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The Sun's outer layer, called the solar corona, has temperatures ot the order of
temperature 1s about three orders of magnitude higher than the temperature of the
maintained and what energy sources are involved continue to puzzle and fascina
data collected by the latest generation of ground-base and satellite nstrument
reveal much about the role of solar magnetic field interactions and how mag
solar interior to the upper corona and into the interplanetary space. These o
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50 far defied quantitative understanding, despite

energy generated? How does the generated energy
ow does the transported energy dissipate efficiently in the solar
It 1s clear now that the crucial ingredient to understanding the
nosphere. These fields can interact or reconnect with each other,

for which he received a Nobel Prize in 1970.

1dmark study of solar atmospheric magnetic field concentrations, labelled as chromospheric bright point groups, with the aid ot the high-
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a plane wave we assume that all variables depen y
upon the time ¢ and 2 only. If the vejocity © 18 par-\ -~

allel to the r-axis, the current i is el to the

y-axis and producges a variable magnetic field I’ in

the - dlrecuon By clementary Imlatm we ofitain
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Existence of
Electromagnetic-Hydrodynamic Waves

I¥ a conducting liguid is placed in a constant mag-

'rophysics. Fantastic high-resolution

SST. Hinode/EIS and SOT, SDO/AIA)

netic fleld, every motion of the liquid gives rise to d*H. -t % ag d; -
an E.M.F. whuch produces electric currents. Owing dz ')_\ﬁ ¢
- tg the magnetic ﬁeld theso currents give mechanicxl which means a wabe in the direction of the z-axis
IVES 1 lght '(l”aIlSpOl”'[ energy fl‘Ol’I‘l the deep forces which change the state of motion of the liquid. ‘f’“h the velocity "\

Thus & kind of combined electromagnetie-hydro-
dynamic wave is produced which, so far as I know,
has as yet attfacted no attention.

The phmomamn may be described hy the electro-
dynamic equations

PN

“®
Waves df this sort may be of impurtance in solar
physics. the sun has a general magnetic field,
and as solar atter is a good conductor, the conditions

pened a new era 1n solar and space physics.

st H - an : for the existence of electronmgnetzc -hydrodynamie

l . h b d . d e B ;&ves are satmﬁedd aIf in a region of the stim we]have

arm = 15 gauss and @ == ¢-0058 gmn. ecm.”?, the velocity
imental questions that must be answered 1n order to . Ly D R it e

V ~ 60 cm. sce,".

This 18 about the velocity with which the sunspot
zane moves towards the equator during the sunspot
cvole. The above values of H, and 2 refer to a clistance
“of about 10%* cm. below the solar surface where the
‘original cause of the sunspots may be found. Thus
it 18 possible that the ots are associated with a
electric oond twnt ,u the penneabihty,, magnetic and mechanical disturbance proceeding as
denmt, of the hqmd 4 tohB electric current, an elgc"omagnouc hydrodynamic wave.

' of the liquid, and p the pressure, The matter is further discussed in a paper which
ple case when o = @, p = 1 and  will appear in Arkiv for matematik, ustronomi och
imposed constant magnetic field H. is homo- fysik. H. ALFVEN,

us and parallel to the z-axis. In order to study Kgl. Tekniska Hagskoian,
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most compelling one involves the so-called

resolution Swedish Solar Telescope (Canary Islands) we have unambiguously proven for the first time the existence

of the purely@ifiagnetic Alfvén wave mode (D, Jess, M. Mathioudakis, R. Erdélyi, P Crockett, E Keenan,

D) Christian, Science, 2009). This is a major step in solar and astrophysics, as finally it became clear that these

; ~waves indeed exist under solar conditions and may be able to transport energy from the solar interior nto
he upper atmosphere of the Sun.

Torsionall Allfvén waves incompressible so can be detected by periodic
epeﬁtnﬁﬁme bm@,@ﬂemmg

Photosphere Chromosphere

R R R R RO, T

2000 30 i

N

o
N
o

1500

o
o

Time (s)

-
O

1000

Y (arcsecs)
Y (arcsecs)

I
-
I
o

500

N

-

|
N
o

W,

.

=30 -30 P

l 1 | l l
| I | | | 1 ' |
6562.2 6562.4 6562.6 6562.8 6563.0 6563.2 6563.4

Wavelength (A)

=) =2U =10 - =20 =10

0
X (arcsecs)

10 20 350 0

X (arcsecs)
Simultaneous images in the (left) Ha continuum (photosphere) and (right) Ha core
(chromosphere) obtained with the SST. The conglomeration of bright points within the
region we investigated is denoted by a square of dashed lines. The scale is in
heliocentric coordinates where 1 arc sec 725 km.

10 20 30

A wavelength=versus-time plot of the H profile showing the variation of line
width at full-widih half-maximum as a function of time. The arrows indicate
the positions of maximum amplitude of a 420-s periodicity associated with
the bright-point group.

Now we know: TORSIONAL wave driver cam cause such a distributionl

Here we report our successtul attempt to accurately model the generation of Altvén waves in the lower solar
atmosphere using state-of-the-art three-dimensional numerical simulations of the Sun's very complex and dynamic
atmosphere. We also show how, in the magnetic building blocks of the Sun called magnetic flux tubes, Altven
waves propagate and transport a massive amount of energy. Further, by using selt-similar analytical solutions for
magnetic field modelling we have developed a three-dimensional magneto-hydrostatic representation describing
accurately solar magnetic tields. These configurations are then used as the basis for complex, non-linear MHD
simulations. Using these simulations as a source to generate Alfvén waves, we have used modelling of recent
high-resolution ground-based observations of magnetic bright points to provide clear evidence for the existence of
photospheric swirls 1in and around magnetic tlux tubes.

.

50

5

AN
-

W
o

N
=2

Distance (pixels)

10

20 30
Distance (pixels)

40 50

’u
Reconstructr 0t

Qailie nnagneie field |
s L

We also found that § i o 12| 1 R

vortex-type sw1rhng t § at . 10| *‘ :; e B - AN,
foot-point region of ope n s . ‘2 - = = | - |
magnetic flux tubes results i |

outstanding agreement between é 0'65 o _
modelling of Alfvén wave 5 04| ‘
propagation and the observat‘aly' 0.2 Zz_ - |

data. Most importantly, the ene 0.0| 8 o9 1o 11 12

flux associated with these Alfven.

wave modes 1s found to be more ,
than sufficient to heat the solar corona. We have also analysed the role

ot various observed vortex type drivers and the excitation of other
permitted magnetic plasma wave modes of (kink, sausage, higher
harmonic oscillations) allowing us to gain an unprecedented insight
into the dynamical processes taking place in the atmosphere of a proxy
star, the Sun.
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