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Hybrid Simulations of a Curved Shock

\. AL Thomas and D. Winske

Los Alimnos Nanional Laboraory

Calenlatiors of supersonie How past magnetized and mmuagenetized objects have
heen nsed 1o model the properties of shock waves assoetated with the flow of solar
wittd past the planets. Sneh calenlinions have bheen performed hoth i the Hind
I (Spreiter and Staharva. 1985) and moche NTHD e (Walker and QOgino, 1939

atd the referentees thereinn) in borlr rwo and Three dimernsions.

Fyen thoneh sneh calenlations do give some properties of the interaction, the
hasie shoek dissipaion meelimisis ave nov vetained, On vhe orher lamd, idealized
planar calenliarions have heen performed winh full particle codes and hybrid (partiele
ions and massless thid electrons) codes 1o examine the shoek dissipanions processes,
For the nsual planetary case of snpererival tlow relative 1o the Alfven veloeity
C Ve = 3V 00 the dissapation mechanisin involves the retlection of part of the
weonming ion popnlation. o process well imodeled by hiybeid sinmlinions, Hybrid
~tmndiations of planie shoek waves have also yviclded nmeh infbrmamion concerning

the clectromapnerie ticld stenetnre of 1he shoek. (Goodrieln, TORD).

Unfortimamely, the plimar ealenlations do nor inelude all of the proeesse.
thomeln 1o he itportam in the plobal wtemetnree of the bow shoek.  Nmone these
veoceses are the nonloeal veaneport of retleetad jons thomegh the shoek, and 1he
qnestion of which ions make up the foreshoek poprdation, e thowe jone that travel
Favel: np aveam into the wolae wind from the guaaparvallel portion of the <hoel:s 1o
e wver e come tieneca el eons rent approach that inelndecion Linetie phienon,

et torether wth ebdiad - hoek phenon enaoe necded, Here we attempt oo exinmine



these issnes by performing laree seale hybrid simulations of o curved shoek in nwo

dinmensions.

AMany aleorithins arve available for solving the clectromasnerie fields in hybrid
codes 1 2-D, g Harned (19825, Terasawa (19861, and Quest 11939, The method
we nse is an adaptation of the Licer 1wo merthods, The dillerence hetween the mernn
ods s the mammer i which 'Y s ealendated from B0V 1,00 0= and EebY
where J, sl ion envrent density, I3 s the magnetie ticld, Fis vhe eleerrie hield.
and 1he superseript o is the time step level, In Terasowa's merhods o second order
Runge Kutta interaration i nsed 1o predier the desived qnantiny: repeated irera
nor is possible, if desived. In Quest’s approach, the Hiid eqranions arve nsed o
enlevdinne the destred quantity, Using the tinid equations vields an algorithm than is
more robust than thar of Terasawa. Unfornunmamely. the algorithm requires separvate
thiid cquanion predietions for cacly sp.ecies, and the form of the required eqations
i< convlicated il more than one charge 10 nass ranio is being simmlivned. Another
approach is to extrapolate L, from it value a the previons time step and previ
ous half time step. Nany properties of this algorithim are savisfacrory, including 1the
possibility of including species with ditferent charvege to mnsaorarios, We perforimed

the elobal hybrid sinmlanvions nsine this merhodd.

Forthe initinl ealenlations we chose o two dimensional madel with the sanbient
maenctic field in the plane of the <inmbarion, makine an angde of GO with reseer 1o
the incoming, How vetoeity, Only the from edee of the cpherieal obaaele i< contained
in the “inmdation rerion. The normal component of the veloeity o removed il o
pavticle collides with the ob-aaecle, Sinee the complete obaacle i not contained in
the e mlanion veeton, o remldy aate ean not be achieved it no How ocene throne
the ob aaeles Thie v heennee the electrie lield wonld he coro e the haek edee of the

iulation rerion incade of the oboaaele oothan the ineomine maenerie this cannot



L lec ot of the ~imulanion region. Because ondy the from edee of the obstaele s
retatned i thie calenladiion, maenctie thax cannot he el ed by reconnection, as
ocenrs in wo dimneinstoral MTHD ~alenliations when the entive obstacle is kepr in the
erid (Ogino et. al. 10350, h shiovld he noted than nwo dimmensional MHD sinmlations

with an obstaele snlter from siavlar problems witlt regards 1o the magnetie Hnx.

In the present ealeulation, in order 1o ler flow oeur throngh the obstaele the
coordina e perpendicular to the simnlation plane is kepr for the particies. Partieles
than collide withthe obsraele can then How throneh o alhver many collisions, provided
the obstaele is tremed as an objeer with o tinite extent ont of the stumbarion plane.
A steady stane then hecomes possible and sinmlations show than indeed o steady
state is achieved, The plasima density for snele o steady state is shown in Mg, 1.
Onvce o steady stine is aclieved, the shoek s separaned from the obstacle and so the
ohstacle does not impact the processes ocenrring ar the shoek front. Tnitial vesnlis
siereest that high enerey partieles exiting the shoek from the gnasiparallel side of
the shoek originane from mnhiple retleetions of “ieoming icas on the shock sirtaee,
- shown m e, 2.
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Figure Captions

Figure 1. Plasma density relative to the incoming value after steady shock is
achicved. The Alfven Mach number is 10. The caleulation is performed on a
700 hy 160 grid and mvolves /= 2.5 willion particle ions.

Figure 2. Generation of energetie particles at the shock front. Shown is the
magnetic field lines (solid lines), the shock surface determined from the density
Jump (thick solid line), and test particle trajectories for (a) those test particles
that had ntore than four times the initial ram energy at some time durmg their
orbit and (b) those test particles that had more than nine times the ram energy
at some point in therr orbit.
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