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Abstract: Black holes lead a double life, smultaneously the dark, enigmatic, hairless consequence of genera relativity and the powerful engines
lurking at the hearts of galaxies with cosmological consequences.
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How Bright

1. Bondi Accretion:
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* Molecular. ity) much too
small to drive

* Parameterized ignorance: v = ahc, - v =~ av,

Vg
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| much too

e > v = auy

* What about magnetic fields ...
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' L~0.1 Mc? (independent of a!)
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Energy Energy
in = Radiation —> Thin Disk
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= Sgr A* is a RIAF!
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~107% dd

>» 10" Mgy !

= Sgr A* is a RIAF!
(like 99%!)

Occupy Galactic Center?
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* Power Density

* Inevitability
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1g else?

"That some form of the meteoric theory is certainly the
true and complete explanation of solar heat can scarcely
be doubted, when the following reasons are considered: (1)
No other natural explanation, except by chemical action,
can be conceived. (2) The chemical theory is quite
insufficient, because the most energetic chemical action we
know, taking place between substances amounting to the
whole sun's mass, would only generate about 3,000 years'
heat. (3) There is no difficulty in accounting for 20,000,000
years' heat by the meteoric theory."

Galactic Nuclel as Collapsed Old Quasars

Lord Kelvin 1862
* Power Density
* Inevitability
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Accretion

Accretion power thing else?
Do RIAFs make sense?

How does ang. mom. transfer really work?
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Accretion

Accretion pow | ng else?
Do RIAFs make sense?

How does ang. mom. transfer really work?
What are the consequences of strong gravity?
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Very Long Baseline Array
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Very Long Baseline Array
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Very Long Baseline Array
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Very Lol
+ The gooc
* The bad:
* The ugly:

— Sparse u-v coverage

— Atmospheric phase errors
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Very Lo
+ The good:
+ The bad:
* The ugly:
— Sparse u-v coverage
— Atmospheric phase errors

* Why the VLBA will not work:
— 100-300 uas
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Very Lo
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— Atmospheric phase errors

* Why the VLBA will not work:
— 100-300 pas
— Optically thick—thin transition
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Very Lc

+ The goo

* The bad:m
* The ugly:

— Sparse u-v coverage

Optically|

Optically thin 1

thick

— Atmospheric phase errors
 Why the VLBA will e

Turler et al. (2006)

— 100-300 uas :
— Optically thick—thi

Observed fre

Pirsa: 12020127 Page 87/146



Very _________________ F
+ The bad: J/
* The ugly:

— Sparse u-v coverage

Optically|
thin |

Optically
thick

— Atmospheric phase errors s

 Why the VLBA will not work: | scterng
— 100-300 uas
— Optically thick—thin transition

¢ Structure
~ dominated

— Interstellar electron scattering
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* The bad: "
* The ugly:

— Sparse u-v coverage

Optically|
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Earth-sized ‘_mn/;ub~ nm VLBI array

Existing and 3 ~ telescopes.

Accesses resolutions of ~10 puas,
- Sufficient to resolve Sgr A*’s horizon!

Plateau de
Bure

Why mm/sub-mm?
Optically thin transition (<3mm)
Interstellar scattering (<3mm)
Resolution from ground (<3mm)
“Standard” VLBI technigues (>0.1mm)

Good seeing at many sites (>0.5mm)

National Astronomical
Observatory of Japan
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ventH orizonTeIescope

CARMA
SMA,

JCMT .
¢ ARO-SM

Plateau de
Bure

National Astronomical
Observatory of Japan

Earth-sized '.Jj'r]/_-'JL]b-' )m VLBI array

Existing and MEREEE itelescopes.

Accesses resolutions of ~10 pas,
- Sufficient to resolve Sgr A*’s horizon!

Why mm/sub-mm?
Optically thin transition (<3mm)
Interstellar scattering (<3mm)
Resolution from ground (<3mm)
“Standard” VLBI techniques (>0.1mm)

Good seeing at many sites (>0.5mm)
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Data already/existsson

s
3
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Hawaii-CARMASSIVI]

1 2
Baseline length (GA)
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Future

CARMA °
SMA,

JCMT

CARMA (In p
+  ALMA (Approved!)

— Expanding Bandwidth to 4GHz
— Building New Receivers
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Future

CARMA °
SMA,

+ ALMA (Approved!)
— Expanding Bandwidth to 4GHz
— Building New Receivers

Adding Sites:

-~ Planned
*« ALMA, APEX
+  LMT
* Plateaude Bure
Pico Veleta
SPT
Haystack
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ALMX

prototype

— Expanding Bandwidth to 4GHz
— Building New Receivers

Adding Sites:

-~ Planned
*« ALMA, APEX
«  LMT
* Plateaude Bure
* Pico Veleta
* SPT
* Haystack

— New (ALMA prototype dishes)
* New Zealand
* Kilimanjaro
* South Africa

Pl Colloquium, Feb. 15, 2012 SEST
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Model Input:

Phenomenological
(gaussian, annuli, etc.)

Physical
(a-disk, RIAF, jet, etc.)
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— Do good (hi
— What model pa
— Are these con5|stent among dlfferent epochs? P(alV)

Quality of a model:

— Bayesian Information Criterion: BIC = x> + klogN

2k(k+1)
—k—1
e —(IC,:—ICJ‘)/Z Conclusion

Negative

— Occa m’S Razor? - Not worth more than

a bare mention

— Lies, damn lies, and statistics! : Positive

Strong

— Akaike Information Criterion: AIC = y? + 2k + ———

— Relative significance: w;; =

Very Strong

y Conclusive
Pl Colloquium, Feb. 15, 2012

Pirsa: 12020127 Page 103/146




— Are these con5|stent among dlfferent epochs? P(alV)

Quality of a model:

— Bayesian Information Criterion: BIC = x> + klogN

2k(k+1)
—k—1
e —(IC,:—ICJ‘)/Z Conclusion

Negative

— Occa m’S Razor? - Not worth more than

a bare mention

— Lies, damn lies, and statistics! : Positive

Strong

— Akaike Information Criterion: AIC = y? + 2k + ———

— Relative significance: w;; =

Very Strong

i Conclusive
Pl Colloquium, Feb. 15, 2012

Pirsa: 12020127 Page 104/146




ADEC (pas)
ADEC (pas)

25 0 -2
ARA (uas)

6=15.8+-0.2 pas
%°/DoF=1.16
BIC=98.1
AlC=87.7

AEB, Fish, Doeleman & Loeb, ApJ, 735, 110 (2011)
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Keplerian be:
ballistic inside

Sub-equipartitiori magtl'c-field

“Thermal” and power-law
electron components

Self-Absorbed Synchrotron
Model defined by ny,, n., T., and a
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ballistic inside i
Sub-equipartition magnet fi eld

“Thermal” and power-law
electron components

Self-Absorbed Synchrotron
Model defined by ny,, n., T., and a
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Keplerian
ballistic insid
Sub-equipartition magnetic

“Thermal” and power-law
electron components

Self-Absorbed Synchrotron

Model defined by ny,, n., T., and a

Leverage existing spectra
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—

High Spin

CiCLlivi LUillipuiIClIwL

» Self-Absorbed Synchrotron
* Model defined by ny, n.,, T,, and a
* Leverage existing spectra
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- Lack of phase ‘degeneracy
* Image structure strongly deper dent upon phase

Pl Colloquium, Feb. 15, 2012
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AEB, Fish, Doeleman & Loeb, ApJ, 738, 38 (2011)
Pl Colloquium, Feb. 15, 2012

Pirsa: 12020127 Page 122/146



AEB, Fish, Doeleman & Loeb, ApJ, 738, 38 (2011)
Pl Colloquium, Feb. 15, 2012

Pirsa: 12020127 Page 123/146



AEB, Fish, Doeleman & Loeb, ApJ, 738, 38 (2011)
Pl Colloquium, Feb. 15, 2012

Pirsa: 12020127 Page 124/146



, Fish, Doeleman & Loeb, ApJ, 738, 38 (2011)
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The -

Hot/Thick Disk Cold/Thin Disk

( ‘ (DoRI Fs make sense?)

Keplerian Sub-Keplerian

./4_\; ;Ja—
- Angular momentum

transport near horizon.

Bittner, AEB & Loeb (2012)
Pl Colloquium, Feb. 15, 2012
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Shcherbakov, Penna & McKinney (2011)

* Only fit smooth models thus far (though see Dexter,
Agol & Fragile (2009), )

* Power from turbulence on small scales (large u)
* Measure turbulent spectrum:

g;, ¢ k- ancneame=n A (7] ) oc 1~

Pl Colloquium, Feb. 15, 2012
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* Only fit smooth models th
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* Power from turbulence on small scales (large u)

* Measure turbulent spectrum:
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~+ Thick disks don’t align
. Should precess due to:
— Lense-Thirring

— Local massive perturbers
— Deviations from GR?

* Timescale

- a‘l( =z )2 rs
T 103GM /c? y

Pl Colloquium, Feb. 15, 2012
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« Should precess due to:
— Lense-Thirring

— Local massive perturbers
— Deviations from GR?

* Timescale
P |

a ( 2 )2 rs
T 103GM /c? y
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N

&

Dexter & Fragile (2011)

s don’t align
* Should precess due to:
— Lense-Thirring
— Local massive perturbers
— Deviations from GR?

* Timescale
L -1

a ( = )2 rs
T 103GM /c? y
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Gillessen et al. (2011)
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Gillessen et al. (2011)
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Gillessen et al. (2011)
A @ .

.
* 201"
007 -

- Increase in M by roughly 2 or so.
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‘Wrong quadrupole
(meaured by ¢)

0 and & surprisingly
insensitive to ¢
- robust direction

* Already best fit model
clearly has nonzero ¢!
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insensitive to ¢
- robust direction
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clearly has nonzero ¢!
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Non-Imagin

Test

vatories
| | — SMT
_ - e = — Phased Hawaii
Phased CARMA (8)
— Phased ALMA (10)

* |V| only
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Non-Imaging

Testir

675135 | | 6135 | | (90',135) : Phased Hawaii
Phased CARMA (8)
Phased ALMA (10)

v
* + Closure Phases

(575127 P (65" .127) = 90" ,127)
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ing”, i.e., M <& Mpga

sons to believe Sgr A* is a RIAF
ernicus strikes again!).

M + proximity enables unique horizon resolving
of Sgr A* with the Event Horizon Telescope.

Already finding that RIAFs work extremely well.
In the near future we will begin to test:
— Internal consistency of RIAFs specifically
— Critical components of accretion models generally

— Structure of the spacetime around Sgr A*

Pl Colloquium, Feb. 15, 2012
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