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Motivation

How does the twist distribute in the cross-section of a magnetic flux rope?

Twist: T = f—"’z, Total twist angle: & = fol Tdz, Number of turns: 7 = %, orn = %
Two competing scenarios:
1. Less-twist at the axis and increasing to periphery:
- Linear force-free field has minimum magnetic energy Linear force-free

Lundquist, 1950
(Lundquist solution), MCs have sufficient time to relax ( q )

2. High-twist core enveloped with a weak-twist shell o  Wang Yetal, JGR, 2016 (4 -
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Magnetic field from Messenger in MSO coordinates
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Its counterpart at the Earth

2.15 20:20 UT Arrived at Mercury @ 0.35AU
16—Feb—2014 23:59UT
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Magnetic field from VEX in V30 coordinates

A MC-like structureatVenus | = Il | W <« N
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«  Arrived at 22:40 UT on Feb.17 ® ol e
* Ended at 13:00 UT on the next day Z_ _
 Asimilar pattern in angles ?E: :
* Profile of the total B is different K _iM G
* No shock ahead —20f E
* Question: why the MC spent about jz E
50 hrs from Mercury to Venus (~0.37 g of qﬁ
AU), but less than 18 hrs from Venus ::Z E
to Earth (~0.28 AU)? ) . :

* Is it the counterpart of the CME? f’f ‘8"
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Model the arrivals of the CME at different distances

0.28 AU, 60 Rs,
17 hrs

| 0.65AU, 140 Rs, 122 hrs

0.35 AU, 75 Rs, 35 hrs 0.37 AU, 80 Rs, 50 hrs
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CME Deflection in Interplanetary Space (DIPS) CME Deflection in |nterp|0net0ry Spoce (D'PS)
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RAD data at Mars [dose rate: uGy/day]
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An unclear source CME
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* CME candidates > 50 degrees



SOHO/LASCO STEREO-A/COR?2

2014-02-14708: 2014-02-14T12:24:00

First appearance in LASCO around 11:42 UT




Evolution of the magnetic properties of the CME flux rope

/

CME Deflection in Interplanetary Space {DIPS)

Kinematic evolution has been shown

How about the magnetic properties?

—> Axial magnetic flux, F,
- Twist of magnetic field lines, t

Fitting the observed MCs with a 2 :

uniform-twist force-free flux rope

model (Wang Y. et al., JGR, 2016)

X in HCI (AU)



Recover the shocked structure

* Based on shock relations, calculate
- shock normal: (-0.93, -0.01, -0.37),
0;,=87 deg
- shock speed: 585 km/s
— compression ratio: 1.69
e convert the shocked (downstream) B and v to
un-shocked (upstream) B and v, with
assumptions:
- the sheath plasma follows the shock
relation and
- the same compression and normal

direction in the sheath region
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Fitting the MC at Mercury and Venus

Magnetic field from MESSENGER in MSO coordinates Magnetic field from VEX in VSO coordinates
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Conclusions

* A stage-like distribution of twist for a post-eruption magnetic flux rope, consisting of a high-twist

core and weak-twist outer shell

* Fine structures may exist because we have only three points
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* Challenge to the

as well as the for

» No pre-existing MFR prior to a CME, » Need a pre-existing MFR;

magnetic reconnection produces % magnetic reconnection Fild Lines
higher twisted field lines than core produces a different twist ) z_T O z_r © Z_T NG
: ) P 40

Discussion
current understanding of solar eruptions

mation and instability of MFRs
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