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The dynamics ofthe developmat of extremelysmall scalesin magnetic fieldis crucial to understand
the heatin@nd the errgetic manifestatias of the highamperature plasma of the @otorona. Here we
illustrate what could be an essentialaspectof the cascadeof magneticenergyto small scalesvia
numerical simulationsf the propagabn of (shear)Alfvén wavesin a magnetic feld with an X-point
geometry irR.5 D. Tke couplingof the waves with # backgrond field leads tohe develpment of fast
mode shocks whose numligpends on thalfvén wave tequency Though theX-point is essential to
shock wave formatigrdissipation ocurs within the shoskwhich sweep the wholégsma volume. The
shocks mighalso playan importatrole in malifying paticle acceleratio aroundhe X-point



Introduction

MHD waves can playn important role ithe heating of the solaiorona, a primaryale if they arethe agent
by the whichthe photospheric energy tisansmitted into theorona ora secondary rold they areone ofthe
channeinto whichenergy is lught byother heahg mecharsm.

In this work weaddress thguestion o how errgy associatewith thesavaves may idsipate ongit is in
the corona

Given thesmallness of thed¥ynolds nmber in the solar cona,R =10" the only way ofsdipating is to
create small scale struots. Given the lack of homegeity of the coraa magnetic field small scales can
be created by the lineand non linear interaction between the waves andtgnetic field (Einaudi and

Velli, 1994).

In this posterwe presentthe study of the propagatia of Alfvén wavesin a potentid magneticfield
configuratian with X-pants for large att small vales of the plamaf.

The main result ishat the coupling of she#lfvén waves with theX-point magnetic configuration
leads to th formation of fast sloiks. Fast shocks arbla to dissipa indepenently of the Rynolds
number and, gian their motion, the dissipan is not focalized around the X-pbibut occurs in the
whole vdume.



The numerical model

We make usefaesistive andiiscous MHDfor a compressiblguid.
In the numacal resolutionwe assume #t one coalinate (say kcan be igared

We consider aectangular bx of dimesion Lx =Ly = 2rt

Along the y directim we assume piedicity; the spatial itegration $ performed by sztral
methods.

In the x drection ncassumptions made abat periodiciy. The sptial integrabn is
performed byhe use of ampact differencechemes (Lele, D2).



The initid conditions are chosenith structually stable magetic field

configuration (Bulanw et al., $99).

The drawbadk of periodcity is thatit is impossike to treat amsolated X-paont.

We make usfaa current free magtic field canfiguration:

=~ __sinh(x- msin
@ Zsinh(n)sm (x = m)sin(y)
o
Bx:_-l-BOX
oy
__0p
By__&_FBOy
BZ:BOZ

The magnitudeof the constantfield is chosenso
that the hree compoents haveimilar rms:

By = B, =0.01 B, =05

Y/ Yo

0 w/2 o 3n /2 2m
x /%4

Fig.1 Field lines of the structurally stable magnetic
configuration chosen as initial condition in our simulations.
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In the x directionboundry conditins are assignedvia projectedcharacteristiof the MHD equatios
allowing us essentiallyperfect non reflecting bounday conditiors and full control over the type of

fluctuatiors input ino the nmerical domairfRoe andBalsara, 198).
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x = 21t We havechosento force inward only in over the central
half of the @main, i.eover onlyone X-poin.
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The maximunamplitudea of the Alfvén waves is absen to ~0sf
be compardb to thatof the equibrium magnéic field so that 1,0t

linear andchonlinear ouplingwith the X-pant are also
comparable.

Fig.2 Spatial(top) andtemporal(bottom) profiles
of the Alfvén wavesintroducedat the boundaries
21, via the projected

in x =

05F
We introduce Alfvén wavesom both theboundarisin x = 0 and a gof

-0.5F

_1'0:

n

0 and x
characteristic method.

2%

3
t/t.

4T

an

B



High 3 simulations

In this set bsimulation wehave adpted an niform temperatur@o= 0.75; 3 varies betwae2/3 at the
boundaies ands near the X-pint.
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Fig.3 Current density intensities for different values of tagdencyw of the input Alfén
wave.

Once the staonary regimehas been rehed oraverage, seval current sheetppear inhhle domairdependig
on the freqancyw of the injut Alfvén wave.

These currergheet app&do extendalong tle x directionand propgate alondghey directionin a quasone-
dimensionhfashion.
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Fig.4 For thew = 1 simulaton, from top to bottomz-
component magnetic fluctuations, depdluctuations
andy-directed fluidvelocity asa function ofy in x =
1. The arrows mark the direction of propagationof
the two shock waves.

These currergheets are ceaquencefdast magnetoarstic
shock waes propagatig alonghey direction.

We note tk positivecorrelation ktween the zomponehof the
magnetic fieldand thedensity flictuationsThe plasma is
compressed crosgirthe dscontinuiy.

These waveare propagatig with a elocity carespondindo the
fast magnetaaustic mode.

In the shok front reference framdhe fluid \elocity is sperfast
before the sbck.

The Rankne-Hugormot jump caditionsfor an isothermajas are
verified.
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Simulations have been performed with different Reynads ]
number, i.eR n = 200 andRy = 500. For thehigher Reynold ocoos g
number theesolution $ Nx = Ny = 256 (128 for R n = 200). : {1l ol || |
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w= 1 simulations which differ in the Reynolds number.

We can themfound arelationshipbetween ta widthl of the currehsheet
and theReynoldshumber:
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Fig 6. Comparison of theidth | of the arrent sheet 1 2KING Nto accoat the differenresolutioradoptedhis means thahe

for 2 simulations which differs in the Reynolds ~number of pmt nee@d to resole the discotinuity must scale a4/5.
number and resolution.
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Fig. 7 Ohmic dissipation rate for simulations performed with
different valuesof the amplitudea of the Alfvén wave pumpedat
the boundaris. Thediamondsmark when a stationaryconditionhas
been reach.

The formation time, i.e. the time neededto reach a
stationary regimeshow aninverse squareoot dependecy
on the aplitude @ the Alfvén wae:

Ts — al/2
It is not clear the reason of sucli@pendnce.The intensit
of the dissiption scals as:

The simulations has been performed also varying the
amplitudeof the injeted Alfvén wae at the bundaries.

The dissipatim rate show that the time when a stationary
conditian occursdependson the amplitude.This meansthat
only whena sufficientamountof energyis convertedin fast
mode shockthe enerngequililrium is reach.

2001

150 h

1
-
1

4100}

2.1 o.2 0.3 .4 0.5
o

Fig. 8 We plot the formationtime 7s asfunction of a showingthat
the bestfit is an inversesquareroot dependencen a. Thea O Ts

has been drawn as reference
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The low[3 simulations

We have agpted aruniform temperat@ one ordeof magnitué smaller therhe previos
case. With sth a condion S varies fron0.15 at the bundaries p t00.3 near the X-pit.

These valas are typicdior an activeregion coroa with desity 10" cm>and Alfvén
velocityof 300 Kms*

Fig.9 Current density intensities for different values of thguencyw of the injected Alfén waves at the
boundaries, for the lo@ simulations.
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As seenin the high 3 simulatiors, the appearance antthe numberof the currentsheetsdependon the
frequency ofthe Alfvénic pump. h this case, however, thepropagatia yieldsan increasingly intricate
pattern as gy intersectrad fragment ash dissipate

This moreintricate structurecan beexplained recalling thafor a low 3 plasma, thdast magnetoacstic
mode depnds strongl on themagnetic fieldvhich varie of about dactor 2 inthe wholedomain.
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As in the simulatios with [(>1
previouslyshown, oncehie shock waves
formation is obtainegd the current
dissipation in the whole domain is
almost insensiie of the resistivityThis
Is clearly shownin Fig.10, where we
compare the dependece of the
dissipation on the Reynold number
when current sheetare formeddy=0.5)
or not(w=1.5).

Fig.10 Wecomparethe currendissipationobtainedwith different Reynoldsnumber wherthe
Alfvén wave frequencyis w=1.5 (on top) and w=0.5(bottompanel). When shockwavesare

generated, the dissipation is almost insensitive of the Reynolds number.
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Conclusion

* We have pesented simulmns of thepropagatia and mde convesion of large anifiude Alfvén
waves intdast mode shds in equibrium magnéc field with X-points.

* Dissipationvia shockwaves doesot depad on tle Reyn@ds number athis tend tanfinity and
therefore the wie problen related to th time scalefadissipationn the giestion of oronal heang is
by-passed ithis process.

» Thoughthe X-poirt is essentidio shock vave formationgissipationoccurs withirthe shoks which
sweep the wle plasma.

» The presere of intricatgatterns of shkk waves cold result instrong acderation of @rticle
(Vlahos, 194).

» This simulabns shoud be viewd as a prelimiary result. Onguestion s the externto whichour
periodic lmundary onditiors are importaniithe gearation of tle waves.

« Another imprtant quesdn conern the more reaiic case of arme-chaotic drigr. It is importanto
know if this process survesor if the iteraction beveen different fagnode waves créad by tle
chaotic Alfvenic pumppecome d&ructive.
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