Do Alfvén wave nonlinearities
iIncrease or decrease heating?
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What is this talk about? Sk RN

Modelling waves in the solar
atmosphere. R T vagnetogram)
= Approximated using a 2D model.
Studying nonlinear effects.
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Why use an x-point field?

* There is balance between convenience and complexity.
 MclLaughlin et. al. (2016, 2013, 2011) has researched the
behaviour of waves near null points.
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What is this talk about?

Looking at results from
numerical experiments:

<€ Line-tied boundary (v=0)

Nonlinear driver,

fl&— sinusoidal, single
frequency




What is this talk about?

Parameter study:

Compare nonlinear against linear
experiments
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Nonlinear

Linear

Varip = Driver Amplitude
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Equations being solved:
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Boundary Conditions

Driver

Driveraty = v,in o p T MAAAAAARAAM sl ]
Sinusoidal time profile : :
Single frequency
Line-tied (v = 0) boundary
conditions otherwise
After 20 driving time periods _ ... e R
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the driver is switched off ' ' L,



Alfvén Waves
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[+ Phase mixing due to varying field |
* Resonance
« Magnetic pressure force
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Density Changes Pressure Changes
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e Density structures generated
* Pressure force limits density amplitude

. . . —_ -2 norm
* Internal energy increases on resonant field lines Variv = 1070,



Longitudinal Velocity Ohmic heating
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* Perpendicular gradients cause most of the heating
= Phase mixing dominant heating mechanism
. . - 10—2vnor’m
* Heating pushes plasma away from footpoints Variv A



How strong is the phase mixing?

* Phase mixing occurs due to:

* Differences in magnetic field
strength.

* Differences in field line length.

* Driver amplitude of:
~ 1072 v ~ 10km/s
required to balance radiative
losses in corona.
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Total Energy

(Etot - EtotO) / E?oﬁen

* For linear waves:
2
Etot X vdriv

* Nonlinearities reduce the
efficiency of the driver.
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Poynting Flux
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* Nonlinearities shift resonance
location
* Results in Poynting flux
decreasing
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Density Along Resonant Field  « Density structures reduce

Line time period of field lines
o Y * Results in resonance
end — P P . P
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Alfvén Wave Energy —v, =107V
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i \ * 11*Nonlinearities have
004 - 4] little effect on damping
0.0 [N 11 rate.

l \ | *Damping relates to
0.00 o '5 time taken for wave

t/ Tan, energy to dissipate
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Do Alfvén Wave
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nonlinearities increase or Internal Energy
. open
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Ssummary

* Phase mixing occurs due to different field line lengths.
* Heating strong enough to balance radiative losses in corona.

* Creates density structures.
=" Which shift resonance location.
= Results in total Poynting flux reducing.

* Despite large density structures there is little change to
damping rate.

See Prokopyszyn et. al. 2018 for more information
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Thank you for listening.

Questions?



