, Cheng & Ding 2012)

a AlIA-131A 03:141:09 UT b AA-171A 08 ?{11':1’2Ul' AlA-171A o{éﬂtzurf‘: 1. Appearing as a Channel_like

. 'ﬁ :

structure with a high

temperature of >7MK,

2. Appearing in the dark
cavity, following a bright front,
3. Existing prior to the first
appearance of the CME,

4. Evolving from S-shape to
semicircle,
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Different Orientations:

Statistical results:

CFL 1. Confined flare events with hot FRs (CFR)

2. Eruptions with hot FRs (EFR)

3. Prominence eruption events without hot FRs (PE)
4. Eruptions without hot FRs or prominences (PFL)
5. Confined flare events without hot FRs (CFL)

(Nindos et al. 2015)

CFR

PE
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Method: Iterative

Fi= [ R(T)x DEM(T)dT,

We assume a starting DEM that apply for above function, and compare the
predicted observations with the real observations for each filter.

The optimal DEM spline is found using IDL mpfit routines, which search towards
a minimum 2



Method: Iterative

Theoretical DEM AIA temperature " | Observed DEM
distribution response function distribution
{(EM, TI.' . ‘G) Rb(T) ‘E P(E“Mw T,_-_ G)

Monte-Carlo

Monte-Carlo

Ravsdom Ceoussian varioble

Theoretical Simulated
Intensities I,”(€)| |Observations I,°"( " )f*

Ouput: Best fit DEM - &'(T,, EM, o)

P(¢'167)P(€P)

P(g')

P(ehe") =

(Guennou et al, 2012, AplS)



Therefore, the reverse method is good enough somehow to
recover the temperature and density in various corona structures

After knowing DEM, we can obtain
emission measure (EM) , average temperature (T) , and density (n).

EM = f DEM(T)dT = f n2dl

- _ [ DEM(T) = TdT
~ [DEM(T)dT '
EM
n= [—.
v |
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Formation of MFRs

An MER formation in sigmoidal AR 11520

a XRT Ti/poly 11-July 03:00UT| O AlA 944 11-July 03:00UT| C AIA 3354 11-July 03:00UT

d XRT Tilpoly 12-July 07:00UT| € AIA 944 12-July 07:00UT




Temperature Structures of MFR

11-July 03:00UT D 12-July 07:00UT | C 12-July 14:48UT

275

—

L?E 2 v
b
s 265
LU
_8’ 26.0

1. High temperature of the core field shows that the reconnection takes
place there.
2. The formation of MFR could be from the reconnection between sheared

arcades.

7=8.0-10.0 MK 1=8.0-10.0 MK T=8:0-10:0 MK



Photosphere flows:

SDO_HMI  11—=Jul-2012 00:12:40.800

Y (arcsecs}

~150 4
X (orcsecs)




V x B = aB,

NLFFF structures of MFR
R R - )

The reconnection pattern varies spatially from bald-patches to
hyperbolic flux tube along the direction of the MFR axis.
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IRIS observations

IRIS observables: spectra, images, and sample observing sequences

Fixed Slit Mode

,-‘&. -

yplcal repeatlfadeﬁ'ce 10s

Sparse Raster Mode

mﬂ : ».,-J‘
. DICE I 2} X -
Typit:al repeatcadéﬂ'ce 30 s

Fig. FO2-1 IRIS spectrograph
observing modes depicted on a
Hinode/SOT image. Step size
and exposure times are fiexible.

Estimated Count Rate
counts/s/line/spatial pixel

S Acti Detector
Region

UV Spectra (effective area of 2.8 cm? for far-UV, 0.3 cm? for Mg passband, continuum is 1 A)
- Count rates for Mg Il wing, h and k are in counts/s/spectral pixel/spatial plxel

Sil(3P)Cont | 1335 | 125 37 40 80 1

Mg Il wing 2820 25 |[3.7-39 21007 7500t 7500T

Ol 1356 | 125 38 50 100 250 1

Mgllh 2803 25 40 870t 3400t 130007 3

Mg Il k 2796 | 25 40 11007 450071 100007 3

cll 1335 | 125 43 540 1970 22000 |1

cl 1336 | 125 43 500 1780 20000 |1

SilvV 1403 | 125 48 400 1000 1e6 2

SilvV 1394 | 125 48 640 2200 3eb 2

ow 1401 | 125 52 65 116 2e5 2

o 1400 | 125 52 25 60 1e5 2

Fe XII 1349 | 125 6.2 30 50 500

Fe XXI 1354 | 125 7.0 10 40 4ed

UV Slit-Jaw Images Estimated Count Rate (counts/s/pixel)

Effective area 0.005 cm? with 4 A FWHM filter for Mg II; 0.7 cm? with 40 A FWHM for far-UV.

Mg Il wing 2831 3739 2300 5300 5300 4

Mgl k 2796 40 750 3500 8500 4

cll 1335 43 400 1300 13000 4

SilV 1400 48 300 1200 2e5 4

Table FO2-1 Count rates for strong spectral lines (top) are compatible with the required 1 s

raster cadence (see §E.3). Count rates are based on atlas data assuming a filling factor of 1/3 (i.e.,
assuming thin linear structures). Count rates will scale with the actual filling factor on the Sun. The
dominant lines Mg Il k, C Il, and Si IV contribute 50% or more to their respective slit-jaw images.



Spectral Images
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Countrate / DN/s Countrate / DN/s

Countrate / DN/s

Profiles of Spectra
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2014-September-10: Si IV
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2014-September-10: Si IV
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Initiation mechanisms

Reconnection type
1. Tether-Cutting (Moore & Labonte 1980...)
2. Breakout (Antiochos et al. 1999)
3. Flux Emergence (Chen & Shibata 2000)
Ideal MHD type
1. Partial Torus Instability (Olmedo & Zhang
2010...)
2. Kink Instability (Hood & Priest 1981...)
3. Loss of equilibrium (Forbes & Isenberg 1991...)



Tether-Cutting

Before onset Eruption onset
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Breakout model




Flux Emergence
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Ideal MHD instability: Torus Instability

CORONA 8 T2 T 55 288 T Ak ) 1) B AT LA S A9
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Ideal MHD instability: Kink Instability

LT

S 7z

t=0.0

f=9.0

Kink AT
Instability

> 1=06 t=116

Torus A—TT—
Instability ' \\\ i

Controlled by the total twist:
[B ¢(I" )
r B,(r) ,

where [/ is the length of the current-carrying flux system,
r is the (minor) radius, and Bz and B¢ are the axial and

azimuthal field components, respectively.

(Hood & Priest 1981; Torok & Kliem. 2003)




Confined and Eruptive
Eruption

n=0.83

ht)

N W s
N A O

h[10" km]

o

u(t)

|
o = N W
u[102kms’]

h(t)

u(t)

a(t)

(Ji et al. 2003; Torok & Kliem 2005)
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Role of MFR in forming and accelerating CME
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CME Velocity

CMEIEigIREY

CME Kinematic Evolution and Timing with Associated Flare

CME Flare (Soft X-ray)
Phase 1 ---- Initiation Phase --—-- Pre-flare Phase
Phase 2 ---- Acceleration Phase ---- Rise Phase
Phase 3 --—- Propagation Phase -— Decay Phase

(Onset 1 ---- Onset of Instability; Onset of Initiation Phase

(Onset 2 - Onset of Main Energy Release; Onset of Acceleration
Peak  --—-- End of Main Energy Release; Peak of CME Velocity

Phase 1

Phase 2
Time

Phase 3

Flare Soft X-ray Flux
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Reconnection in 2D

o —




EX:2)l

d¢/dt=cE =4mc"'nj=v.B, =constant
dp/dt vB,
v,B.  v,B

For Sweet-parker model

M,=R" F R M — 101
For Petschek model

M,=mx/8InR,

dE /dt=L"B’v. | 4n
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3D structure of Solar Eruption
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Cusp-shaped flare loops (Masuda et al. 1994);
Inflows and downflows near the reconnection

region (Yokoyama et al. 2001; Savage & McKenzie 2011; Takasao
et al. 2012; Liu et al. 2013; Xue et al. 2016)

Double hard X-ray coronal sources (Su et al. 2003);

Changes of connectivity of coronal loops (Su et al.
2013; Yang et al. 2015; Li et al. 2016).

What happens here

Sweet-Parker and Petschek?



l Very fast CME
with a speed of
3000 km/s and the
second largest
flare in the past ten

vvaaraQ

B The linear
structure
connecting the
CME bottom and
flare top is clearly
observed and that
appears to be very
dynamic.

B Similar to 2D
picture of solar
eruption by Lin &
Forbes (2000).
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What happens in current sheet?
told by 2017-09-10 limb eruption
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(Cheng et al. 2018 ApJ)




Turbulence and fragmented current sheet
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significant non-thermal fragmented current sheet
—> turbulence? —> plasmoids

(Li et al. 2018, ApJL; Cheng et al. 2018 ApJ)



Intermittent outflows: Fragmented
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