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1. Introduction; Solar flare emissions

Non-thermal emissions
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Thermal flare plasma
is a by-product of the
non-thermal particles

Particle acceleration is a primary ingredient of the

solar flare.



Flare (X1.1) on 2012.3.5 by Hinode, Call H




(4]
o
|
5]
o
|
oy

03:26:40




-, “:
’ y
s v !
: " #
.0
L .
1 48
A
12-03-05%

3:28:11

- -
‘ .
1






12-03-05
03:2%:41




12-03-05
03:2%:41




(4]
o
|
m
L]
|
(4]

03:31:12




12-03-05
03:32:41







Previous works on flare kernel -1

Close relationship between Ha and hard X-ray emissions

at the impulsive phase of a flare
Kurokawa etal, 1988, PASJ, 40, 357

Time coincidence < 1sec

~2.0 I, (total)

He intensity

Counts s~
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=>» Flare kernels are excited by non-thermal electrons
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Previous works on flare kernel -2

Progressive brightening observed in the wing of H-alpha line
Kawaguchi etal, 1982, Solar Physics, 78, 101

Flares consist of multiple
loop system that are
activated progressively.

Propagation speed
190 ~ 970km/s

=>» Flare kernels provide a
mean to investigate the
dynamic evolution of
the flaring loop system

f: 223332 UT
servatory, Pictures in (a), (b), and (2] belong to the
and (e}, one sees the several bright points in
ive region just before and after the occurrence of ﬂ:ds
i




Previous works on flare kernel -3

Evolution of Conjugate Footpoints inside Flare Ribbons during a Great
Two-Ribbon Flare on 2001 April 10

Asai etal, 2003, ApJ, 586, 624

Simultaneity of flare kernel
brightening tells conjugate
footpoints of a flare loop

Flare kernels provide a

mean to investigate the

connectivity of flare loop
system

06:12 05116 0520  05:24  06:28
Start Time (10-Apr-01 05:09:00)




Previous works on flare kernel -4

G-band and Hard X-ray Emissions of the 2006 December

14 Flare Observed by Hinode/SOT and RHESSI
Watanabe,K. etal, 2010, ApJ, 715, 651

1 1.6 keV
] 3.1 keV

white light emission has
consistent energy with
>40keV electrons

GOES flux [Watt m?)

.

§ south-east

DNs

north-west

Close relation between
white light kernels and
non-thermal electrons

] 20-30 keV

counts s

counts s

energy [keV]
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Previous works on flare kernel -5

Ha red asymmetry of solar flares
Ichimoto & Kurokawa, 1984, SolPys, 93, 105

29 Dec. 1982

~ Ha red shift

-
L]
L=

LA O
! ol Pk . R, rvwﬁf s
!I' - *._Mh o | os: 22530 |
rmwﬁ“ﬁ"ﬁ‘“ /wﬁmr "N v IR ?;“’1
M‘]ﬁmmm"‘w"f ' : .: -||II ﬂmqrﬂva

DGHL44 o

‘*"{*-*’ﬁ'.’“ e F R

INTENSITY
—3— A S N D .

VELOCITY (km/sec)
wn
=]

CONTINUUM

TIME  (UT) Ax (CA)
Fig. 6c. Fig. 4a. l

Red-shifted Ha profiles at the
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Previous works on flare kernel -5

Ha red asymmetry of solar flares Flare loop
Ichimoto & Kurokawa, 1984, SolPys, 93, 105

107K evaporation
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] Ha red shift }
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(_ ,\/r‘l‘}w \
L_J;/_ N R j Downward motion of

chromospheric condensation

Fig. 6

Travel distance > 5000km > thickness of chromosphere
=» unresolved structures In flare kernels



Fine structures of flare

« Flares consist of numerous elementary non-
thermal processes that make spatial and
temporal fine structures of flares.

* They change rapidly in time scale of a second.

* Flare kernels provides us a clue to study spatial
and temporal evolution of the non-thermal
events and flare loop system.

=>» Need for high speed / high resolution imaging
observations of flare kernals

20



2. Joint program for flare research
by STEL and Hida observatory
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Hida Observatory
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Solar telescopes at Hida Obs.
SMART Domeless Solar Telescope




SMART system
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SMART H-alpha center (2011.08.03)

Ho

Center, +0.5, +0.8, +1.2, +3.5A
1set every 2min

45k x 4k format

T

Original scale




Data open on Web.  hitp//www.hida kyoto-u.ac jo/SMART/

@) SMART LIVE - Mozilla Firefox =N =R
T7AILE) |EE) TR(V) BE(S) Tvox—o(B) Y—IUI) ~NLI(H)

@ - 74y | || http://www.hida.kyoto-u.ac.jp/SMART/live/index2.html - | [*§~ Google P
v EEERRENEREZE... <« MERHEtLS-RT. > ; BRAF [F8Fv ). x | || POERSMRAE EE... x | || SMART LIVE X

- A A A ek Ak

* Co-alignment among the images

These programs have been developed by K. Nishida. N. Mornimoto, K. Otsuji, M. Hagino, and T.T Ishii.

T1 H-alpha full disk

2011.12.28 f Ho0.5A 2011.12.28 { Ha + 0.0A 2011.12.28 | He +0.5A

Hida Observatory f SMARTTY Hida Observatory 1 SMART'T1 Hida Observatory | SMART'T1

2011.12.28 | Ho+0.0A 20111228 | Ho 4384
01:55:11UT J Prominence

2011.12.28 01:55 UT

Hidda Observatory | SMART'TY Hida Observatory | SMART T


http://www.hida.kyoto-u.ac.jp/SMART/
http://www.hida.kyoto-u.ac.jp/SMART/
http://www.hida.kyoto-u.ac.jp/SMART/
http://www.hida.kyoto-u.ac.jp/SMART/

High speed flare imager (HSFI)
Optical layout

New optical bench
Continuum filter

Camera-2 |

Collimator
lens
| ns
Objective lens .
Camera-1 _ | o
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Developed by the joint research program of the STEL, Nagoya-U, 2011
“Study of particle acceleration in solar flares with a high speed imaging
observation in visible light"
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Basic features

Spatial resolution : 0.6” (0.215” /pix)

FOV : 344”x258” (1600x1200 pix)
Exposure time : 0.1 — 0.2msec (freeze seeing)
Frame rate : 25 frame /sec

Data rate : 192 MB/sec, ~7 TB/day

Data archive :

during a event of interest — all data are stored

other periods — 1 set of images per every 5sec is
stored after frame selection



Observation features
in comparison with other instruments

| BFi/Hinode | AIA/SDO | SMART-HSFI

Spatial resolution 0.2” 1.2” 0.6~2"
Field of view <220"x110” full disk 344"x258”
accuracy 102 102 102
wavelength CaH/ conti. EUV/conti. Ho/conti.
Time resolution ~20sec 12sec 0.04 sec

Time coverage 24hr/day 24hr/day ~ 0~10hr/day

32



Optical bench

First light on 2011.8.17
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After post image processing




White light flare on 6 Sep.2011
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White light flare on 6 Sep.2011

2011.09.06 22:18:29 (UT) Cont.



Light curve of white light flare
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X2.1 flare on Sep. 06, 2011
(SMART / T3 Continuum, HMI magnetic field)
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- Ha brightening proceeds continuum by 40sec
- HXR peak proceeds continuum by 10sec

- HXR source is ~10arcsec apart from the
continuum kernel



Eruptive flare, 2011.9.7




Eruptive flare, 2011.9.7




Flare (X5.4) on 2012.3.7

T3 Ha 2012-Mar—07 00:21:38.371 HMI 2012-Mar—07 00:12:00/00:24:00
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SMART at Kwasan and Hida Obs., Kyoto-U. - Mozilla
W —iu(T)

Firefox

@

@ & nttp:/mww nida kyoto-u.ac jp/SMART/

3~

|-€é SMART at Kwasan and Hida ...
SMART at Hida Obs., Kyoto-U.

o about SMART

| g

o Today's Sun (T1 images and movies)
o SMART LIVE (T1 real time images)

o T1 (H-alpha full disk) Data Archive

o T3 (High speed imaging system) Quick Look

\
o SMART movies (html/java)

Data policy
The use of data for public education efforts and nor
If you want to use the data in a published paper, bq
please contact us.

E-mail: data_info [at] kwasan.kyoto-u.ac. jp

Back to Kwasan and Hida Observatories, Kyoto-U. E

Back to facility/SMART English ver. Japanese

&

- @

@ [[S)] nttp:/avwwe.hida kyoto-u.ac jp/SMART/T3/T3_2011 htrv
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Ty 2—5(B)

SMART T3 (2011) - Mozilla Firefox
W—=(I) ~NF(H)

MIE ke

|@ SMART T3 (2011)

|+

SMART/T3 Observation Calendar

2011

2012 (Jan = Jun) >>

August September
\ Sun Mon Tue Wed Thu Fri Sat | Sun Mon Tue Wed Thu Fri Sat
1 2 3 4 5 6 1 2 3
7 8 9 1011 12 134 5 6 71 8 9 10
14 15 16 17 18 19 20 |11 12 13 14 15 16 17
21 22 23 24 25 26 27 |18 19 20 21 22 23 24
28 29 30 31 25 26 21 28 K
October November December
Sun Mon Tue Wed Thu Fri Sat | Sun Mon Tue Wed Thu Fri Sat | Sun Mon Tue Wed Thu Fri Sat
1 1 2 3 4 5 1 2 3
2 3 4 5 6 7 8|6 7 8 9 101 12|4 5 6 7 8 9 10
9 10 11 12 13 14 15 |13 14 15 16 17 18 19 |11 12 13 14 15 16 17
16 17 18 19 20 21 22 |20 21 22 23 24 25 26 |18 19 20 21 22 23 24
23 24 25 26 27 28 29 |27 28 29 30 25 26 27 28 29 30 31
30 31
Copy right(C): Hida Obs., Kyoto-U./STEL, Nagoya-U., 2011.

If you want to use the data, please contact us.
E-mail: data_info [at] kwasan.kyoto-u.ac. jp
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SMART T3 (2011.09.29) - Mozilla Firefox
Z74M(E) RRE) FRY) EEE) Fvosv—2(8) Y=m(T ~N7H)
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| [6] SMART T3 (2011.09.29)
SMART/T3 2011-Sep-29

Quick Look Movie
Cont inuum and Ha Continuum H-alpha

ﬂ [@ http:/iwww.hida kyoto-u.ac jp/SMART/T3/T3_2011(

| #

Sample images [Co,Hal

™

FOV on T1 image

Observation log

Event Movie
events—1 (Co) events-1 (Ha) good seeing (no flares)

Back

Data is open at http://www.hida.kyoto-u.ac.jp/SMART
|



SMART T4 new vector magnetograph

3, polarizing beam 2, tunable filter
splitter Fel 6302.5A wO0.1A
25 cm Magnetograph (T4) 138
Splltl; ar I7er Shutter
D Camera Tl 9md Mizror
4, high speed . -'I' =9 Lens
» 10N * e
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SMART T4 first light




Features of SMART T4 magnetograph

| sP/Hinode HMI/SDO SMART/VMG
6~5I’

Spatial resolution 0.3”

Field of view < 320"x160” full disk 450"x340"
accuracy 103 3 x103 3 x10+4
wavelength full profile 6 4
Time resolution 1hr ~ 1day 12min 0.5~1min

Time coverage 24hr/day 24hr/day 0~ 10hr/day
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Strategy

Step-1:

|dentify the connectivity

of magnetic fields
(=flaring loop system)

| . Corona imagers;
Light curves of F XRT,EIS/Hinode,

flare kernels; ‘ _ \. AIA/SDO
HSFI/SMART R . R i3

Field extrapolation from
vector magnetograms;
SOT/Hinode, HMI/SDO, Har

VMG/SMART i

12-03-05



Strategy

Step-2:
|dentify instantaneous
M injection / acceleration sites
5 é of high energy particles

| Hard X-ray,
Light curves 3 microwave imagers;

of kernels; L A , \. RHESSI, NoRH
HSFI/SMART i R

Numerical Simulation
of particle dynamics
and transfer

12-03-05
(03:38:42



Strategy

Step-3:
|dentify the flare trigger

High resolution
preflare/ initial magnetogram;
brightenings [ \_ VMG/SMART, HMI/SDO

HSFI/SMART

Numerical simulation
of flaring magnetic
field system o cel




3. Summary (1)

The High Speed Flare Imager (HSFI) is now in

regular operation at Hida Observatory

Four X-class flares (out of 9) have been observed since its
first light on 2011.8.17

The system aims to diagnose the spatial / temporal
evolution of high energy particles and trigger
mechanism of the solar flare by capturing rapid
evolution of flare kernels, and to find a path for better
flare prediction.

The data are available on
http://www.hida.kyoto-u.ac.jp/SMART/T3/.



http://www.hida.kyoto-u.ac.jp/SMART/T3/
http://www.hida.kyoto-u.ac.jp/SMART/T3/
http://www.hida.kyoto-u.ac.jp/SMART/T3/

3. Summary (2)

Joint program of STEL for

“Study of onset mechanism of solar flares with high
resolution imaging observations and numerical modeling’
IS In progress.

)

Task; Collaborators;
High speed imaging by SMART Ichimoto, Ishii, Nakatani (Kyoto-U)
*Vector magnetogram by SMART Nagata, Morita (Kyoto-U)
" Flare kernel analysis Kawate, Ishii (Kyoto-U)
*NoRH, RHESSI analysis Masuda (STEL)
*SDO/HMI & SMART magnetogram analysis Yoshinaga, Morita (Kyoto-U)
*SDO/AIA, EIS/XRT analysis Asai (Kyoto-U)
*SOT-G/Hinode analysis Watanabe,K (ISAS)
*Magnetic field / flare modeling Kusano, Yamamoto (STEL)
*Modeling of high energy particle Minoshima (JAMSTEC)

Yokoyama (Tokyo-U)



Thank you for attention.
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Height structure of X-ray, EUV, and white-light mission

Battaglia and Kontar,
2011, A&A

The white-light continuum

emission appears between the |

HXR and EUV emission,

presumably in the transition
between ionized and neutral
atmospheres, implying that it
consists of free-bound and
free-free continuum emission.

in a solar flare
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impulsive phase

energy release

microwave emission( >~GHz )
(gyro-synchrotron

g

trapped electrons

magnetic loo

corona
n~10%m3 T~10°K

~2000km

transition region
n~10'%m3 T~10%10°K

chromosphere
n~10'cm3 T~10*

HXR(>20keV) (bremsstrahlung of electrons)
SXR*visible wave length(thermal emission)

photosphere
n~107cm3 T~6000K



