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ABSTRACT

Context. The origin of coronal type-Il radio bursts and the naturehdit band-splitting are still not fully understood, though
number of scenarios were proposed to explain them. Thiggelladue to the lack of detailed spatially resolved obsgraa of
type-Il burst sources and of their relations to magnetopéastructure dynamics in parental active regions.

Aims. To make progress in solving this problem on the basis of otremely well observed solar eruptive event.

Methods. The relative dynamics of multi-thermal eruptive plasmésesved in detail by the Atmospheric Imaging Assembly onthoa
the Solar Dynamics Observatory and of the harmonic typestsources, observed by the Nancay Radioheliograph &etguencies
from 445 to 151 MHz, is studied for the 3 November 2010 eveisirag from an active region behind the east solar limb. Syeci
attention is given to the band-splitting of the burst. As#yis supplemented by investigation of coronal hard X-i)R) sources
observed by the Reuven Ramaty High-Energy Solar Specpisbuoager.

Results. It is found that the flare impulsive phase was accompaniethdyarmation of a double coronal HXR source, whose upper
part coincided with the hofl( ~ 10 MK) eruptive plasma blob. The leading edge (LE) of the gveplasmasT ~ 1- 2 MK) moved
upward from the flare region with the speedvof 900- 1400 km s?. The type Il burst source initially appeared just above tEe L
apex and moved with the same speed and in the same direcfi@n.~A20 s it started to move about twice faster, but still in the
same direction. At any given moment the low frequency corepo(LFC) source of the splitted type-Il burst was situateova the
high frequency component (HFC) source, which in turn wasasitd above the LE. It is also found that at a given frequelmey4~C
source was located slightly closer to the photosphere tiahfEC source.

Conclusions. Based on the set of established observational facts it isleded that the shock wave, which could be responsible
for the observed type-Il radio burst, was initially drivey thhe multi-temperature eruptive plasmas, but later tamséd to a freely
propagating blast shock wave. The most preferable intexrfioa of the type-Il burst splitting is that its LFC was etad from the
upstream region of the shock, whereas the HFC — from the dogam region. The shock wave in this case could be subdritica
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1. Introduction isfy these requirements. It was accompanied by a split-band
decimetri¢gmetric type-1l radio burst, whose sources were well
It is generally accepted that coronal type-Il radio burses apbserved by the Nancay Radioheliograph (Kerdraon & Déloui
a signature of MHD shock wave®.§., \Zheleznyakav 1970; [1997, NRH) in all ten working frequencies from 445 up:tb51
Wild & Smerd [1972;| Nelson & Melrose 1985; Marin_1995MHz. An important fact is that the radio sources were obs#rve
Cairns| 2011). Nevertheless, there is a long-lasting questiat low altitudes betweer0.25 R, and ~0.65 R,. Moreover,
whether these shock waves are 1) blast shocks due to explogiie Atmospheric Imaging Assembly (AIA; Lemen etlal. 2011)
flare energy releases or 2) piston shocks driven by eruptag monboard the Solar Dynamics Observatory observed an eguptin
netoplasma structures often evolving into coronal masgiejes multi-thermal magnetoplasma structure in the lower corghé
(CMEs). Numerous observational evidences were reportigd in R, (see Reeves & Gollib 2011; Foullon el'al. 2011; Chenglet al.
vor of both the first and the second scenario (Nelson & Melrog@11, for details).
Vourlidas & Ontiveros 2009). To make progress in solving thizoronal and interplanetary type-Il bursts, is still an uved rid-
problem, spatially resolved observations of type-ll bsmsirces gje, although several mechanisms were proposed to explain i
at several frequencies in the lower coroga2R;) are required. (see eg., [Kruegell 1979; Nelson & Melrose 1985; Vrsnak €t al.
Radio observations must be supplemented by high-precisiofio; Cairns 2011, as reviews). The first popular mechanism,
high-cadence, multi-wavelength observations of magnasope njtially proposed by McLear (1967), assumes the existarice
structure dynamics in parental active regions. It is obsithat o (or more) regions with dierent physical characteristics (say,
limb events are best suited for this purpose. plasma concentration) along a shock front. The second popul
The partially behind the East limb solar flare of 3 Novembenechanism was proposed by Smerd etial. (1974,11975). It sug-
2010 (C4.9 classy12:10 UT) is a prominent candidate to satgests that the two sub-bands of a splitted coronal type+i$tbu
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G Glen_7m the near Earth space, since much of the flare electromagnetic
2 400 S = emission was cutfdby the limb.

g 500 ' The light curves of the flare radio and X-ray emissions to-
gether with radio spectrograms, as observed from the Earth,
are shown in FigurE]1. It is seen that the flare impulsive phase
started at~12:13 UT and was accompanied by a burst of mi-
crowave and hard X-ray emissions with FWEH¥ min peaking

at ~12:14 UT. The peak of the flare soft X-ray emission ob-
served by GOES-15 was about 6 min laterd®:20 UT. The
flare impulsive phase was also accompanied by groups of deci-
metric bursts (DCIM; see Figutd 4) as well as a faint type IV
burst reported in Solar Geophysical Data between 12:13 WIT an

Frequency, [MHz]

E RSTN (Son Vito)

T 6o so0 ! 3 12:17 UT in the 370-864 MHz range. No type-ll radio burst
2 4oF 2965 MHz : E was observed during the event. This suggests that accalerat
% b ' E electrons have no access to open field lines. Moreover, rio rad
- ol ] emission was observed belest00 MHz. The pronounced deci-

1000F phess: e M metrigmetric type-Il burst was first observed at 12:14:42 UT,
5 0f 52, P | £ ~45safter the hard X-ray peak and urtl2:18:00 UT.
o, E . jcs About 20 min after the type-Il burst ends, a slownfar =~
& 10 T - 17 241 km s?) and rather narrow (angular widtk66°) CME
RN ! o was first detected by the Large Angle and Spectrometric

12:10 12:12 12:14 12:16 12:18 12:20 Coronagraph (LASCQ; Brueckner ei ial. 1995) at heigiit&,
Stort Time (03-Nov-2010 12:00:00 UT) above the photosphere. The CME seemed to be launched from

. ; ; - -the same NOAA active region 11121 as the investigated flare.
Fig.1. Dynamic radio spectrograms and lightcurves of radlq. e apparent direction of CME motion was similar to those of

soft and hard X-ray emissions during the 2010 November e flare eruptive plasmas observed by /8BO in the lower
eruptive event. Solar radio flux density measured by the tek P P y
orona at heightg0.4R..

scope in San Vito (RSTN) at 245 MHz is divided by a factor of
10 for clarity. The vertical dashed line indicates the pealet
(12:14:00 UT) of the hard X-ray and microwave bursts. 2.2. Eruptive Plasmas

. - . 2.2.1. General properties
are due to coherent plasma radio emission simultaneously ge prop

erated in the upstream and downstream regions of a shock wamge multi-thermal plasma eruption from the active regiors wa

The event of 2010 November 3 gives us an opportunity to invesktremely well observed by AIA above the eastern solar limb.

tigate this interesting and importarffect, which in turn can be Many aspects of these observations were already reported

closely related to the entire problem of the type-Il burstgin. by [Reeves & Golubl(2011); Foullon ef al. (2011); Cheng &t al.
It should be noted that combined analysis of this type-lioad(2017){Bain et al (201 2). Here we just point out a few main ob

burst on the 3rd of November 2010 and associated plasma ersgrvational findings relevant to the problem of the coroyel|

tion was reported by Bain etlal. (2012) very recently. Howeveyyrst's origin, studied in our paper.

Bain etal. mainly concentrated on the dynamics of the mestin g of all, in the impulsive phase of the flare which started

tense type-ll burst sources. Our study is more focused on the 15.13 UT, a hot plasma blob (plasmoid-like or flux-rope-

band-splitting ect. _ like structure) formation and ascent (eruption) was cjeab-
The paper is organized as follows. Analysis of the observas,eqd in the lower corona0.4R,) in the “hottest” AIA chan-

tional data is described in Sectibh 2. Results of the ar@B/® |4|s centered on the 131A and 94A bandpasseFLT1 MK;
summarized in Sectidi 3. These results are discussed amd irg_g_ O'Dwver et all 2010: Lemen et &l 2011), (Figte 2(b)),.

preted in Sectiofl4. Final remarks are given in Sedfion 5. Secondly, during the hot plasma blob eruption its outer edge
seemed to be wraped with an expanding shell (or rim) of rel-

2. Observations atively cold (henceforth we will call it “warm”) multitherai
21 | . plasmas (£0.5-2 MK), well observed in 171, 193, and 211A
1. General properties of the event AIA channels (Figuré13 and Figufé 6). The thickness of this

According to the Extreme Ultraviolet Imager (EUVI;warm shell around the blob, especially above its upper {lead
Wuelser et dl.[ 2004) onboard the STEREO-B spacecrdftd) edge, increased with its rise (this can be clearly seam f
which is located at a point with heliographic coordinatekigure[6 and Figurgl8). The process looked like the rising hot
~S06-E82 during the event, a bright core of the flare appearedtsma blob (most probably, 3D flux rope in reality) pushed up
~S20E97 (e, ~ 7° behind the east solar limb as seen from thend stretched the overlying magnetic flux tubes, causirgnma
Earth) in the NOAA AR 11121 a#12:00 UT. This fact will be to be piled up around the blob. At the same time, some field
taken into consideration later, when heights of the ingaséid lines seemed to tear (reconnect) beneath the blob, prolrably
objects above the photosphere will be estimated. the quasi-vertical reconnecting current sheet, thus supphad-

In the frame of the GOES classification the flare was a weélkional heat and magnetic fluxes into the blob.
X-ray event of C4.9 class. However, the CCD detectors of EUVI Another important point is that the apparent direction @f th
were saturated in the impulsive phase of the flare. Togethbr weruptive plasma motion coincided quite well with a projenti
the formation of a large eruptive flare loop system this setgyeof the radial direction onto the image plane (Figre 2, FefBir
that the flare was actually more powerful than it seemed froRigure® and Figuril 8).
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Fig.2. Active area near the eastern limb of the Sun in the impulshasp of the 2010 November 3 eruptive flare. AIA 211 A (a)
and 131 A (b) base-flerence images are overlaid by the RHESSI 6-12 keV (12:13%44:14 UT; light green) and 25-50 keV
(12:13:54-12:14:14 UT; red) contours (20%, 40%, 60%, 80%hepeak flux), indicating locations of the flare soft and hé&ncy
sources, respectively. AIA 211 A base image was madd at00:02 UT and 131 A base image —4t2:00:11 UT. Yellow ellipses
are the NRH 445 MHz contours (70%, 80% and 90% of the peak fluxigh indicate the location of the decimetric radio emissio
source at the same moment. The thick dashed yellow straightridicates a projection of the radius-vector passingugh the
centroid of the flare soft X-ray source onto the image plane.

Finally, morphology of the parental active region, obsdrvecalculated base-fierence image to remove noise (Lee 1980).
by EUVI during the event and by the Helioseismic and Magnetithe Lee filter is an adaptive filter which estimates the local
Imager (HMI; Scherrer et &l. 2011) onboard SDO spacecra&ft ostatistics around the chosen pixel. It preserves imagesebas
day later, indicates that the opposite legs of eruptivededike and detail while suppressing noise.
structure were situated at similar helio-latitudes. Thésams that The created basedtiirence image is divided into a set of
most probably the eruptive structure was predominantiydyi columns which are parallel to the choosen direction. Sedii
in the plane perpendicular to the image plane if observe frye choose the radial direction connecting the center of tire S
Earth. . ) ] and the centroid of the soft X-ray source observed by RHESSI

The observations stated above are informatively brought §@ the pre-impulsive phase of the flare (straight dasheddime
gether in Figure 5 of Cheng etal. (2011). Summing up thagure2; see also Subsectionl2.3). After this, pixel-byepone-
AlA observations, the entire picture of the event was wel-Co dimensional scans are made along each resulting column. The
sistent with the classical eruptive flare scenario (theate@ start of each scan is chosen at a point farthest away from the
CSHKP_model;_Carmichael 1964; Sturrock 1966; Hiraylamshotosphere. Each scan is used to find the farthest poineof th
1974 Kopp & Pneuman 1976). eruptive plasma (LE) from the photosphere. Such a pointdis de
termined when several consecutive poirgg.( N=10, but it is
not a critical parameter), if searched from the scan’s ,stagt
strictly increasing.

For our further analysis it is of crucial importance to calcu  For the absolute majority of all the analyzed images the

late heights of dferent parts of the eruptive plasmas observ%ims of the LE found in the vicinity of its intersection Wwithe

in different moments as accurately as possible. We develop@@sen direction are reliably approximated by a parabae (s

a special technique to calculate the hot plasma blob celstrofigure[3 and FigurEl 7 as illustrations). Coordinates of dast-

observed in the 131 A AIA channel (henceforth “CE”) and thequare fit parabola’s apices are used for the further asalyai-

leading edges (henceforth “LE") of the hot and warm plasm@gularly they are used in Figufé 8).

observed in the 131 A, and 193, 211, and 335 A AIA channels, £inaly the centroid of the hot plasma blob in each 131 A

respectlvelﬂ image (CE) is determined by averaging over coordinatesef th
_First of _aII, for _the chosen moment and AlA channel a basS’ritghtness peaks of all one-dimensional scans made in tire vi

difference image is calculated with the pre-flare image at abqut s ihe chosen radial direction.

12:00:00 UT as a base. Then, the Lee filter is implementeden t The technique described above is capable of finding the po-

1 It seems unreasonable to make similar precise data anddysisSition of the leading edge of the eruptive plasma (LE) which
other AIA channels, because the eruptive plasmas had mueghanwr- iS likely the leading edge of the magnetoplasma sheath (see
phous shapes without clear boundaries in those channels. Section4). The technique is robust, though it could undieres

2.2.2. Heights estimation technique
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SDO AIA_2 193 3-Nov—2010 12:15:07.840 UT

—200 ‘ between the coronal hard X-ray sources appearance andglasm

12:15:55.840 UT
.1245443 540 Ut eruption is evident.
| The hard X-ray burst was accompanied by an impulsive mi-
ha21s31840 01 Crowave burst (observed particularly by the San Vito tedpsc
— a part of the Radio Solar Telescope Network — RSTN) as
11215198400 well as by groups of decimetric bursts with low and high fre-
lions07.840 o1 QuUeNcy cut-@s at fi » 400 andf, ~ 700 MHz, respectively
(marked “DCIM” in Figure[4). Source centroids of these deci-
121455840 UT  metric bursts were located 160 Mm away from the coronal
hard X-ray sources and 110 Mm from a trajectory of erupting
plasma (FigurEl2). Note that such a displacement of corardl h
1z14:31840 UT - X-ray sources and decimetric bursts has been reported ar oth
events €.9.,[Benz et all 2011). This indicates that non-thermal
electrons accelerated in the impulsive phase of the flane, du
121407840 Ut ing the eruption of plasma, could be injected into magnatic fl
tubes extending to the periphery of the active region. li¢be
1300 1200 -1100  -1000  -900 121395850 U1 that this phenomenon has similar roots with the type-Il prec
X (oresecs) sors reported by Klassen ef al. (1999, 2003).

Fig. 3. Base-diterence image of the active area near the eastern

limb of the Sun made by AlAin 193 A channelat2:15:08 UT. 24 Type-II burst

The AIA base image was made at12:00:08 UT. Dashed ) )

parabolic lines of dferent colours indicate the fitted leadingihe background-subtracted dynamic radio spectrum of the
edge of the eruptive plasma at an appropriate moment (sa, obtained with the Phoenix-4 spectrograph (Bleien,
colourbar). The found parabolas’ apices are marked by sguaSWitzerland; http://soleil.idds.ch/solarradio/) is
Green dashed straight line indicates a projection of thiausad Shown in Figuré}4 (upper panel). The brightd ~ 10° SFU)

vector passing through the flare onto the image plane (astyie-!l burst with signatures of herringbone structurestet
Figure2). about 45 s after the peak of the hard X-ray and microwave

burst. Most probably, we observe mainly a second harmonic
emission (denoted by “H”"), whereas the type-Il burst at the
) ., . fundamental frequencies represents only a few minor fragsne

mate slightly - <15”) the real position of the LE due to theq wisps (denoted by “F” and connected by orange dash-dotted
res}ncted AlA sensitivity, the field of view, and thellmplem line for clarity). Indeed, often in the events, especiallgged
tation of the noise supressor. The developed techniqueaplpb t5r away from the disc center, metric radio emission obskate
cannot detect the real position of the hypothetical shockewasngamental frequencies is supressed.(Zheleznyakoi 1970;
front. However, if the shock wave front was really formedhe t [\ejson & Melrose 1985). Further we will concentrate mainly
studied event, then, while being in the piston-driven sheake ;5 the H-component analysis.
scenario, it sho_uld be situated every time somewherg abevet The H-component was first observed at a high frequency of
estimated leading edge of eruptive plasmas. The radio elser, 561 MHz at about 12:14:43 UT (marked by green vertical
tions presented later will show some evidence in favour f thysshed line in Figuf@ 4). It can be seen that the H-compotent i
statement. selfis split into two sub-bands. Henceforth we will calltiéow
and high frequency components (“LFC” and “HFC” in Figle 4).
The less intense frequency band between the LFC and HFC we
will call “band gap”. The band-splitting was more pronoudce
The initial phase of the hot plasma blob ascent (singe the~ 200- 350 MHz frequency range (see lower panel of
~12:13 UT) was accompanied by a single impulsive hard X-raigure[4) betweer:12:15:20 UT and«12:16:00 UT. The pres-
burst with FWHM =~ 1 min (Figure[1). This burst was associence of the LFC and HFC is also confirmed by inspecting the
ated with the formation of a double coronal hard X-ray sourane second time profiles of solar radio flux density measuyed b
(¢, ~ 20— 50 keV) observed by RHESSI (Figdrk 2). The lowethe NRH —they showed two well time-separated flux increatses a
part of this double source peeped out through the limb and dive NRH frequencies below 298.7 MHz (thick solid black lines
incided well with the soft X-ray source in the 6-12 keV rangegn the upper panel of Figuté 4). In general the LFC was less in-
which was situated under the erupting hot plasma blob. At thense (factor of 2) and had more narrower frequency bantwidt
same time the upper part of the double source seemed to(faetor of 3-5) than the HFC. In turn, the gap was 2—-3 times les
placed inside the hot erupting plasma blob (Figure 2). Sakctintense than the LFC.
analysis of the RHESSI data reveals that the hard X-ray émniss ~ We estimate the mean value of the instantaneous relative
with €, 2 20 keV was non-thermally dominated, indicating thabandwidth agAf(t)/f(t)) = ([ furc(t) — fLrc )]/ fLrc(t)) =
it was produced by accelerated electrons. This is also coefir 0.16+ 0.02, wheref ¢ (ti) and fuec(ti) is the starting frequency
by spectral analysis of the microwave emission (the detailef the LFC and HFC, respectively. The starting frequency is
analysis will be published elsewhere). After~12:15 UT the taken each fifth observational moment(i.e., each 1 s), and
upper part of the double coronal hard X-ray source disaggeathe (. ..)-averaging is done over all observational moments
on the RHESSI images, while the lower part and the soft X-rajuring the time intervak12:15:30-12:15:55 UT when the LFC
source retained its position for several minutes. Unfataly, it and HFC was best separated on the Phoenix-4 spectrogram. The
is very dfficult to study reliably the dynamics of the hard X-raywalue of (Af/f) found is consistent with the earlier observa-
sources in more detail, because of the low counting rateeof ttions .g.,INelson & Melrose 198%; Marn 1995, and references
RHESSI detectors at, » 20 keV. Nevertheless, a connectiortherein). The LFC and HFC drifting ratesdf /dt) ranged from

-300F
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2.3. Coronal X-ray and Decimetric Radio Sources
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Fig.5. Average positions of the type-Il burst's LFC and HFC
700 sources observed by NRH at several frequencies during the 3
1213 f2a4 1245 0 126 1217 0 12:18 1219 November 2010 eruptive event. Error bars of the LFC and HFC
Start Time (03—Nov-2010 12:13:00 UT) . . - "
200 sources centroids estimations are shown. Positions ofaheld
0 coronal hard X-ray source observed by RHESSI in the flare im-
2 20 pulsive phase are also plotted by two black asterisks fopzmm
> 200 ison. The straight black dashed line indicates a projecifahe
8 radius-vector passing through the double coronal HXR sourc
g 30 onto the image plane. The solar optical limb is represenyed b
L

400 black solid arc-like line.

12:15:20 12:15:30 12:15:40 12:15:50 12:16:00
Start Time (03—Nov—10 12:15:20)

Fig. 4. Background-subtracted dynamic radio spectrum of the 3_ It is very fortunate that NRH made observations of the Sun
November 2010 solar eruptive event obtained with the PlxeenfWithin its FOV~ 2° x 2°) at all ten operating frequencies —

4 spectrographupper panel). Green and turquoise horizon-445.0, 432.0, 408.0, 360.8, 327.0, 298.7, 270.6, 228.0,2173
tal strokes with diamonds in the middle indicate respebtive@nd 150.9 MHz —during the November 3, 2010 event. It should
when the sources of the LFC and HFC of the type-lI burst@lso be noted here that the flare time (at around noon in France
H-component (H) were observed by the NRH for the first 101§ MOSt favorable to make precise obs_ervat_|ons with NRH dur-
after its first appearance. Crosses of the same colors ezpired’d the day, because of minimal zenith distance of the Sun.
the LFC's and HFC's first appearence affelient frequencies Implementing the standard .technlque W|th|n the SolarSafén
below 180 MHz according to the San Vito spectrograph dat®. the NRH data obtained with moderate time cadence of 1 s and
Dark blue horizontal strokes with diamonds indicate the 9 s the half-power beam widthi.¢., major axis of lobe) ok45”,
tervals of the HFC maximal intensity in appropriate frequies. 46", 49", 567, 617, 677, 74, 88”, 116", and 133 at frequen-
Time profiles of radio flux density measured by the NRH frorii€S mentioned above, respectively, we generate ten sefries
the south-eastern sector of the Sun with time cadence of4 s188 Pixelsx 128 pixels 2D intensity images of solar radio emis-
well as 1 second solar radio flux density measured by San V9" Within the entire NRH's FOV 2° x 2°. The chosen pixel
telescope (RSTN) at 610 MHz and 4 seconds RHESSI correcé€ i~15". In each image the observed type-Il burst sources
count rates at the 6-12 and 25-50 keV ranges are also depicgég Well fitted by 2D Gaussians that give us estimation of the
The green vertical dashed line indicates the start timeaotigpe- -FC and HFC source centroid positions. For better stasistic

Il burst's H-component. Black vertical dash-dot lines neatky eaph frequency we find source centroid positions taking an av
@), (b), (c), (d) letters on top of the panel indicate foufeti 2Jing OVer ten consecutive images at around the moment of in-
ent moments for which four panels of Figlifle 5 were made. THeSt to us. Specifically, we are most interested in: a) nmbsne
orange dash-dotted line connects the separated fragnfehts o Of the first appearance of LFC source at each of ten NRH fre-
type-Il burst's F-component (F). The thin turquoise regtaar guencies; b) moments of the HFC source first appearance at five
box indicates a piece of the spectrogram which is repredenf$RH frequencies 298.7, 270.6, 228.0, 173.2 and 150.9 MHz,
in the lower panel, using a slightly fiérent color palette. The I-€- atthose NRH frequencies at which the HFC was clearly sep-

band-splitting of the type-I burst H-component is cleasgen. arated from the LFC by the band gap according to the Phoenix-4
spectrogram; ¢) moments of maximum intensity of the HFC at

the same five NRH frequencies as in (b).
~ 1to~ 9 MHz s! with a mean value of 2.2 MHz s™*. This These three dlierent kinds of moments are marked by green,
value is anomalously high in comparison with the previoesly turquoise and dark blue horizontal strokes with diamondthen
timated drifting rates-df /dt < 1 MHz s in the majority of upper panel of Figurl 4, respectively. Lengths of the hartiab
metric type-Il bursts (Nelson & Melrose 1985; Mann 1995, anstrokes indicate ten second time intervals over which ajega
references therein). However, such high valugs-dff /dt) have of the centroid positions are done at a given frequency.

already been reported a few times for decimatmigtric type-I| The detailed comparison of the relative positions and dynam
bursts with high starting frequenciesd., VrSnak et all 2002; ics of the LFC and HFC sources and of the eruptive plasmas ob-
Pohjolainen et al. 2008). served by AIASDO will be done in the next subsection. Here



I. Zimovets et al.: Spatially resolved observations of dg@nd coronal type-Il radio burst

we just compare average positions of the LFC and HFC souudieated by vertical dash-dotted black lines and marked by (a
centroids at six NRH frequencies — 327.0, 298.7, 270.6,®228(b), (c) and (d), respectively, in Figuré 4 and Figure 8. kéen
173.2 and 150.9 MHz — at which the band-splitting of the typehat at any given time both the LFC and HFC sources are lo-
Il burst was best seen (see Figule 4). The averaging is magte aated above the leading edge of the erupting plasma. Only the
the entire duration of the LFC and HFC at a given frequendyighest-frequency part of the HFC source at 327.0 MHz seems
Durations of the LFC and HFC areffiirent at diferent frequen- to be located inside the warm eruptive plasma on the panel (b)
cies. Duration of the LFC at 327.0—228.0 MHz is about 20 s, Btirther, in Sectiohl4, we will discuss that this could be #wmuit
173.2 MHz — 25 s, and at 150.9 MHz — 40 s. Duration of thef a projection &ect. Figurd 7 also shows that at a given time
HFC at 327.0 MHz is about 16 s, at 298.7 MHz — 22 s, at 270tBe LFC sources are located above the HFC ones. This indicate
MHz — 36 s, at 228.0 MHz — 31 s, at 173.2 MHz — 30 s, anithe presence of a natural plasma density stratificationeatiey

at 150.9 MHz — 40 s. Figuld 5 illustrates the comparison. It erupting plasmas. Both the apex of the leading edge of th@-eru
seen that at a given frequency the average position of the HFF@ plasma and the LFC and HFC source centroids are situated
source centroid was a little bit closer to the photosphedethe close to the projection of the radius-vector passing thihaihg

flare site than the average position of the LFC source cehtroX-ray flare onto the image plane.

This subtle &ect may be due to large error bars, especially at To investigate the relative dynamics of the multi-thermal
the lowest NRH frequencies. However as it is systematiclat akupting plasmas and of the LFC and HFC sources in more de-
frequencies, it may be significant and be related to themmn§i tails, we built a height-time plot (Figufé 8), where we preses

the band-splitting (see Subsection 41.2.1 for its discugsio a function of time the heights above the photosphere of:

It should be briefly noted here how the experimental un: . .
certainties shown in Figui@ 5 were estimated. The same prin- 2Pices Of the leading edges (LE) of the warm and hot erup-
ciple will also be used in the next subsecti@y(, vertical bars tive plas_mas est.|mated using the technique discussed in
in Figure[8). At a given NRH frequenci; the uncertainty is 5 Subse%m%mh, . | blob )
calculated (and most probably it is overestimatedyr4$) = 2 centroids of the hot erupting plasma blob (CE);

o1 (£) + 02 () + 03 (). Hereo is the square root of dispersion 3. centroids of the LFC and HFC sources at the moments of

: e : o their first appearance atftkrent frequencies;

of the type-Ii burst centroid position in th~e g|\,/,en fime m 4. centroids gfpthe HFC sources at (tqhe moments of the maxi-
o is half the image pixel diametdre., o, ~ 117 for all f. o3 X : >
is a measurement of the displacement of the observed radio ig] mum b_rlghtness of the HFC atftiérent frequencies;
ages with respect to the true position due to ionospheriesav = centroids of the double coronal hard X-ray sources.
These waves with time periods of several tens of minutesare t  Calculated heights of all these objects were correctedor t
major contributors to the errors for the absolute pointithe |ocation of the parental flare region behind the limb. Errarsb
NRH (A. Kerdraon, private communication). Thus, we estinagre indicated in the plot. We also indicate here resultsefahst
o3 to be approximately equal to the standard deviation of thguare fitting of the observational data-points with a lirffeac-
centroid positions of a noise storm above the east limb whiglan. The linear approximation seems quite reasonablei# th
was observed by the NRH at 173.2 and 150.9 MHz during thgrticular case. The estimated velocities of the invetigjab-
11:00:00-12:13:00 UT time interval just prior to the flare-imjects are summarized in the lower right corner of Fiddre 8 and
pulsive phase. For the remaining eight frequencies, attwthie in Table[J. It shows that the LFC source was moving approxi-
noise storm was not well observed by the NRH, the errors are @sately two times faster than the leading edge of the warm-erup
timated usingrs (fi) ~ f,2 rough approximatiori (Zheleznyakoviive piasma, which in turn was moving approximately two time
1970, and references therein). The contributioorpis found to  faster than the hot plasma blob (in good consistency withehe
be the largest contributions to the uncertainties, esfieailow  sult of Cheng et al. 2011; Bain et al. 2012). The last fact iespl
frequencies. that the width of the apparent warm envelope around the hot
plasma blob was increasing in time. The HFC source, which has
a broader bandwidth than the LFC at any given time, seems to
fill almost all the space between the LFC source and the lgadin
Figure [6 illustrates the relative dynamics of the multiedge (LE) of the warm erupting plasma. It is also worth men-
temperature eruptive plasmas and of the low frequency cempioning here that the approximating curves of the LFC (ptart
nent (LFC) source. The images are shown for the time of the fiemd HFC (maximum) data points (green and dark blue straight
appearance of the LFC source at a given frequency (thess tirtiees in Figurd_8, respectively) intersect with the uppert ph
are marked by green horizontal strokes with diamonds in phe the double coronal hard X-ray source position in the hefghe
per panel of Figurgl4). Note, that appropriate AIA and NRH inplot. However, it is dificult to say whether this was purely acci-
ages are close to each other within 8.g, they can be consid- dental or not.
ered here as almost simultaneous. It is clearly seen th&tiie All the velocities estimated in Tablg 1 are probably super-
source at the highest NRH frequencies initially appeatigy magnetosonic (see also Subsecfion 4.2.1 on this issuekat th
above the leading edge (LE) of the warm eruptive plasma aodronal levels where the type-Il burst is obsenieal, at heights
that the distance between the LFC source at lower frequendi¢ ~ (0.2 — 0.6) x R, above the photosphere (this inference will
and the leading edge was increasing with time. This indécatiee used further in Sectidd 4). Indeed, the sound velocitgtis e
that the agent which excited the LFC source was moving fastaated ass ~ 150- 220 km s if the background temperature is
than the leading edge of the eruptive plasmas. A similar sitsuggested to be of reasonable coronal valuesl — 2 MK. To
ation is found for the starting moments of the high frequen@stimate the Alfvén speed we need first to estimate the ntiagne
component source (HFC) with the onlyfidirence being that it field strengthB. For this purpose we use the rough relatide
was located a little bit closer to the leading edge of the trap 0.5 x H™1° G, obtained by Dulk & MclLedn (1978) from radio
plasmas. observations. It giveB ~ 1-6 G. Secondly, we need to estimate

Figure[T shows the relative positions of the LFC and HF@e electron plasma density. This can be done using the entire
sources and of the eruptive plasmas at fouifedént times in- frequency band of the type-Il burst 560— 130 MHz. Taking

2.5. Type-ll burst sources versus eruptive plasmas
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Fig.6. Partial time sequence of AJSDO 131, 211, and 193 A basefférence images in between 12:13:10 UT and 12:16:30 UT of
3 November 2010. Overplotted are the iso-intensity corg¢d0%, 60%, 70%, 80% and 90% of the maximum) of the LFC source
observed by NRH at elierent frequencies at a vicinity of times of its first appeagafindicated in the upper left corner of the AIA
131 A images). One-second integrated NRH data is used. Disestl AIA images in time to the NRH ones are shown (the time
difference is less than 8 seconds in each case). Solar limb istey the thick white line. The red dashed straight lineliin a
panels indicates a projection of the radius vector pas$irgugh the X-ray flare onto the image plane. The AlAs field &wis

less than the NRH's one.
7
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Fig.7. Composite base-flerence images of the active area near the eastern limb ofuimen@de by AIA in 131 A (turquoise)
and 211 A (purple) passbands at fouffeiient times of the 3 November 2010 event. These four timemarked by dash-dotted
vertical lines in Figurél4 and Figuié 8. Green, yellow, artldashed parabolas on panels (a), (b), and (c) respecthdilyeite the
approximated leading edge of eruptive plasma observed ByiR11 A passband. The parabolas’ colors are consisteht thvé
colorbar in Figur&3. Solid lines of fierent colors are the NRH contours (95% of the peak flux), winiditate centroids locations
of the type-Il burst sources atftBrent frequencies (indicated within each panel) at appatgomoments. All AIA and NRH images
are matched within 5 s. Red dashed line in all panels indicafaojection of the radius-vector passing through theyHeae onto
the image plane.

Table 1. Velocity estimations of dferent moving objects observed in course of the 3 Novembed 2Qdptive event.

Object 131ACE 131ALE 193ALE 211ALE

LFC(S) HFC(S) HFC(M)

Velocity, (km sT)

473+87 49972 1062138 126%138 2

232150 152%293 1482154

Notes. CE — centroid, LE — leading edge, LFC and HFC — low and highueagy components of the type-Il burst, (S) — stad, the first
appearance, (M) — maximum intensity.

into account that the second harmonic emission was observ&éd The LFC was about 2 times less intense and had 3-5 times
we inferne ~ 5x 10° — 1 x 10° cm3. Thus, the rough Alfvén

and fast magnetosonic speed estimationis 310-420 km s
andvims =

7.
\JV2 +V2 ~ 340- 470 km s?, respectively.

3. Results

Summary of our findings is presented below.

1.

The hot T ~ 10 MK) plasma blob started to erupt in g,
an almost radial direction in the impulsive phase of the 3
November 2010 flare. The characteristic velocity of the hpy.
plasma blob upward motion wagg ~ 500 km s.

. The hot plasma blob was surrounded by the wafm~(

1 - 2 MK) expanding rim. The characteristic velocity of theq .
leading edge of this warm rim wage ~ 1100 km s?, i.e,
about twice that ofice.

. The flare impulsive phase was accompanied by the formation

of a double coronal hard X-ray source. The lower part of
this source seemed to coincide with the near limb legs of the

more narrow frequency bandwidth than the HFC.

The LFC and HFC sources had similar circular shapes, but
at a given frequency the LFC source had a slightly smaller
size than the HFC one.

. Initially, the LFC source was observed by the NRH just near

the apex of the warm eruptive plasma rim but the LFC source
was moving upward at twice the speed of the rim’s apex. The
characteristic velocity of the LFC source was estimated as
Virc = 2200 km st

The apparent direction of the LFC source motion coincided
well with the radial one and that of the erupting plasma.

At any time the HFC source seemed to fill almost all the
space between the LFC source and the leading edge of the
warm plasma rim.

Linear back-extrapolation of the observational datats@n

the height-time plot gave evidence that an exciting agent of
both the LFC and HFC sources could be launched from the
vicinity of the upper part of the double coronal hard X-ray
source in the flare impulsive phase.

erupting magnetoplasma structure, whereas the upper part
was placed somewhere inside the hot erupting plasma blo. piscussion

. Half a minute after the peak of the flare impulsive phase

the type-II radio burst appeared at deciméimietric wave- First of all, it should be noted that according to the AMO
lengths. Mainly the second harmonic emission was observaiaid RHESSI combined observations, the entire picture o8the
in ~ 560-130 MHz range. Signatures of herringbone strudlovember 2010 event was consistent with the standard geupti

tures were found but no type-IIl radio bursts were observéidre scenaria.e., the CSHKP model (see also Reeves & Gblub
during the entire event. This suggests that accelerated el2011;/Foullon et al. 2011; Cheng etal. 2011). Shock waves of

trons had no access to open magnetic field lines in the couvsgious kinds are expected phenomena of such a medg| (
Hirayama 1974; Priest 1982).

of the plasma eruption.

. The type-ll burst was splitted in two sub-bands — low-

However, we shall also clarify here that there are no di-

and high-frequency components (LFC and HFC). The meegect observational evidences of a shock in this event. Nalsho
value of the instantaneous relative bandwidth was estiunateave fronts which would have sharply separated the “distditb
as(Af/f) = 0.16 + 0.02. This value is within the statistics (downstream) and “undisturbed” (upstream) regions ahétito
leading edge of the erupting plasmas were found using EUV ob-

reported for the split-band coronal type-Il radio bursts.
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0.7 T T T T T T T

' in space and time (see comprehensive reviews on this topa gi

i . by, e.g.,\Vrsnak & Lulic[2000] VrSnak & Cliver 2008).
0.6 - NRH HFC (max)

AIA 193 A LE
rAIA 211 A LE

0.5 - We found strong evidence in favour of the first (piston-dnive
shock wave) scenario: 1) the location of the type-Il burstses
above the apex of the eruptive plasma leading edge (seesfgur
. Figure[7, Figuré18), and 2) the same propagation direction of
the type-Il burst sources and of the erupting plasma apex (se
Figure[3, Figuréb, Figuild 6).
7 These results are similar to the results obtained by Baih et a
(2012) for the same event of 3 November 2010 and by
Dauphin et al.[(2006) for the 3 November 2003 flare, when the
1482 ke o type-Ii burst sources were o_bserved originating above.ithe r
1069 Kk o ing soft_ X-ray loops. B_oth Bain et al. (_2012) and Dauphin et al
1265 km s (2006) interpreted their observations in the frame of tistopi-

7 driven shock wave scenario. Spatially resolved obsematad
473 km 5™ | the coronal type-Il burst sources in a close associatioh thig
propagating disturbances observed in the soft X-ray rareye w
also reported earlier bg,g.,Klein et al. (1999); Khan & Aurass
(2002), and it was argued that the shock waves, which could be
responsible for the type-Il bursts, were most probablyetriy

Fig.8. Height-time plot of the type-Il burst sources observeti€se disturbances.

by NRH versus dterent parts of the multi-temperature eruptive  The fact that the estimated speed of the agent which excited

plasmas observed with A)SDO. The double coronal hard X-the low frequency component source (LFC) of the type-Il burs

ray source heights observed by RHESSI in the flare impulsiv&s much larger than the speed of the supposed dives

phase are also plotted by orange crosses with diamonds Bl&¢.e ~ 2200 km s?), i.e. the erupting plasma, is not contra-

dashed and dash-dotted vertical lines indicate the beggnoi  dictory to the piston-driven scenario. The shock front egtois

the type-Il burst and four time moments for which panels (a))deed expected to be equal to the driver velocity only ircdee

(b), (c) and (d) of FigurEl7 was created, respectively. Bpays When the driver has a constant geometrical shape, whengt pro

of all objects estimations are shown with vertical and hmmiz agates in a homogeneous background medium, and also when

tal strokes of appropriate colors. Heights of the type-lista the oncoming background plasma can wrap the driver’s body.

LFC and HFC sources are given for those time intervals, whiéhbow shock wave is formed in this cased,, Vrsnak & Lulic

are shown by the same colors (green, turquoise and dark blg8§0). However, in the present event the possible shocledriv

in Figure[4. The least square fittings of the observationtd dds propagating in the stratified solar atmosphere with desing

points with the linear functions are plotted by the straighes magnetic field and plasma density. Its geometrical sizemszs

of appropriate colors. in time (see Figurgl6), and the upstream background plasma ca
not easily pass the eruptive warm plasma rim because the late
seems to remain rooted to the photosphere by magnetic field
lines. Thus, the driver looks like a 3D expanding piston faro

servations of the AIASDO. We emphasize that the measurelly not a spherical one but rather flux-rope shaped) which als

leading edge of the eruptive plasmas is most probably not a s a preferred (upward) direction of motion. A situatiorewh

pothetical shock wave front. If a shock wave was indeed fakmea shock wave propagates through the gravitationally firti

its front should be located at each time somewhere above titgona including dense loops was numerically simulagsg,

measured leading edge. Nevertheless, a compelling indivec by|Pohjolainen et all (2008); Pomoell ef al. (2008, 2009)ds

dence of a shock wave formation was found in this event with thound that under these conditions the shock wave can prépaga

NRH and Phoenix observations — the type-II radio burst sesircfaster through the corona than its driver (see Subsecind for

were observed to propagate with (probably) super-magaeios further discussion of this issue). It was also found thastieck

speeds above the leading egde of the eruptive plasmas. We fiiint is strongest near the leading edge of the eruptingypas

thus assume below that a shock wave was really formed in this

event.

Our discussion below will be limited to the following two
subjects: 1) possible origin of the shock wave, 2) possititgro
of the observed band-splitting of the type-II radio burst.

:
I
| :: _ 4.1.1. Piston-driven shock wave
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4.1.2. Blast shock wave

Contrary to the piston-driven shock wave scenario, only one
piece of indirect evidence (see Result 11 in Secfibn 3) could
support the second (blast shock wave) scenario. It imptiat t

a free-propagating blast shock wave could in principle beege
ated by the impulsive flare energy release which was evidknce
As it has already been mentioned in Sectidn 1, type-ll ray the formation of the coronal hard X-ray sources in the flare
dio bursts are believed to be produced by MHD shock wavésipulsive phase. Note, that Bain et al. (2012) did not cotebfe
However, it is still unclear whether these shock waves abmd) rule out this possibility for the present event of 3 November
or piston shocks driven by eruptive magnetoplasma strestor  2010./ VrSnak et al.[ (2006) also reported evidence in fawdur

2) blast shocks due to an explosive flare energy releasadedal the blast shock wave scenario for the 3 November 2003 similar

4.1. Shock wave driver
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event. On the other hand, Result 11 may be just a coincidénce.
alone seems not enough to interpret the studied type-It burs
frame of the blast shock wave hypothesis. Moreover, it iS-obv
ous that the blast shock wave hypothesis can not easilyiexpla
the same propagation direction of the type-Il burst souaces

of the erupting plasma apex. For these reasons we conclatle th |
the type-Il burst studied here was most probably produced, a
least in the initial stage, by a piston-driven shock wavéenat
than by a blast shock wave.

Additional comments on the assumption of the piston-drive
scenario for this event are found below. The valuevgk =~
2200 km s* was obtained using the linear least square appro
imation of all ten observational data points for the LFC segr
(shown by green marks on the height-time plot (Figlie 8)). \
However, the first (in time) half of these data points in Faj8r
seems to behaveftierently than the second half, thus indicating
that a linear approximation is probably not the best onehéf t
linear approximation is performed only on the first group atfed
points, the slope of this linear fit line is much closer (altgb a
little bit steeper) to the slope of the linear fit for the lezgledge
of the eruptive plasma (red and black lines on Figure 8). Thi$g.9. Schematic illustration of the 3 November 2010 erup-
means that during the beginning of the type-Il burst the atrar tive event observations combined with their interpretatio
teristic velocity of its sources was similar to the veloafythe the frame of the upstream-downstream scenario (see tegty. V
eruptive plasma leading edge. About 20 s later it becametab@ufrom the Heliographic North Pole. Direction to the Eargh i
twice the magnitude,e. v rc ~ 2200 km s?. marked by a thick black arrow. Notations: (1) hypothetitealek

Recent numerical simulationslof Pomoell et lal. (2008, 200@ave, (2) LFC source of the type-II burst, (3) its HFC sou(dg,
have shown that the shock wave velocity can quickly exceed tturbulent magnetosheath, (5) wariin £ 1 — 2 MK) plasma rim
velocity of the driver (flux rope) and then the shock escapmaf and (6) its leading edge, (7) hot (= 10 MK) erupting flux
the driver. In other words, it was found that the shock wave caope or plasma blob if it is observed from the Earth, (8) photo
be of the piston-driven type in the beginning of eruption aftdr  sphere. Thin black arrows show directions of the eruptiespl
some time it can transform to the freely propagating blastewa mas, shock wave, LFC and HFC sources motion. Lengths of the
These findings of Pomoell etlal. (2008, 2009) are very sinbdlar arrows are proportional to the corresponding velocitiesof
our observations. tion. Levels of constant undisturbed background electtasma

It should also be mentioned here that the discussed chalggecentration, assuming the natural gravitational $ication,
of slope in the type Il data points occurred at the time when tlare marked by black dashed arc-lines, apd n; > ns.
band-splitting was first observed. It is possible that these
facts could be related to each other.

situation of a shock front encounter with a streamer andctoul
reproduce split-band of type-Il bursts. Similar ideas dase
4.2. Split-band effect the shock drift acceleration mechanism have been discissed
e.g.,[Holman & Pesses (1983). Recently, more sophisticated but
ideologically similar numerical experiments|of Knock & @
|>(12005) also reproduced splitting of coronal type-II bursts

It is not clear yet, which physical mechanism is respondibie
the splitting of type-Il bursts’ emission. Currently, twoam
interpretations dominate. This does not mean, of cours, t
any alternative idea may not be valield., Treumann & Labelle
1992; Cairns 2011, and references therein). 4.2.1. Scenario 1

One popular interpretation (henceforth Scenario 1) was pro . . .
posed by Smerd etal. (1974, 1975). It was suggested thatthe |t seems that our observations geometrically support Steha

sub-bands of splitted coronal type-II bursts, the LFC an@CHFNOre than Scenario 2. The major argument in favour of the
b yb pstream-downstream scenario of Smerd et al. (1974, 1975) i

according to our terminology, could be due to coherent pdﬂsﬁ'L . he low f

radio emission simultaneously generated ahead of and thahirfat at every time the low frequency component (LFC) source

shock wave fronti.e., in the upstream and downstream regionsS !0cated above the high frequency component (HFC) one, and
that the HFC source fills almost all the space between the LFC

respectively. i :
b y source and the leading edge of eruptive plasmas (see Higure 7

Another popular interpretation (henceforth Scenarior#}, i ; o , X -
tially proposed by MclLean (1957), suggests thdfiedent parts ar_1d Figurd 1). This is schematlcall_y lllustrated in F'gl.@ 9. In
. r fhis case the LFC source, situated in the upstream regiorhbea

of a shock wave front could simultaneously encounter cor " lained in the f f dard shock
nal structures of dierent physical properties, such as electrofdturally eéxplained in the frame of some standard shock wave

plasma density or magnetic field. In the case whelietint parts theoriesj.e., the shock drift acceleration mechanism.

of a shock wave front propagate through the corona in more tha | N€re is another important argument in favour of Scenario 1.
two media with diferent physical conditions, it is expected tdt Was found (see Subsection®.4 and Figdre 5) that at a gieen f

obs_erveatype-ll burst with a multiple set of bandsf@rent sit- It should be noted here that the HFC source at 327.0 MHz ap-
uations could occur. For example, those parts of the shatk fr he4rs to be located inside the warm eruptive plasma rim iarBi@(b).
which are parallel to surfaces of constant electron dem&ityld  This could be due to projection of the curved HFC source (zeea
emit more intensively in some narrow frequency ranges thana curved hypothetical shock wave front) into the imagenelsSee

in others. In particular, McLean (1967) simulated an idesdi Figure[® as an illustration.

10
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guency the average position of the HFC source centroid was a (a N t
tle bit closer to the photosphere (and the flare site) thaatke 1 1
age position of the LFC source at the same frequency. Althoug
this is a subtle fect, it shows that at any time the plasma den-
sity in the region, from where the HFC sources are emitted, is
enhanced relative to the undisturbed background plasma den
sity. In our opinion, the natural explanation of thi§eet is that
at a given frequency the HFC sources were emitted below the
shock wave front — in the downstream regio®,, in the mag-
netosheath, whereas the LFC sources were emitted at the same
frequency in the upstream region. This idea is schematidall
lustrated in Figure10.

It can be recalled here that both similar and opposite be-
haviours of the LFC and HFC sources were reported earlier in
the literature €.g.,\Dulk|1970; Nelson & Robinsan 1975; Aurass
1997 Khan & Aurass 2002). In some cases the LFC sources are
located farther from the flare site (or from the photosphtva)
the HFC sources at the same frequencies but in some other case
they are closer to or almost at the same positions. All thase e
lier observations (known to us) were made at frequenciesibel
~ 160 MHz or for flare regions which were located close to the
center of the visible solar disk. This makes iffdiult to carry b :
out a direct analogy between these and our observations. |

Scenario 1 meets however with a couple dfidulties. The |
generation of HFC emission requires intense electron @asm :

|
|
[

|
|
|
|
! .
|
|
|
|

NN N N N NN\

4

waves in the downstream region, whereas in situ measurement R ' N

. . . ' 1 I 1
near the interplanetary shocks reveal them mainly in the up- f R4 I
stream region €g., Bale et al.l 1999; Thejappa & MacDowall 2

2000;/ Hoang et al. 2007; Pulupa & Bale 2008). Generation of
strong Langmuir turbulence in the downstream region is notg
easily understood also from the theoretical point of view.(
Treumann & Labelle 1992; Cairns 2011). Moreover, the type- N
Il radio emission itself is also generally observed from tipe
stream region of interplanetary shock waves, but not froen th
downstream regiore(g., IReiner et al. 1998; Bale etlal. 1999).
There are however observational evidences of radio emissio
coming from the downstream region of interplanetary shocks
(eg., IHoang et al.l 1992; Lengyel-Frey 1992; Moullard et al.
2001). In addition: 1) some properties of shock waves in the

corona may vary from those in the interplanetary medium, '2:) . _ :
spacecraft measurements in the interplanetary spacéldimst ~19: 10. Schematic illustration of the lower location of the HFC

ited both by single point measurements and sensitivitystfin  SOUrces of the type-Il burst with respect to the LFC sour¢es o
mentation, 3) theory of collisionless shocks is still undevel- served at t_he same frequenc_:y. Panel (a) corresponds to an in-
opment and we still do not fully understand them. Also, song@ntti, which is before the instart (t, > t1) of panel (b).
suggestions that a shock front has a wavy (rippled) shape, gplar surface is depicted by thick black line with inclinezks

low us to explain the downstream populations of energetic-el ON the _nght. Thick dashed a_rc-hke line shows the shock wave
trons even in the frame of the standard shock acceleratamryh ront. Light and dark grey ellipses represent the LFC and HFC
(e.g., Vandas & Karlicky 2000; Lowe & Burgess 2000). IndeedSources, respectively. Horizontal arrow shows the dioectf
anisotropic populations of suprathermal electrons wena-cotheir movement. Levels of constant plasma density are shgwn
monly found downstream from those portion of the Earth’s boygrtical straight dashed and/ dotted_lme/s. Correspondasma
shock where the shock normal was quasi-perpendicular to §fghsities are marked by, nj, np, with nf > m andny > n,.
upstream magnetic field, though suprathermal electrompisha Corresponding second harmonic o_f plasma frequencies,iahwh
lost their anysotropy and fluxes with increasing penetraitico  the LFC and HFC sources are emitted, are markeé tand f2,

the sheathe(g., Gosling et al. 1989). This may suggest that pogith f1 > f2.

ulations of nonthermal electrons accelerated at the shasle w

front could be also found in the downstream region.

It is not necessary for the non-thermal electron beams 2003;| Gosling et al. 2007; Wang et al. 2010; Chian & Mufoz
sponsible for the Langmuir turbulence and the HFC radio emi2011) and numerical experimene,,ISchmidt & Cargill 2003;
sion in the downstream region to be accelerated directlipeat Wang et all 2010) that magnetic reconnection can occur at the
shock front. Electrons could also bi@eiently accelerated some-interface between the leading edge of interplanetary @iron
where in the space between the shock front and the leadimgss ejections (ICMEs) and background solar wind magnetic
edge (or on it) of the erupting magnetoplasma structues, field (see also Démoulin 2008). Such episodes of magnetic re
in the magnetosheath (Figurk 9). For example, it is knowh batonnection could supply beams of suprathermal@naonther-
from in situ measurements.§.,IMoullard et all 2001; Wei et al. mal energetic electrons to the sheath region (Wang et al};201

—h
NN N N N N\

) /
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Huang et al. 2012), thus possibly creating the necessangi-corally believed to accelerate charged particleg.(IMann| 1995;
tions for generation of the Langmuir turbulence and raditssem/Treumanmn 2009).
sion there. However, we realize (and emphasize) that thpsim
tant issue requires further studies. .
. 4.2.2. Scenario 2

If the upstream-downstream scenario really takes place Iin
the studied event then it is possibleq, [Smerd et all 1974, In principle, Scenario 2 could also be implemented in the-stu
1975; |[Mannl 1995] VrSnak etial. 2002) to estimate the ujed event. One of the possible cases is schematicallyrittest
stream {.e., background) magnetic fieldB() using the density in Figure 2(b) of Holman & Pesses (1983). THiaency of the
jump found at the shock fronK = ng/ny = Nuec/Nirc = type-ll radio emission production in the upstream zone lmckh
(furc/fure)® = (L+(Af/f))? ~ 1.35, and compare it with drift accelerated electrons depends critically on thea@glbe-
those values which were estimated in Subse¢tioh 2.5 using ttveen the shock normal at a given point and the upstream mag-
formula of Dulk & MclLean|(1978). We will suggest here that thaetic field. Radio emission from the upstream region is then e
shock wave was oblique rather than purely parallel or perpgsected only ify is restricted to a narrow angular range, within
dicular because a slightly oblique (quasi-perpendicudagck a few degrees of 90In the case of a particular mutual arrange-
wave seems to be a more favourable accelerator of electromsnt of the shock wave front and of the upstream magnetic field
in the frame of the shock drift acceleration mechanigm.( two separate regions of electron acceleration and thus -of en
Holman & Pesses 1983). For an obligue MHD shock wavg,( hanced radio emission can be expected. No apparent cantradi
Priest| 1982) with an anglg between the upstream magnetitions between the idea of Holman & Pesses (1983) (especially
field and the shock normal it is possible to derive analytjcal illustrated in their Figure 2(b)) and our observations anen.
quadratic equatioak? + bK + ¢ = 0 which relates the unknown If, in the event studied here, the shock wave front was curved
upstream Alfvén-Mach numbevla, = VK + X with ¢, X and rather than plane, the apparent location of the high frecyuen
the Mach numbeMs. Codficients of this quadratic equation arecomponent sources (HFC) below the low frequency component
defined asa = 6X/M§ +2(X —4)cofy, b = X (X + 5)sir? W, (LFC) ones could be mainly due to the projectidteet.
c = 3X2(X - 1) sir? . Here it was suggested that the adiabatic Scenario 2 contrarily to Scenario 1 has an important princi-
indexy = 5/3. pal drawback — it can not easily explain correlated intgresitd

Firstly, let's estimate the Mach number &% ~ Virc/Vs, frequency drift variations of the LFC and HFC observed in ynan

wherev e ~ 2.2x 108 cm s is the velocity of the LFC source type-Il bursts €.9.,VrSnak et al. 2001), as well as in the studied
(see Tabl&ll) ands is the upstream sound speed. Within thevent. It also has ficulties to explain the common range of the

standard range of coronal temperatufes 1— 2 MK we find 'lative band-splidf/f ~ 0.1-0.2in many type-Il bursts since
the solar corona is very inhomogeneoag.(|Cairns 2011). In

Ms ~ 102-145. N find the physically meaningful o ;
soslutionoof the qiad?z:vﬂt\:/v :q?f;irt]iolrr11 ?irﬁdetﬁug Segﬁm);te(?[ﬁeéh%‘ugur Op'_f“olf" these facts make Scenario 2 less favourabfe tha
¢ Scenario 1.

Mach number adM ~ 1.06 — 1.16 within the entire range o
¥ € (0,7/2). The upstream magnetic fiel|, can be estimated
asB, ~ 46 x 10712VLFcnﬁ/2/MA G, wheren, is the upstream 4.2.3. An alternative scenario
electron plasma density in crhwhich was already estimated in

Subsectiofi.Z]5 using the observed frequency range of tiee ty@irns (1994) reported observations of fine-structuredtede
Il burst asn, ~ 5x 107 — 1 x 10° cm3. Thus, we findB, ~ magnetic emissions both from the solar wind and from the

6 - 33 G and also the plasma parameer 2(Ma/Ms)? /y ~ Earth’s foreshock. It was shown that for fundamental eroissi

6 x 1073 — 13 x 10°3. These values oB, are about six times the fine structures above the local plasma frequefpcyorre-
larger than those obtained in Subseciion 2.5. It is not &ingy; sponded to bands separated by near half harmonics of the elec
since the used empirical formula lof Dulk & McLé&n (1978) i€on cyclotron frequencyc, i-€, by nfee/2, wherenis a natural

a generalization of observational data of man§iedent active Number. For harmonic emission the separationmias ,
regions. In our case the frequency separation for the harmonic emis-

. . . . . f the observed type-Il burstisf ~ 0.16f gc, i.e, Af ~
A more importantinference from the above estimations is t on o o . . .
small value ofMa ~ 1.06— 1.16. It indicates that the upstream@%_ 60 MHz. The magnetic field estimated in the previous sec-

Alfvén speed could bea ~ Virc/Ma ~ 1900— 2080 km s tions is within the range dB; ~ 6 — 33 G (using the upstream-

that is significantly larger than the observed speeds ofilng-e downstream hypothes‘|s) ®; ~ 1-6 G (using the formula
tive plasmas (see TaHl¢ 1). At first glance this may seemed c8{1DUIk & Mclean(1978). Consequently, the eleqron cyc_Intro
tradictory to the piston-driven shock wave scenario, whighit P'aSmMa (fjrcequian;y ir;ol\ljllg bfeelthz 17-9 d2 MHz llf‘”theisf'irrs]t
was argued in Subsections 4]1.1 and 4.1.2, is preferabtasin £35€ aNdce2 ~ S~ Z In the second case. ! Mgy

event. However, numerical simulations of Pomoell et al0g0 agrgementwnh the obser\(ed separation of the LFC and HFtC,_bu
2009) have shown that in the inhomogeneous corona even a s[ﬁiﬁ is not. However, the first case corresponds to the situation
Alfvénic plasma ejection can launch a shock wave when the LFC sources were emitted from the upstream region,

. , hereas the HFC sources were emitted from the downstream re-
It makes sense also to note that the inferred Avaen-Maég

X o h ion. This is in contradiction with Cairns (1994) findingsce
number IS _Iess than the critical Alfvén-Mach numbéy~ 2.76 o reported that the fine-structured emissions were ratiiedm
for a resistive shock wave.., Treumann 2009). Consequently,, upstream region of the Earth’s bow shock only.
the shock wave could be subcritical, regardless of whetheas
quasi-parallel or quasi-perpendicular. Electrons weffeidely
accelerated by the shock wave in the event studied since §16=in4l remarks
type-Il burst emission was observed. This gives evidenuass t
subcritical shock waves can accelerate electrons in theneor In this paper the detailed analysis of the partially ocalike-
This fact could be interesting for theories of charged pkrtac- lar eruptive event of 3 November 2010 was presented. Special
celeration since it is a supercritical shock wave which isgge attention was given to the search of potential links betwben
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dynamics of eruptive magnetoplasma structure well obskaive ties. Such joint observations are most probably rare. litiatil
different temperatures with AJSDO, and the sources of thefine-tuned numerical MHD modeling combined with the kinetic
split-band decimetrjenetric type-Il burst (harmonic emission)simulations of charged particles, are highly required.
observed with the NRH. Simultaneous high precision observa
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