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Part 1.1 - Introduction

Q1. How does the flux rope form?

Q2. The properties of twist in different parts of a flux rope



Part 1.2 - Q1 : How does the flux rope form?

1. How does a flux rope form?

. Pre-existing rope (1) self-reconnection
I In-situ formed rope by reconnection | | ) lepel.r-reconnectm.n
Ill. Pre-existing + reconnection (3) t\_NO' INE reconne_ctlon
(4) zipper reconnection
9 + main-phase reconnection
: ic correct: . .
Which oneé 15 ¢ (two-line reconnection)

2. Flux rope formed by different ways of reconnection, the

poloidal flux and toroidal flux in flux ropes have different \/X
relationships with reconnection flux injected in flux ropes. v\/\/Y/ /
/I
/N

3. How to find these relationships?
Y i i ip D q)p, D,
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Part 2.1 - Q1 : Measure flux in flare ribbon
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Part 2.2 - Q1 : Measure flux in magnetic cloud

the Grad-Shafranov solution

Z ‘. J | Hu & Sonnerup (2002)
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MC poloidal flux (10*" Mx)

Part 3.1 - Q1 : Poloidal_flx-Toroidal_flx
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Part 3.2 - Q1 : Poloidal_flx-Reconnect_flx
& Toroidal_flx-Reconnect_flx
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Part 3.3 - Q1 : Different ways of reconnection

(1) self-reconnection 2D

CDp=(CDp)O + D,
CDF(CDt)o

(2) zipper-reconnection 2.5D

If reconnection happen f times along PIL,

) F+0.5
CDp—(CDp)O + ﬁ D,

D, =(Dy)o + D,

1
f+1




(3) two-line reconnection 2.5D

3
D, =(DPp)o + 5 P,

1
D, =(Dy)o + E(I),,

(4) zipper-reconnection 2.5D
+ main-phase reconnection
(two-line reconnection)

D, =D, + D,
f+05 3

Pp=(Pp)o +7 7, Py 5 P
1

1
Pt =(Pe)o + 77 P2+ 5 Pm




Part 3.4 - Q1 : Analysis
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Part 3.5- Q1 : Conclusions

1. The pre-existing rope doesn’t contribute much to flux of the flux
rope since cases’ poloidal flux don’t lie much above the lowest
line (3/4 line) even we assume the flux rope length is 2AU.

2. 2D model, self-reconnection (1), its toroidal flux all come from
the pre-existing rope, which means that may also exist a high

(P4 )0, but this doesn’t agree with the real fact. Model 1 may be
wrong.

3. From view of toroidal_flx-reconnect_flx, model 2 fits data best.
From view of poloidal_flx-reconnect_flx, model 3 fits data best.

4. Actually, zipper-reconnection (2) and two-line reconnection (3)
are specialization of model (4) : zipper+main-phase (set phi-m to
0 or phi-z to 0). Model 4 may fit the data.




Part 4.1 - Q2 : Average twist
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Part 4.2 - Q2 : Twist distribution curve
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k1l : it describes how twist distributes in the core of MCs

bl: the twist of the core of MCs

k2 : it describes how twist distributes in the outer layer of MCs
twist_end: the twist of boundary of MCs
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Conclusion 2 :
the twist of the core, 2-8 turns/AU;
MCs with PE, with a lower-twist core

Conclusion 1:
the core, a decrease distribution

k1l : itdescribes how
twist distributes in the
core of MCs

bl : the twist of
the core of MCs




[ ] ] 8 B L S
101 Red: no PE l _ Red : no PE
- Blue : PE _ I Blue : PE
g+ Black:total —— . 6 Black : total -
z 6 L
o S 4
&) QO
)
4t S .
21 : dl ]
O_ L1 1 1 | 1 L i
~10 -5 0 5 10 O b b

0 2 4 6 8 10 12

k2 (turns/(AUxT*m)) twist_end (turns/AU)

Conclusion 3 :
the outer layer, a flat distribution,
close to uniform twist

Conclusion 4:
the twist of outer layer, 2-4 turns/AU

twist_end : the
twist of boundary
of MCs

k2 : it describes how
twist distributes in the
outer layer of MCs




Part5- Q2 : Conclusions

* Twist of flux rope with PE is lower than that without PE. For
cases with PE, a lower-twist core may contribute to this.

* Most twist distribution curves include a decreasing part and a
flat part, infer that there exist a pre-existing rope as core and

an uniform-twist outer layer, both for cases with and without
PE.

* Twist of flux rope’s core is about 2-8 turns per AU. When it is
close to flux rope’s boundary, the twist is about 2-4 turns per
AU. (Compared to Eric Priest’s twist model : core-twist is
about 4 turns/AU, boundary-twist is about 3.5 turns/AU.)



Thank you for listening!



