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Recurrent questions in Space and 
Astrophysics

• Magnetic field generation  (magnetic helicity)

• Relaxation of complex field geometries into simpler 
ones

• Magnetic Field Line Reconnection (what type?)

• Generation and interaction of magnetic flux ropes

• Role of waves (whistlers and Alfvén) 

• Bursty verses steady phenomena (plasma instabilities)

Can we learn something from 
laboratory experiments?
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Discharge currents

Small cathodes are biased 
to 100V for 2 ms during the 
main discharge.  After 300 
μs (~3τA), spontaneous 
oscillations are seen in the 
LaB6 discharge current.

LaB6 discharge current
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LaB6 emitter
2.6 cm

LaB6 heated to 1800 C
heater 570 Watt

Tuesday, June 16, 2009



Bz0
Jz

‣Flux tube cross section is elliptical at the far end.
‣Twist ~ π-3π/2, writhe ~ π.
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Electron temperature profile of a single channel
Te (eV) at z = 191 cm, t = 0.17 ms
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(a) emission current
 from LaB6 cathode
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(b) , (c) lie on same approximate flux 
surface on the lower flux rope
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Jz slices at t=190 µs   (early in time)
z = 64 cm
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Jz profiles during oscillations in discharge current
t=1.7ms
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Integrated current density

Bottom traces show ∫ Jz dz at various z positions.   
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Simple sheared X-point model

Small footpoint motions at point A would create a drastic shift at point B. In some 
cases point B can shift discontinuously  [Priest and Forbes, 2000,Demoulin, 2006]
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Q =
N 2

Bz (z0 )
Bz (z1)

Priest and Démoulin,JGR 1995, 
Titov,As. J. (2007)

Q ≈ N 2in our experiment

“slip squash factor”

z = z0

flux tube

flux tube squashed: aspect ratio = Q

z = z1
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QSLs in solar flare observations

L.G. Bagalá et al.: Magnetic reconnection: a common origin for flares and AR interconnecting arcs 785

Fig. 5a–f. Magnetic model and topology of the magnetic field of AR 7031. We have drawn sets of computed field lines that follow the shape

of the soft X-ray loops and that have their footpoints at both sides of the QSLs, where the Hα brightenings are located. a and b correspond to

flare A; while c-f correspond to flare B (see text). The magnetic field isocontours are the same as in Fig. 4. The box axes are in Mm and the

photospheric locations of QSLs are shown with thick continuous lines.

QSLs at boundaries (thick lines) coincident with Hα brightening in 
solar flares. [Bagalá et al. A&A 2000]

+Bz contours-Bz contours

computed field lines
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QSL calculation

Calculate endpoints and 
derivatives at z = 830 cm

Seed field lines 
at z = 64 cm

In the following slides, Q is shown during 
the merging phases 

QSL region if N>>1
in this experiment N=2000
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QSL forms between flux ropes

No. 2, 1999 MHD MODEL OF CORONAL LOOP 895

FIG. 7.ÈTemporal evolution of the QSL located at the half-height of the loop. (a) A cut of the loop at z \ 0.5 at Thick lines correspond to ant \ 4tA.
isocontour of N \ 5, while thin lines show isocontours of j \ ^0.4, ^0.8, ^1.6 m~2 (solid line : positive current ; dashed line : negative current). (b) SamemA!
as a, but at In this case, as in c and d, we show isocontours of N \ 50, 100 and of j \ ^1.2, ^2.4, ^3.6 m~2. (c) Same as b, but at (d)t \ 7tA. mA! t \ 9tA.
Same as b, but at t \ 11tA.

maximum energy dissipation in three di†erent(t B 9tA)
planes (z \ 0, z \ 0.5, and z \ 1). When comparing these
two Ðgures, the close correspondence between QSLs and
the current layer at all heights becomes apparent. On the

FIG. 8.ÈQSLs and isocontours of j at di†erent heights along the loop
at (a) Three cuts of the loop at z \ 0, 0.5, 1. Isocontours of j witht \ 9tA.
the same values as those in Figs. 7bÈ7d have been added. (b) Isocontours of
N as in Figs. 7bÈ7d are shown here.

other hand, Figure 9a illustrates the change of connectivity
between Ðeld lines located at both sides of the QSL at z \ 0,
showing the complex Ðeld line linkage existing in these
regions. For clarity, we are only representing half of the
surface of Ðeld lines starting from the contour of N \ 10
(close to the border of the QSL).

& Priest (1997) computed QSLs in the case ofDe" moulin
a static conÐguration formed by the superposition of a
uniform magnetic Ðeld along z with the Ðeld created by two
vertical current kernels. Although in the present paper the
Ðelds are evolved following a fully nonlinear and dissipative
simulation, the overall topology is expected to be quite
similar to the one of the much simpler model studied by

& Priest (1997), since in both cases the source ofDe" moulin
magnetic Ðeld is dominated by equally signed electric
current kernels. We have computed the location of QSLs
for the solution of the linearized RMHD equations given by
equation (11), evaluated at at di†erent heightst \ 9tA,
along the loop. Figure 9b displays the change of connec-
tivity for Ðeld lines at both sides of the QSL for the linear
solution. One of the important results of this paper is the
remarkable correspondence between Figures 9a and 9b
(also compare our Fig. 9b with Fig. 1 in & PriestDe" moulin

Q calculated between z = 64 cm and 
z = 830 cm planes at t = 1.7 ms.  
Jz =-5.5,-3 A/cm2 contours overplotted.

Numerical simulations of 
merging twisted flux tubes 
[Milano, et al. ApJ 1999]
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QSL forms between flux ropes

Q = 1000 surface
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QSL has hyperbolic flux tube geometry

‣ Initial field line separation is ~0.05 cm, but 
diverges to ~3 cm.

compressed 100x axially
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Axial slices show HFT (hyperbolic flux tube) structure
z = 63 cm
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In nature most reconnectiion is probably three dimensional and the 
cocept of a seperatrix is of limited use
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In nature most reconnectiion is probably three dimensional and the 
cocept of a seperatrix is of limited use

A QSL has been observed when magnetic flux ropes merge 
and there is reconnection
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In nature most reconnectiion is probably three dimensional and the 
cocept of a seperatrix is of limited use

A QSL has been observed when magnetic flux ropes merge 
and there is reconnection

The flux rope current system becomes, sheetlike, complex and return 
currents appear.
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In nature most reconnectiion is probably three dimensional and the 
cocept of a seperatrix is of limited use

A QSL has been observed when magnetic flux ropes merge 
and there is reconnection

The flux rope current system becomes, sheetlike, complex and return 
currents appear.

The QSL is an indicator that reconnection is occurring, we await a 
relationship between Q and the reconnection rate.
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z= 8 cm

32 cm

Laser produced plasma in a magnetoplasma

B0z =
 600

 G
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5.25 
µs

z=
95 cm
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t = 5.12 µs Blines, E field
Colliding laser produced plasmas
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dA/dt
Blines

Reconnection with 
Alfvén waves (lpp)

Eind=-3.5 V/m

 = 5.5 µs
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add small guide field
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In general (in nature) Magnetic Field line 
reconnection is three dimensional and is one 

aspect of what transpires within 3 
dimensional current systems.

Reconnection is part of the picture but not 
the whole story
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