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Color: Soft X-rays = ~ 10 MK thermal plasma
Contours: Hard X-rays

14 - 23 keV 23 -33 keV 33 -53 keV

An 1mportant observational fact 1s that the coronal HXR source
in the higher energy range 1s located at a higher altitude.

Roughly speaking,
~ 100 keV electrons exist at a higher altitude than the altitude
where ~ 50 keV electrons mainly exist.




Event study using RHESSI and NoRH data
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Microwave source is located at a lower altitude than the
altitude where the HXR source is located.

Hard X-rays — Bremsstrahlung
~ 50 keV HXRs are produced by ~ 100 keV electrons

Microwaves — gyro-synchrotron
17GHz emissions are produced by ~ 1 MeV electrons

\

~ 1 MeV electrons exist at a lower altitude than the
altitude where ~ 100 keV electrons exist.

Is this always true?
A statistical study without any bias 1s needed.




Observational Result

We compared HXR and microwave sources in height for seven
solar flares. 6 among 7 flares, the HXR source 1s located at a
higher altitude than that of the microwave source. This
indicates that ~ 100 keV electrons exist at a higher altitude
(closer to magnetic reconnection region) compared with ~ 1
MeV electrons.

Low-energy HXRs ~50 keV  Low altitude

High-energy HXRs ~100keV  High altitude

Microwaves ~1 MeV Low altitude

What Kind of process makes this result?
— modeling / simulation
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Modeling of particle acceleration
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 Modeling based on drift-Kinetic
theory

* Particle acceleration and time
evolution of distribution function
of electrons due to inductive
electric field (-vxB)

* Direct comparison with
observations

— spatial size: 1x1.3 Mm?

— time: 10 seconds
Number density of 20 keV electrons
Solid line: magnetic field
Dashed line: separatrix



Modeling of particle acceleration based on drift-Kinetic
theory with collisional process
(Minoshima, Masuda, Miyoshi, and Kusano, ApJ, 2011)

Height distribution of electrons with different energies
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Interpretation >< (1) Pre-acceleration

(related to reconnection?)

(2) Loop shrinkage and betatron acceleration
increase the number of energetic electrons

High-energy HXRs ¢” S (3) Begin precipitation of K=K2 electrons
AR seen as the above-the-loop-top source

(4) Further shrinkage and acceleration

Low-energy HXRs ,*& (5) Trap of K=K1 and K3 electrons
Microwaves R seen as the coronal sources

(K1 < K2 < K3)
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(Watanabe et al., 2010)
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2011/2/24 B J£27L 7 SDO/AIA,HMI + RHESSI
(Battaglia & Kontar, 2011)

: 1. Measure radial distance \

SDO AIA_S 171 24—Feb—2011 07:29:00.340

Radial distance r

Energy
2. Fit density model ‘
n(r) nphofosphere exp( (r hctosphere )/ ho )

. f@ b 3. Find absolute height above
:1’ ﬁ ‘.\ photosphere
/2] T ~
F}- |T . - 20 keV 80 keV
i, - - -
= ko)
% Energy
Photesphere Chromesphere Corona
e 'I':"'"\'I""""I"""“'"“""'0.10
r < = 94 A H
1.0~
i iy —: 0.08
0.8
—1100 ~1050 £ [ o6k
E sl 2 3 0.06 5
I B = 2
sg sl A 7 0.04 o
sls ~ i
HESEEXRLYL ERCEE | ¥
\Y V4 —-_—'-"--______ /|
— BEXORRIE<12keVEEED T—
== 0.0 [ ——— ce oy 1000
1‘& L ) I * ) b# O) 1 ’ Height [Mm] ’ ' ’

o



Y {crosace)

Battaglia and Kontar 2011

SDD ALY 94 07:20:02.120

S00 A

W2 193 07:X0:09.440

lI
f {
iF3
TEN

W . ‘ é

Foe 1| PRTTRTTTFY P :ti;li;.:;‘.aa;all:nl;n.njo PERTETETE Y e J.l’n;.liua’:nu--
=920 -S40 -330 -920 -S40 -aen =930 -970 -310
3 (orcsecs) X (orceecs)

SDO AA_4 304 07:3008.140
mor
Faunl g
250F
ot

-950 -940




EXIREBBIXOMHEEDENZDONT

~ km
rq1 6500 —|—<— 50-100keV HXR

I (KD OB EDIRETEEHT.
Matsushita et al., 1992) | {ETR)LX—TBFit]R
B 1000 < 50-100kev EF Atz | 6173 A continuum

W)
B 1 (@E 1005cmemy  (SPO)
1 Neidig, 1989) @ 1.5~3 Mm

(Battaglia & Kontar, 2011)

600 < 50-100keV HXR p EXFREBBRET

1 o T P7xd &t 500km D
(RHESSIEE DAL | 70~
—+  Kontar et al., 2008) B TR D 2=

g 1 FIRETHEET S
R 1001 | | EETarmIzE
- ¢ G-band (Carlsson et al,, 2007) " >900keV 4%

Continuum (Neidig, 1989)



JBEILT EHIEDEE

2006/12/06 HEFTIL 7 SOT/SP, G-band (Deng et al., 2011)
17:5987UT 18:43:38 UT 19:35:33 UT

NLAY D FEEE Bli7|/71£l_

decayL Tl 4 i '(b') """""""""" I~

NLIZR-ST=T/N\— 1wk g
JO0—DFEEN, ILTEIZ:
ELIEH TS,

|
L7 EIBEDHISZEIEN - . |
ﬁllt_, Ig:(- ' : i —C- ?2% % 5— 2_ T: 17:00 Stll?éql'(i)me (06—Dec—1(?6:50? 6:50:00) 20:00

£ 1.00

=0.10

GOES 3-8 keV Flux (10°° Watts m 2)

L 0.01

RHESSI 50-100 keV Flux (10° photons s™' em™ keV~




ALMAIZ X A58/ N8R0 O

(1) {E®)fHEmicroflares
microflareZ H\ “/=flare physics

(2) micro-type III busrts, type-I bursts
) — VRS (open-closed boundary)

.

(3) FRER AR/ N LT
R 2 A D,

il

|

ot



ALMAIZ LA N7V 7 OELH|

(1) {E®)fHEmicroflares
microflareZ H\ “/=flare physics

(2) micro-type III busrts, type-I bursts
) — VRS (open-closed boundary)

.

(3) FRAapE I/ N7 LT
i H 2T A D,

il

|

ot



. Morioka
Micro-type-III bursts
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A model for entire t henomena
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P: N(Ey)=E,~ 59 N=4497
Krucker & Benz (1998): SOHO/EIT 171/195 A
K: N(Ey)=E, 222299 N=11150

Aschwanden et al. 81889): TRACE 195 A
A: N(E,)=E, 1794008 '\ _og4

Shimizu (1997); Yohkoh/SXT
S:N(E)=E, 74 N=291

Crosby, Aschwanden, & Dennis (1993): SMM/HXRBS >25 keV
C: N(E,)=E, 9% N=2878
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