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Issue: self consistent evolution ¢
of accretion disk and stellar cluster around SMBH

®

o

e ®
® ®

S
o
®
o
®
@

o " . o



Progress In code development
- 31 Aug - 10 Sept

- 29 Sept - 07 Oct

- 29Jdan - 12 Feb

- now (28-31 May)



Progress In code development

- 31 Aug - 10 Sept ¢ Cartesian code
e [nitial equilibrium state

- 29 Sept - 07 Oct

- 29Jdan - 12 Feb

- how (28-31 May)



Progress In code development

- 31 Aug - 10 Sept ¢ Cartesian code
e [nitial equilibrium state

e Cylindrical code
- 29 Sept - 07 Oct

- 29Jdan - 12 Feb

- how (28-31 May)



Progress In code development

- 31 Aug - 10 Sept ¢ Cartesian code
e [nitial equilibrium state

e Cylindrical code
+ 29 Sept-07O0ct o Equilibrium state evolution

- 29Jdan - 12 Feb

- now (28-31 May)



Progress In code development

- 31 Aug - 10 Sept ¢ Cartesian code
e [nitial equilibrium state

e Cylindrical code

+ 29 Sept-07O0ct o Equilibrium state evolution

e Noninertial rest frame
e Complete artificial viscosity
e BH subgrid accretion model

- 29Jdan - 12 Feb

- now (28-31 May)



Progress In code development

- 31 Aug - 10 Sept ¢ Cartesian code
e [nitial equilibrium state

e Cylindrical code

+ 29 Sept-07O0ct o Equilibrium state evolution

e Noninertial rest frame
e Complete artificial viscosity
e BH subgrid accretion model

- 29JdJan -12 Feb e Single node gravity solver

- now (28-31 May)



Progress In code development

- 31 Aug - 10 Sept ¢ Cartesian code
e [nitial equilibrium state

e Cylindrical code

+ 29 Sept-07O0ct o Equilibrium state evolution

e Noninertial rest frame
e Complete artificial viscosity
e BH subgrid accretion model

- 29JdJan -12 Feb e Single node gravity solver
e S573 alpha viscosity

- now (28-31 May)



Progress In code development

- 31 Aug - 10 Sept ¢ Cartesian code
e [nitial equilibrium state

e Cylindrical code

- 29 Sept - 07 Oct o

—quilibrium state evolution

e Noninertial rest frame
e Complete artificial viscosity
e BH subgrid accretion model

- 29JdJan -12 Feb e Single node gravity solver

e S573 alpha viscosity

e VPl tree code with AVX
INstructions

- now (28-31 May)



Progress In code development

- 31 Aug - 10 Sept ¢ Cartesian code
e [nitial equilibrium state
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+ 29 Sept-07O0ct o Equilibrium state evolution

e Noninertial rest frame
e Complete artificial viscosity
e BH subgrid accretion model

- 29JdJan -12 Feb e Single node gravity solver

e S573 alpha viscosity

e VPl tree code with AVX
INstructions

e [mproved cylindrical hydro mesh
- how (28-31 May)



GAS DYNAMICS

System of conservation laws
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GAS DYNAMICS TVD

System of conservation laws
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All types of solutions

(shock, contact discontinuity, ...)

No artificial viscosity
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Initial conaditions

Novikov&Thorne (1973)

Temperature is a function of cylindrical radius

Disk thickness  N(R) = h; R/Rsg

Radial force balance -> keplerian rotation
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Hydro mesh geometry

Cartesian Cylindrical

<<




Hydro mesh geometry

Improved Cylindrical

l0g across the disk plane
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Disk center

Hydro cell centers (i,],K)

\YI

IA\

Hydro cell boundaries
(i+1/2, i-1/2 ,j+1/2, |-1/2 k)



Disk center

Hydro cell centers (i,],K)
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Hydro cell boundaries Each cell within boundaries
RV AR EIRILERI-Y contains homogeneous mass
(172, 1172 112, 1728 & velocity distributions



Disk center

Hydro cell centers (i,],k) A part of mass within
the BH radius

IS assumed to be

I /H accreted

Hydro cell boundaries Each cell within boundaries
(i+1/2,i-1/2 j+1/2. -1/2.K) contains homogeneous mass

& velocity distributions



Viscosity In polar coordinates
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Simplitied viscosity
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In the case of a thin accretion flow Ty component is

the dominant contributor to the viscous stress
(SS73): Trp = - AP



No self-gravity Model. Parameters

Mgn = 1.5 10° Msun
Evolution up to 0.5 Myr
Viscosity 0.005

Hydro mesh 128x128x129

Hydro integration time step ~100 days

4 nodes on Kepler

Full integration time 12 hours
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Self) gravity

Plummer




(Self) gravity
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Plummer

(Self) gravity

Accretion
disk




Plummer
sphere

Acceleration
for hydro cells
and particles

—————h e A b b l—A._A#_J._.-A JhA_AALl ———— e Lﬁ

Sl EEENE BRI Ll BEEREEEELLlL BEIE SRS SRS SN RSl o
-
L

aasal PR | A iadsal PRV

]

) 1

_ 9

> 4
-;__A,_L._.LA, LA.LAJl;L_L_-L_J.‘A_..L;g.LaLA_L..-LJ.Jj

Al NSRSl BN EEEELLL BN SR ALl SEEL AR S S Ll BN Ll SR AR ALY
-
b

aanal A d A S RAR, adaaaaul A biasal PR | PR




MPI version. Performance test

" HwHAMPI 4 example:

A OCCIGEN 4
OCCIGEN 16
OCCIGEN 32

@ OCCIGEN N—bOd

+HAMPI 4 y , ,

ELDOETGEN | galaxy simulation
OCCIGEN 32

OCCIGEN 64

8 nodes - 64 cores
OCCIGEN

15 106 particles

~7 days for 5 Gyr



Comparison “old” Treecode (Semelin & Combes 2002) with Sergey’s Treecode

Simulation with 30M particles

radial veloctty alispersiow map
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Comparison “old” Treecode (Semelin & Combes 2002) with Sergey’s Treecode

Simulation with 30M particles

rRatLo vertical to radial chooitg alispcrsiow map
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Self-gravity Model. Parameters

Mgn = 1.5 108 Msun
Evolution up to 0.5 Myr
Viscosity 0.005

Hydro mesh 128x128x129

Plummer sphere, N = 10° particles

Hydro integration time step ~100 days

4 nodes on Kepler

Full integration time 28 hours



0.00e+00 0.00e+00yr : .

: D .th vol density[log., g Cm-j]“ e

Sehc_gravity _, —— —— s -
and stellar '_ :

dynamics o !

— ——
-
o
e —
A A A l A A A l A A A l A A l A A A l A A A
Ll el T




0.00e+00 0.00e+00yr : .

: D .th vol density[log., g Cm-j]“ e

Sehc_gravity _, —— —— s -
and stellar '_ :

dynamics o !

— ——
-
o
e —
A A A l A A A l A A A l A A l A A A l A A A
Ll el T




0.00e+00 0.00e+00yr




0.00e+00 0.00e+00yr




(Mo vyr

|_.\
O
|

(9]

@
)
O
.
=
O
-~
1)
@
~
@,
O
e
0
)]
©
=

Vlass accretion rate

) Ill

|
e with gravity
© no gravity

WAL

L |




Results. Current state
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e Stable AD (~109yr) with a-viscosity and BH accretion

e Tree Code based (self) gravity calculation and
stellar particles dynamics

o MP| parallelization

Future steps

e Implementation of drag forces between AD and stars
e GPU parallelization




