Towards high performance simulations of an
accretion disk surrounding a supermassive black

L Astronomisches Rechen-Institut, Ze
Heidelberg, Ménchhof-StraBe

d'elberg, Universitat
grg, Germany



StarDisk project

AGN with Supermassive Black Hole, Accretion Disk and Nuclear
Star cluster([Just et al., 2012, Kennedy et al., 2016])

Figure: Figure illustrating the STARDISK situation, Drawing by Gareth F.
Kennedy, modifications by Bekdaulet Shukirgaliyev



Governing equations and initial conditions

Euler(Navier-Stokes) equations modified by gravity:
%%—V‘(pv)—o Im 4 V(m-v)+Vp-—Vo=pg
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Ideal equation of state :p = p
Cylindrical polar grid R, ¢, z
Goal: Equilibrium initial conditions, stationery

@ Assume vertical isothermal profile, use momentum equation
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e Use p=po <R%> " exp <—ﬁ>([l&ennedy et al., 2016,
Shakura and Sunyaev, 1973])
@ As r = R for small z, ignore slight inconsistency in vertical
isothermal structure
End up with
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Initial conditions, p at ¢ =0

p[1.45¢ — 18-E5], t = 0.00y, ng = 600, n, = 100, n, = 201
R[4.55e+01pc]
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Collapse in progress, p at ¢ =0

p[1.45e — 18-E5], t = 1.17 x 10%, ng = 600, n, = 100, n, = 201
R[4.55e+01pc]
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Disk collapsed, p at ¢ =0

p[1.45e — 18-E5], t = 7.43 x 10%, ng = 600, n, = 100, n, = 201
R[4.55e+01pc]
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Current problems & Further goals

@ Disk collapses, much more careful treatment of initial
conditions required

@ Introduce heating due to star-crossing and interactions

e Far goal: Include Hydrodynamical simulation in N-Body
simulation



Thank you for your attention!
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