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Figure credit: Active Galactic Nuclei, Wiley 2012




distribution
Static vs. evolving Confined vs.
state vs. evaporating  outflowing
ekl /A Thermal instability orbiting blobs vs.

SERELETEU I vs. blobs uplifted  condensing clumps
from the disk (bloated star winds?)

Velocity Unconstrained -1074 - 1074 km/s
Density/ Constant Wide range
Temperature (e.g., LOC model)

Requires global simulations:

Wide range Sub parsec to
parsec
1 1073 - 1077
Blobs, shells, Directed stream vs.

slabs, filaments? failed wind vs. mist

Keplerian orbit vs. Swarm vs.

embedded in wind clumpy outflow

Optically Self-shielding is
e {eldeile]g B thick vs. thin important?



Cloud core

' AF = 27(\/"5eq Téq/(Pqueq)'

Y Steady state configuration:
. line cooling balances conductive heating
Begelman & McKee (1990)



CLOUD DYNAMICS:
ACCELERATION, EVAPORATION, AND REGENERATION
(SPITZER CONDUCTIVITY TA5/2)

DB: 1i.0040.vik
Cycle: 40

Pseudocolor
b Var: density
- 3.200

2.525
1.850
iRl 75

- 0.5000
Max: 1.072
Min: 0.9453
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CLOUD FORMATION AND ACCELERATION
DYNAMICS OF THE NONLINEAR REGIME OF TI

op
= TV (pv) =0, (1)
0 (aptV) + V- (pVV +p I) — Lrad; (2)
OF
o +V - [(E+p)V] =—pL+ kg V?T. (3)
¢ . _ PototStot .
rad — c L
_ poefx

; [(1 + fuv) tox + fUVMmaX]

See Proga & Waters (2015)




TIl: THE NONLINEAR REGIME

Saturation of Tl is a cloud formation process,
but it also naturally leads to cloud acceleration (PW15).
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Til: THE NONLINEAR REGIME

Saturation of Tl is a cloud formation process,
but it also naturally leads to cloud acceleration (PW15).




Property Single cloud Global distribution [Single cloud Global
distribution

Static vs. evolving Confined vs. Accelerating Suitlaniie
state vs. evaporating  outflowing clumpy flow
eyl /A Thermal instability orbiting blobs vs. Tl naturally leads Carleal
GELRENETEUT M vs. blobs uplifted  condensing clumps to cloud | 9
from the disk (bloated star winds?)  regeneration ciumps

Velocity Unconstrained -1074 - 1074 km/s v_flow + a*t ~v_flow
Density/ Constant Wide range
Temperature (e.g., LOC model)

Requires global simulations:

Wide range Sub parsec to lambda of max
parsec growth rate?
1 1073 - 1077

1 becomes many

Blobs, shells, Directed stream vs.

slabs, filaments? failed wind vs. mist

Keplerian orbit vs. Swarm vs.

embedded in wind clumpy outflow

Optically Self-shielding is
e {eldeile]g B thick vs. thin important?

Clumpy medium



LOCAL OPTIMALLY EMITTING CLOUD PICTURE
(LOC MODEL)

TABLE 1
OBSERVED AND PREDICTED LINE INTENSITIES

Observed Maximum LOC
Emission Line Intensity*  Reprocessing Integration®
1) @ 3) @)

O vi A1034 + LyB A1026........ 0.1-0.3 0.28 0.16
Lya M216....cooviniiiinnnnnnns 1.00 1.00 1.00
NVAI240.iiiiiiiiiiiiiiiiiin, 0.1-0.3 0.06 0.04
Si v A1397 + O 1v] A1402...... 0.08-0.24 0.08 0.06
CIvALS49..coiii, 0.4-0.6 0.54 0.57
He 11 A1640 + O mi] A1666...... 0.09-0.2 0.11 0.14
C ] + Si m] + Al mr A1900....  0.15-0.3 0.28 0.12
Mg A2798......cccvvvviiinnnnnn. 0.15-0.3 0.38 0.34
HB M86L....cccvvvvviiiiiiiinn, 0.07-0.2 0.08 0.09

? Intensity relative to Lya A1216, combining data from Baldwin et al. 1989,
Boyle 1990, Cristiani & Vio 1990, Francis et al. 1991, Laor et al. 1995, Netzer
et al. 1995, and Weymann et al. 1991.

> Co-addition of emission from clouds as described in the text.

From Baldwin et al. (1995)

LUMINOUS
ORBITING
COVFEFE




CLOUD DENSITIES ARE CONSTRAINED TO RANGES
DICTATED BY THE SED (AND CORRESPONDING S-CURVE)

x-velocity of cloud = 0.113c,_,

time = 0.0¢,, (0.0 days)
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Simulation by Tim Waters and Daniel Proga. UNLV

To view animation please visit
htto://www.phvsics.unIv.edu/~twaters/simulations.html




SINGLE ZONE != SINGLE CLOUD




CLUMPS RESPOND TO IONIZING FLUX VARIABILITY
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CLUMPS RESPOND TO IONIZING FLUX VARIABILITY

— VE2D (T>T.,) — VE2D(T<T.)
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With (left) and without (right) 20% variability From Waters & Proga (2016)



A SPECTRAL SIGNATURE FOR CLOUD ACCELERATION

PPC model T | I — 1
I =(1-C)+Cve ™ ==> A PR F
—9r 1
Iy = ]_—CV +Cy6 2,,,7-. ’, = .
( ) 1+ (I — 12)/(1 - 1,.)?
I'r' - Ib — Cve—Ty’r(l _ e—”'v,r), l"

L4
) Cue™r (near line center); *
7,Cye” ™"  (in the line wings).




A SPECTRAL SIGNATURE FOR CLOUD ACCELERATION
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Property Single cloud Global distribution |Single cloud Global
distribution

el [Tele ([ B Static vs. evolving Confined vs. Accelerating .
) : Outflowing
state vs. evaporating  outflowing clumpy flow
eyl /A Thermal instability orbiting blobs vs. Tl naturally leads Condensi
SCERELETEU I vs. blobs uplifted  condensing clumps to cloud lon ensing
from the disk (bloated star winds?)  regeneration clumps
Velocity Unconstrained -10*4 - 10*4 km/s v flow +a*t  ~v flow
Density/ Constant Wide range d min-d max Determined by
Temperature (e.g.,LOC model) T min-T max S-curve
Requires global simulations:
Wide range Sub parsec to lambda of max
parsec growth rate?
1 1073 - 1077

1 becomes many

Blobs, shells, Directed stream vs.

slabs, filaments? failed wind vs. mist

Keplerian orbit vs. Swarm vs.

embedded in wind clumpy outflow

Optically Self-shielding is
e {elgeile]g B thick vs. thin important?

Clumpy medium



