ISEST 2017

vvv

AR FLARE

G -SUN LEE', HIROHISA HARA',
|MADA2 KYOKO WATANABE?®, &
ANAND D. JOSHI

'National Astronomical Observatory of Japan
“’Nagoya University
*National Defense Academy



Solar flare model

Electrons

Non-thermal
Electrons Flare Energy

Release \

Evaporation
Radiation

Accelerated
Footpoints |_}— Particles
of Loop '
Magnetic Loop

Hard X-rays

Nuclear

G Rays
Chromosphere SRR

Sometimes, strong flares produce
white light continuum enhancement,

In spatially and
temporally (Neidig 1989; Hudson et al.

1992; Krucker et al. 2015).

Magnetic reconnection at the higher corona
Energetic particles are accelerated at the

reconnection site
- Particles precipitates along the magnetic loop

( ) and hit the chromosphere footpoints
( )
- Heated chromospheric plasma evaporates into the

corona ( )

Evaporation flows
- From the spectroscopic observation, evaporation flows

are observed by

X7.1 flare

12-15 keV 12-15 keV
250-500 keV ’ 250-500 keV
image: TRACE 1600A image: TRACE 1600A
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» Soft X-ray cusp-shape loop with
HXR above the loop-top source

..% » Trace specific loop motion, or peak
loop changes with time
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Hara et al . 201 1 Ca XVII 192.8 Ca XVII line—width index
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Hara et al. 2011

Fe XII 1951 Ca XVIl line=width index
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Hara et al. 2011

"""’,f Line-of-sight

Reconnection outflow
EIS Fe xx1v & Ca XvII
* Doppler velocity
V==V, 0w €08 6 ~200-400 km/s
*T,=9.4 MK from Fe XXIV/Ca XVII ratio
*n, ~4x10° cm™ from EM
Warm outflow (EIS Fe XV & Fe XVI)
appeared before HXR peak time:
Slow-mode shock
Reconnection outflow

(not observed)
Fast-mode shock

Upflow: V, ~ =20 km/s
EIS Fe XX111 & Fe XX1V

Downflow: V; ~ 10 km/s
EIS Fe XV & Fe XVI

Hard X-ray nonthermal source
RHESSI 15-40 keV

V.

Reconnection inflow
EIS Fe X & Fe X1

* Doppler velocity
Vo=V, 00w €08 6, ~ =20 km/s

*T,=1.2 MK from Fe XII/Fe X ratio
*n, = 2.5%10° cm* from Fe XII ratio

Bright blob
* EIS Fe xXX111 & Fe XX1v
T, =12 MK from line ratio
n, ~ 1x10'9 cm? from EM
Vyr~ 100 km/s at impulsive phase
* XRT: faint X-ray enhancement
* RHESSI 4-6 keV thermal source
T, =12 MK from HXR spectrum
* STEREO 195A band enhancement
(Fe XX1v A192 contribution)
Downward motion V|, ~ 30 km/s
EIS Fe XXI11 & Fe XX1v

“Footpoint brightening
as ‘two ribbon structure’
TRACE 171A band images

inﬂuw/ Vuulﬂuw = ( Vl). inﬂuw/ VD. outflow ) (COS 62 / cos 61 ) =0.067 (COS a.’ / cos 61 )




Radio observation + HXR spectroscopy + EUV imaging + simulation

Bin Chen et al. 2015 2 oes o
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INTRODUCTION

WHAT DO WE NEED FROM THE SPECTROSCOPIC
OBSERVATIONS FOR UNDERSTANDING SOLAR FLARES?

» Magnetic reconnection region near the loop-top source
» reconnection outflow & inflow

» the presence of the slow-mode and fast-mode MHD shocks in the
reconnection geometry

» Particle accelerations in solar flares
» Spectroscopic obs.:

- ldentification of the spectral line for hot plasma with low intensity due to
the dynamic range or sensitivity

- 3D velocity structure from the imaging (plane-of-sky velocity) &
spectroscopic obs. (Doppler velocity)

- Excess line width (non-thermal velocity, turbulence, particle
acceleration, multi-thermal structures)

- Density & temperature structure at the shock region



Flux GOES 15 (2 sec)

M1.3 LIMB FLARE
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e M1.3 flare at 2014 Jan 13 21:47 UT
e Limb flare
e Observations

» SDOJ/AIA: High temporal resolution multi-
wavelength image

* Hinode/EIS: Spectroscopy
» STEREO/EUVI-A: Sterepscopy



. By using the spectroscopic analysis (if we
) can observe the loop-top region at the
plasmoid/filament -
limb)

detecting the flows at the loop to regions

detecting the
turbulent motion related to the magnetic
reconnection




SPECTROSCOPIC ANALYSIS & RESULT

ISEST 2017

DE-CONVOLUTION OF THE HOT LOOP-TOP SOURCE (FE XXIV+FE XIl)
FROM THE HINODE/EIS SPECTRAL OBSERVATIONS

» EIS observation
- Flare response 01

- 6 Raster scan with 9 min cadence
- 5 seconds exposure

- 3x3 pixel binning

{inc

E‘J 15—Jdan—2014 21:50:44.000
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X (ﬂFCSPQS)
Top left: Fe XXIV 192.02 A ¢
+ Fe XI1 192.39 A

Top right: AIA 94A intensity
scan raster image with EIS
Fe XXIV 192.02A intensity
contour

Bottom right: AIA 193A

intensity scan raster image
with EIS Fe XXIV 192.02A
intensity contour
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SPECTROSCOPIC ANALYSIS & RESULT

DE-CONVOLUTION OF THE HOT LOOP-TOP SOURCE (FE XXIV+FE XIl)
FROM THE HINODE/EIS SPECTRAL OBSERVATIONS

> EIS observation ol £ exil R

- Flare response 01 intensity, s 192.39A | igé(liliSA
- 6 Raster scan with 9 min cadence
- 5 seconds exposure L . L
- 3x3 pixel binning

» Gradual phase (21:59:39 - 22:08:34 UT)
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Top left: Fe XXIV 192 02 A
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Top right: AIA 94A intensity 100 S8 | e
scan raster image with EIS y S P N B
Fe XXIV 192.02A intensity
contour

Bottom right: AIA 193A
intensity scan raster image
with EIS Fe XXIV 192.02A

intensity contour




De-convolution of the Fe XXIV line emission

- Top end of the cusp-shape (region D): strong red
shift (>500km/s) and large line width from hot
temperature plasma

- Loop top cusp-shape region (region C): red shift

(~250km/s)
- Loop top (region B): bi-directional flow

- Strong red shift (LOS velocity) at the limb: need
to check the loop tilt angle
- Large non-thermal velocity: turbulence motion?
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If the loop (hot plasma
emission) orientation is away

from us
faster
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STEREOSCOPY

THE LOOP TILT ANGLE MEASURED FROM THE STEREOSCOPY USING
THE STEREO/EUVI-A AND SDO/AIA

» SDO & STEREO orbits

AlA 304 (21:53:43 UT)

STEREO-A 304
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* Loop tilt angle from the cool jet position of
two different spacecraft ~ 42.9 degree

- Given any 3 points from two different
spacecraft determine a plane

- We can calculate the loop tilt angle
between loop and solar equator
computed by considering all possible
combinations of 3 points of the
available points along the loop.




HESSI Observing Summary Count Rates, Corrected * HXR at the fOOtprInt reglon
‘ (21:49-21:50)
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6-12 keV

588y . SXR at the loop-top region
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SUMMARY

» We investigated the limb flare using the EUV imaging
spectroscopy.

» The hot flaring loop-top region shows the strong red-shift
and large line width broadening at the impulsive phase

» The strong red-shift imply the reconnection outflow
(downflow) considering the loop geometry.

» The reconnection related to the flare may occurs above the
loop



OVERVIEW OF AN LIMB FLARE (SPECTROSCOPY+STEREOSCOPY)

M1.3 LIMB FLARE OBSERVED
BY SDO, HINODE, AND STEREO

Flux GOES 15 (2 sec)

» GOES

Soft X-ray §
light curve g

» AlA

Multi-
channel
EUV
images

r Spectroscopy

- Hot loop-top source
(Fe XXIV) with a strong

red shift (>300 km/s)

and large non-thermal

velocity (>150 km/s)
the impulsive phase

Kthe flare
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f Stereoscopy

tilt angle of about 42.9
degree.

- STEREO/EUVI A & SDO/
AlA provide the angle of the
loop structure even though
it has large uncertainty. The
stereoscopy gives the loop

~
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- We found a strong outflows
and turbulent motions at the
above the loop-top source

(cusp shape structure) during

the impulsive phase
flare.

of the

Non-thermal velocity
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