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Our new simulations of the magnetic �eld evolution in the global solar corona can
follow the build-up of helicity and free energy over periods of many months. Based
on observed �ux emergence,we can model the distribution of current helicity in the
corona on both large and small scales. This will be ideal for comparison with obser-
vations from SDO, with the aim of developing predictive capability for solar erup-
tions.

Current Helicity
Current helicity quanti�es locations of magnetic stressin the solar corona, and thus likely source
regions of �ar e and CME activity . It is de�ned locally by

� =
j � B
B 2 ;

where B is the magnetic �eld and j = r � B the current density.

Coronal Model
Our 3D model of the coronal magnetic �eld is basedon that of [1] and has two main components:

1 Lower boundar y
Radial magnetic �eld in the photosphere
evolves under:

1. Flux emergence determined from obser-
vations.

2. Advection by large-scalemotions of dif-
ferential rotation and meridional �ow .

3. Dispersal of �ux by small-scale convec-
tion.

4. Cancellation of �ux at polarity inversion
lines.

For details see[2].
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2 Coronal volume
The magnetic �eld evolves by reduced
MHD equations: magnetofrictional relaxa-
tion through a sequenceof force-freeequilib-
ria. For details see[3].

Above: Resulting coronal magnetic �eld,
showing (1) open �eld regions near to po-
tential and (2) twisted non-potential closed
regions.
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Herewe presenta 30-month simulation, dur -
ing the rising phase of Cycle 23. The simu-
lation starts from a potential �eld extrapola-
tion, which is then sheared and evolved con-
tinuously for 914days.

During this time we insert a total of 396
bipolar regions to match those observed in
magnetograms.

The regions all have the observed sign of
twist (helicity) for their hemisphere - negat-
ive in the Northern hemisphere and positive
in the Southern.

Future Comparison with SDO
Current helicity may be determined locally from high-r esolution vector magnetograms.
These will routinely be made for the �rst time over the full visible disk by the HMI
instrument on Solar Dynamics Observatory (SDO). Coupled with our simulation tech-
nique, this will offer an ideal opportunity to study the distribution and evolution of
helicity on a global scale.

Global Distrib ution
The global distribution of current helicity, � , in the low corona shows a systematic variation with
latitude. Emerging active regions compete with the effect of dif ferential rotation. Valuesof � vary
signi�cantly in spaceand time, and can be higher than those predicted from linear force-free�eld
extrapolations. Left column shows global distribution of � (white positive, black negative). Right
column shows averagevalues of � in 2� latitude bins, with standard deviations.

Day  10

-50 0 50
Latitude (deg)

-40

-20

0

20

40

C
ur

re
nt

 H
el

ic
ity

 a
  (

10
-8
 m

-1
)

Day 100

-50 0 50
Latitude (deg)

-40

-20

0

20

40

C
ur

re
nt

 H
el

ic
ity

 a
  (

10
-8
 m

-1
)

Day 910

-50 0 50
Latitude (deg)

-40

-20

0

20

40

C
ur

re
nt

 H
el

ic
ity

 a
  (

10
-8
 m

-1
)

Tracking a Single Region
Left: Example evolution of current helicity
in a smaller region. Green contours show
the radial magnetic �eld on the solar surface
(solid for positive, dashed for negative).

Below: A typical twisted magnetic bipole in
our simulation, showing �eld lines and sur-
faceradial �eld. The twist is initially concen-
trated in the centre of the bipole.
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