Extreme AGN Variability
with Palomar/DBSP

Daniel Stern
JPL/Caltech

September 2019
JPL Astrophysics Colloquium



0.00500

000475

0.00450 +

0.00425

F (Jy)

0.,00400

0.00375 4

0.00350 4

0.00325 A

T
2500

T T T
3000 3500 4000

0

T
500

Ll
1000

T
1500

T
2000

lreu (d)

Graham, Djorgovski, Stern et al. 2015a, Nature, 518, 74
Graham, Djorgovski, Stern et al. 2015b, MNRAS, 453, 1562



Extreme AGN Variability
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Extreme AGN Variability
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Changing-Look Quasars

Physical models for abrupt quasar fading

|. obscuration
* obscuration by a cloud in a Keplerian orbit

* obscuration by an infalling cloud
2. changes to the inner accretion disk
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Changing-Look LINERSs

SCI-TECH

New type of black hole activity
discovered in dramatic galaxy
transformation

Astronomers are surprised by the speed of this wimpy
galaxy glow-up.

Y JACKSON RYAN & | SEPTEMBER 18, 2019 7:04 PM PDT

Frederick et al. (incl. DS) 2019,Ap), 883, |



* Reports 6 narrow-lined, weak LINERs identified as nuclear transients by
the Zwicky Transient Factory (ZTF) that brightened dramatically, turning into

luminous, broad-lined AGN
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Changing-Look LINERSs

* Reports 6 narrow-lined, weak LINERs identified as nuclear transients by
the Zwicky Transient Factory (ZTF) that brightened dramatically, turning into
luminous, broad-lined AGN
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Changing-Look LINERSs

* Reports 6 narrow-lined, weak LINERs identified as nuclear transients by
the Zwicky Transient Factory (ZTF) that brightened dramatically, turning into

luminous, broad-lined AGN
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Changing-Look LINERSs

* Reports 6 narrow-lined, weak LINERs identified as nuclear transients by
the Zwicky Transient Factory (ZTF) that brightened dramatically, turning into

luminous, broad-lined AGN
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NuSTAR Extragalactic Surveys:
Resolving the Cosmic X-Ray Background

cosmic X-ray
background
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Ueda et al. 2003, ApJ, 598, 886



NuSTAR Extragalactic Surveys:
Resolving the Cosmic X-Ray Background

* 3-tiered survey:
e CANDELS - deep
e COSMOS - medium
* serendipitous survey of ~all
NuSTAR fields - “shallow”

»

serendip
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NuSTAR Extragalactic Surveys:
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Measuring Black Hole Growth Over Cosmic Time
* median redshift of Swift/BAT hard X-ray sources: z=0.03
* median redshift of NuSTAR hard X-ray sources: z=0.63
* Palomar plays a key role in getting the redshifts (and ancillary information, when
possible from the spectra — e.g., black hole mass, line diagnostics, optical obscuration)



NuSTAR Extragalactic Surveys:
Resolving the Cosmic X-Ray Background
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BASS: BAT AGN Spectroscopic Survey



BAT AGN Spectroscopic Survey - I: Spectral measurements, derivied quantities, and AGN demographics

BAT AGN Spectroscopic Survey - II: X-ray emission and high-ionization optical emission lines

BAT AGN Spectroscopic Survey - lll. An observed link between AGN Eddington ratio and narrow-emission-line ratios

BAT AGN Spectroscopic Survey - IV: Near-Infrared Coronal Lines, Hidden Broad Lines, and Correlation with Hard X-ray Emission
BAT AGN Spectroscopic Survey - V: X-ray Properties of the Swift/BAT 70-month AGN Catalog

BAT AGN Spectroscopic Survey - VI. The 'x-L/LEdd relation

BAT AGN Spectroscopic Survey - VII. The close environments of accreting massive black holes are shaped by radiative feedback
BAT AGN Spectroscopic Survey - VIII. Type 1 AGN with massive absorbing columns

BAT AGN Spectroscopic Survey - IX. The clustering environments of an unbiased sample of local AGN

BAT AGN Spectroscopic Survey - X. The 105-month Swift-BAT all-sky hard X-ray survey

BAT AGN Spectroscopic Survey - XI. The Covering Factor of Dust and Gas in Swift/BAT Active Galactic Nuclei

BAT AGN Spectroscopic Survey - XIl. The relation between coronal properties of active galactic nuclei and the Eddington ratio
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Shimizu et al. (2018)
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Oh et al. (2018)
Ichikawa et al. (2018)
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* pushing the redshift limits with PanSTARRs + WISE -
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Strong lenses selected from GAIA + WISE

“Orion’s Crossbow’
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Strong lenses selected from GAIA + WISE




