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Dynamical model: Feeding Mechanism
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Dynamical model: Improved Feeding

Table of 31 most important wind emitters

Ident . . Vpa, RS2 Vpecl, RKWf=s v, kmf= eccentr LDg[H,Mgiyear] Virind . RS 3
22, 80z . . 9. 1830. -10k0O. 0.876 -7.Z2 1000
IRS1aNw . . 238.39: 22,9208 -44, 0.89%8 -4.95 a00.
IRS1AC . . -330.7E2 Z80.773 125. 0.5 -4 .55 A50.
IRSlaswW . . . 257.31% g4.0048 320. 0.41 -4.95 a00
IRBEON . . 199,038 -1l66.874 -120. -4.935 1000
MPE+1l.6-6.8({163E1) . . . 182,767 112.763 3664, 26 -4.935 1000
IRSEINE . . . -305.362 -10.9736 -100. .14 -4.95 1000
IRS1ANE . . 117.68E -413.97 -10. -4.35 1000
IRB168EZ . . . 54,4896 130,17 327, L2006 -4.15 Z2500.
IRZ3ZE . . . 203,579 1.3136 170. 63 -4.8 450,
IRS13E4 . . -315 Ta Sa. .BOS -4.3 z2200.
IRS13EE . . -303. a8 . 40. L7489 -4.35 750,
TIRS3 40 . . . -79. -166. -290. .217 -4 .88 A50.
[EMMZO01] EZ2 . . 250. 32, -150. .79 -4.9 i0o0.
-210. 127, 230, 046 -4.95 1000
IRS34 MW . . . -225. -11%2. -150. -5.3 7a0.
IRS9W . . 1a7. 135. 140. . 6B6a -4.35 11o0.
TIRS7 3 . . -5. -108. -350. 261 -4.7 Q00.
IRSTW . . 185. Ja. -305. L1545 -5. i0o0.
IRITEZ (E3E) . . 203. -7. -80. .714 -4.8 200,
-148. 189. -300. .73 -4.95 1000
55, 100, 2a. L5545 -4.95 i0o0
AFHW . . -a7. -9z, Ta. L93E -4.5 goo.
TRE93u . . 108. g. L2l -4.935 1000
[EMMZ001] E1L . . -161. 781 -4.95 1000
AF . . 8. 50. L9591 -4.75 T00.
IRS93E . . -Z. .T6B6 -4. 55 550
A F W . . a7. -9, .B73 -3.35 1a00.
Elum . . -53. LBl 5 -5.3 7a0
IRS15SW .Be3 -4.8 200,
IRS15NE . . -8. .87 -4.7 g00.
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» Az and Eccentricity - from identification with

stellar disks or from minimum eccentr (if not disk)

»Wind speeds/ejection rate - Martins et al.(2007)

» Guesses on wind speeds/ejection rates from
similarity — Cuadra et al. (2007)

»Orbital data - Paumard et al. (2006)
»Numbers are updated from Lu, Ghez et al.(2009)
»S2 star - Martins, Gillessen (2008)




Dynamical model: Improved Feeding

Feeding rate A’ q(r) per unit radius
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the interval in radius
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(=]
g

Fraction of time spent at certain radius
Man/yvear/arcsec

radius, arcsec

0.2 0.5 1.0 2.0 5.0 10.0

Distance r from GC in arcsec at 8kpc radius, arcsec

Root—mean—squared "wind" velocity v,,(includes star motions)

v'Gaussian filter is used to smear out orbits

v Though orbits are ellipses/hyperboles
in 3D, only radial info is retained

v Slow inflow/outflow + energy
equilibration by conduction =>

Radial model is reasonable _ | | N—

0.5 1.0 2.0 5.0 10.0
Distance r from GC in arcsec at 8kpc

radius, arcsec



Dynamical model: shallow den5|ty profile

Adiabatic model without conduction
Overproduction of X-Rays,

Faraday RM by HUGE factor
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Outflows

& too large inner density
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Entropy pI‘OduCtIOH Blandford, Begelman 1999

Yuan et al. 2003
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No 1-st principle
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Conduction makes

Why and how electron heat conduction? density very shallow
% v, >>c,=> electron conduction dominates others Johnson, Quataert 2007
¢ saturated collisionless flux or Spitzer value in collisional case
s damped by a factor 3 to 5 in tangled magnetic field
Narayan, Medvedev 2001

dr,
“ heat flux Q. can be well approximated by 0, =-kk, i

with conductivity & ~O0.1yk, T, /m, -nr « Flcoowuilssi;r;z;rlg;le;‘l’ly



Dynamical model: entropy production

Also called superadiabatic heating:
more effective conversion of gravitational energy into thermal

Johnson, Quataert 2007

Thin disk > Shakura, Sunyaev, 1971 > f.+f =1
| e

but we want no cooling

f. and f, can be calculated “self-consistently” in turbulent flow

Radial magnetized

—-1.2
turbulent flow ‘ Shcherbakov 2008, Ap] ‘ pocr



Bremsstrahlung: gaunt factor

dWw _25'37135( 27
dVdidv  3pe3\ 3km

1/2 i i
) T=1/22% peh/kTg | ) Gaunt factor gﬂ

old calculation

Gould 1980 (+errata)

103

Karzas & Latter 1960

Corrected by
Sommerfeld-Elwert factor
(wave function is not plane wave)

I fi07, v0) =

_ 20% larger emissivity
: ] at T~2keV and hv ~ 4keV

10~ 0.001 0.01

v | — exp (—2nacZ/vy)

“new” calculation

vyl —exp (—2nucZfv,)




Absorption

1000.

. Thermal bremsstrahlung T=1.5keV (red) and absorbed by 10°
Morrison, McCammon 1983 | Nif

Ll =1 exp(-o(E)-N,) {1

900.

500.

0 T ETT N D S B § Srararey e S S0
) 0.1 1.0 10.

PHOTON ENERGY (keV)

At Ny=103cm2, peak energy reaching
the detector is =4keV



Results: only extended emission

blue (obs.)- non-flaring
953ks of total 1iMs
dotted — model
green — convolved with PSF
~=0.27 Gaussian
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Extended emission without point source
produces too shallow brightness profile
in the very inner region

0.1 0.2 0.5 1.0

Distance from the black hole (arcsec)

Conduction, f.=o0.15, f.=0.05,
relativistic heat capacity of e-

Assumption: emission stops at 7” (line cooling Sutherland, Dopita 1993 )




o——
b
)
!
=
¥ 7}
fruk
=
=
o
| =
o
un
LK}
=
—
-—
2
ot
-—
g
=]
[

Results: point source & residual

red - blurred point source = PSF;
blue - obs.; cyan - residual.

Point source counts at 0”
are 30%-70% of total

Monoenergetic at 4keV
L=(3+1)-103%erg/s

0.5 1.0

Distance from the black hole (arcsec)

Consistent with Moscibrodzka, et al. 2009
vL, =5103%erg/s at 4keV SSC point source
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Results: possible fit

blue - obs.

green — no point source
magenta - w/ 2-103%erg/s

point source

Lowest consistent point source luminosity
L= 2-103%%erg/s

0.2 0.5 1.0

Distance from the black hole (arcsec)



Comparison to previous estimates

blue - this model
dots - one-zone estimates
from Baganoff et al. 2003
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About the same densities in this model
despite bright point sources/extended emission subtracted

Temperature is Ni; dependent , around 2.2keV for N=10>3cm




Actually spherically symmetric?.

Counts from
4 sectors 9o°each

Y

Plot of file central_pc_rprof_0125as_qg1-4 fits
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Point sources and
hot streams were subtracted
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Conclusions

v" Data extracted from extensive Chandra observations (non-flaring)
v Model constructed with
electron conduction and superadiabatic heating

¥

v" Shallow density profile => fit to extended part of emission
v" Point source of (3+1)-103%erg/s must be present
v x? search in the parameter space continues

Future work
9

v" Use spectral data
v Include angular momentum
v’ Fit optically thick sub-mm luminosity (86GHz)









Dynamical model: relativistic effects

Proper heat capacity of relativistic electrons

Relativistic Non-relativistic heating

R I S
(%] = [ [+'a]
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Internalenergy per particle, £57,

Non-relativistic

,_.
o0

blue - exact
red — simple approximation
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Temperatures start to deviate at r<io4r
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For adiabatic heating T,/T, =15 near BH




Effective area

600} Red - ACIS I3
Blue — ACIS S3

500

Chandra
ACIS response

200

100f

hv,keV

Plot of file psf_rprof_0125as.fits

PSF is well approximated =L
with 0=0.27" Gaussian,

but has Lorentzian wings .l
Pixel size 0.492”, but :
Dithering of spacecraft allows us 2
to go to subpixel scales! )

TR | L s N L TR
0.1 1
Radius (arcsec)




Why 2D GRMHD simulations are bad?

~ Axisymmetric configurations 2D flow exhibits
cannot sustain magnetic field cyclic accretion

antydynamo  Ivers, James 1983

Cowiing, 1934
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2000 4000 6000
HARM Timesteps

2D GRMHD

Magnetic flux

Hilburn, Liang et al. 2009, astro-ph

2D MHD  Igumenshchev 2008
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