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Knowledge of Coronal Magnetic Field is Vital
for Understanding Long- and Short-Term
Evolution of Solar Corona




GHHHBHHN!

Outline

Quantitative studies based on HMI Low-Cadence (12 min)
Vector Magnetograms

< Electric fields & Poynting Fluxes
< Reconnection fluxes

Quantitative studies based on HMI High-Cadence (135s)
Vector Magnetograms

< Magnetic imprints

| orentz forces

/
%

< Electric Currents

Data-driven models




| @w Cad: Electric Fields, Energy Fluxes, Rec. fluxes  High Cad: Imprints, Lorentz Force, Currents Data-Driven Simul.

HMI Low-Cadence Vector Data

B

= = e~

Crrr e et
it

ST T S
SnIuIUIIUILL L

The Helioseismic and Magnetic Imager (HMI)
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< B & Vyopp since May 1 2010

4,

<= Full disk 24 hrs/day
< dt=12 minutes, ds=360 km

Why low-cadence vector magnetograms?

¢

<= Active-regions: v~[0.1-0.3] km/s

¢,

<= Photospheric magnetic evolution is well-resolved

Hoeksema et. al 2014, Scherrer et al. 2012
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Low Cad:

HMI Orbital Motion

Relative SDO-spacecraft-Sun velocity varies by +£3 km/s each day

Introduces orbital artifacts in the HMI data

quiet regions pixels in quiet regions
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Hoeksema et al. 2014

Ongoing correction efforts: P. Scherrer, T. Hoeksema and the HMI
team; Schuck, Antiochos, Leka, Barnes, ApJ, 2016.
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Observed Magnetic Field and
Derived Electrogram: Evolution

PDFI electrogram

Magnetogram
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Kazachenko et al. 2015

Low Cad: Electric Fields, Energy Fluxes, Rec. fluxes  High Cad: Imprints, Lorentz Force, Currents Data-Driven Simul.



Observed Magnetic Field and
Derived Electrogram: One Snapshot

Magnetogram
B: 02:12 UT (postflare)
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Low Cad: Electric Fields, Energy Fluxes, Rec. fluxes

X—distance unit [360 km]
Kazachenko et al. 2015

High Cad: Imprints, Lorentz Force, Currents Data-Driven Simul.



Observed Magnetic Field and
Derived Energy Flux

Vertical magnetic field Vertical Poynting flux
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Low Cad: Electiric Fields, Energy Fluxes, Rec. fluxes  High Cad: Imprints, Loré(ntazzlz%r%g%rt}rlr(eontsega?al—br%(e)n15§mu|.
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Energy Fluxes

Left: magnetic flux (top), integrated

Poynting flux (middle) and GOES flux
(bottom) evolution in AR 11158.

Bottom: helicity flux flux evolution in

AR 11158 (from DFI and PDFI
approaches)

10

11

12

135

February 2011,

14

[days]

19

16

8 IO T ey s AT
STt

o e Grasiire

ST ST ke b WL AT Ty e Th e T Y

= = > "~ - - S — - - - ~- —~ - = = — ~ - - = — ‘u-

: R R < - - = = - = -

R S e X R 3 3 = 3 5 T e TR g
R I ST T T e e e e e e e L e e L e e e e e L L e e L L T e T i e e T Tl S e

P A

T I L LT
T L T

—
bl

T

:?Em

s
P

RIS
1 ue




Properties of Reconnecting Magnetic Fields

Flare ribbons are the footpoints of reconnected field lines!

Mé6.5 flare, AIA |71 Ribbon evolution over Br contour
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Low Cad: Rec. fluxes



Properties of Reconnecting Magnetic Fields

Flare ribbons are the footpoints of reconnected field lines!

Reconnected Flux  ®ribbon = / | Bn|dSribbon,

Rlbbon evolutlon over Br contour
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Low Cad: Rec. fluxes




Properties of Reconnecting Magnetic Fields

RibbonDB: ~3000 solar flares

Solar flares: Peak X-ray flux vs. AR flux Peak X-ray flux vs. reconnection flux
— 1.5
. X (I)rib)bon >C1 .
1.3
® X (I)ribbon >M1

Flare peak X-ray flux, Ix pea [W/m?]

1022 - 1023 ‘ 1020 102 ] 1622
Active region magnetic flux, ®,p [Mx] Unsigned reconnection flux, ® ., [MX]

Kazachenko et al. 2017

Low Cad: Rec. fluxes




HMI High-Cadence Vector Data

\/
X4

dt=135 s (dt=90 s after Apr 2016); ds=360 km;

<= Data already available for selective periods (360

h); but could be requested for any time during SDO
mission. Email HMI team.

Why high-cadence vector magnetograms?

<= Some types of rapid photospheric magnetic
evolution is under-resolved at 12-min

<= Example: major eruption; flux emergence

Sun et al., 2017, ApJ, 839, 67
High Cad:
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Vector magnetogram
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Magnetic “Imprint” & “Transient”

During eruption photospheric field changes during minutes

“Imprints” (permanent)
Field changes:

\ “transients” (temporary)

Before high-cadence HMI data:

Bios observations: good temporal cadence, but no vector

B observations: low temporal cadence

High-cadence HMI data: can clarify ambiguities

Sun et al. (2017)

High Cad: Imprints
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Magnetic “Imprint” in AR 11158:
Temporal Evolution

Differenced Bh Sun et al. (2017)

Increase

2011.02.1501:23:09_TAl

decrease

L@w Cad: Electric Fields, Energy Fluxes, Rec. fluxes  High Cad: Imprints, Lorentz Force, Currents Data-Driven Simul. |



A New Method to Locate Transient Pixels

Transient Pixel: resides inside ribbon (green)
has large field uncertainty (o)
has a jump in the signal (B-jump)

Finding transient pixels (white) Evolution of transient
(a) | — (b) Fr——= ] - M02:10
v. Evolution 1
3 ool Ribbon r 7200 5
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~ Gp 01:50 ~
_240f
L . ‘ e L3 01:40
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Sun et al. (2017)
Transients

Cover 6% of strong-field pixels in AR 11158
Most of them are not colocated with imprints
Are co-spatial with white-light sources

W Cad: Electric Fields, Energy Fluxes, Rec. fluxes  High Cad: Imprints, Lorentz Force, Currents Data-Driven Simul. |
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Lorentz Force Change in AR 11158
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L@w Cad: Electric Fields, Energy Fluxes, Rec. fluxes  High Cad: Imprints, Lorentz Force, Currents Data-Driven Simul. I/
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Flare Ribbons Vs. Vertical Currents

Jz and AIA 1600 ribbon contours: 2011-02—
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Low Cad: Electric Fields, Energy Fluxes, Rec. fluxes
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We find a spatio-

temporal correlation
between locations of
strong Jz and ribbons

Kazachenko & Lynch in prep.

High Cad: Imprints, Lorentz Force, Currents Data-Driven Simul,



Data-Driven Models: How Are Data-driven}
Models Affected By a Finite Observation |
Cadence?

Error in the magnetic free energy as
a function of the input-data cadence
for a fast emergence
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Data-Driven Simul.




PW Cad: Electric Fields, Energy Fluxes, Rec. fluxes

Properties From B-Observations For Data-
' Driven Models’ Validation

<= Magnetic energy (free and potential)
<= Magnetic helicity
< Reconnection flux (during eruptions)

<= Change in Lorentz force

High Cad: Imprints, Lorentz Force, Currents Data-Driven Simul.
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Conclusions

<= HMI/SDO: first routine high-quality full disk measurements of
the solar vector magnetic field

<= Vector magnetic fields allow us to estimate:

Electric fields

/
X4

/
"

Poynting fluxes

\/

Electric currents

| orentz forces

/
X4

<= Magnetic energy & helicity etc.
< Drive coronal magnetic field models and validate them

<= Vector magnetic fields observations are key to quantitative
studies of Sun’s atmosphere.

Pw Cad: Electric Fields, Energy Fluxes, Rec. fluxes  High Cad: Imprints, Lorentz Force, Currents Data-Driven Simul. b
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Thank you!




