Testing Unified Model for
Active Galactic Nuclei through
Time-Domain Variability

Ching-Wa Yip
Johns Hopkins University



Collaborators

Andrew Connolly

Daniel Vanden Berk

Ryan Scranton

Simon Krughoff
Alex Szalay T
Laszlé Dobos

])lr.ur\:lm.n( of |"||\1|cﬁ .'InJ .\sll')n'
Under the unified model for active galactic nuclei IAG\sj. narrow-line (Type 2) AGNs are, in fact, broad-
line (Type 1) AGNs but cach with a heavily cbscured accretion disk. We would therefore expect the optical

u »
continuum emission from Type 2 AGNs to be composed mainly of stellar light and nonvariable on the
rI S re I I l O I I I timescales of months to years. In this work we probe the spectroscopic vanability of galaxics and namrow-
line AGNs using the nmlncpoch data in the Sloan Digital Sky Survey Data Release 6. The sample contains

18,435 sources for which there exist pairs of spectroscopic observations (with a maximum separation in time
of ~ T00 days) covering a wavelength range of 30008000 A. To obtain a reliable repeatability measurement

Vd [ £
between each spectral pair, we mnsidc; a numhr of techniques for spectrophotometric calibration resulting in
an improved spectrophotometric calibration of a factor of 2. From these data we find no obvious continuum and
emission-line variability in the narrow-line AGNs on average—the spectroscopic variability of the continuum

is 7+ 0.26 mag in the g band and, for the emission-line ratios log,,([M nlHe) and log, ([0 mHE), the
varighility is 0,02 & 0,03 dex and 0.06 £+ 0.08 dex. respectively. From the continuum variability measurement
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we set an upper limit on the ratio between the flux of the varyi spectral component. presumably related
to AGN activitics, and that of the host galaxy to be ~ 30%. We provide the coresponding upper limits for
other spectral clas: including those from the BPT diagram, eClass galaxy ¢ fication. stars, and quasars.
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Question: do all active galactic
nuclei (AGNs) vary with time?

» Two main types in the optical
> Type 1 (broad line(s), FWHM > 1000 km/s)
> Type 2 (narrow line(s), FWHM < 1000 km/s)
» Broad-line AGNs show UV/optical variability
- continuum variability of amplitude ~ 10%
> emission lines also vary with the continuum

» Both are expected to harbor supermassive
black hole

» Do narrow-line AGNs vary in the optical?



Physical Reason(s) behind AGN
Variability

» Unknown! (Peterson 2001)
» Proposed scenarios

> Accretion disk instability (Kawaguchi et al. 1998)

> Micro-lensing by stars in the intervening galaxy
(Hawkins 1993)

> Supernova explosions (Aretxaga 1997)
- Varying ionizing source and/or varying optical
depth of material in the vicinity of light-

generating region (Tohline & Osterbrock 1976;
Goldrich 1989)



Sample: SDSS twice-
spectra

» Some spectroscopic plates in the SDSS were
observed more than once.

» Pairs of spectra are available.

» 18,435 sources of narrow-line galaxies.
» Maximum separation in time ~700 days.
» Restframe 3800 - 8900 A (70 km/s).
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SDSS spectra at two epochs -
original from the pipeline (DR6)

~

)

40

rgs/s/&/cm”
2

LA
-]

é[om]

20% change? |, &

But this is a
star-forming
galaxy ®

g © h P ' i ' 5
M f
f f "['F|]'||\”']|T'TFF1'||"l]"F”]""""1"11'“!’|””"1'|I' |'w|['|"| INULNRT, '|-'p|l'1ll'

Ped
-

i n-
(10

o

[

11 M | 1 : 1
4000 5000 6000 7000 8000

flux density

hs

_af
|
-6 .I|

difference between t

4000 2000 000 7000 8000
restframe wavelength (A)



Refining SDSS Spectrophotometry

» Flux-density (ergs/s/cmz2/A) correction is

done in two steps

> 1. wavelength-dependent correction (Wilhite et al.
2001), on plate(t1)-to-plate(t2) basis.

- 2. wavelength-independent correction, on pair-to-

pair basis.

flux density(time 2)

At a fixed observed frame
wavelength

flux density(time 1)



Wavelength-dependent flux
correction per 2 epochs

» For each spectral pair, spectrum at the low-
SN epoch is corrected.

» Example: SDSS Spectroscopic Plate 390.
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Refining SDSS Spectrophotometry

» On average a factor of 2 improvement upon
the original spectrophotometric calibration.
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Refining SDSS Spectrophotometry

Before (20% flux—-density change) After (no change)
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Plate-to-plate variation

» The average variability measurement exhibits
plate-to-plate variation (DR6).
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Variability properties of AGNs:
continuum

» There is a marked difference between the
variability properties of broad-line and
narrow-line AGNs.
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Variability properties of narrow-
line AGNs: emission lines

» Line ratios do not show variability: epoch 1 (empty)
vs. epoch 2 (solid).

» Low density gas (electron density ~ 1000 /cm3)
results in long recombination time (100 years)
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If both types of AGNs harbor
supermassive blackhole...

» Why are their continuum variability properties different?

» AGN unified model (Antonucci 93 ; Urry & Padovani 95) offers
an answer

> If the unified model is true, the optical continuum of narrow-line AGNs
should be dominated by stars, and therefore should not vary
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Testing AGN unified model with
Pan-STARRS

» To extend to longer time baseline (> 700
days)

» To reduce random uncertainty in variability
measurements (o ~1/+/N)

» Cross calibration studies B i
- SDSS spectra vs. PS photometry g, 3%

» Collaborations
- KP 10 (Chambers and Walter)
- Standard Projects

concerning AGN variability
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Next Steps

» DR7 spectroscopic non-variable and variable
source catalogs (Laszlo Dobos)

» SDSS Stripe 82 variability analyses (Gyongyi
Kerekes)
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Summary

» We found the emission lines of narrow-line
(Type 2) AGNs to be non-variable

- Consistent with narrow-line region being low
density (electron density ~ 1000 /cm3) and
therefore a long (~100 years) recombination time

» We found the continuum of narrow-line AGNs
to be non-variable
- Upper flux limit of variability is ~30%
> Consistent with AGN unified model

» On spectral classification in the optical

> Variability measurement alone cannot distinguish
narrow-line AGNs from inactive galaxies



