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Interaction between a slow wind from
AGB star and a jet in a bin system
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We presentthree-dimensional hydr odynamic simulations of the interaction between a slow wind from an asymptotic giant branch (AGB) star and
a jet blown by an orbiting companion, which is assumed to originate from an accretion disk. Two distinct regimesin the wind-jet interaction are
presentedhere. Theseare determinated by the ratio of the AGB wind to jet momentum ux.

NUMERICAL SIMULATION PARAMETERS
The numerical simulations are carried out using a version of .
the Yguazi-adaptive code (Raga,Navatro-Gonzalez, & Villagr an- P— We assumetyplc?al LRI parameters of the AGB
Mu fios 2000). We work in the regimeé of ideal gas dynamic in o= Orbal separaon wind and for a jet blown by a main sequencestar.
presenceof gravitational sources. Th namic equations R — ‘ The angle of collimation is = 10degrees.
are numerically integrated on an ad i The Jet The AGB wind
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as the ratio of the AGB wind to jet momen -Mj=25 108M yr L
explore two cases: The Weak Jet( > 1) and, — Vvj = 200km s 1
( <1).

Note: Our simulations arecarried out with the AGB primary. Xi

- We also use an isothermal equation of state( = 1:01)and
coordinate system. For our parameters we have vi=vagg = O:ll temperature of ZQOOK' For .the compan_lon star we chose
the primary around the center of mass). Therefore, we expecttl R ESU LTS massof 0.6M with an orbital separationa= 10AU.
should not have a dramatic e ectour results.

All results i after 224years, or 10 orbital periods.
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Theinteraction of the jet with cesacomplex morphology composed

of multiple shockwavesdriven ind and jet. In spite of its complexity

a quasi-steady state pattern d the entire ow is embedded in a V-

shapedshock propagating ou B wind. The shockproducesadense

shell of compressedAGB mate! i = 0:6250newould not expect

the jet to be strongly de ected: ion to the jet's motion could arise

from the shift in its launch point i tion of the companion. This will

only occur when the orbital period, rable to the jet crossing time through

the computational domain, Teross the computational

space. When T¢ross=To 1 then a may be expected

for the jet's 3-D structure. The' sph on the other hand, will be strongly

modi ed by the passageof jet mati in the Strong JetcaseTcross=To, 0:1, Density mapslike in thetop left gur e,but for the

then, in this casea strong cor not formed. Signicant entrainment  \VeakJetcase( =3).
Strong Jetdensity maps of crosssectionsin the a) xz of lAGB and jet matprial occl e jetlA_GB inte!face. At the equator
plane, b) yz plane, and ¢) xy plane (i.e. the equatorial ~ Spiral shocksare driven into ! the orbital motion of the companion

plane). Panelson both sides of plot c) are enlarge-  and the e ect of the jet (seeto Ik
ments of the plots a) and b).

velocity
For = 5:0 simulation we expec ram pressure on the
jet beam. The xz and yz maps in Fi ntire beam has bent
away from the AGB star. Globally the cessionof staggered
"donkey ear” shapedshocksand densesh the AGB wind. This - - - )
pattern occurs due to the de ection (and dis y the slow wind over an if:ﬁ‘”i‘\fsso(f;tza;:‘j:f;ﬁ'dag L;'fﬁ;aiggsta?n‘ﬂ;
entireorbital cycle. Consideration of the post- the jetand surrounding  The wir e mesh shows isosurfacesat 0.8, 1.5, 2.2,
material (seebottom right gur e) shows that . With this in mind the 2.7and, 2.9.This gur e demonstrates the forma-
enlargement of the xy-plane map in top right gu to seethe origins of the > t?)ftﬂle"gf‘gi;”ﬁ;rii‘r’f o?"t"he'?::tem produced
large scale ow pattern. Unlike the Strong Jetcase: e jet only propagatesto '
z 30AU beforeit is shockedvia its interaction with ind. The jetis bounded

Three-dimensional volume rendering of velocity ~above by a denseshell comprised of both shocked jet and shocked AGB material. The

along with density iso-surface (wir e-mesh). The continuation of this structure can be seenin the yz crosssection on the left side of the
axises are given in pixels. The velocity scaleis 1 AGB star.

to 100km s 1. The wir e mesh shows an iso-surface
CONCLUSIONS

at =34 10 8gcm 3

— Strong jets are able to propagateo grid without severede ections or disruptions (Tcross=To << 1).

—Weaker jets also lead to more complicated global ow patterns with featuressuch asmultiple "donkey ear” shaped

lobes appearing at well characterized intervals in height. Cuts in velocity and density. The left top panel is the velocity

—Our results are most dir ectly relevant to the work of Soker & Rappaport (2000)and can be seenasa test of the ideas alonolhgacayfine at xiSI80 AU (the center of the AGB star,
)and at x = 90 AU (approximately the position of the

put forth there. jet,greenline)to = 0:625. The bottom left panel is the density

— CFWs appear asgood candidates for creating narrow waisted nebula. The Strong Jetcase,in particular, shows that to the samecase.Theright panelsareto = 50.

the e ectof a CFW is primarily con ned within aV or U shaped shock in the expanding AGB wind. Thus on large REFERENCES

scalesthe lobes driven by the jet will appear to pinch severely at the outow source. RecentHST observations of ~ —Raga,A. C., Navarr o-Gonzalez,R.& Villagr an-

the near nuclear regions of M2-9 appear to con rm the ow patterns we seein the Strong Jetcase(Balick, private Mu iz, M. 2000,RMxAA, 36,67

communication 2003)with oppositely oriented V-shaped featuresextending from the unresolved central sourceout ~ —Soker, N., & Rappaport, S.2000,ApJ, 538,241

to scalesof 10%° cm.




