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General Characteristics of Active 
Region Upflows:

✦Doppler velocitiy range - a few to 50 km/s
✦Located at the edges of ARs over monopolar 

areas 
✦Persist at nearly the same location during 

time periods ~ disk transit
✦Present in regions of weak emission

Harra et al, 2008, ApJ, 676, L147

Sakao et al, 2007, Science, 318, 1585

XRT - Continuous upflows from the edge of AR 10942 

EIS - Blue-shifted upflows from the edge of AR 10942 

Background
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✦Waves e.g. work by De Moortel, Ofman, Verwichte and many others

✦Spicules e.g. large body of work by De Pontieu, McIntosh, Tian, etc

✦Coronal plasma circulation e.g. Marsch et al 2008, ApJ, 685, 1262

✦Continual active region expansion e.g. Murray et al 2009 A&A, 494, 329

✦Nanoflares/impulsive heating e.g. Hara et al 2008, ApJL, 678, L67

✦Chromopheric evaporation e.g. Del Zanna 2008, A&A, 481, L49

✦Expansion of large-scale reconnection  e.g. Harra et al, 2008, ApJ, 676, L147

✦QSL reconnection (including null points) e.g. Baker et al, 2009, ApJ, 705, 926; 
Del Zanna et al, 2011, A&A, 526, A137

Possible Upflow Driving Mechanisms
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 What are QSLs?
• Quasi-separatrix layers (QSLs) are defined as thin volumes in which 
magnetic field lines display strong gradients in magnetic connectivity 
which occur over monopolar regions.
• QSLs are defined by global properties of the magnetic field configuration 
and therefore QSL locations evolve slowly.
• QSLs are preferential locations for current sheet development and 
magnetic reconnection.
•Separatrices are infinitely thin QSLs in particular where open and closed 
field lines interface.

QSLs co-spatial with AR upflows

Baker et al 2009, ApJ, 705, 926 

van Driel-Gesztelyi et al 2012, Sol Phys, 281, 237 

QSLs and Upflows
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Fe XII Doppler velocity maps covering AR 10978 as it crosses the solar disk.  There 
is clear evolution of upflow regions on both sides of the AR.  Démoulin et al 2013 
interpret the upflow (apparent) evolution to be the signature of the projection effect 
on steady upflows that are inclined from the vertical at an angle that is larger to the 
east than to the west.

(Movie from Démoulin et al 2013, Sol. Phys. 283, 341)

Do AR upflows and QSLs evolve in parallel?

AR 10978: Fe XII Upflow Evolution
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AR 10978: Photospheric Magnetic Field Evolution

9 Dec. – 23:59 UT 10 Dec. – 23:59 UT 

EFR1 

PF 
PP 

EFR1 

11 Dec. – 23:59 UT 12 Dec. – 23:59 UT 

EFR3 

EFR2 

EFR3 

EFR2 

13 Dec. – 23:59 UT 14 Dec. – 22:23 UT 

EFR5 EFR4 

Magnetic field evolution from 9 to 14 December 2007. Five flux emergence episodes, 
indicated as EFR1–EFR5, are observed during this period. They occurred between the two 
pre-existing polarities marked as PF and PP, which emerged on the far side of the Sun.
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1.  The location of magnetic null points for the 
MDI magnetograms closest in time to the EIS 
velocity maps were computed.

2.  None of the null points found were located     
above the AR and most of the ones above 
quiet-Sun regions had no field lines connecting 
to the AR polarities or upflow regions.

3.  Reconnection at these nulls, far away from 
the AR, is not expected to drive the upflows 
observed at the AR border. 

4.  It is not likely that magnetic reconnection at 
these null points can drive all of the EIS upflows 
in AR 10978. 

Nulls
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AR 10978: Evolution of the Topology
Inner and outer QSL traces are marked with 
black lines (a) and there are sets of computed 
field lines anchored in the vicinity of the outer 
QSL traces in panels (b) to (e). 

• EIS upflows and QSLs evolve in parallel, both 
temporarily and spatially.

• The projected shape of field lines match the 
spatial extension of the upflows at the AR 
borders.

• Outer and inner QSLs are associated with EIS 
upflow streams having different characteristics.

• The reconnection process in outer QSLs is 
forced by a large-scale photospheric flow 
pattern present in the AR for days (as 
confirmed using LCT analysis) whereas the 
reconnection process in inner QSLs is forced 
by the emergence and evolution of bipoles 
between the AR main polarities.
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Left:  Radio noise storm sources over AR 10978 from 8 to 12 December 2007. Superimposed 
on magnetograms, are isocontours at 80% of the maximum intensity (5 minute integration) of the 
radio sources at 432 MHz (blue), 408 MHz (green), and 327 MHz (red). 
Right:  PFSS model of CR 2064 with AR 10978 overplotted by 432 MHz isocontour fully 
enclosing the AR.  The radio emission is concentrated over the closed field lines at the AR 
border i.e. along the outer QSLs. 
➡ This spatial relation suggests the same magnetic reconnection process that drives the EIS 
upflows may accelerate the electrons along closed reconnected field lines and then produce 
the radio nosie-storm emission.

AR 10978: Radio Noise Storms
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AR 10978: How It All Works ……

Perspective view of the AR and the magnetic field connectivity sketching the main processes 
involved. Four field lines, corresponding to the four types of connectivity found in the coronal 
magnetic field model are added on top of a magnetogram. 
-The photospheric flows indicated by a yellow arrow, induce reconnection between over-
pressured loops (dark-blue, located within the AR) and under-pressured loops (light blue) 
connecting the AR to the quiet Sun.
-The pressure imbalance drives the upflows in the reconnected loops and the electrons 
accelerated during the quasi-steady sporadic reconnections generate a long-lived radio 
noise storm. 
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QSL-reconnection scenario:
1.  Upflows and QSLs are co-spatial.

2.  Flows evolve in parallel with QSL evolution.

3.  Flows consistently appear where over-
pressured AR loops reconnect with externally 
connected under-pressured loops, indicating 
that they are driven by a pressure gradient 
created when these loops reconnect.

4.  Slowly evolving QSL-reconnection doesn’t 
only drive plasma flows, but the particles 
accelerated in a quasi-steady manner have 
another signature: metric radio noise-storm, 
which is observed above the AR during the 
analysed period. 

Summary


