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> ~ 90 % vary (sesar et al. 2007) » Stochastic! (peterson 1997)
» Pan-spectral: shorter » Continuum variability =

A = stronger MHD driven instabilities



AGN Variability

What can we learn from Kepler?
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Broadband Variabilit

» Very precise: S/N ~ 10°

» Long baseline: T =3.5 S
yr

» Rapid sampling:
Otops = 29.4 min

» 110 deg? FOV

» ~ 80 AGN

(Mushotzky et al. 2011; Edelson & Malkan

Modeling Stochastic Light
Cur

Structure Function Analysis

2012; Carini & Ryle 2012; Wehrle et al.

2013)

Kepler FoV (From NASA).
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Flares!
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F (arb units)

— Random Walk: F,=F, | tw, |
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Accretion disk: MHD

‘Hot-spots’

Random ‘disturbances’
» w; ~ N(0,02)

Fiy1=Fi+w

Not stationary - flux

‘walks away’
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The Damped Random Walk

F (arb units)
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Exponential Decay: F,=¢,F; ,
Damped Random Walk: F,=¢,F; | +w;
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T=1d

» Exponential decay
» Fi= ¢1fi—1
> d) = e_7t < 1
» Decays to asymptotic
flux level
» Damped Random Walk
> Ff = d)lF‘,l =+ 74
» ‘Walks around’
exponential decay

» Exponential decay driven
by Gaussian noise
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Kepler
100
— Exponential Decay: F,=¢,F, | Kepler Light
—— Damped Random Walk: F;=¢,F; | +w; Curves
80) Rest Frame Light Curves

Structure Function

60 » 1%t-Order Linear elle

Modeling Stochastic Light

£ 40 Stochastic-DE e
c Structure Function Analysis
=
£ 5 » Fits OGLE and SDSS Zw 22015
= quasars Exact MLE
ol Generalized PSD Models
(Kelly et al. 2009; Koztowski et al. 2010; Zw229-15
~20 MacLeod et al. 2010) Summary
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PSD of the Damped Random Walk

F (arb. units)
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PSD % on short
timescales

PSD f% = Oa—fluc X
r (Lyubarskii 1997; Cowperthwaite &
Reynolds 2014)

DRW: v =2ie. itis
fixed - is this true?
Generalize: PSD o f%,

(McHardy et al. 2004)

Test with Kepler data
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How does variance of §F vary with §t?

DA
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» Best-fit Parameters: v =2.2 & 7 =125.4d
> Maybe DRW (’)’DRW = 2)'

» Best-fit PSD model accepted at ~ 98% level
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» Best-fit Parameters: v =26 & 7=27.5d
» Not consistent with DRW (vprww = 2)
» Best-fit PSD model rejected at ~ 83% level
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Not all AGN ~

DRW
Variability
Onset
Timescales
~ 150-2000
min.

PSD too
simple?

Kasliwal et al.

(2015)

Accretion Physics
Broadband Variability
Kepler

Kepler Light
Curves

Rest Frame Light Curves
Structure Function
Analysis

Modeling Stochastic Light
Curves

Structure Function Analysis
Zw 229-15

Exact MLE
Generalized PSD Models
Zw229-15

Summary



AGN Variability

Vishal Kasliwal
vpk24@drexel.edu

ole-7 Accretion Physics
o[ W 2’29-1 5 ; Broadband Variability
Seyfert 1 . Kepler

| 2=0.0275 ] Kepler Light

L }“ Curves
—_ J\ M Aj \ Rest Frame Light Curves
%)
2o .
c < M AW i Structure Function
:3 { Analysis
2 Modeling Stochastic Light
Sun| \ \\( | Curves
x © ! Structure Function Analysis
El il
w * Zw 229-15

of ) ]

© Exact MLE

M Generalized PSD Models
| ] Zw229-15
n L L L . . . Summary
0 200 400 600 800 1000 1200

tmt (d)

» Carini LC - ground-based observations
> IS Ycarini closer to ypryy = 27

DA

u]
o)
1l
n
it
w



AGN Variability

Vishal Kasliwal
vpk24@drexel.edu

T T T Accretion Physics
Zw 229-15 BroadbandiVarability
Seyfert 1 e
2=0.0275
Kepler Light
- =l Curves
2 I Rest Frame Light Curves
c
3. Structure Function
2 :; _ Analysis
© ) L
o ) —— obs. SFy e Modeling Stochastic Light
7 MAST:Z'65’ Vearini =290 —  0bs. SFy,5—-noise rem. fue
= : = Structure Function Analysis
= Tarasr=27.5 (-d)f Toarini =27.1 (d) | — i of model 5Fyy,er
S Ttinptasr=1634 (MIN): Ty carins =110-4 (M o6 1odel 57,0 Zw 229-15
2 2
=~ X DorarasT =143 X Do Carini =0.T1 — obs. SFqym | E MLE
I P =83.3%; Prypin =38.0% ——  0bS. SFg,;,~-noise rem et
MAST * " Carini f ‘;‘”;" : Generalized PSD Models
— wof model SFq,;,; Zw229-15
" o of model SF,,,,;
. . . - Summary

1 2
logpAt es (d)

» Carini LC not consistent with DRW (steeper PSD).
» Kasliwal 2015b (in prep)




C-ARMA Stochastic Processes AGN Variabilty
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» ntM-order Stochastic-DE: C-ARMA process (grockwel 2014;

Kelly et al. 2014; Edelson et al. 2014)

» PSD: rational function - arbitarily complex

» Kalman filter
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Homogenous equation + unit impulse (Green's .
Function):

d’G | 1dG 1,
g Tia + 10 =9(0)

How does the system respond to a unit impulse?

Thermal dissapation, rotation, viscous shear etc... e o

Driving process (u):

u = (%) + 2 % ( %) Generalized PSD Models

Zw229-15

MHD processes generating ‘hot-spots’
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Kepler Light
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» Kepler AGN light curves show: Rest Frame Light Curves
H H H Structure Function
» Wide variety of behavior Analysis
> QPOS Modeling Stochastic Light
Curves
» Flares Structure Function Analysis
. Zw 229-15
» PSD slope using Monte-Carlo .
Exact MLE
> NOt a“ AGN ~ DRW Generalized PSD Models
Zw229-15
» Use C-ARMA models + Kalman filter Summary
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Future Work

» What Stochastic-DE describes AGN variability?
Physics?

» Do variability parameters change?

» Are better models required (eg. FARIMA for blazars)?

» How to study variability in large upcoming datasets
such as LSST?

» Can variability tell us what kind of AGN we are looking
at?

AGN Variability
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Summary
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