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I ntroduction

Solar Flares are often classified into two types:
compad flares and two ribbon flares.

Ha flare imaging observations show a subset of flares with
(spreading) ribbons of emisgon from the chromosphere.

Two ribbon flares tend to be

* larger

* more energetic

» more likely to be asciated with an eruption

Extended gradual phase indicates
energy inpu into the corona and
chromosphere for up to several hours.
Image: BBSO E,
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Flare Movies

350W 390N, H-ALPHA

20010CT19 16:04:10

Compact Flare - TRACE 1216A 2ribban flare BBSO Ha
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Active region and ‘quiet sun’ 2-ribbon flares
Various classes of 2-Ribbon flares are observed (ordered in size
and duration)
sImpulsive 2-ribbon flares in adive regions
*Slow long duration eventsin adive regions

*Quiet sun (filament) eruptions - maybe not flares?

..........
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The Standard Two Ribbon Model - ubiquitous feaures

Corond Remnnredion & current shed or X-line

- in wake of rising filament or flux rope
- asresult of shea applied along an arcade,
- dueto recnnedion of anti-parallel and initially open magretic fields

Accderation of particles associated with this corond remnnedion

flareribbans generated in various wavelengths a chromosphere
dueto colli sional excitation or conductive heating

Heated Chromospheric material ‘evaparates upwards
Forms (arcade of) post-flare loops

..........

ITP Workshop Jan-18-2002 =

Lyndsay Fletcher, Univ. of Glasgow (I TP Solar Magnetism Conf 1/18/02)



2-ribbon flares: observations vs. models

‘Standard’ model - Carmichael-Sturrock-Hirayama-K opp-Pneuman
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‘Standard’ model
This has evolved to keg pacewith observations
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Observational Support for the Standard Model:
(1) Coronal Cusps

TRACE 195 11-Jul-28 045146
200

Shape lends qualitative support to coronal reconnection
temperature structure. Also, late-phase arcade.

-------
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Observational Support for the Standard Mode!:

(2) Supra-Arcade Downflowsin LDEs

Evidence for shrinking back of field lines
following coronal reconnection

21-JAN-99  11:48:11

21102143 21110457 21113208

McKenzie & Hudson 1999

-------
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Observational Support for the Standard Mode!:

(3) A Reconnection Inflow ="
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Observational Support for the Standard Mode!:

(4) chromospheric upflows and downflows

Particularly elegantly demonstrated
by Czaykowska et a (1999) using
CDS pogt-flare observations.

Blueshifts on outer part of arcade
Redshifts on inner part
2
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Driving the Standard Model

Within the standard model:

* A flare needs a remnnedion region

* areconnedion region reeds a aurrent shed (or neutral line/null)
» a aurrent shed neals an eruption of a flux rope

A large literature exists on the analytic and numerical modelling
of the driving towards an ideal MHD eruption of a pre-flare acade
- requires (@) antiparallel shea flows along neutral line or

(b) flow field convergencetowards neutral line

t=40200 §,= 100 I,-402 L=55644 £=065 L,-B50 L=58178 = 061 [,= 953
10 40

Choe & Cheng
2000

.........
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Sheaed Field: Observations

TRACE 1600 14-Jul-2000 10:29:11.900 UT

TRACE 1600 14~ Jul- 2000 10:32:32.900 UT

=00 j a i
&= -

Locaion of HXR sources
oy S S suggest that initial reannection
Pogt-flare loops, initialy highly  ison fields with high angle to
sheaed, become progressively neutral line (Masuda & al 2002
less sheared

.........
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To Erupt or Not?

Many of the numerical simulations have problemsin making
flux ropes erupt and leave the solar surface

- aproblem for understanding CMEs, but not so crucial for flares
- 2-ribbon flares may or may not show filament eruptions.

Filament clearly eruptsto south west
Filament moves up and sloshes about

Filament sucked under from LHS
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14 July 2000 Flare seen by TRACE

The 14-Jul-00 flare exhibited
moving EUV ribbons (seen by
TRACE), which spread apart
asthe flare progressed

........
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Generation of EUV FHare Ribbons

EUV ribbons could be produced by:

*Heding by energetic particles acelerated in flares

(increased T 00 thermal Fe XI/XI1I)

sImpad excitations by energetic particles (non-thermal excitation)
*Thermal conduction along loops

Comparing spatially-resolved HXR/EUV

T M2_at10;27:00 UT o 185 at 10:27:11

o [ particlesresponsible for EUV ribbons

g] R

EW Comparisons of UV/HXR time
o £ _— - profile (e.g.Kane Frost & Donrelly,
—+ 1979 Woodgate et al.1983

- closetime oorrelations (within 19)
From Fletcher & Hudson 2002 - particle bombardment g
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Sum normali sed counts/second in small regions around the centroids
of HXR emisson

A .

e % F [
o B

*EUV and HXR emisgons tradk one another well
consistent with particle excitation/heating

*Approximately linear relationship between HI/EUV
consistent with particles

*Main pe&s simultaneous to within 20s
*EUV falls off rapidly after peak
expect a more Neupert-like profilein EUV if conductive heating B
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Ribbons and Field

Asremnnedion progresss in the crona, the footpoints of
‘just reconnected’ fieldlines are illuminated (by particles/ hea
conduction) leading to the gppeaance of flare ribbons.

The footpoint ribbons svegp aaossthe magnetic field

Reconnection Region

Predictions:
Fast Pastcles Footpoint ribbons
move faster through

we field

Equal flux ‘swept out’
on either side of the

i oy neutral line
———__ " EUV Footpoints — g
CowongFia> o Weamea> h
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Movement of EUV ribbons

In some instances, ribbons
move slowly through low
field regions.

Footpoints in low B regions

Ribbons draighten out as
they slow down.

MOl at 09:36

Longitudinal fluxes swept out on

both sides of the neutrd line ae
a 150 200 oo 400 nOt eqlﬁl

cccccc (E—w)

I otal longituainal Tiux swept out by ribbons (10%° Mx)
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Timeafter | 25.07-26:15 | 2615-27-19 | 2519-28:58 | 2507 - 28:58
10UT
NORTH -41+05 -3.3+04 -3.3+0.3 -11.2+05
SOUTH 12+04 22+0.6 24+06 59+ 16
or 62+1.4 @,

Lyndsay Fletcher, Univ. of Glasgow (ITP Solar Magnetism Conf 1/18/02)
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3-D fields

In reality, one must take into acount the a¢ual distribution of
magnetic sources in the photosphere and construct the 3-D field -
even in the goparently axisymmetric case of 2-ribbon flares

Herethere isalso agrowing literature (Demoulin, Priest, Mandrini,
Amari, Longcope, Gorbadhev, Somov...)

aratrix surface
Y

Separator

: TIONT

s

Swesd (1959 demongtrated
presenceof nullsand
separatorsin multipolar field

In 3-dthis gives separatrix surfaces
and their intersedions, separators
(from Priest & Schrijver 2000)

..........
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E.g. Mandrini et al 1995
(from a series of papers with Demoulin and coll aborators)

—-40 —-20 +]
. . Linea FFF extrapolation from
Ha-0.6A image showing photospheric vedor field showing
2-ribban event intersedion of separator with

sourceplane

..........
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Y urchyshyn et al.

19:43:35 UT
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S-N, Arcsec

160
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E-W, Arcsec

Using FF extrapolation fit
to SXT data, the authorsfind
3 separate flux systems

- interadion leads to excitation
of flare ribbons ]

----- ey

o
GrLascow,

Concluding Questions -

acelerated particles?
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in the light of new observations and theory

Can UV/EUV observationstell usanything new about

Mismatch in magnetic flux - instrumental or ‘physical’

Can energy be stored long term in locali sed current sheds,
or do flares always require driving and an MHD instability

Isit meaningful to maintain a distinction between compad
and 2-ribbon flares - is it all a matter of topology?

Lyndsay Fletcher, Univ. of Glasgow (ITP Solar Magnetism Conf 1/18/02)
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