UNIVERSITA DELLA

E— —
CALABRIA

NONLINEAR WAVE-
PARTICLE INTERACTION |
SOLAR WIND: HYBRID #
VLASOV NUMERICAL
SIMULATIONS

Denise Perrone*

in collaboration with

Francesco Valentini* and Pierluigi Vel

: '? »” l‘t e : '1“
T \/ ok
* Dipartimento di Fisica, UNICA ¥ ¥
‘
-1

. / 2 - it 4 - .;,
Vienna 2011 - March 29, April dv ('



OUTLINE

Solar Wind:
protons and alpha particles

Hybrid Vlasov numerical
model and results




SOLAR WIND

The second most abundant ionic component is *He** (= 5%)
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ALPHA PARTICLES

E Vth,p

Alpha particles are
heated and accelerated
preferentially as
compared to protons
and electrons.
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ALPHA PARTICLES: linear theory
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ALPHA PARTICLES: linear theory

R-mode dispersion relation L-mode dispersion relation
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The presence of alpha particles changes the linear left-hand
mode dispersion relation. The gap between the two branches
depends on the alpha particle to proton density ratio.




NUMERICAL MODEL
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NUMERICAL MODEL

Characteristic quantities
In 1D-3V phase space _ — _ &

configuration: vV, w0=8, [=V,/Q =d, n=n,
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NUMERICAL MODEL

In 1D-3V phase space configuration:

Ohm’s equation
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NUMERICAL MODEL

In 1D-3V phase space configuration:

Ohm’s equation
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NUMERICAL MODEL

In 1D-3V phase space configuration:

Ohm’s equation
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NUMERICAL SETUP
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SIMULATIONS

We analyze the kinetic dynamics of protons and alpha particles
in terms of different values of the temperature ratios
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The tail at short wavelengths
of the energy spectrum is
dominated by electrostatic
activity.
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CONCLUSIONS

We use the hybrid-Vlasov code in 1D-3V phase space configuration
to analyze the kinetic dynamics of protons and alpha particles.

Independently on the temperature ratios, both the proton and
alpha particle distribution functions display perpendicular
temperature anisotropy. No heating is observed.

The tail at short wavelengths of the energy spectrum is dominated
by electrostatic activity: an acoustic branch of waves (IBk waves).

The efficiency of alpha particle trapping by the IBk waves is due to
the alpha to proton temperature ratio (Ta/Tp).

The ion-acoustic branch is recovered only in the simulations with
T./T,=10, unrealistic for the solar wind.
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