Simulating VLBI Images of Sgr A*

Scott C. Noble

UluC

UIUC : Charles Gammie, B N
Po Kin Leung, 4
Laura Book

CfA  :Jon McKinney

Firenze: Luca Del Zanna

MG11, Berlin, July 28, 2006




Outline

HARM

New improvements to HARM
Jet simulations

Application: Sgr A*
Relativistic radiative transfer
Models of Sgr A* emission



HARM (Gammie, McKinney, Toth 2003)

Axi-sym. grMHD on Kerr-Schild

HLL flux or (LF-like) flux
, minmod slope limiters
Constrained Transport: (Toth 2000)

(14

" or full inversion for primitive variables
Simple MPI| domain decomposition
Specialized coordinates focus cells near equator



Fishbone-Moncrief Torus
Poloidal Init. B-Field follows
density contours,

Pgas / Pmag = 100
a=0.9375

Rmax =40 M

1024x1024 cells




lDisk Morphology
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McKinney & Gammie (2004)
Hawley, De Villiers, Krolik, Hirose 2003+



Noble, Gammie, McKinney,
Del Zanna ApJ 641 626
(20006)

Table 6. Accretion Disk Efficiency Comparison
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Method NR steps per sol. Zone-cycles/node/sec. * Failure Rate

2D 4.19 24535 9.57 x 107°
1Dw 4.18 23860 9.33 x 107°
1D}, 5.22 20585 9.46 x 107°

5D 4.52 14741 9.22 x 107
ENR




Astrophysical Code Library

Reproducibility is the hallmark of the scientific method.

Description Authors Reference Tarball Source
Kerr inflow solver Gammie Apd 1999, 522, L57 download here
Viscous pseudo-Newtonian accretion McKinney & Gammie Apd 2002, 573,728 download here

HARM: 2D GRMHD accretion Gammie, McKinney, ApdJ 2003, 589, 444 download here
Noble, Toth, & Del Zanna ApJ 2006, 641, 626

Conservative GRMHD Primitive Variable Solvers Noble, Gammie, McKinney ApdJ 2006, 641, 626 download here
& Del Zanna
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Outflows
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Jet Properties

* Relativistic: 1 ~3—10
* Similar Hydro. & EM radial fluxes at large r

* Collimation from centrifugal wind and toroidal
fields

* Generic problem with jet simulations:
floor dependent!! pﬂr=10_4pmaxr_2 uﬂFO-OlpﬂrV_l

* Consistent with:
— McKinney 2006
— Krolik & Hawley 2006




Why Sgr A* ?

* Closest supermassive black hole
*Genzel et al. 2003
*Ghez et al. 2005

M, ,=3.76x 10°M

d~8kpc  larcsecond=10"R.

* Best chance at observing shadow cast
by an event horizon

NASA/CXC/MIT Baganoff et al.
1.23 arcmin per side

* Fits well with our simulations (opt. thin)
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Other RT Calculations

* Free-falling gas

* Black hole spin a=0.998
=V, lr

* 1 =45 deg.

e A=0.6 mm

Falcke, Melia, Agol (2000)






Other RT Calculations
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Igumenshchev, Narayan, Abramowicz (2003) Goldston, Quataert, lgumenshchev (2005)



Relativistic Radiative Transfer

] S * Integrate geodesics in Kerr-Schild
: *Interpolate time-slice of HARM
n@’ data to geodesic path
*Calculate RT functions and solve
RT eq.

*Assume thermal dist. of e’s

=jv_0(v]v Te=Tp

A%

. : 2
j=7j.lv ds
4 *Use Wardzinski & Zdziarski (2000)
for synch. emissivity

X= (Xv d [ *‘Bremsstrahlung, too

—=j—«l
I=7 / 3 d 2\ * Accretion rate sets energy scale of
=4,V emission



Disk Properties

— 0 10 12
MSgrA 3.76x10 MSWI T€=10 _10 K
n, T, B oM n,=10°=10"cm™
M=515x10"M_ [ yr B=1-6000G

RIAF Disk Properties (Yuan et al. 2003)

M=48x10"M_/yr  T=10"-10"K

Sun

B=1-6000G ne=106—108cm_3



M = 3e-06 M,/ yr
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BH Spin Study
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Camera Inclination Study
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Angular Size with Frequency

Seeele

5 GHz 15 GHz 22 GHz 43 GHz 86 GHz

10" Hz 10" Hz 10" Hz 102 Hz 300 GHz







Convolution w/ VLBI Baseline = 8000 km







The End
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Jet through Molasses

u,=0.01p,
pﬂr=10_4

t=0-4000M

288x128
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