Hicrowave and (Hardl) X- Ray Images
of Solar Flares

K. L. Klein

A, Source structure

L. - Farticle /oolou/qf{ons . Timescales
prc-ﬂare Phase.
"Hot +hermal" fmp. phase emission

) fm'{aufar'vc" and '5r'aduo.f" e mission
from . nonthermal "/:Jar-;lr'c/c:‘.s

3. Qe?uir‘em en+ts for fu#c},r‘e observ.

HEA snd Ry frhajfng in the A3fo s

XR : HXIS (snr) hv 2 3o kel
SXT ( Hl.ho-zlor:') hv & Y keV

Hicrowaves:
D) Nqaogcz. 35 Ghz /G mm
Nob ejama A% Ghx/ AF cm
WSRT S Gli/ 6 cm

21D VLA 3, A5, 5 AY GHx/
A3 -4 cm

Shora‘com:‘njd‘:

— XR Ima\?es at low hv:

integration > -As

— = intearofion > As
M = 3‘3
weak dens;'ﬁw'{] fo ext. struct
Fime éhar:‘nj with non-solar
ohservations

_u83_



ilicrowave sfrucfure of a flaring tovp

Observed: 1 Garosgnch. model:
I I
15 GHz 2m I
Tg: 26 % N
I, ~\ \\ 4.9 GHZ \
r oy viTgtlo .
— L } 1 <
L '} ]
/
/‘//\-.// I,
r— \ / -
GChﬂ \._‘_//
— opt. thin

; loo
o _ nccfr fimb

Shqlﬁaonknf, Wunclu AIES =‘Ff'er Petrosian 4382
Alissanclrakis Preka A8y
Klem, Trofe ’f’f:f’f

80 MHz

01:18:33
-01:19:24

'\J:Ulc‘- Jn: I(“f..(

e

i
[
!

17GHz
01:19:26UT

[ TT) e e

RAKAJNIMA KT Al

A szs\
VLA 22:26:27
NLY NL2
Fis
o
el |

F10. 3.—({a) Compesile line drawing indicating various fare componcats: [la flare keencls waken from Fig. 2b: the possible &

position of tie neutral line (¥1.2), Lascrally shified lram the measured pasition (NLJ ) nowhere more than 275! ou

tie tinwe of peak 1 and the LIXIS pixcls A, T, and 1 location of il 11e Dy emission {ihe paich 3outh of she acuiral lin being very weak
Same as Fig. 3o showing only Ila kesncls with the wo ceniral strands S amd 52, VLA source. and propuscd neutral line. Arrows ing

VISIBILITY
AMPLITUDE [sfu]

FLUX
DENSITY [sfu)

COUNTS /S

w
o
T

[N
<
T

Y
o
T

°F + 'H’) “:k various locations o through ¢ which are referred 1o in the leal

Q
—

3
T

So

g

o

T T T T T
15GHz |
(viLa) 4
{

9.4 GHz |
Toyokowal

Ty

=t 7

C 1 (HXAES) ]
w’i- Z
10} E

25-386 keV ]

Lot 1raanel

=
21 2 el

] 1
2225

L
2226

i L T I—
2227 2228 2229
uTt

P19, d.=(u) Microwave visibility smplitude at 13 Glle {Stokes paraacicr I3 on 3 bascline of K72 {ringe spacing. hence caich
whaole micrawave flore area, (4) Cbserved Nur demlty al V.4 Gils (Stokes parsmeter /1. (¢} 25386 keV cound rale as obiscrved by H
on SALAL, The Nare shows three peaks, lobeked |, L and 3,

@

-

Y
™

500

400

300

200

THRESHOLD ENERGY (keV)

100

A4.@. Gia

yo‘jnj et al A583

35 Gl
?

%3

103

102

COUNTS 5!
°

COUNTS 5!
o
w

||]ll|l|ll[]ll]lli]

]

llll[[l]]llllE[llllllllllllllll

> COUNTS s-!

T

-
o -
(5]

Ty

Ty

-HXRBS

Yoo-43
ke V

262-28
kev

CH. 10

J3- 64
keV

1982 JUNE 3

Led il trylesvtanyggly

| N O

11:43 UT



B Trr l LE S S G s l T B l!TI Trr l] lllll I lllll
10 - i
L : 9.4 GHz J
X
§ S5+ Qﬂaax -1
7 R
-~ b mﬂaggﬂuggg- XXy ]
P o TR
5 - ;
@ : e ]
a 107 ¢ w TLEGHE, ]
x | G :
= 9 X, %
e L nmﬂcr Xy ]
x5 %, xxx"x"x ]
o nocccincgé“xxxx" X
qu : - Uﬁcﬂununcmc
Ft:f:t it U Lo gy P oo b Ei i oodfieach

Time {min after 1800 UT)

Hot thermal flare (em-A; 0VRO)
Te £ 840K

y
10: 3:40 ' 18: 5:10

4 10

bod

Flux Density (SFU)
]

Frequency (CHz)

G’ar\t{, Hurford ASES

Hot thermal plasma
relation +o NT /gqrfi'c/cs 2
wWhere 2 When ¢

NHagnetic configuration
well confinecl
% heat fnj (Schmehl etal. 1337

Plasma parameters

hl‘jh a/ensffj
=2 heav‘fnj ( Tsuneta £35F)

.

_ 85—



AL

bE1 o T T

Een R 1 B

IR

L2000

VIBFIVE

'
HXA

7:12:05

V‘l ]
§

PRI O TR U W T W0 T O M U

[

%

4

T

z:-ae-

1AL

HXR3BS

}'W 2 Jo keY

_"‘lllr]'llglll.llllllllrl-_j

£

Juiziee

&)

ERLAEIEZE]

SXR

® @

Hachado et ol

Pre-flare phase

:35190 F:18109

731228

o
£
a
=

Pre- hec‘n’*:‘n\j

Precursors

Flux cmergeace

Nonthermal e~

(Sxa

. o,
L e A TR RSy AL LLEE AL L

« 14318

|

2|

F]XIS

}6 30 keV

|
i
-3;‘.5' kcy

(260 min. before f'mp.)

occas. cm-2 )

(\SXIZ - To‘pp:';_a «(330J

occas.

:m,—l).

(chanses in V occas.

{ouﬁo! in- cm_-/?)'

( min. before imp.pnase

cm -7 ; Bent et al. A5#3)

Onset of the impulsive phase

A Time ofel'aJ
2. Simult. rise

: fow/hr'jh hv :
low Hu‘Jh hv:

pre-flash
flash

{D"ffere“"' Source sitrucfure (XR,Cm-Z)

_86_

<

]

e

"‘5‘.9' >

o
|

[

]

44924 U7

@

I
Seurce 8

144344 Ut
144937 UT

@

-]
~ -
"
E i
£ e 1
b =
g % k
%
4 :__33,
3 g8 7
> 56 4
A
J
2
= g
ks
E)
= J
= <
El -3
~ . 1
5 -
L,

HXRBS

counls)

15"
200}~
100 |-
200}

SXT-1 (16-30 &
/ XT3 {11-d0 kev) ¢ ] i

T

v}

ot

'|o"=u

N\

= memsrer o3 e ~

17-40 ha¥ 4

v emmrne o "Hun

Hot +thermal {lar
(Hxe- Winotori)

3- 5. Ao
Ne~. Ao “em=3"

K.

40-08 l-‘V ;"

Lijod

=
AW

Laa

: '*‘%Mwmw ]

= TRk T S
o
4 =
S4=182 haV H
—o o
2
4
182300 8ev ] & a

Bern University {(S53)
1581 aprl 2

L

1108
WVEIIA\. Toag

1

¥k, L—lland Xurny time peusbies of the 1981 Apell 3 Sary s mimerwed wich
the band Xerny specinusseier ia Hiemaori Al ot puiads are phuiod with Livg
simee rymiwinm, Tiome profibes of (he botal qvust rmics of the rew hond Xomy

Srbensmres (XXTel wad 01 nlee mscpratiag woer wos
wbut sharerm, XT Bght cwrovs arv newely the same b §
IO ot mecinimeter, Nesc tha in haods shus

pin pevied (1AM 3l mre
st ol @ 17— ke ¥ el
wr A8 LoV, there i Boke

108 s Bt Bhore bend g kvl sves sl the lnbease peak with

et ovs ek S0k eV,

T 11:2:41-01:2:47

T f3c4:13-11:8;19

1 11:7:2-11:3:0

10!
Frequency [CHz]

a b c . d

@ @
7 11310:%%-11.10:58 T 11:15:22-11:17:4 e
) g (5-10 keV) =



amplituce

Hav 13, MBI WTO13a02

/\ N 30 AREHE T e

9.4 Gliz. J//

3 GHz ../

? GHz ~/ . r‘}\

1 GHz M J B
] V7-40 KEV —_—
™

“0-68 KEV

i . f B
o P

152-340 KEY

mw,.-amwwww“fr“}ﬁw‘.“ J’f““W‘\"Hhu\fw

04n00m (1] "0 L) 10 ER) EL]

[e——

afpo!qr struclure in _u-wave hurst Sources
( VQ#‘GHbSl‘J & Allaard A9£3)

&ummar\y: Imaging cm-A [ AR

A: narrow A"
brl'dh"" > Jo‘rK
ra(u‘o! variation « A8 ( Sovct . « e dr) A (Prc.- ‘/TIQFC-

offen Severa/ Sourccs

3. ) broader"_ 2 A5
far’m‘er ¢ S K
shwly evolving, ofelayect L. Onset r'mpufd-‘fre }ohcse.
often  polariace! TNT poPu!of'.ﬂanS

Current bur'/c/-u/o ; coroval 5,'
flux emergence

3. Impulsive' & "graclual " emission

A B have simrl 7 - ,
imilar flures ol -/le Jiele D SO T . /\Sabxsejueﬂf‘.z

Similar contributions +o the olisk- indegrafeel ; .
Flux. causal r'e.fm‘fon\shr}a.z

where 2

420 . . ;
l'ha}oh catlon on acce!erahow,frans/?m

= ’\A &, ncpfo( ffuc/ua%/'on.s (<« As)
COM]'J/QX Source Structure —

complex spatial paf#ern of
energy release ¢

161

Mm 5, Hot t+hermal POFL(/Q?‘I'OMS /NT'_ Pof

0 12 24 38 48 60 72 B4 96 108 120 sec
(2112 UT, 6.2200 time 6.23.00

Flg. 6. Time profiles at three [ons-dimenslonally) adjacent locatlons In Burat 1195

- 87 -



COMPARISON OF MICROWAVE AND X-RAY IMAGES OF SOLAR FLARES

Karl-Ludwig Klein
Observatoire de Meudon
DASOP - URA 324
F-92195 Meudon Principal Cedex
France

Ever since the earliest observations of hard X-rays from
solar flares, a close similarity of their time history with that
of the microwave emission has been discovered. This stimulated
the joint interpretation and extensive modelling of the emissions
- which are recognized as the most direct diagnostics of energetic
electron populations in the solar atmosphere. The observational
parameters which have been mostly exploited to test the models
were global quantities integrated over the emitting source.

Imaging observations in both wavelength ranges have been
carried out since ten years. Their role in mapping the structure
of the emitting sources, the evolution of the flaring active
region and the transport of energetic particles will be reviewed.
However, X-ray and microwave imaging has suffered, so far, from
different types of shortcomings. On the one hand, X-ray imaging
was performed at relatively low energies, where the thermal flare
plasma contaminates the emission. As the microwave emitting
electrons are much more energetic, images in both ranges
concerned different physical processes. Microwave observations,
on the other hand, were carried out either with resolution in
only one spatial dimension or, at least in the earliest attempts,
with insufficient sensitivity to extended structures.
Simultaneous observations with high temporal resolution (of the
order of 1 second) have not been performed so far.

Combined observations with the Nobeyama radioheliograph and
the hard X-ray telescope on bord the SOLAR A satellite will allow
dedicated simultaneous mapping of flares in hard X-rays and
microwaves with high time resolution. The temporal resolution
will enable us for the first time to map the sources on
timescales where significant differences between microwaves and
hard X-rays have been shown to exist by former observations.
These data will be a new tool for probing the acceleration and
transport of energetic particles and for testing models developed
in recent years. The talk will aim at giving an outline of these
tools, in discussing the evolution of the source structures from
the pre-flare to the post-impulsive phase, and the evidence for
thermal and nonthermal particle distributions during flares. The
potential influence of absorption at high microwave frequencies
and the importance of multiple-wavelength microwave observations
will be stressed.
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