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1-Motivation

2-Observations

Acceleration of particles even in the absence of solar flares or coronal mass ejections
is still a current problem. It is widely believed that Alfvén waves can be responsible of

) i . ] Ulysses 26/09/1991
acceleration and heating of high-speed solar wind streams. . GW’L - ; - - )
' ic fi c \ Channel 7y a
In this work, we Ioc.)k f"t a process that cf';\n produce para.IIeI electric fields to the 5 oo Ko r"ﬁH i r{"‘ STEREO B- Jan. 292007, 18:00:36.170 UT
background magnetic field on a small spatial scale. These fields can then accelerate , , | , , ] 15E - - - - -

VMeasured
waveform.

electrons. These parallel electric fields are often associated with regions of plasma
cavities (Fig. 1, 2). In the solar corona, there are currently no direct observations of
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electric fields, but multi-frequency observations with the Nancay radioheliograph - 12
have shown that coronal regions where radio noise storms are emitted (Fig. 3) > E UM *r’“bjpw c A5
-40

present very strong density contrasts [4]. We use an electromagnetic particle-in-cell
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(PIC) simulation code [2, 3] to study the interaction of Alfvén waves with a solar a i Pmtonsnfwwd 105—“” waveform, -
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Figure 2: Langmuir waves observed by STEREO B
inside cavity in the interplanetary medium (Ergun
et al, 2008)
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Figure 1: A long channel where the density
decreases observed in the interplanetary medium
by ULYSSE (Buttighoffer, 1998)

The code is in 2-D space (x, y), and 3-D field and velocity components. The physical variables

used in the code are all dimensionless. The simulation box L, x L is a grid of 1024x256 cells
having an individual size of one Debye length. We have fixed m/m_= 100 and we take T, =T .

The background magnetic field is along the x direction and its intensity is given by the ratio
a)ce/a)pe = 0.315. We have initialized a low frequency right-hand polarized wave which _ gr—
propagates from left to right and has no associated parallel electric field. The perturbation -
consists of a sinusoidal perpendicular magnetic field B of amplitude oOB/B. With a ratio | (e \\
wfow.. = 1.317 for simulation 1 (Fig. 6) which corresponds to the electron cyclotron ' ® .
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propagation branch, and w/@w. = 0.54 for simulation 2 (Fig. 7) which corresponds to Alfvén
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wave. The plasma cavity has an infinite length (x) with a Gaussian profile in the transversal (y)
direction (Fig. 4). The simulations are run over 2048 time steps, where At =0.2.
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Figure3: Negative images in X-ray of the solar disk taken by Hinode XRT. The
/WA E, superimposed contours are an emission of radio noise storms (Blue = 408 MHz,
B, el e Green=327 MHz, Yellow = 237 MHz). Del Zanna et al. 2011.
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Figure 5: An illustration showing the process of formation of

the parallel electric fields: (1) Alfvén wave arrive on density
depletion, (2) polarization drift gives rise to electric charges
separation in cavity, (3) electric charges gives rise to parallel
electric field.

4-Parallel electric field source of radio noise storms R
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The figures 6 and 7 show the parallel
electric field structure in 2D at three
different times. Figure 6 corresponds to
a simulation with a cavity of moderate
amplitude, and figure 7 to a simulation
with a very deep amplitude and a less
intense incident wave. In both cases, a
parallel electric field is created in the
density gradient regions (Fig.5). In the
first case, the typical size of the electric
structure is those of the incident wave. In
the second case, we observe smaller-
scale electrostatic structures along the
cavity. The nature of these structures is
currently under investigation. We notice
that they have some analogies with the
coherent structures observed in the Earth
auroral zone acceleration regions. They

might be triggered, as in the Earth auroral
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Radiation). It has been shown that
the electric coherent structure
play an important role in their
generation. We suggest that the
coherent structures simulated in
the present study could also
generate electromagnetic waves.
In particular, they might be the

investigations and simulations

are needed in this direction. This
study might be of interest with
future space probes like Solar
Orbiter (ESA) and Solar Probe plus
(NASA).
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Figure 7: Snapshots from t = 358.4 to t = 409.6 of
the parallel component of electric field E,(x, y).
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Figure 6: Snapshots from t = 358.4 to t = 409.6 of
the parallel component of electric field E,(x, y).
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