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Abstract. We described simultaneous observations of a surgts seenin EUV and X-ray. Rust etal. (1977) found that few H
in HB and an X-ray jet in NOAA 8100 on November 1, 1997surges were coincident with noticeable changes in X-ray emis-
We found that the B surge was spatially coincident with thesion. Schmieder et al. (1988) compared slirge observations
X-ray jet. They occurred at the site where the pre-existing magith relevant UV and X-ray data and supported the idea that H
netic flux was “cancelled” by a newly emerging flux of opposurges are spatially correlated with UV and X-ray emissions.
site polarity. At the base of the surge we identified surge-flari®hibata et al. (1992a) presented an example which showed that
in the Hg filtergrams, and both blueshifts and redshifts in then X-ray jet is nearly co-spatial with anaHsurge. However,
HG Dopplergrams. The X-ray jet appeared about 2 hours afteanfield et al. (1996) reported that X-ray jets are not co-spatial
the first appearance of the surge. The surge consisted of tmith Ha surges, even though they are associated with each other.
ejecting threads. Initially, these two components were twist&ecently, a similar result was obtained by Chae et al. (1999),
together, then became untwisted before the appearance of thevKe showed that the ddsurges are not co-spatial with the EUV
ray jet. This example presents an alternative scenario of plageta. In brief, most of the previous studies seem to support that
ejection. The magnetic reconnection in the lower atmosphekgy surges are associated with EUV/X-ray brightening and jets,
which was responsible for theHsurge, created the twistedbut the temporal and spatial relationship between them is still
surge threads; the X-ray jet likely resulted from a fast reconnewt clear.
tion in the upper atmosphere, which took place well after the There are many models devoted to the interpretation of solar
H{ surge. dynamic phenomena such as surges and jets (see the detailed
discussion by Schmieder et al. 1995, and Canfield et al. 1996).
Key words: Sun: chromosphere — Sun: magnetic fields — Suhis well accepted that surges are closely correlated with newly
X-rays, gamma rays emerging flux in the periphery of sunspots or large-flux concen-
trations. They are manifestations of the magnetic reconnection
between newly emerging and pre-existing flux. In a few care-
ful studies (Schmieder et al. 1995; Yokoyama & Shibata, 1995;
1. Introduction and Canfield et al. 1996),ddsurges and X-ray jets are viewed

Ha surges have been studied for more than 50 years (see B8y00! and hot components of plasma ejecta, respectively, and
1973a, b). They are straight or slightly curved ejections thBpth hot and cool plasma are accelerated in a single magnetic
reach peak velocities of 5200 km s . They reach heights of reconnection. Since a surge is an outward ejection in the chro-
up to 200,000 km and typically last 220 minutes. The surge mosphere, the reconnection site at the surge base could not be
material either fades or returns into the chromosphere along Y& high in the atmosphere, say, somewhere in the photosphere
trajectory of ascent (Svestka 1976: Tandberg-Hanssen 19%7°0Wer chromosphere. Although the reconnection in the lower
Foukal 1990). At high spatial resolution, it is evident that thaMmosphere is able to account for the cool plasma ejection, it
Ha surges are highly filamentary in structure (Roy 1973a; zirffe€Ms to be difficult to interpret the creation of X-ray jets (the
1988, pp. 296-301). On the other hand, X-ray jets were revealddt plasma ejection). . . , . .

by the Soft X-ray Telescope (SXT) of YOHKOH (Tsuneta et al. In this paper, we described in detail the |_nteract|ng threads
1991). Their characteristics have been carefully described (SRi2n H3 surge and the subsequent X-ray jet, as well as the
bata et al. 1992a; Shibata et al. 1994: Schmieder et al. 19gS0ciated magnetic environment and evolution. This example
Of particular interest have been efforts to identify the relatiof 10V that the H surge appears much earlier, caused by the
ship between cool plasma ejection, represented byoHH3 magnetic reconnection in the lower atmosphere, while the X-

surges, and hot plasma ejection, represented by brightening@tiet appears well after, possibly caused by a fast reconnection

in the upper atmosphere.
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2. Instrumentation this observation. To acquire 256 integrated image pairs takes ap-
proximately 41 seconds for the SMFT system. High-frequency

The optical data for this paper include narrow band fitter- . : ; . o ]
grams and Dopplergrams, E5324vectormagnetogramsinthedlsmmon by seeing practically specifies the real angular res

X O ) , " . i
photosphere. They were obtained by the Solar Magnetic Fié)II tion, which IS approxmatgly 2~ 3" for this set of mag

: .netograms. This would certainly not enable one to resolve the
Telescope (SMFT), a magnetograph system (Ai & Hu 1986) "Kitrinsic magnetic structures in active regions. In this case, the
stalled at Huairou Solar Observing Station (HSOS) of the Bel g g ' '

jing Astronomical Observatory. The SMFT consists of a 35—crslrg(|av_:g§§er2 magnetogram measures the flux density in the re-
refractor with avacuum tube, a birefringentfilter, a CCD camera The Solar and Heliospheric Observatory (SOHO), a joint

and an imaging processing system controlled by computer. T, . .
birefringent filter is tunable between two setups, working eithljznﬁropean Space Agency (ESA) and National Aeronautics and

o the pitospheic ne, Fol it a 0150k bandpass, o"oece o =1oi (ASRefot wasiaunched e n 198
or at the chromosphericHline, with a 0.125A band pass.

liosphere. In this paper, we present observations made by two

A complet_e vector magnetogram is reconstructeq from foﬁjthe instruments on SOHO, the Michelson Doppler Imager in-

Eﬁgf?;lr\:-beir;dﬁll trg f‘g_l?seijteollfef \;;a r“anlet“elrjs” trraergsrg(l:t;\elgl by tument (MDI) and the Extreme Ultraviolet Imaging Telescope
9 ' y ' Q' ! P Y- (EIT). A detailed description of these instruments is provided

Qny Scherrer et al. (1995) and Delaboudim et al. (1995). The

1 b 2 RS e e YOFKOH Sof Xray elscope (SXT) (Tunet e . 195)
orthogonal Iinearly’ polarized images for different azimuthal dlqbserves the Sun in the wavelength rang&GA with an in-
rections. WheQ andU are taken, the filter bandpass is switche?trumeméII pixel size of25. All SXT images in this paper were

: o ; . aken through the thin aluminum (A1.1) filter, at various levels
to the line center for achieving maximum sensitivitis always . . ;
of resolution (full, half, quarter) corresponding approximately

the “direct” intensity, derived from either the sum of two circug 2/ 5,5, or 10/ pixel size, respectively.

larly polarized images for the line-of-sight field measurements, To compare data from several instruments, data alignmentis

or the sum of two linearly polarized images for the tr"’msverts-:‘%tremely important. For this study, the alignment is relatively

measurements. Both theoretical and empirical methods are uggg as HSOS tfiltergrams, SOHO/EIT, MDI and YOHKOH

to calibrate the HSOS vector magnetogram. The relationsh|8 X-rav images were all full disk data. Alignment amon
between the magnetic field specified by the atmospheric moE,I T[ y g - A9 9

e . . . .
. ) o . ._Inese images was easily done by limb fitting. The HSQS H
and the fractional intensities of Stokes parameters is establls"ﬁgsgeS then are aligned with the HSOS full disk Hinages.

as v and the HSOS magnetogramsare are aligned withirkhges,
By =Cj— (1) as their field-of-view are the same. The final coalignment error
I ) ) is estimated to be about’'%n the basis of the uncertainty in
U=\ 1/4 i ions.
B, = CL(Q— + 7) / ) orientations

12 12

whereC) (= 10.00 x 103 G) andC'y (= 9.73 x 103 G) are 3. Observational properties
calibration coefficients for line-of-sight and transverse mag-
netograms (Wang et al. 1996), respectively. Observations pfé&e observations we analyzed were obtained by HSOS,
sented in this paper were taken at good seeing. For the line"6®HKOH/SXT, SOHO/EIT and MDI on November 1, 1997.
sight magnetogram with 256 integrated image pairs, used Tdre plasma ejection, manifested as ghddrge, EUV and X-ray
this work, the noise level is about 15 G. For the transverse figéd, was observed at the boundary of the main sunspot of NOAA
measurements, the noise level is estimated from the standt@0 at position S18E10. Fig. 1 shows the general appearance
deviation of the transverse field in weak field areas. We find tbéthe H3 surge. In the figure, Panel ‘A’ is a line-of-sight magne-
noise is about 100 G. togram at 03:16 UT, superposed by a surge as a contour at 03:42

The H3 Dopplergrams may contain many components suthr. In the magnetogram, the brighter patches are the positive
as solar rotation, steady flows, oscillation, convection, and eymslarity fields, and the darker patches, the negative ones. Panel
lutionary features. In this work, we are mostly interested iB’ is a portion of the YOHKOH SXT image at 04:15 UT, the
the evolutionary component. The solar rotation and steady fld{aray jet is indicated by an arrow. The white patch underneath
are eliminated by subtracting a smooth background field, whtlee jet is an X-ray bright point. Panel ‘C’ is anHiltergram at
the oscillation and convection are much smaller than the e\@8:42 UT taken at- 0.24A from the line center, the brighter
lutionary component in magnitude. The spatial resolution fpatche under the base of the surge is a surge-flare. Panel ‘D’
both magnetograms and Dopplergrams is 3 arcsec. Lack- is an H3 Dopplergram at 02:37 UT, where the brighter patches
ing full spectral information and adequate spatial resolution, taee downward motion, and darker ones, upward motion. This
Doppler signals from filter-based observations may be consfiyure shows the appearance of the plasma ejection at different
ered as spectral and spatial averages of the true features. wavelengths and in the different layers of the Sun accordingly

The pixel size of the CCD for HSOS data is’613 and (e.g., H3 in the lower chromosphere, X-ray in the corona at
0.”425 in the east-west and south-north directions, at the timetefnperature above 2.5 MK).
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Fig. 1a—d. General appearance of the surgdine-of-sight magne-
togram at 03:16 UT, superposed by the surge as contour at 03:42
b: a portion of theYohkohSXT image of 04:15 UT, the arrow shows
an X-ray jet;c: an Hg filtergram at 03:42 UT taken at 0.24A from
the line centerd: an H3 Dopplergram at 02:37 UT.

3.1. Morphology and velocity Fig. 2. Comparison of time sequences oBHlltergrams (the first and
third columns) and Dopplergrams (the second and fourth columns).
Fig. 2 is time sequence of Hfiltergrams (the first and third The two arrows at 02:29 UT show the two main components of the H
columns) and Dopplergrams (the second and fourth columns)rge. Arrows at 02:37, 03:56, and 04:38 UT in Dopplergrams indicate
The surge appeared before 02:21 UT (there were fild&ta at red-shift components of the surge.
the early phase of the surge), and lasted two and a half hours.
It consisted of several components. At 02:29 UT, two threa
(shown by two arrows) had bright points at their bases, the th
one on the right was smaller than the other two and had no bri
point atits base. The two larger threads twisted together at 02
UT, which could be seen more clearly insHDopplergrams. It
was clearly seen that the two twisted components were b
shifted, and a red shifted component (see the arrow at 02
UT) appeared on the right at the same time. This indicated t
while the major part of the material of the surge moved upwa
a fraction of the material moved downward. At 03:23 UT, t
two blue-shift components merged at their tops, then at 03
UT, the once amalgamated tops of the two threads separa
We suggest that this phenomenon presents the untwisting
cess. During the decay phase of thg slrge, more fractions
of threads became red-shift (denoted by two arrows at 03
and 04:38 UT), and an X-ray jet appeared (see following).
order to demonstrate the velocny patterns of thieddrge more

components twist (at 02:37 UT), untwist (at 03:23, 03:39 U'I,':)ig 3.Velocity patterns seen infDopplergrams.
and rotate (03:56 UT).
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Fig. 5. A set of vector magnetogram taken near 03:16 UT, superposed
. ) . . . the surge (surge flaring) as dark (white) thick contour at 03:23 UT.
Fig. 4. T'm? sequences of line-of-sight magnetograms showing t e line-of-sight components are presented by grey scale map and by

magnetlc fields e"°'““°r_‘ on the base of the kurge, sup_erposed iso-gauss contours with levet$0, 100 and 400G; the transverse com-
bY 150-gauss C(_)ntours with levelsS0 and 1(.)0 G. The positive (ngg- onents are presented by short line segments with length proportional
ative) polarity fields are represented by brighter (darker) color in ¢ § the field strength and alignment parallel to the field direction. Two
grey scale maps and white (dark) contours in the iso-gauss drawi ows show the foot points of thedsurge. The field of view is about
The upper three rows show the magnetograms from HSOS, and

B by 120 arcsec.
lowest row from SOHO/MDI. The close curves at 06:27 and 09:3 y
UT present two emerging magnetic bipoles which associated with the

Hp surge. Three arrows at 03:15 UT show three magnetic flux patc . . . .
of the emerging magnetic bipole closed by the curve 06:27 UT. Tvl’\ll)?)B()IeS respectively. These bipoles are associated with the H

arrows at 04:31 UT mark the foot points of the3ldurge. Arrow at surge. Usually, a new emerging magnetic bipole manifests it-

05:07 UT shows the magnetic field at a surge foot. The field of view?éalf in one of tWO_WayS' One WaY is the appearance of _arCh
about 50 by 50 arcsec. filament systems in H and/or H3 filtergrams; the second is

co-temporal growing and separating of opposite polarity flux
in line-of-sight magnetograms. In this figure, we determine the
emerging bipoles by the second way from a continuous 30 hour
time-sequence of SOHO/MDI magnetograms. Three arrows at
In Fig. 4 we present the time sequence of line-of-sight ma@3:15 UT show magnetic flux patches of an emerging magnetic
netograms showing the magnetic field evolution on the basebifole outlined by the curve at 06:27 UT. The positive magnetic
the H5 surge. Iso-gauss contours with levelSO and 100 G are flux (shown by arrow ‘1) was cancelled by a pre-existing large-
superposed on the grey-scale maps to demonstrate the field eeale negative flux during its emergence, and finally disappeared
lution more clearly. The upper three rows are the magnetograngzar 09:39 UT. The other two flux patches grew continuously
from HSOS, and the lowest row is taken from SOHO/MDs$ince they did not encountered a flux of opposite polarity. Two
full disk magnetograms. We find that the magnetograms fraamrows at 04:31 UT show the foot points of thgfldurge. We
HSOS and SOHO/MDI are consistent in morphology, but tfean see clearly the evolution of magnetic fields on the base of
spatial resolution of the HSOS magnetograms is higher thdme H3 surge. One end (shown by arrow ‘4’) of thestsurge

that of SOHO/MDI. The positive (negative) polarity fields aré rooted at the cancellation site mentioned above. Arrow ‘6’
represented by brighter (darker) color in the grey scale magts05:07 UT shows a positive flux patch which might have al-
and white (dark) contours in the iso-gauss drawings. The clagady cancelled with the nearby nagetive polarity field before
curves at 06:27 and 09:39 UT represent two emerging magnetgpearing in the photosphere. This cancellation seems to cor-

3.2. Magnetic fields
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respond to another component of thg Burge indicated by ar-
row ‘5'. Itis shown by the time-lapse #ifiltergrams that the H
surge appeared before 02:21 UT. However, the time sequen
HSOS/MDI magnetograms demonstrated that the positive fl
of the new emerging bipole had not appeared in the photosp
until 03:16 UT, which was about one hour later than that of t
firstappearance of thedsurge. Surge appears atthe early sta
of flux emergence, and is often (Kurokawa & Kawai, 1993) co
sidered the first signature of an emerging flux region. From t
spatial relationship we believe that theslurge analysed is
intrinsically correlated with the new emerging flux outlined
06:27 UT. This surge presents a nice example that surge app{
before the new emerging flux broken up in the photosphere
we accept the idea that surge results from magnetic recon
tion between new and pre-existing flux, then in this exam
the reconnection must have taken place below the photosphj
In a sense, we could conclude thg Burge studied manifested]”
an interaction, which took place at quite low atmosphere,
tween the newly emerged flux and the pre-existed large-s
magnetic fields of opposite polarity of AR 8100. Fig.5 sho
a vector magnetogram taken near 03:16 UT, superposed b
surge (surge-flaring) as dark (white) thick contour at 03:23 U
The line-of-sight components are presented by both grey s
map and iso-gauss contours with levei§0, 100 and 400G;
the transverse components are presented by short line seg
with length proportional to the field strength and alignment p
allel to the field direction. Two arrows show the foot points
the HG surge.

3.3. EUV and X-ray jet

- . . g.6. SOHO/EIT running difference images and an MDI magne-
the most interesting findings are EUV and X-ray jets (Schma ram (middle-left panel). The arrow at 04:51 UT showed the interface

1981; Chae etal. 1999; Shibata et al. 1992b; Strong etal. 1994}y opposite polarity magnetic fields. The interaction of these mag-
According to Shibata et al. (1992b), X-ray jets are transitory Xetic fields triggered an EUV bright point and EUV jet, which were
ray emission enhancements with an apparent collimated motigénoted by two arrows at EIT image at 04:16 UT. The field of view is
Chae etal. (1999) reported that EUV jets occur repeatedly at timut 500 by 500 arcsec.

regions where pre-existing magnetic flux is ‘cancelled’ by newly

emerging flux of opposite polarity. Fig.6 shows SOHO/EIT

1954 running difference images from 01:43to 04:33 UT and ag (1997) presented that X-ray loops (bright points) appeared at
MDI magnetogram (middle-left panel). Arrow ‘1’ at 04:51 UTthe |ocation of a emerging flux. From the time series of SXT im-
showed the interface of newly emerging positive flux and negages studied, we found that there were two X-ray bright points.
tive sunspots. The interaction of these magnetic fields triggergge first appeared near 03:38 UT, meanwhile the twisted com-
an EUV bright point and EUV jet, which were denoted by tW@onents of the | surge untwisted. The second occurred at the
arrows 2"and ‘3’ at 04:16 UT EIT image. ComparingHilter- - same site as the first, where sunspot negative flux was “can-
grams with EUV images, We find that thestsurge is spatially celled” (shown by arrow ‘1’ at 04:51 UT) by a positive flux of
coincident with the EUV jet, although the EUV jet appeareghe new emerging flux region described in Sect. 3.2. Near 04:15
later than the H surge. From the EIT mOVie, we find that thQJT, the decay phase of thw—surge, an X_ray Jet took p|ace in
material of the EUV jet moves along a large-scale loop. Fig. 7ti§e company of the second X-ray bright point. Unfortunately,
time sequences of SXT images showing an X-ray bright poififere were no K data at the onset phase of the X-ray jet, we
and jet appeared at 04:15:05 UT. A SOHO/MDI magnetogragid not know the evolution of the Bisurge at the time of the X-

at 04:51 UT was presented to show the magnetic fields configly jet appearance. We suggest that the two X-ray bright points
uration associated with the X-ray bright point (arrow ‘2’) angyere a consequence of an explosive reconnection in the corona
jet. Mandrini et al. (1996) found evidence showing that X-rajuring the continuous flux cancellation (Nolte et al. 1979). The
brlght pOint brightenings were due to magnetic reconnection b@ﬁ surge and X-ray Jet may well represent a scenario of two-
tween a new bipole and pre-existing plage fields; Schmiedersgsp reconnection, proposed first by Wang & Shi (1993) for flare

Among various newly discovered dynamic phenomena, oneﬂf
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04715:05

Fig. 8. The SXT image taken from 04:15:05 UT, superposed on e H
surge at 03:42 UT.

Martin et al. 1985). The reconnection in the lower atmosphere
may convert the magnetic energy into heat and kinetic energy;
while, atthe same time, it can transport the magnetic energy and
complexity into the rather large-scale magnetic structure higher
in the corona. The second-step reconnection can only take place
when some critical status is achieved in the large-scale magnetic
structure higher in the corona. This reconnection is explosive in
nature, which is directly responsible for the energy released in
the transient solar activities. Fig. 8 is an X-ray image at 04:15:05
UT superposed by the contours ofiHiltergram at 03:42 UT.
Despite the low spatial resolution of the X-ray image, it is clear
that the H3 surge and X-ray jet are co-spatial, although the
length of the Kb surge appears longer than that of the X-ray jet.

04:15:05

04:13:25

4. Conclusions and discussions

Fig. 7. Time sequences of SXT images showing the X-ray bright poiHt this paper we have presented an example of a hot plasma jet,
and X-ray jet that appeared at 04:15:05 UT. A SOHO/MDI magn&eenin YOHKOH SXT and SOHO EIT images, thatis co-spatial
togram at 04:51 UT is presented to show the magnetic fields configuith cool plasma ejection, observed as afi $iirge. However,
ration associated with an X-ray bright point and jet. Arrow ‘1’ showthe X-ray jet took place only in the late stage of the $tirge. As
amagnetic cancellation site which responded to the X-ray bright poggtiown by previous studies, the surge appeared at the boundary
(arrow ‘27). between newly emerging magnetic flux, e.g. parasite polarity,
and the pre-existing main flux of an active region. Evidence is
first shown by this study that with the interaction of parasite and
observations, and confirmed by Chae et al. (1999) for EUV exxain magnetic flux, threads of the surge become twisted, and
plosive events. The first-step reconnection takes place in giresent complicated Doppler patterns. The X-ray jet appears
photosphere, or lower atmosphere. It is slow but continuoright after the Hs surge, became untwisted, and downstreaming
since the conductivity in the photosphere is much lower thappeared at the surge base.
that of the fully-ionized plasma in the upper chromosphere and For the event studied we would suggest that thieddrge
corona. This slow reconnection manifests as flux cancellatiafas caused by the slow reconnection in the lower atmosphere
observed in the photospheric magnetograms (Livi et al. 198&f;the very early stage of a vigorous EFR which was fully de-



J. Zhang et al.: An A surge and X-ray jet — Magnetic properties and velocity patterns 765

veloped on November 4. It was suggested that surges are Humkawa H., Kawai G., 1993, In: Zirin H., Wand H. (eds.) ASP Conf.
to magnetic reconnection between a twisted cool loop and open Ser. 46, The Magnetic and Velocity Fields of Solar Active Reions.
field lines (Schmieder et al. 1995). The twisting of surge threads ASP, San Francisco, p. 507
is indicative that the large-scale loops in the corona had bedYj S-H.B., Wang J., Martin S.F., 1985, Aust. J. Phys. 38, 855
charged, i.e. became current-carrying. In the other words, fr'\é@”srrl';s' (:16H8 'iél'gou“” P.,van Driel-Gesztelyi L., etal., 1996, Solar
et Ty and gt oDy e e S L . . 166 A3 5,2

. g s ) _p Rl%?te J.T., Solodyna C.V., Gerassimenko M., 1979, Solar Phys. 63, 113
and manifested as an X-ray jet. Both the transient X-ray brlgrﬁby J-R., 1973a, Solar Phys. 28, 95

ening and the downstreaming which was observed in the laggfy 5 .r., 1973b, Solar Phys. 32, 139

phase of the H surge might signal the fast reconnection in thryst .M., Webb D.F., MacCombie W., 1977, Solar Phys. 54, 53
higher atmosphere. This two-step reconnection process seensgt@rrer P.H., Bogart R.S., Bush R.l., etal., 1995, Solar Phys. 162, 129
be common in transient solar activities. Chae et al. (1999) fousdhmahl E.J., 1981, Solar Phys. 69, 135
indications of the two-step process in transition region explosi§ehmieder B., Simnett G.M., Tandberg-Hanssen E., Mein P., 1988,
events. Further observational studies and theoretical approached\&A 201, 327 _ _
are crucially required to confirm, improve, or disprove the twaechmieder B., Shibata K., van Driel-Gesztelyi L., Freeland S., 1995,
step reconnection scenario of solar transient events. Solar Phys. 156, 245 _
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