Clopiipaiion

>

(185 Campaivn Siidizs:

L rvr

of orl

Vasyl Yurchyshyn, Chang L/u, Valentyna Abramenko, Big Bear Solar Observatory, Big Bear City, CA 92314

Jonathan Krall, Naval Research Laboratory, Plasma Physics Division, Washington DC

wripl 1012 0O1) 1ley 13, 2005 zun?f

;“lft\
AGU FALL MEETING

SElINE anieotirziejas elaiziifee] sitieligis of Salaaise] “eziggoziiejn” 2vanis irlzit izl riglo clelziges o tglelarsitsiglelinie) of foizie)nieiiie enleife)/ siorziej ziple) ralleizisal praianziglisinng sinlel inlitizition) siplel 2veltiiieon) of coranel pziss
slaeions (CES), Gz of ine SelNE aveis isina ey 12, 1997 eetigiion. Iiis ey aveanit i savarel collzlgereiiive eziggaztiens suen =5 SelN=-Ci=\V-GERDAR WIURL zigel GISWVI sitlelias i 1S, ineraiore, siggeairs
IONEIESSENIAINEICONIIRUENNESENOCUSEM N EVERGHERIEESTUAIESHV aRyAsImt ElieRHSNEIGESHRErENCEST NG MERENCE NEEASAV I EIGSENORIFIISICAMPAIGRISIUEVACO U ANIEN ESIEE  EFAlTSTBISENANGRSIIIIE
oroelanr) s it \Vary drneogrisin sigel 2y elzitel st Were rlon zivelilzigle (ai) for tra ey 12, 11997 avenit Trigse ineltiels aliejn reisoltition el riicjnl e ezielanea \vaaior ziniel/or lonejiiticlinizll priziejpieiciejreinis (IE)|
2e50), rletlopizr ciglel Waliter liejaie elzirzl (CGiloozll rlatlopizt Navyars, [SCCN, TRACE), coranel imziejals (FRACE) ziriel plzife]l raiy elzizl ster) =15 argvielael oy Rirl=SiS)E Aliglotien 2t solzie ilzirel (s non 21 [zlgerziiony
EXPENMERL anE S CATNICIEIEXACHYATEPIOEUCEE ORIV EVAI S 200 S ENSURNRIOVICEG ISV IHFE TGP RL NI AICNCSEVE a N BIHEREIPHVEN] ares WiICHRVASNERVASI I MO rHESSH N ENVI EVEIZN O S Ae VERT N d)

MesHimpeRantiVaVel e servedN

Event Data

This flare erupted in AR NOAA 0759 on 2005 May 13 at 16:03UT and it was associated with a fast
CME that caused an intense geomagnetic storm (Dst <-259 nT) on early May 15th. All characteristics
of this AR are very similar to the well studied 1997 May 12 event: position (N12E10); flare duration;
filament activation; sigmoidal appearance in Ha and coronal images; association with a CME and
coronal dimming as well as interplanetary parameters.

Most importantly, the May 13 event was well observed. Thus, BBSO fully covered the event:
full disk and hi-res Ha and Ca Il K data and vector magnetograms. RHESSI, TRACE and SOHO have
also completely recorded the event with MDI observing in the full disk mode. Unfortunately, LASCO
were able to shap only one image of the CME when it first appeared in the field of view. The May 13
eruption gave rise to an interplanetary CME and a well defined magnetic cloud that was detected by
ACE instruments of view.
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The images indicate that this was a typical two ribbon flare that developed in a bipolar magnetic
configuration. The east ribbon was located in an area of negative magnetic fields (black), while the wesl
ribbon was associated with a positive polarity main sunspot. This sunspot showed a strong spiral structure
with a left-handed twist, indicating negative helicity. The flare was associated with strong Ha emission from
two ribbons as well as with four RHESSI hard X-ray sources (S1, S2, S3 and S4) detected in 50-100 keV
energy band. Contours show RHESSI HXR emission integrated between 16:41:34 and 16:42:34UT.

Flare Light Curves
RHESSI HXR time profiles (thin lines) ana

RHESSI| 50-100keV and BBSO Hea Light Curves for the 2005 May 13 Flare

ok | | | | Ha emission (thick lines) calculated over the
areas covered by the RHESSI sources.
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This simple structure of flare emission as well as similarity between Ha and RHESSI time profiles
as well as the fact that the time derivative coincides in time with the position of the HXR peaks, all
indicate that the flare emission was due to a single reconnection process.

Horizontal Flows from BBSO Magnetograms
~ —H_ % “"\@f ( A ,t 08 Averaged flow map calculated from 107 BBSO

_,_,..f;j magnetograms (15:43 - 19:44UT, r.m.s.=300 m/s).

S h:_:./ White box shows the position of HXR S1 and S2; CLN
o A J and CLS are converging lines of plasma flows,

ket =y diamond marks the saddle point in the flow and FN
3 and FS are areas where the northern and southern
flaments end. S1 and S2 were associated with
=a. . hegative polarities Nf1 and Nf2, while S3 and S4 with
", positive fields Pf1 and Pf2.

The flow pattern in the vicinity of the major neutral
line has two major components: converging and
4 shearing flows. CLN and CLS are tributary lines
where oppositely directed flows merge. CLN does
not coincide with the main neural line and has a
northward component, while CLS has a southward

component.
These converging and shearing motions may be indicative that strong helical magnetic fields could

form at the major neutral line as suggested by van Ballegooijen & Martens (1989) and further
explored by Linker et al. (2005) and Welsch (2005).
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BBSO Vector Magnetograms and Electric Currents
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15:43 UT BBSO vector magnetogram resolved for 180 deg ambiguity (left) and distribution of electric current
density calculated from this vector magnetogram (right). Black/white corresponds to +/- 9000 A m”2. Positive
currents are upward. Contour lines show RHESSI HXR.

This AR had a relatively simple magnetic configuration with a smoothly varying vector field.
The main spot was uniformly twisted counter clockwise. Strongest currents located at two small
negative fields SE of the main sunspot and associated with strong converging flows (CLS). The HXR
sources (contours) were not associated with strong currents, which agrees with earlier reports (de
La Beaujardiere et al. 1993; Leka et al. 1993).

Abramenko et al. (1991, 1993) reported that flare emission, associated with upward currents,
was stronger than that associated with downward currents. They concluded that the upward current
might provide additional acceleration for electrons traveling down toward the photosphere and
enhance flare emission in those places. We calculated net current through the area cove
and S2 and by S3 and S4. Thus, electric current imbalance in area S1+S2 was about 20%and the net
current is ~ 2.5x10" A, while the imbalance in area S3+S4 was about -4% and net current of
-4.3x10* A. Because S1 and S2 sources where the most intense and associated with upward net
current, we, therefore, suggest that this upward net current could explain,/at least, partially, the
stronger HXR emission from S1 and S2, i.e., asymmetry of HXR emigSion due to additional
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Structure of Magnetic Fields in the Corona
- MDI 05/05/13 1603UT, LFFF alpha=-0.025"

rising

bright core

emerging
field

F/eld l/nes plotted over an MDI mag-m are calculated from a linear force free model (left, alpha = 0.025
arcsec’'). Filled areas are RHESSI sources S1--S4. Two thick white lines indicate the location of AR
filaments. (right:) HXR contours plotted over 12:58UT TRACE 171 image. Inset shows that this magnetic
configuration could contain flux ropes suspended above neutral lines and surrounded by large-scale coronal
fields.
Three main features can be distinguished in TRACE image: i) a bright rising reverse “S” fields above
the FN filament; ii) two bright loop systems Pf1--Nf1 and Pf2--Nf2; iii) two low density voids
encompassed by loops Pf1--Nf1 and Pf2--Nf2. These features are reminiscent of the three part
structure of CMEs and may indicate a flux rope that exited in the AR prior to the eruption.

Two sets of LFFF lines were chosen by tracing the field lines that originate within the SE part
of the sunspot (S3 and S4) and divided into two groups depending on where these field lines end.
Thus, S$4 source is located at one common footpoint for two independent magnetic fluxes, while their

other footpoints were separated and associated with S1 and S2 sources. This inference is supported
by the TRACE image which shows that two different loop system are rooted at Pf1 and Pf2 and share

common source S4, while their other footpoints, Nf1 and Nf2, were associated with S1 and S2. If so,
the four HXR sources could be caused by magnetic reconnection between two sheared loop systems
Pf1--Nf1 and Pf2--Nf2.

Converging flows near CLN and CLS could, according to the cancellation model (van
Ballegooijen & Martens 1989), lead to formation and strengthening of the Ha filaments suspended
above the major NL and to their subsequent eruption. Note that the times scale of flux injection due
cancellation process is rather large and thus allows the magnetic configuration to adjust without
catastrophic eruptions. We suggest that the eruption was triggered by the emerging magnetic dipole
FN--FS. New flux emergence occurs on shorter time scales of order of hours. Therefore, this
magnetic configuration could not timely “digest” the high rate of flux injection, which led to stress
build-up and subsequent eruption.

Interplanetary Manifestations
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May 13 2005 CME first appeared in the
LASCO FoV at 17:22UT, it was rapidly § o
expanding with the speed of 1690 km/s. A SR i
shock, associated with this ejecta, appearea Iﬁ'l

at 1AU at about 02:00UT on May 15", while
the corresponding magnetic cloud (MC)
arrived at about 06:00UT.

This MC had strong Bz (yellow) that
was negative at the front edge and slowly
turned into positive at in the tail region of thé
MC. The sign of By (white) and Bx (bjae)
remained the same throughout the/MC.
Strong and prolonged negative Bz cauSed an
intense geomagnetic storm when/the Dsi
index plunged to -260nT.

Bz (gam)

Theta (gamm)
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ACE MAG magnetic profiles obtained for Bz, Bx and By
components of this Interplanetary CME allow us to
conclude that this left handed MC was strongly
inclined toward the ecliptic plane, its axial field pointed
mainly toward East. All these characteristics agree
very well with those of the active region that spawned
this MC.

Erupting Flux Rope Model for the May 13-15 2005 Event

Krall et al. (2005) showed that the erupting flux rope (EFR) model (Chen & Garren 1993; Chen 1996)
could reproduce many details of the CME/ICME event of 2003 October 28-30 and thus provided
further confirmation of a strong correlation between the magnetic field in an active region and that
in the corresponding ICME (Rust 1994; Yurchyshyn et al. 2001; Hu et al. 2005). Here we further
investigate this relationship for the 2005 May 13 event in terms of magnetic field structure and
orientation.

EFR model does not address many details of the eruption, i.e. the flux rope is assumed to be
present in the magnetic environment at the onset of the eruption. In modeling the 2005 May 13
event, we endeavor to reproduce both the near-Sun CME morphology, dynamics and the timing and

characterlstlct:s(%th)he: nea/r:-dlrigrthl ME. ¢ Mhatrs UMY = 17 70

| A simulated halo CME (left)
1 produced by the EFR
1 model. A top view of the
corresponding flux rope is
shown in the right image.
| The orientation of the
1 simulated halo (i.e.
| orientation of the plane oi
the erupting flux rope) was
| taken from LASCO C3
| images for the May13 2005
event.
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After adjusting input parameters for EFR model such as orientation angles, magnetic flux,
temperature, density and drag, the EFR model produced a flux rope with magnetic field (and
other) profiles that closely match those observed for the real MC at 1AU (see poster SH13A-0300
for more details).

The orientation, field direction and the twist of the simulated flux rope are the same as
these of the active region large scale fields.



