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ABSTRACT

We propose a unified interpretation for persistent corontflaws and metric radio noise storms, two phenomena tylgichiserved
in association with quiescent solar active regions. Owarpretation is based on multi-wavelength observationsvofduch regions
as they crossed the meridian in May and July 2007. For botbmiegwe observe a persistent pattern of blue-shifted @ emission
in high-temperature lines with Hinod&S, and a radio noise storm with the Nancay Radiohelidgr@pe observations are supple-
mented by potential and linear force-free extrapolationthe photospheric magnetic field over large computatiomaies, and by
a detailed analysis of the coronal magnetic field topologg. fiMd true separatrices in the coronal field and null poing$ i the
corona, which are preferential locations for magnetic neection and electron acceleration. We suggest that thenconis growth of
active regions maintains a steady reconnection acroseff@atrices at the null point. This interchange reconaeatcurs between
closed, high-density loops in the core of the active regiwheighbouring open, low-density flux tubes. Thus, themaeotion cre-
ates strong pressure imbalances which are the main drifptasmma upflows. Furthermore, the acceleration of low-gynetectrons
in the interchange reconnection region sustains the ramserstorm in the closed loop areas, as well as weak type idsom along
the open field lines. For both active regions studied, we firehzarkable agreement between the observed places oftpatsigronal
outflows and radio noise storms with their locations as jgtediby our interpretation.
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1. Introduction cooling as it flows down. It is still unclear, however, why the

. . . chromospheric evaporation that must replenish the cofoops
Solar active regions (ARs) are composed of a multitude ad-corn, oo ot yet been observed.

nal loops with dfferent temperatures and sizes, emitting mainly ) ) ] )
in EUV and X-rays. They consist of hot (2-3 MK) small-scale An interesting discovery made by EIS was the existence of
loops in their cores, and ‘warm’ (1 MK) large-scale loopsiard persistent blue-s_hlfted emission in coronal I_mes, comisnom
them. Loops of dferent temperatures are normally persisteffrPreted as a signature obronal outflow Using EIS data to-
and intermingled, as seen with SOMEDS observations (Del 9éther with magnetograms from Hing8©T, Del Zanna (2007,
Zanna et al. 2006). Most of the 2-3 MK emission appeafsisé 2_008b) shovv_ed_that this blue-shifted emission is: a) pegre
(Del Zanna & Mason 2003), i.e., still unresolved at the begyE Sively larger in lines formed at & 1 MK; b) located exactly
spatial resolution available to date (TRACE)1In this paper, @bove regions of strong magnetic field (sunspots umbrae and
we study AR ‘quiescent’ coronal emission which typicallgtia Plage); c) originating at low heights, but with a large sphti
for days. There are many outstanding open questions refate@XPansion into the corona; d) located in regions where apic

AR loops. In recent years, more unexplained features hase p&lectron densities are two orders of magnitude smaller then

observed, in particular plasma flows in the corona. EUV imagPical densities (10cm) of the hot loops in the core; e) as-

ing by TRACE has shown ubiquitous apparent coronal upf|0\,§_§0|ated. with Iarge>§ 50 kmys) non-thermal_broadenlngs in the
in warm large-scale loops (e.g. Schrijver et al. 1999; Wargbr line profiles; f) persistent and unchanged in strength ovei-a
et al. 2001). EUV spectroscopy with SO¥SUMER on the atively long period of time (days). These results pertaited
other hand showed redshifts in the profiles of lines formed BOAA 10926, but turned out to be quite general. Similar ressul

transition region temperatures (e.g. Ne, see Winebarger et al. On 0ther ARs have been found (see, e.g. Del Zanna & Bradshaw
2002). 2009; Doschek et al. 2008; Hara et al. 2008; Baker et al. 2009)

Dopplershifts in spectral lines have been observed by a wide The origin of these coronal outflows is still unclear. Del
range of spectroscopic instruments in the past, but it waamo Zanna (2008b) suggested that they could be due to chromo-
til the launch of Hinode that a clear pattern of Dopplershift spheric evaporation following magnetic reconnectionghblasn
coronal lines was observed with the EUV Imaging Spectrometdeir morphological similarities with the well-known upfis as-
(EIS, see Culhane et al. 2007). Its high spectral resolatiiows sociated with solar flares. Various authors have suggebted t
EIS to measure Dopplershifts with an accuracy of a few ki sthe coronal outflows could be related to the origin of the slow
in coronal lines formed between 0.7 and 3 MK, which wef@-di solar wind. For example, Marsch et al. (2008) considered the
cult to observe with previous instruments. EIS observatltave same EIS observations as presented in Del Zanna (2008b) and
confirmed and extended the SUMER results: Del Zanna (200@und that the blue-shifts were associated with regionsrevhe
2008b) showed that persistent redshifts, stronger in ctiakes, the extrapolated coronal field lines appeared open. Sirsilgs
are typically observed at both footpoints of most AR loodssT gestions were made by Harra et al. (2008) and Doschek et al.
emission appears to be due to plasma that is slowly radiativé2008).
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Baker et al. (2009) presented HingHES observations of physical mechanism with radio noise storms. This is done by
NOAA 10942 and supplemented them with detailed magnettombining detailed observations and magnetic field mautglli
field modelling. They found that the coronal outflow regionsf two well-observed active regions.
were associated with regions where the extrapolated fie&s i
showed a rapid change in connectivity, namely quasi-sépara . .
layers (QSLs; e.g., Demoulin et al. 1996). The authorsdistey- 2. Data analysis and modelling

eral outflow mechanisms related to magnetic reconnectien @ge have extensively searched the entire Hinode dataiase
curring at QSLs. Based on a comparison of an MHD simulatigfitable AR observations. Our main criterion was that fii-su
with observations of a small AR surrounded by a coronal hotgent number of observations were made during the meridian
(CH) on 17 October 2007, Murray et al. (2010) suggested thgdssage of quiescent ARs. We preferred small ARs, since they
coronal outflows are driven, at least partially, by therm@sp are more likely to fit into the typically small fields of view(¥/)
sure gradients which develop in the magnetic field surraundiof the Hinode instruments. Indeed, one important issue f8r E
an AR, due to the deformation of these fields by the continuogBservations is the need to have a large FOV with respeceto th
expansion of the AR. AR size, in order to correct for instrumental wavelengthtshi

In this paper we explore the relation between coronal oyalthough a new method has recently been suggested by Kamio
flows and one other well-known, but still largely unexplaineet al. 2010) and to have a region which can be selected as ref-
solar phenomenon that requires a quasi-continuous energydrence for the wavelengths, as described below. We found and
lease over several days in a non-flaring active region, namehalysed a few ARs which fitted these criteria, but here ptese
radio noise stormsNoise storms are broadband emissions lagiesults pertaining to NOAA 10961 and NOAA 10955.
ing for hours or days at frequencies between roughly 100 and We note that many (if not all) ARs, for which blue-shifted
500 MHz. They are associated with active regions, but not dimission at their edges have been recorded by EIS, appear to b
rectly with flares (for reviews, see Elgargy 1977; Kai et 883, surrounded by CHs, or at least by extended unipolar are&of t
Klein 1998). Noise storm observations were presented by, e OS magnetic field. This is also the case for the ARs studied
Krucker et al. (1995) and Malik & Mercier (1996), and theilere here, and it is important for our interpretation of the amigif
tionship to evolving magnetic structures in the solar apphese such blue-shifts, as we discuss below.
was discussed in Stewart et al. (1986), Raulin & Klein (1994)
Bentley et al. (2000), and Willson (2005).

Noise storm emission has a characteristically strong eircr1- EIS

lar polarisation,.ascribed to emission at the electronnpéae- The EIS data were processed using custom-written software
quency, and brightness temperatures that may exceed ¢orgg@e, e.g., Del Zanna 2008b,a). ThEset between the SW and
electror_1 temperatures by several or_ders of magnitude (Berd [\w channels in both N-S (19 and E-W (2) was corrected
& Mercier 1983). It is therefore attributed to non-thermiee  for. Some authors have recently found asymmetries in the EIS
trons whose energy is not well known, but was estimated fige profiles, which would question the use of single Gaussia
be about 10 keV, from considerations of collisional lifegisnof profiles. Hara et al. (2008) found evidence for blue-wingnasy
the emitting electrons and from broadband fluctuations ef thnetries in the profiles of 2-3 MK lines (&ev,Fexv) in the blue-
noise storm continuum emission (Raulin & Klein 1994). Thenifted regions of AR 10938. Recently, Peter (2010) reyseal
lifetime of such electrons in an ambient medium of an eleghe same Fev observations and confirmed the presence of a
tron density corresponding to the range ofsem|SS|on frequedbuble component. Bryans et al. (2010), on the other hawed, pr
cies quoted above, i.e. roughly 28 10° cm™3, does not ex- sented observations of another AR, where strong asymmetrie
ceed a few tens of seconds. Hence electrons must be acedlergire only found in lines formed at 1 MK ambt in 2-3 MK
throughout the whole duration of the noise storm emissiti T |ines. The same authors report that lines from ions formee-at
is different to flares, which are in general related to particle agik showed small outflow velocities comparable to those of the
celeration over only rather short durations. The rate of@ne primary component of the cooler lines, however the intésit
release in noise storms estimated from these considesaBonere too weak to accurately determine the shape of the fsofile
about 16° - 10° erg s* (Raulin & Klein 1994), and a similar pDe Pontieu et al. (2009) found an asymmetry in the blue wing of
range was derlvec_i from theoretlca[ investigations of ststih  {he Hinode EIS Farv 274 A line at the edges of NOAA 10976
electron acceleration by Subramanian & Becker (2004). and 10977 observed near disk center on 2007 December 2 and 5.
_ Attheir low-frequency end, noise storms are often acCompphe asymmetry is indicative of upflows of 50-100 smvhich
nied by storms of decametric-to-kilometric type Ill bur§&i  are correlated with type-Il spicules.
et al. 1985; Kayser et al. 1987). These are short (second dura we have found no significant evidence for asymmetries in
tion) bursts emitted by electron beams rising through thema.  the |ine profiles. However, Doppler-shifts could only be mea
The beam-plasmainstability creates Langmuir waves abt® | gyred in a few of the stronger lines, the best measuremeinig be
electron plasma frequency, which can be converted intdrelec 5y, the strongest Fer 195.12 A self-blend. This is caused by
magnetic waves near the electron plasma frequency or its I'\G(N countrates in most lines, and by the fact that most EI®nebs

monic. The resultis a short emission in the radio spectruah i o4ins have been made with theé it and with short exposure
drifts from high to l.OW frequencies as the electron beams prgoq (to limit the duration of each observation). Tdfit pack-
ceed to greater altitudes. Numerous type Ill bursts at the lo

; . ) age (Haugan 1997) was used to fit Gaussian profiles to all the
frequency side of metre wave noise storms confirm the repeafg e ¢ gpserved, using custom-written programs to obtatienin
acceleration of electrons in the corona over extended idmsat sity, position and width.

Furthermore they indicate that the acceleration regionhef t Fig. 1 shows one example from an observation of AR 10961

electrons in the corona is magnetically connected to opéh fie, 1 3,y 2007. Two regions were selected, one within the-coro
lines reaching into the high corona and interplanetaryspac "o tflows (b), and one far from them (q). The two regions
The main aim of this paper is to present a possible explana-

tion for the origin of the coronal outflows, and to link theatdd  * http://sdc.uio.no/search/API




were observed at the same time so the same wavelength shiftative Dopplershifts with an accuracy of a few ki but it
apply to them. The spectrum from region q was wavelengttiees not have, or measure, ‘rest’ wavelengths, so thesentan o
calibrated so the Far 195.119 A line position is at rest wave-be obtained by choosing a reference area (to which all vigsci
length. The line profile is Gaussian, with a full-width-halfare relative to). The EIS measurements discussed in DelaZann
maximum (FWHM) of 72 mA. The line widths in the EIS Spec(2008b) are still the best case presented so far, since $trein
trometer are mostly instrumental. In the SW channel, wheee tment slitrastereda large FOV that contained quiet Sun areas,
Fexn 195.119 A line is located, the instrumental width is fairlyvhich were used as reference area for the rest wavelengths. |
constant in the bottom part of the slit, and then increasesfly e observations presented here, wavelengths at rest \b?re 0
with the position along the slit (details will be publisheldes tained from regions as far away as possible from the ARs’ loop
where). In the quiet Sun, the FWHM in the central part of th&ifuctures.

slit is about 67 mA for most of the unblended lines, and 70 mA The co-alignment of each EIS raster was done by cross-
for the strong Fan 195.119 A line. Therefore, the line profile inCorrelating the monochromatic images in cooler lines with
the q region is very similar to that one from the quiet Sun. THERACE 171 A images, whenever available. The co-alignment
line profile b from the coronal outflow region is also very symis very accurate (1-9. However, the fast jitter of the EIS in-

metric and Gaussian, with a centroid shifted towards the blgtrument while it scans means that locations of EIS feaitaas
and a larger FWHM of 83 mA. only be obtained with an accuracy of 3s4vhich is the &ective

instrument resolution.

2.2. Other instruments

We have considered Hinode Solar Optical Telescope (SOT)
Narrow-band Filter Imager (NFI) FG and the Spectropolaténe
(SP) data. The FG data were processed using the standard pro-
cessing routine FGPREP available within SolarSoft. The FG
Stokes V images provide information on the line-of-sighgma
netic field density with a resolution of about 0”18 he SOT has
an internal mechanism which tracks solar features. Detige
a considerable ’jitter’ of a few arcseconds over short (rtesy
time-scales is still present in both the SP and FG data. Ttee ji
and pointing in the FG data was established by cross-ctingla
FG V images with simultaneous full-disk SOHA@DI line-of-
sight (LOS) magnetograms [which are taken every 96 minutes]
For the SP, we have used the data processed in the standard way
within SolarSoft. The results provide maps of the apparemt |
gitudinal and transverse magnetic field density.
The Hinode XRT optics provide an excellent resolution of
Fe Xl q about 2 (Golub et al. 2007). The data were processed using
e the standard software (XRPREP). The pointing of the full-disk
images was obtained by fitting the visible limb, while thergei
b ing of partial-frame data was obtained by cross-correiatiith
300} i ] the full-disk images.
ik The TRACE instrument provides high-cadence images with
the highest spatial resolution’{(ll in three EUV bands, to-
gether with UV ones and the visible (white light) continuum.
o do The images were processed using the standard SolarSafteout
2000 4 b ] toop o f b EIS_PREP. The pointing of the TRACE images was obtained by
- P g b cross-correlating the white light continuum with full-diSOHO
Y N obermt S MDI data.
-200-100 0 100 200  -200-100 O 100 200 Radio images of the corona were taken at several frequen-
km/s km/s cies between 150 and 432 MHz (wavelengths 0.69-2 m) by
the Nancay Radioheliograph (henceforth referred to as NRH
Kerdraon & Delouis 1997). The observations are acquiret wit
sub-second time resolution, but for the present study we use
10 s averaged values. Spectral observations with the Nanca
Decameter Array (20-70 MHz, Lecacheux 2000) are used to
identify the radiation of electron beams escaping to thé hig

A strong (75 kms') orbital variation of the EIS wave- ¢orona.
length scale is present. This variation is non-reprodecdsid
waveleng_th—dependent. We have corrected for it by obtgiam 5 5 Magnetic field extrapolations
average time-dependent wavelength scale for the two clgnne
using the brightest lines and the standard wavelengttixel-p To obtain information on the magnetic connectivity abovd an
calibration. A further problem is that trebsolutevalues of the around the studied ARs, we performed potential and lineaefo
Dopplershifts are quite uncertain. EIS is capable of meagur free (Ifff) magnetic field extrapolations. We used the BLFFF
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Fig. 1. Above: Dopplermap in Fer 195.119 A ¢20 knys) of AR 10961
on 1 July 2007, with two selected regions, one within the cat@ut-
flows (b), and one far from them (q). Below: ke195.119 A line pro-
files in the selected regions, with superimposed Gaussted fitofiles.



2007-06-29 2007-07-01 2007-07-03
NRH 10:26:40 151- 408 MHz (contours) NRH 10;47:05 151- 432 MHz (contours) NRH 12:35:18 151- 408 MHz (contours)
Hinode/XRT 11:09:20.036 Hinode/XRT 10:47:45.062 Hinode/XRT 11:22:52.700

Fig. 2. X-ray (negative) images of the full Sun from Hinode XRT on 2&4d, 1 July, and 3 July 2007. AR 10961 crossed the meridianJutyl
Superimposed are contours of the radio sources at 408 (I3R@)green), 237 (yellow) and 151 MHz (red) (iso-intensiytours at 80% of the
maximum, 5 min integration for 29 June and 3 July, 10 s on 1)Jillye times of the radio images were chosen such as to giy@eatywiew of
the sources during these days, an@edifrom the times of the XRT images. Solar north is at the tagstven the right.

Cartesian code (Demoulin et al. 1996) from the FRench Onliméth a sunspot as leading polarity and a scattered folloying
MAGnetic Extrapolations (FROMAGE) serviavhich is based larity. The AR was very quiescent during meridian passage, i
on the FFT method (Alissandrakis 1981). Since the magnetiat only 2 B-class flares were observed between 30 June and
field data from Hinod&OT are spatially too limited, given that7 Jul (when it reached the western limb). A larger number of
ARs are typically magnetically connected to nearby CHs @&-class flares occurred before 30 June. To the east of NOAA
other ARs, we used SOHWMIDI data for the extrapolations. 10961, a very large dispersed AR was present (NOAA 10962).
Taking into account the projectioiffects for the ARs, which Both active regions were not present during the previouarsol
were both located slightlyffset to the solar disc centre, the cororotation.
nal magnetic field was computed from the photosphere up to  Fig. 2 shows X-ray images of the full Sun from Hingd&T
an altitudez = H, usingB,(z = 0) = B cos) as photospheric and radio emission contours from NRH. The X-ray images
boundary condition. Hereg; is the LOS magnetic field, whereclearly show loops interconnecting the eastern polargfe&R
only a partial section of sizie,x Ly of the full-disc magnetogram 10961 with the western ones of AR 10962 (see also Fig. 5 be-
was retained, angl is the angle between ttzaxis and the radial low), indicating that the two ARs were magnetically conegict
direction at the disc centre. AR 10961 is surrounded by CHs. While this is not evident
To minimize aliasing flects resulting from the periodicin the negative XRT images in Fig. 6, it can be seen clearly
boundary conditions along theandy directions, the deprojectedin the XRT frame in Fig. 5a: a very dark CH is present to the
SOHQMDI magnetograms were inserted into wider regions afest of AR 10961. There is also a dim region to the north-west
size D> Mm? with B,z = 0) = 0. The totalB,(z = 0) was of AR 10962, which could also be a CH, as suggested by the
then developed into Fourier eigenmodes, with a resolution open field lines found at that location in the extrapolatisee(
1024x 1024. UsingV x B = aB, Byy(z = 0) andB(z > 0) Sect. 3.3 and Fig. 5b,c below).
were calculated for a constant value of the force-free param
eter @, which has (maximum and minimum) resonant values . ,
am = +2r/D. Potential fields correspond te = 0. The out- 3-1. Radio noise storm

put vector fieldB was written on a mesh with a uniform spacingy, 1 jyly 2007, NRH observed a noise storm at all frequencies

of 11 Mm in thex andy directions, and a non-uniform spacing,, 1o of the quiet coronal bremsstrahlung emission (FigA2)

in the z direction, with the smallest intervals of 2 Mm locate ingle noise storm source was seen during the entire observi

close toz = 0. . time (09—15 UT). The iso-intensity contours at 80% of max-
To go a step beyond the similar analyses performed by Balger,m prightness are overplotted for all observed frequasci

et al. (2009), where the small photospheric field area used {gyq the HinodgXRT images. The noise storm on 1 July appears
the extrapolation contained only one footpoint of the lasgele i, e related to the leading part of AR 10961.
connections of the studied AR, we chose hegeandL, to be

heliosphere, along which the solar wind can flow. overplot of the radio sources on the Hin@®dBT image (Fig. 2,

left) shows that the western noise storm is near the leadigg e
of the western AR 10962. The eastern component project&to th
3. NOAA 10961 trailing part of AR 10961, perhaps also on the leading part of
NOAA 10961 appeared at the eastern limb on 25 June 2007 diid 10962 (but the radio source does not exteniiciently far
crossed the meridian on 1 July. It was one of the 'classicRi$A above the limb to be sure of the latter).

At low frequencies, noise storm emission is visible sporadi
2 http://www.solaire.obspm.fr/fromage/ cally (e.g., around 10:30-11:00 on 29 June, close to 09:400JT
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Fig.4. AR 10961 from 29 June to 5 July 2007, as seen irxike
monochromatic images (negative, left) and Dopplerma®0 (knys,
right).

guencies below 100 MHz, the Nancay Decameter Array saw re-
current type |1l bursts and groups of type |1l bufsts

3.2. Multi-wavelength observations

Fig. 3 shows a combination of various observations of AR 1096
around 15:00 UT on 1 July, when the AR was close to Sun
centre. The SO/BP data clearly show the presence of a nearly
unipolar, radial magnetic field in the sunspot and plageomesgi
Large warm (1MK) loops, whose legs are clearly visible in
TRACE 171 A and EIS Fe VIII emission, are connected with
these regions. The hottest (3-5 MK) loops, clearly visibl¢hie

EIS Fe XV emission and in the XRT image, are located in the
core and also connect the sunspot penumbra with the plage re-
gions. Strong blue-shifts in lines formed above 1 MK areteda
within the sunspot and on a sharp boundary located in theplag
This is shown in Fig. 3 by the Doppler image in &g but all
lines formed at the same or higher temperature showed simila
characteristics.

The blueshifts within the plage regions are a new feature ob-
served with Hinode (Del Zanna 2007, 2008b), however blue-
shifts within sunspots have been observed before. There is a
extensive literature on measurements of doppler-shiftaimvi
Sunspots, with (apparently) contradicting results. Bknec
(1981) found small (2.5 kys on average) blue-shifts above a
Fig.3. AR 10961 on 1 July 2007Top to bottom:longitudinal ¢800 sunspot in Fan, from an excellent NRIHRTS rocket spec-
Gauss) and transverse500 Gauss) apparent magnetic field fromrym. Chromospheric lines were used as reference for the-wav
SOT/SP; "cool’ emission as seen in EIS fie and TRACE 171 A} |engths. Gurman & Athay (1983) also reported very small (1.2
1 MK emission as seen in EIS Fe XII, and associated Doppler-m@nys on average) blueshifts ini€ above sunspots as observed
(30 knys); 'hot” emission as seen in EIS ke and in XRT (Open it S\VIM/UVSP, however the measurements were relative to
+ Ti-Poly). Contours superimposed on the images are fronligoed a region of quiet Sun, where 1€ is known to be redshifted
SOTFG data. by about 4 knfs. Most other authors found redshifts within

sunspots, which are probably caused by the dominance of the
bright sunspot plumes, which are known to be strongly red-
) o . shifted. The first clear picture emerged from SQBOMER
:‘;’Ol‘]u_lf‘he' aFt15t1' MHz), b?ft Itis glea:;y3n;tla§ sustained E;.OQ ter observations, which have shown a clear pattern of pro
uly. The situation IS similar on 2 an Ul occaslonaj A gressively larger (in terms of area and strength) bluetsibt
enings at low frequencies, extended emission at higheuéreq above sunspots in transition-region lines formed at higéer

cies. As seen in Fig. 2 (right panel), emission at 408, 32d@, a ratures (see. e.d.. Brynildsen et al. 1998: Marsch ebal
237 MHz now comes from bpth activ_e regions. The large exte%ﬁe SUMéR Iihe;sg;/;/erg formed from' the c’hromosphere 'E) the
of the contour at 80% of maximum brightness at 151 MHz refe(ﬁ)per transition region (Nen)

to thermal emiSSiOU- because the_noisg storm source hiratly, The new Hinode EIS and SOT observations clearly showed
all, exceeds the quiet coronal radio emission. that the blue-shifts within the sunspots in NOAA 10926 ex-

In summary, NRH observed a slowly evolving noise storfgnded in lines formed at 1 MK and above (Del Zanna 2007,
above AR 10961 during its disk passage between June 29 and

July 3 2007, with the most intense emission on 1 July. At fre-® seenttp://secchirh.obspm.fr/index.php
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Fig.5. a) X-ray image of AR 10961
from Hinod¢XRT on 1 July 2007.
Contours of the LOS magnetic field
from SOHOMDI are overlayed.b-c)
Side and top view on selected field mag-
netic lines from the potential field ex-
trapolation of the AR, outlining its main
topological features (see text for de-
tails).d) Top view on selected field lines
from the extrapolation, outlining the in-
terchange reconnection between closed
and open fields (see text for details).
Open field lines are marked with a cir-
cle where they leave the computational
box. The Hinod¢éIS FOV is indicated
—200 0 200 —200 0 200 in c) andd).

0

—-200
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2008b). This was confirmed by Marsch et al. (2008), who actable (even though XRT and EIS loop observations suggest the
ally analysed the same active region and used SMIDI data presence of some magnetic shear inside AR 10961).
to locate one sunspot. On the contrary, Doschek et al. (2008) Figure 5b,c show a projection view and an observer's view
found blue-shifted plasma to befset from the position of the on representative potential field lines in and around AR5109
sunspot in NOAA 10978. and 10962. Internal active region field lines and interceting

For this paper, the interesting feature is that the bluéisshiloops (IL) are drawn in yellow and green, respectively. learg
are only observed on the north-eastern part of the plageravhéeld lines that leave the computational box, i.e. that aespm-
actually ‘'moss’ emission is not very prominent. We will retu ably open, are drawn in cyan (labelled CH E and CH W for the
to this pointin Sect. 3.4. eastern and western CHs, respectively; they also corrésjoon

Most of Hinode EIS observations of AR 10961 had a smafiark regions as observed by XRT).
FOV or low count rates, but some useful data are available fro  The separatrix field lines emanating from the null point are
29 June to 5 July. Fig. 4 shows the persistence of the blutrawn in pink: there is a singular spine field line that is sabt
shifts, mostly in the eastern side, during the course of agtle on one of its sides within AR 10961, namely in the ARs leading
7 days, which is significant. The strongestxieline was used negative polarity. On its other side, it is rooted in the dised
for these plots. The observation on 29 June was made witme@gative polarity of AR 10962, eastwards of the ILs and just
'sparse raster’ (when successive exposures are taken bingnowestwards from the footpoints of the CH E open field lines.
the pointing by more than the slit width) having a smaller FOV  The |ower part of the fan separatrix surface maps the C-
(177’in the east-west direction). The data gaps were filled lpaped trailing eastern positive flux concentration of ARG
interpolation. while its upper part is open. The topology of this null poiahe
figuration, embedded in a set of open field lines, does therefo
not correspond to the typical configuration with an openepin
(see, e.g., Pariat et al. 2009), but rather to that of a sepanall

The magnetic field extrapolation of AR 10961 and its surreun{®s found by Priest et al. 1997, using magnetic source mpdels
ings was performed by employing SOMIDI magnetic data T_he pr_OJected_Ioca_tlons of the uppermost parts of the open an
from 1 July 2007. The field was calculated upHo= 2R,, us- diverging fan field lines (to th_e north and the west of AR 10061
ing an MDI FOV of L, x L, = 1020’ x 700", embedded in correspon(_j well to the_ locations of the bng_htest sourceh ef
aD = 2500Mm x2500Mm zero-field region. The very largelong-duration radio noise storm (compare Figs. 5¢c and 2).

D value was required to minimize the otherwise strong algasin  We note that, in spite of the apparent quasi-2D quadrupo-
effects in this complex and extended solar region, which conar distribution of flux of the two ARs along the east-west di-
prised the remnants of AR 10962. This led us to perform a simection, the magnetic field topology is far from that of the
ple potential field extrapolation for this region, sincetsadarge ‘'textbook’ quadrupolar configuration, consisting of twostd

D implies a very smally value (see Sect. 2.3). The overal(quasi-)separatrices that cross each other at some x-{ooirt
good match between the resulting magnetic field lines and tliree) in the corona. This dlierence is due to the existence of (the
HINODE/XRT large-scale loops (see Fig. 5a,c¢) suggests that,Gt E and CH W) open field lines, which, in turn, exist due to a
this length scales, the potential field approximation waspt strong flux imbalance (negative) in the extrapolated region

3.3. Magnetic field topology
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NRH 10:56:16 151- 432 MHz (contours) NRH 09:30:09 151- 432 MHz (contours) NRH 12:00:36 151- 432 MHz (contours)
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Fig. 6. Hinode XRT (negative) images of AR 10955, superimposed thighbrightest radio sources on 11 May 2007 (left; iso-intgreontours
at 50% of the maximum, 1 min integration), May 12 (centre:iigensity contours at 80% maximum, 1 min integration) anayM3 (right;
iso-intensity contours at 80% of the maximum, 5 min integratime). The radio emission comes from a noise storm atedjufencies on 11
May, from the same, decaying noise storm on 12 May, and froewdynemerging noise storm at frequencies down to 237 MHz oMag. The
large red contour on 13 May shows quiet coronal emission.nblige storm did not extend to this low frequency at the timeseh for the plot.
The colours show the same frequencies as in Fig. 2.

3.4. Interchange reconnection 4. AR 10955

AR 10955 was a small AR that crossed the meridian on 11

As can be seen from MDI sequences (not shown), the phong 2007 (see Fig. _6). It was r_elat|vely |solated,_W|th_0nIy a
spheric area covered by AR 10961 increases during its grad ‘T’l" ephemeral_reglon (ER.) to its north-east, which d.wl.h .
emergence and later decay, as it is the case for most solar% ipolar magnetic pattern similar to the AR. Some emission i
tive regions. According to magnetostatics, the outer figldd '€ X-rays indicates the presence of weak loops connectitig A
of the AR should quasi-statically bulge upwards, as a rexult 10955 W'.th_ the ER. HmodE_IS obse_rvanons are ava|laple only
their slow footpoint separation. It is therefore likely tithese 1O Meridian passage until the region reached the westetn |
field lines (yellow in the extrapolation; Fig. 5b,c) contously Similar to AR 10961, also AR 10955 appears to be surrounded
reconnect with ambient field lines located on the other side By regions of.open field. Although clear |nd|qat|0ns of CHa ca
the separatrix of the null point. In the extrapolation, thesn- Ot be seen in the EUV and X-ray observations, the extrapola-
bient field lines are the open CH E field lines (cyan). The e{on Presented below indicates the presence of open fiektiein
trapolation therefore suggests that this interchangenreaction R's vicinity.

produces new IL closed field lines (green), and new CH W open

field lines (cyan). 4.1. Radio noise storm

) . . _ On 12 May 2007 NRH observed a decaying, weak noise storm
Selected field lines, located just at the edge of the separath high frequencies (327, 408, 432 MHz) during the whole ob-
are dravyn in Figure 5d. They illustrate thaf[ the intercharege serving period of that day (9-15 UT). At 242 MHz the noise
connection between the AR (closed green lines) and CH E (0R8B,m, was also observed, but clearly faded systematicating

blue lines) involves only the central part of the northern-sey o qav. At 151 MHz the fadi d. and th
tion of the C-shaped plage region of AR 10961. Indeed, none iseagform becamg un%e?eérggb\?éaserpo(;gel%r%r?unce candine

the thin blue field lines which can reconnect with the thinegre Fig. 6 shows the radio positions superimposed on

lines emanating from its southern sectior_l an.d fro_m its reorth HinodgXRT images around meridian passage. In order to dis-
edge, are open (see Fig. 5d); all these (thin) field lineslased lay the noise storm sources of 12 May, contours at 80% of
and confined to low altitudes below two coronal pressureescﬁ]aximum intensity have been chosen. At the highest frequen-
heights (i.e. below 1OQMm). Th.|s |m_pl|es th_at they sh_ould.n%ies (blue contours) the radio source overlies AR 10955, and
ha\{e such a Iovy densn){ as the|r. nelghbourmg open field Jin s apparently two components. The western component of the
an important point to which we will come back in Sects. 4.4 a gh-frequency source and the sources at lower frequeapies
5. pear to be related to the preceding part of the AR.
The comparison with the days before and after 12 May con-

In conclusion, the extrapolation suggests that the foatgoi firms that the noise storm is in its decay phase on that dayadt w
of the new field lines that result from interchange reconionact brighter, and seen at all NRH frequencies, during the presvio
at the null point are located: (1) at the eastern edge of thano two days. The noise storm of 11 May is shown on top of the
ern part of the C-shaped plage region of the AR (see the rdthodgXRT image in the left panel of Fig. 6 at a 50% contour
closed field lines in Figure 5d, and (2) inside the leading-nelgvel. It is located in the same region as the noise storm on 12
ative polarity sunspot of the AR (see the pink open field linéday, but is brighter. A similar source configuration, with@ise
in Figure 5d). These two locations correspond exactly t@ehostorm that clearly dominates the quiet coronal emissionbis
where persistent blueshifts are observed with EIS (see Bigsserved on 10 May (not shown). On the morning of 13 May, the
and 4, and Sect. 3.2) noise storm was no longer observed by NRH. A new noise storm
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Fig.8. AR 10955 from the 11th to the 14th May 2007 seen irxire
monochromatic images (negative) and Dopplerma29 (knys).

4.2. Multi-wavelength observations

Fig. 7 shows a combination of various observations of AR 5095
on 12 May, which was a mainly bipolar and compact region.
As in all ARs, loops connecting the main magnetic polarities
are ubiquitous. Large-scale cooler loops are clearly se&i$
Fevir and in TRACE 171 A emission (0.6—1 MK), while ’hot’
compact emission is seen in EIS#e and in the X-rays (XRT).
Strong, spatially expanding blue-shifted emission is gnésn
the eastern (following) polarity. Fig. 8 shows AR 10955 friin

to 14 May in Fexn monochromatic images and Dopplermaps.
B 3 The stronger blueshifts are persistent, while smaller andem

4 S SR TGy | localised blue-shifted emission is present on the westelarity

on 11 and 12 May.

4.3. Magnetic field topology

The magnetic field extrapolation of AR 10955 and its surreund
ings was performed by employing SOWIDI magnetic data
from 12 May 2007. The field was calculated upHo= 1R, us-
ing a SOH@MDI FOV of Ly x Ly = 1210" x 840”, embedded
in aD = 900Mm x900Mm zero field region. Here we used a
smallerD than for AR 10961, since we had to perfornfif éx-
trapolation with a relatively high value of, as explained below.
Fig. 7. AR 10955 on 2007 May 12Top to bottomiongitudinal ¢&800 For all « values we tested, the resulting coronal field con-
Gauss) and transverse500 Gauss) apparent magnetic field frontained two topologically stable null points: one locatediggh
SOT/SP; "cool’ emission as seen in EIS Fe VIl and TRACE 171 Aaltitude, above the AR (hereafter NP 1), and a second one lo-
; 1 MK emission as seen in EIS Fe XIl and associated Doppler-maated at lower altitude (hereafter NP 2), above the smathror
(20 knys); "hot' emission as seen in EIS Fe XVI and in XRT. Théarn ephemeral region (ER) which displayed a simple bipolar
FOV of the EIS raster is .shown as dashgd box in the TRACE ?nd,xﬁagnetic pattern. However, although the photospheric imgpp
images. Contours superimposed on the images are LOS ma@eti ¢ o0 ratrix field lines emanating from NP 1 was robust to
densities from SOHMDI. . . . .

changes (in particular, its fan separatrix surface alwaipg é€n-

closed the AR), the photospheric footpoint of the singutans

field line of NP 2 varied strongly witl: it was located at the

western edge of AR 10955 only for strong positivealues. If
starts in the western hemisphere at 242 and 327 MHz betweem1®as decreased, the footpoint successively moved away from
and 11 UT, and possibly extends to bursty emission at 151 Mt AR, and the spine was even transformed into an open field
around 14 UT. As shown in the right panel of Fig. 6, the sourcéise. Guided by the S-shaped coronal loops inside AR 10985 an
at 327 (green contour) and 237 MHz (yellow contour) comigy the faint loops connecting it with the ER (see Fig. 7), naki
from the same region in the preceding part of AR 10955 as th@o account the hemispheric helicity rules for ARs for thtr,
noise storm of 11 and 12 May. This new emission is therefovee finally usedr = 6 x 10°3Mm~1 ~ 0.8ay for our analysis
probably a revival of the previous noise storm. As in the cagpgesented here.
described in Sect. 3.1, the Nangcay Decameter Array shoered r Figs. 9b,c show the magnetic field topology around
currenttype Il bursts and groups of type Il bursts at fregicies AR 10955 resulting from thefif extrapolation. NP 1 is located
below 100 MHz. high above the AR. Its fan surface (pink field lines) fully sur
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Fig.9. a) X-ray (negative) image from
HinodgXRT of AR 10955 on 12 May
2007. The FOVs of the two EIS chan-
nels are shown by dashed boxésc)
Perspective and top view on selected
field magnetic lines from the potential
field extrapolation of the AR, outlining
its main topological features (see text
for details).d) Top view on selected
field lines from the extrapolation, out-
o lining the interchange reconnection be-
N EIS FOV. , tween closed and open field lines (see
I text for details). Open field lines are
‘ marked with a circle where they leave
O the computational box. The Hinot&S
—-200 0 200 —-200 0 200 FOV is indicated irc) andd).
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rounds the AR, with some of its photospheric footpointsteda sults from the fiif extrapolation, these field lines should recon-
close to the AR’s eastern edge. The fan contains a noticeabét with the CH W open field lines, which are rooted far to
twist, which is a consequence of the well-known sensitioity the west of the AR (drawn in blue in Figs. 9d), thus forming
large-scale structures ta The twist is probably an artifact of new open CH E field lines, rooted at the eastern edge of the AR
the Ifff approximation, and it does not significantly change th@rawn in pink in Fig. 9d), as well as new closed connections
overall shape of the fan with respect to a potential fieldapdr between the main negative polarity of the AR and the quiet Sun
lation. The spine field line related to the fan (also drawniinkp region to the west (drawn in red in Fig. 9d). Such reconneastio

is rooted in the western edge of the main negative AR polaritye of the interchange type, as they involve open field lines.

below the fan, and is open above it. All field lines surroudin  The photospheric footpoints of these two newly reconnected
the fan and spine field lines are open as well (drawn in cyan ag@ps systems roughly correspond to the locations wherg-lon
marked as CH E and CH W). The large-scale topology henggration blueshifts are observed with EIS (see Figs. 7 arfiie)
corresponds to the classical open-spine configuration €ge |ack of an exact match between the locations can be attdbute
Pariat et al. 2009). S to artifacts caused by théflapproximation; indeed the separa-
The open section of the NP 1 spine field line is located abovg of the null point 1 is not only rooted in extended weakdiel
and to the west, of AR 10955, which corresponds to the looatigegions (i.e. the quiet Sun), but also formed of very longdfiel
of the brlghtest source of the radio noise storm (see Fig. 6). lines. The exact shape and footpoint positions, of thess life-
. NP 2is |0ca:ted ata} mu'ch lower alt!tUQg, above the ER. Whlbénd (1) on the magnitude of the weak quiet Sun background
its fan (drawn in red in Figs. 9b,c) significantly extends gwepositive field, and (2) on the distribution of electric curtin
from the ER towards the south-east, it is rooted at the edgetRé corona. Regarding the dependence (1), the surfaceatbver
the ER’s main positive polarity. With our choice af = 6 X by the footpoint of the fan surface is determined such that th
10-*Mm™, the footpoint of the spine of NP 2 inside AR 10958magnetic flux in the (a priori well measured) strong field iegd
is located very close to the photospheric footpoint of theep negative polarity of the active region is balanced by thei-pos
of NP 1. tive flux enclosed by the fan surface. Since the fan surfage co
ers an area being much larger than the surface covered by AR
10955, one thus sees that decreasing (resp. increasinggitre
netic fields in the quiet Sun will make the fan footpoints shif
As done in the previous section for AR 10961, we argue aléarther away from (resp. closer to) the core of AR 10955. This
here that the gradual expansion of AR 10955 leads to a bulgisgue may not negligible with MDI's uncertainties in weakdie
of its outer field lines (drawn in yellow [resp. green] in Fi§b,c regions. The dependence (2) is even mor&atilt to quantify,
and d), and to their continuous reconnection across théiraxis since it would require non-linear force-free extrapolaspmo-
separatrices. Given the geometry of the magnetic field #at tivated by the observed magnetic shear of the XRT loops doote

4.4. Interchange reconnection



in the strong fields of AR 10955. It is conservative to argus thdio noise storms, which are known to be persistent and to map
the inclusion of a non-uniform large-scale twist, in thed@ep- electron beams propagating in the high corona, far above ARs
aratrix field lines, will cause their footpoints to shift inet pho-
tosphere. Indeed, varying the constant force-free paraman
our linear force-free field extrapolations (see Sect. 2i@aady 5.1. Persistent high-altitude null-point reconnection
results in separatrix shifts of several tens of Mm at sevseales
in the weak field quiet Sun regions. Note that these two limitdhe magnetic field extrapolations and the coronal speatpysc
tions are less severe for the other region studied in thiepapgesults imply that dense loops in the core of both ARs studied
AR 10961. Indeed, this region is nicely reproduced by a potein this paper can continuously reconnect with remote opéd fie
tial field extrapolation, indicating that its large-scaleatric cur- lines (‘CH regions’). This interchange reconnection taglese
rents are weak, and also its separatrix footpoints (at thase at a coronal null point which, according to the extrapolagio
being associated with coronal flows) are all rooted in sunsge in both cases located high in the corona, more than 100 Mm
and plage regions, where the magnetic field is stronger thatabove the photosphere.
the quiet Sun. . _ It can be expected that the reconnection is continuousg sinc
The connections between AR 10955 and the ER are also syiRrs are known to expand during their whole lifetime (see, e.g
able for magnetic reconnection between closed field lir@ssa  7\yqan 1985). This interchange reconnection is expectecbo p
the separatrix that emanates from NP 2. There, AR loops ean igce two new loop systems rooted in the AR: one that is open to
connect with small bipolar arcades (drawn in blue in Fig., 9dhe heliosphere and one that has a remote connection to the ph
resulting in the formation of (pink and red) connectionsi®n  {sphere. Such a reconnection between open and closedéields
the two regions. Even though these connections can be seeg@fes the existence of true separatrices with discontisueag-
faint loops with XRT, no obvious blue-shifts at the footpsiof  etic field connectivities. Note that the occurrence of Qgiss
these new loops are seen in the EIS data. . proposed by Baker et al. 2009) is not excluded from this pégtu
One the one hand, itis pOSSIb'e that some blue-shifts aSSQGEbne considers them as being ‘QSL halos’ Surrounding tpe se

ated with reconnection at NP 2 exist, but are not seen by E4S ditatrices (the existence of which was discovered by Massain e
to its limited FOV. On the other hand, it is possible that thekl  2009).

of observed blue-shifts associated with the AR-ER magnetic

connections shows that magnetic reconnection betweemiwo i

tially bright, and therefore dense, loop systems can nayme 5 2. Rarefaction-wave-driven outflows in reconnected loops

strong upflows. The latter explanation would be consistetit w

the absence of blue-shifts at the northern edge and soytherrn The first key consequence of the interchange reconnectibatis

of the AR 10961 plage, where only closed field lines (i.e. éenghe reconnected loops should be in strong thermal pressure i

loops) could be involved in reconnection. The absence of apslance. The densities of the reconnecting AR and CH fietslin

bright NRH radio source above the ER does unfortunatelylrot giffer by one or two orders of magnitude. After reconnection,

low to draw a clear conclusion about the presence or abséncer@ sections belonging to the former AR field lines shouldehav

AR-ER reconnection (and related blue-shifts), since te®n- a much higher density, and therefore pressure, than thessct

nection involves only field lines at low altitudes, along alhi helonging to the former CH field lines. As a consequence,-a rar

the characteristic plasma frequency is probably too laogeet efaction wave should be launched from the density gradeent |

observable with NRH. cated at high altitude, around the former location of reesan
tion, and travel at the coronal sound speed along the magneti
field in both directions, eventually leading to a graduahsfar

5. Discussion and conclusions of mass from the low-altitude AR portion of a loop to its outer

portion, thus triggering mass and momentum exchange. As the

By means of multi-wavelength observations and potential (AR field continually presses against, and reconnects atjutie

well as linear force-free) field extrapolations of the catmag- point, this shall lead to persistent coronal outflows from AR
netic field above and around two quiescent solar ARs, we hg@points of the reconnecting field lines.

studied the relationship between EUV blue-shifts (meabure L . .

with HINODE/EIS), radio noise storms in the metric domain 1 NiS is exactly what is observed with EIS. Even though our
(recorded by NRH), and high-altitude magnetic reconnecti@nalysis cannot predict the magnitude of the plasma vglatit
across separatrix surfaces that separate closed magmegis | h€ outflows with thisarefaction wave modgénd even though
from open flux tubes. Our results lead us to propose a unifigdf magnetic field extrapolations were performed in the e
interpretation for low-altitude coronal outflows emangtirom ~@nd linear force-free field approximations, a remarkablgdyo
active regions, and radio noise storms located high in thenzg correspondence was obtained between the locations of the ob
which is summarized in Fig. 10, and discussed in detalil belowserved coronal outflows and those of the lower AR portions of

Our analyses and results follow on and extend those of Balif coronal field lines that can be formed by interchangerreco

et al. (2009): we present several arguments which tend to F@_ction at the high-altitude null point.

duce their list of possible reconnection-related explanatfor Note that, for both ARs studied here, our extrapolations
coronal outflows to the ‘pressure-driven’ case only, whiehat yielded also closed, low-lying AR (and ER) loops between
gue should occur by means of a rarefaction wave. Furthermaosdnich reconnection could take place as well. However, we did
our use of large-scale extrapolations permits us to suggast not observe EUV blue-shifts at the footpoints of these loops
the observed outflows are associated with interchange rectrdeed, since all these loops can be expected to be far denser
nection between open and closed field lines, which Baker. et tilan flux tubes rooted in open field regions, the pressurelimba
(2009) could not firmly show with their extrapolations, dee tance, and therefore the amplitude of the associated réimefac
the smaller computational boxes they used. Finally, wetlivek wave, resulting from reconnection between them shouldlae re
coronal outflows to large-scale open separatrix field limesra-  tively weak, so significant outflows should not be expected.
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5.3. Morphology and origin of outflows 5.4. Acceleration of electrons and radio emissions

For both studied ARs, the photospheric footpoints of thesgxt The second key consequence of the persistent high-altitude
olated separatrix field lines form a segment within the legdi terchange reconnection is the continuous acceleratioreakly
sunspot and at the eastern edge of the trailing plage. Tlase energetic electrons along the separatrix field lines, imliadc-
culated separatrix footpoints are located at the obserliatps tions from the reconnection site. Our model cannot estirtrate
edges of the areas covered by the coronal outflows, insideesfergy of these electrons, although it is qualitativelysistent
which the EUV emission is very weak. with low energies, since the magnetic fields which reconfagct
Firstly, this difers from the flux emergence driven outflowP°Ve duiescent ARs do not have strong magnetic energy-densi

model of Murray et al. (2010), which predicts the developmeHeS'

of coronal outflows on both sides of an AR, and not within its At the chromospheric heights of the separatrix field lines,
main flux concentrations (although it can be argued thaigroj low-energy electrons are unlikely to induce significantspia
tion and LOS integrationféects may explain this discrepancyheating, and therefore are not likely to be the main driver of
between their idealized model and the observations). chromospheric evaporation, as it presumably happens ar sol

Secondly, we argue that this location of the edges of the O‘Eclfres (this was one of the possible interpretations for to& E

flows regions, inside the AR flux concentrations, and right t oppler_shn‘ts p“?p°sed by Baker et a'-_2°°9)-

the edge of the separatrix footpoints, is evidence of a aatief At higher altitudes of the same field lines, however, the
wave. Right after reconnection, such a wave would travehfrolow-energy electron beams are likely to produce sustaiadibr
the reconnection region to the upper transition regioneattho- €mission at the local plasma frequency. Such emissionsihave
nal sound speed. For a typical sound speed of 150 Kpasd _deed been observed in the form of noise storms above both stud
for a null point located at an altitude of 100 Mm, this woulldga i€d ARs. These storms were located exactly at, or very clmse t
11 minutes. Therefore, the wave can be expected to quickty Idhe locations of the high-altitude sections of the separapren

to a depletion of the coronal plasma at low altitudes, whiene field lines in our magnetic field extrapolations. The metoése
tually would be redistributed all along the reconnectedifigle. Storms were accompanied by type Ill storms at longer wave-
The resulting field-aligned upflows should therefore be atiah '€ngths. This demonstrates that electron beams escapedifeo
with low-density regions, both having a sharp boundary whe®cceleration region to the high corona.

the separatrix is located.

Theoretically, this scenario has to be quantified by hy 5 nMass and momentum injection into the solar wind
drodynamic simulations which use realistic solar numbers.

Observationally, it predicts that the low-altitude pontgoof the One of the two field lines that result from an interchange meco
loops that have just reconnected should be less blue-glkiftd nection is obviously open to the heliosphere. It followd thest
less diluted than the ones that have reconnected earfieg 8ie like for electrons accelerated at the reconnection siteacibn
rarefaction wave has not reached for the former altituddsvas of the plasma that is accelerated at low heights by the trayel
as for the latter. This prediction appears to be consistétfit wrarefaction wave can be injected into the interplanetargiom.
the EIS observation of coronal outflows in hot lines descfiie Owing to the geometry of the reconnection, only one of

Sect. 1, but should be further tested with future EIS obs#N&. 6 1o plue-shifted areas located on either side of ARsIshou

Thirdly, it implies that the large horizontal extension bét therefore contribute to mass and momentum injection ingo th
coronal upflows, as observed in hot lines, should be priargolar wind. The plasma flowing out from the other blue-shlifte
due to projection ects showing optically thin plasma movingarea should only be redistributed all along the closed recon
in expanding flux tubes. nected loops (see Fig. 10).
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