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[TFbh: AGN and TDE SWG

What are we doing?¢

We are conducting a systematic study of extragalactic nuclear transients.

What are we interested in¢

Nuclear Transients (< 0.5 arcsec from host galaxy center):

» variable active galactic nuclei
» changing-look quasars (CLAGN)
» tidal disruption events (TDEs)

» supermassive black holes (binary, recoiling, intermediate-mass)

th’r fools do we use?

Pl: Mansi Kaslilwal



Tidal Disruption of a Star
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What happens when a star ventures
too close to a black holee
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Evans & Kochanek 1989

It gets ripped apart!



Tidal Disruption of a Star

The star is ripped apart when tidal forces
overcome the self gravity of the star:

GMR, _ Gm,

S .
rd R3
Tidal Force Self-Gravity

rr ~ R*(AJBH/’IR*)I/B

Tidal Disruption Radius



How close do you have to gete

al My, = 10°M, 107 M, 105 M,
: ‘ ‘
R OLRE 5 Re R«
My, =10°M,

s = 26'\/||3|.|/C2

Event Horizon

It depends on the type of star
and the mass of the black holel



Tidal Disruption of a Star

max escape
-1
mean binding _ 52P99d~10 kms
energy~10\c

max binding
energy~10"c?

i Rees 1988
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Probing Black Hole Mass T,
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Probing SM

Probe BH mass range where
even local scaling relations
are poorly constrained.
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MU Ti-A Searches B
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log Ly [erg s']

We've Come a Long Way...

X-ray Searches...

Ultraviolet/Optical Searches...
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Some Basic Predictions Have Held True...

The most obvious consequence of a 10°-10" M. black hole
would be transient flares whenever bound debris from a star
was swallowed. The rate is given by equation (2) with r,.., = ry,

the luminosities being as high as Ly =10* M, ergs™'.

Rees 1988




logyo Luminosity (erg s 1)

Some Basic Predictions Have Held True...

The most obvious consequence of a 10°-10 M. black hole
would be transient flares whenever bound debris from a star

Rees 1988 \as swallowed. The rate is given by equation (2) with r,,,, = ry,
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Surprises Along the Way




log1o Luminosity (erg s 1)
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fhat are in tension with
theoretical predictions...

~ +5/3
L™t 1047
L~ TR Bolometri
" olomeLric
Ly ~ T~ 512 F . 0.2 keV
109 — — _ FuUv
E AN s ames Optical
104 ; 2 ‘\"'\\
o B RN £5/3
g 104 = .
\ ~
ap
é')‘ 10% 3
~— -
3 i ™ ~ 105
N 104 3 - —_— T — — \\\ T(RT) 10° K
- T . R
in Disk Model: t>/12 decline
3 . .
: 5/12 expected in UV and optical
109 |
1039- il AL 1 1 111 AL L 11l 1 A1 1 1 L 11
4
" o $000 30 Lodato+ 2011



UV/Optical Light Curve Follows
Fallback Rate
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Why Is this a Surprise@

The Great Circularization Debate of 2015:
Hayasaki, Stone & Loeb 2015

Guillochon & Ramirez-Ruiz 2015
Shiokawa+ 2015

Piran+ 2015

Bonnerot+ 2016
Bonnerot+ 2016
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Why Is this a Surprise@

Theory vs. Observations
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Difference

f, (1077 ergcm™s A™)

Helium-Only Spec’rra

| Can put
| strong
| constraints

on Ha.
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Enhanced He 1o Hx Ratios
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How to Get Large Radii

Reprocessing Envelope ]
Loeb & Ulmer (1997) Circularization of Debris

Guillochon+ (2014) Piran+ (2015)
Roth+ (2016) Jiang,Guillochon, & Loeb (2016)

! Svirski, Piran, & Krolik (2017)

Bonnerot, Rossi, & Lodato (2017)
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How To Get High He-to-Ha Ratios

Reprocessing Envelope
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New Insights from

I-Illlllllllllllllllllllll

0 20 40 80 80 100
JD—-357248

log(f, ) + constant

TDE ASASSN-150I

He Il
I

1.0

0.5

O

—0.5

-1.0}

hm

\r""“ﬂwﬂ“‘w m

&‘V'i ,,/’\ A

-19 days
PTF09ge

| ’. vf’\ J/\mm J ‘ +7 days

1day ASASSN-1501

SN 2004gq
'\./f\v\

'
I \.‘ +0 days
3 SN 2002ap

L Y

4000 I 5000 6000 7000
Rest Wavelength (A)

Holoien+ 2016

8000 9000




Flux (erg/s/cm?)

New Clues from Delayed X-ray
Emission in ASASSN-150i

XMM and Swift measure x10

ASASSN-150i brightening of soft X-rays, with little
1010 e e e e ~— change in spectral shape (kTgz ~ 45 eV )
’:B\V@lR 1 Viewingangle? X
oML aXRT | Variable obscuration? X
: OXMM 1 Circularization delay?

10_14 ......... | I | P | PP | ......... I |....-
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Gezari, Cenko & Arcavi (2017)



Spectral Evolution Probed by XMM

No evolution in soft blackbody temperature
during factor of 10 increase in X-ray flux!

Blackbody radii consistent with inner radii of accretion disk around

10 M.... black hole Gezari, Cenko & Arcavi 2017
sun ¢

Lgg = 9x10%1 erg/s > Lgg = 1x10%3 erg/s
RBB = 3M6_1 rg . - RBB = 15M6_1. rg

|

Soft blackbody (kT = 45 eV) component Power-law (Gamma=2.5)
increases by a factor of 12. component remains constant.




Delayed X-ray Emission due to Circularization Delaye

Prompt UV /Optical Emission from Stream-Stream Collisions<e

Krolik+ 2

Optical/UV
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Observations consistent with Piran+ 2015 Model:
» Prompt UV/Optical component from circularization
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» Delayed soft X-ray emission from accretion in
nascent disk!

Bonnerot+ 2016



Strong Evolution in Lo,i/Ly
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Accretion Timescales

1'he characteristic timescale for a 'I'DE 1s set by the
orbital period of the most tightly bound debris, known
as the fallback time (tg,), which for a solar-type star is:

[ o, =a1d M}/ |

The circularization timescale (f.ir) driven by relativistic
apisidal precession of the debris streams depends on the
black hole mass as

| toe = 83ta, M;2P572 |
where 3 = Rt /R, Bonnerot et al. (2016). Meanwhile,

the viscous inflow time scale for a standard a-disk model

(Shakura & Sunyaev 1973) is
[ teise = o~ (/1) Pous ~ 0.1tm(a/0.1) " (h/r) 2 |

where a 1s the standard viscous parameter, h is the scale-
height of the disk, and FP,,, is the orbital period of the
outer edee of the disk.

1 yr rise time of X-ray to peak is tantalizingly close to the circularization
timescale of a 10 M, TDE!



Where do we go from here...



Where do we go from here...

More events...



The Golden Age of
Wide-Field Opftical Surveys




he Zwicky

ransient Facility
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Started in March 2018

UMd is a member of the ZTF collaboration, along with:

Gpac)



ZTF will survey an order of magnitude faster than PTF.

PTE ZTE | 3800 deg?/hour

. .
Active Area |7.26 deg?| 47 deg? 3r survey in 8 hours,

Readout
Time

a886c | 1086c > 250 observations/field/year

Exposure
. C
Time Slsec | S0Sec New ZTF camera:

Relative Areal 16 6k x 6k e2v CCDs
1x 14.7x ._
Survey Rate :
Relative
Volumetric 1x 12.3x
Survey Rate

Existing PTF camera

MOSAIC 12k -

We discovered two TDEs in 4 months with iPTF...expect 1-2 TDEs per month with ZTF!



Discﬂverﬂ Channel(Telescope !
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rate of color change (1/day)
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/TF Nuclear Transient Alert Stream
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Nuclear Transients with m<19.5
After removing known AGN

at least 3 r-band detections

at least 3 g-band detections
r-band and g-band detections
TDE candidate: slow rise time
TDE candidate: blue
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GQT Nicknames

- ZTF18abxftgm o

OVERVIEW

PHOTOMETRY SPECTROSCOPY

-

4000 5000 6000 7000 8000 9000 10000

2z =0.088 | Upload New Spectroscopy
DM (approximate) = 38.00

g =20.4 (12.2 d) | Upload New Photometry

First saved in public data.

ADDITIONAL INFO

['sIMBAD [ vizieR | [ HEASARC |[ SkyView ][ MPChecker |[ Extinction
[ et | IPAC [ bss ]

[ Subaru

| iPTF Marshal H LegacySurvey || Avro Packets ‘

OBSERVABILITY

01:07:33.61 +23:28:34.4

16.890057 +23.476219

EXAMINE

View another

FINDING CHART

AUTO ANNOTATIONS

2019 Aug 05 AMPELBOT [saved_by_id]: AmpelTNS
2019 Jan 25 sjoert [Reference]: 2018-06-11 10:48:15 to
2018-09-12 09:08:02

2018 Nov 15 sjoert [saved_by_id]: ZTFBH Nuclear
2018 Nov 06 jnordin [saved_by_id]: AMPEL Test
2018 Nov 04 ysharma [Saved_date]: 2018-11-03 RCF
2018 Nov 03 fremling [passed._filter]: Redshift
Completeness Factor

2018 Oct 22 fremling [IAU name]: AT2018hco

2018 Sep 28 suvi [passed_filter]: Nuclear Transients
2018 Sep 27 jesper [SDSS_photz_auto]: 0.109 +-
0.0376 (0.276", [reference])

2018 Sep 27 jesper [passed_filter]: ZTF Science
Validation

Auto Annotation Submission Form

COMMENTS

2019 Sep 11 ekhammer [comment]: telluric corrections
applied

2019 Sep 11 ekhammer [comment]: issues with blue
end flux calibration

2019 Jan 09 suvi [info]: host galaxy not detected in
GALEX AIS in NUV

2019 Jan 03 rsw [comment]: pysedm_report [view
attachment]

2018 Dec 05 jesper [info]: ATEL #12263 Title:
Classification of AT2018hco/ZTF18abxftqm as a tidal
disruption flare

2018 Dec 03 suvi [redshift]: 0.088

2018 Dec 01 suvi [classification]: TDE

2018 Nov 27 suvi [info]: Sansa Stark (ZTFbh SWG
Name,

2018 Nov 27 rsw [comment]: pysedm_report [view
attachment]

2018 Nov 15 suvi [info]: triggered Swift

2018 Nov 15 suvi [info]: revised redshift based on Ca
H,Kin APO spectrum

2018 Nov 10 kde [classification]: TDE?

2018 Nov 10 kde [redshift]: 0.09

2018 Nov 04 migraham [comment]: APO+DIS spectrum
18-11-03: dewar contamination lead to poor quality
spectra, flux calibration not trustworthy
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/TF+Swift Light Curves
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Slow Rise and Fade Times

late-time (post-peak) and color-independent selection
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Blue with No Color Evolution

late-time (post-peak) selection
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Normalized Flux
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Spectral Types
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vL, g-band (erg s 1)

Pre-Peak Light Curves

Before ZTF After ZTF
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van Velzen, Gezari, et al. 2018 van Velzen, Gezari, et al. in prep.
AT2018zr was one of only 5 TDEs In the first 1.5yr of ZTF survey

discovered before peak! operations, we have detected 14 more!



UV-Bright BB Temperature
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van Velzen, Gezari+ in prep.



Red Galaxy Hosfts
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New Landscape of
Opftical+X-ray TDEs
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van Velzen, Gezari, et al. 2018

AT2018zr was one of only 5 TDEs with
an optical and X-ray detection!
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van Velzen, Gezari, et al. in prep.

In the first 1.5yr of ZTF survey
operations, we now have detected 3
more TDEs in the soft X-rays, and with
dramatic variability!



What is driving changes in Lopt/Lx?
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Conclusions
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ZTF is on track to be the first survey
to produce a statistically significant,
systematically selected TDE sample

iiiiii

iN
©

QQQQQQ

Absolute r-band mag
’é I 1

N
~

Will enable population studies of * renttame das s pec
TDEs and their host galaxies and B
central black holes

Swift and XMM-Newton follow-up
have been critical for probing the UV . i
and X-ray components
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the accretion disk R
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In Principle, Soon We WillHave |
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LSST’s Bread & Butter
Transients & Variables

(known knowns)

<2 million variable quasars

(Sesar+ 2007)

<>10 million supernovae |
(LSST Science Book)

<>50 million variable stars Q
(Sesar+ 2007) s




A Smart & Colorful Rolling Cadence Proposal
for LSST Wide-Fast Deep Survey

LSST has the capability to discover 200 TDEs yr! per 1000
deg?...but changes to the baseline LSST Wide-Fast Deep
Survey cadence are required for early detection,
photometric classification, and light-curve characterization.

kraken 2026, field 338 Proposed cadence
1,=61570.0

AB magnitude

100 =50
Phase (days) Phase (days)
Gezari+ 2018, LSST Cadence White Paper



