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ZTFbh: AGN and TDE SWG          

➢ variable active galactic nuclei 
➢ changing-look quasars (CLAGN) 
➢ tidal disruption events (TDEs) 
➢ supermassive black holes (binary, recoiling, intermediate-mass)

What are we interested in?

What tools do we use?

What are we doing?
We are conducting a systematic study of extragalactic nuclear transients.

AMPEL

SEDM/P60

PI: Mansi Kaslilwal (DESY)



ZTFbh: AGN and TDE SWG          
Panchromatic follow-up programs:

SEDm (Partnership Access):  
➢ spectroscopic follow-up of blue (g-r < 0) nuclear (distnr < 0.5” of galaxy 

host) bright (r < 19 mag) transients 
➢ expect 2 SEDm triggers per week, expect 6 bonafide TDEs per year 

HST (PI: Brad Cenko) + DDTs 
70 orbits of STIS UV spectroscopy of 5 UV-bright TDEs 

XMM (PI: Suvi Gezari) 
2x18 ks of XMM X-ray imaging for 6 TDEs discovered pre-peak 

VLA (PI: Sjoert van Velzen), AMI (PI: Assaf Horesh) 
32 hours of VLA radio follow-up of 7 TDEs 

Gemini ToO (PI: Hung) 
5 triggers, spectroscopy 

Spitzer(PI: Lin Yan) 
24 hours of Spitzer MIR follow-up 



Part one: TDE search



Motivation

• Probe dormant massive black holes 
• Accretion/jet physics 
• Measure black hole mass (?) 

• Rare: One a few dozen know, handful per survey 
• ZTF can find large and systematic sample  
• Our motto: “no candidate left behind”



Look for nuclear flares

van Velzen, Gezari, et al. 2018



Look for nuclear flares
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First TDE in ZTF: AT2018zr

van Velzen, Gezari, et al. 2018

TDE caught early on the rise to peak by ZTF XMM Detected weak soft X-ray component

AT2018zr is one of only 5 TDEs 
discovered before peak!

AT2018zr is one of only 5 TDEs 
with an optical and X-ray 
detection!

Discovered by Pan-STARRS as PS18kh (Holoien et al. 2018)

6 van Velzen et al.

Figure 4. Light curves of the five optical TDEs that have a
resolved rise-to-peak. We show both the rest-frame g-band
luminosity (top) and the blackbody luminosity (bottom).
Note the difference of the vertical axis scale between the
two figures due to the bolometric correction from the optical
luminosity to the blackbody luminosity.

tor, and J0745+3142 as the secondary calibrator. The
same calibrators were used for both VLA observations.
For the VLA data analysis, we made use of the NRAO
pipeline products and flagged a few additional spectral
channels after manual inspection for radio frequency in-
terference. The calibrated visibilities were imaged using
the Common Astronomy Software Application (CASA;
McMullin et al. 2007) task clean, with natural weight-
ing.

The source was not detected in any of our radio ob-
servations. The rms was determined from a source-free
region adjacent to the target position. Our most sensi-
tive observation was the first VLA epoch, which yields a
3� upper limit to the 10 GHz radio luminosity (defined
as Lr = 4⇡d2⌫S⌫) of < 1⇥ 1037 erg s�1. Full details are
listed in Table 3.

3. COMPARISON TO KNOWN TDES, SNE, AND
AGN FLARES

Figure 5. Tidal disruption flares compared to other nuclear
flares and transients detected by ZTF. Top: Rise timescale
versus the fade timescale, both measured using the g/r band
observations, see Eq. 1

. Known TDEs have a longer rise and fade timescale
compared to most SNe. Bottom: the mean g-r color versus
its slope (Eq. 2) as measured during the first 100 days since
the peak of the light curve. Unlike known SNe, all known
TDEs have a near-constant color. Most AGN flares also

have a constant color, but their mean colors (as measured
in the difference image) show a much larger dispersion.

To date, only four3 published optical TDEs have a re-
solved rise-to-peak: PS1-10jh (Gezari et al. 2012), PS1-
11af (Chornock et al. 2014), PTF-09ge (Arcavi et al.
2014) and iPTF-16fnl (Blagorodnova et al. 2017). The
earliest ZTF detection of AT2018zr is 50 days before
the peak of the light curve. Measurements of the rise
time to peak are important because this parameter is
expected to scale with the mass of the black hole that
disrupted the star (Rees 1988; Lodato et al. 2009). In
Fig. 4 we show the light curves of the five TDEs with
pre-peak detections. We compare both the rest-frame
g-band luminosity and the blackbody luminosity. The
k-correction and bolometric correction were estimated
using the mean blackbody temperature of the post-

3
PTF-09djl and PTF-09axc (Arcavi et al. 2014) also have

pre-peak detections, but no post-peak detections; ASASSN-

18pg/AT2018dyb is reported (Brimacombe et al. 2018) to be de-

tected on the rise, but its light curve has not been published yet.



Beware of SNe Ia (Joffries)



Beware of AGN (Whitewalkers)



Filtering Out Pesky SNe

van Velzen, Gezari, et al. 2018



Filtering Out Pesky SNe
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Filtering Out Pesky SNe
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Filtering Out Pesky SNe

van Velzen, Gezari, et al. 2018



Generic light curve model
6 free parameters: 
• Time of peak 
• Flux at peak 
• Gaussian rise time  
• Exponential decay 
• Mean color 
• Color change (linear)











Late-time selection



Late-time selection
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Host galaxies
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Red Galaxy Hosts

Hung, Gezari+ 2018

ZTF TDEs



Our current workflow

1. Filter stream for nuclear transients using Ampel 
• Select on weighted mean offset, flux increase, quality cuts 

• Includes GaiaVeto, to improve star-galaxy filtering (sgscore) 

2. Autosave Marshal scan candidates (soon: auto-ingest) 

3. Pull photometry from Marshal compute light curve metrics 
(eg, rise time, color, offset, flux increase) 

4. Catalog cross matching (remove AGN) 

5. Compute ranking based on metrics, produce summary plots 

6. Manual allocations of follow-up resources based on ranking 
(discuss on Slack)



Part 2: Changing Look AGN

Challenge the classic 
“AGN” Unification Scheme



Soft X-ray 
flare delayed 
by 2 months

g/r/UV / IR

“Tyrion Lannister” and a New Class of 
Changing Look LINERs

“Extreme” 
coronal 
lines Frederick, 

Gezari et al. 
(in prep.)



A New Class of Changing-
Look LINERS

Frederick, Gezari et al. (in prep.)

6 new LINERS caught changing look into type 1 AGN by ZTF





Part 3: SMBH Binaries and Recoil



Search for offset AGN-like Transients in

Ward, Gezari+, in prep.van Velzen, Gezari+ 2018

OFFSET FROM GALAXY NUCLEUS                    known AGN or QSO-LIKE VARIABILITY   +





What could be improved?

• Marshal photometry database: duplicates 
and “Update ZTF data” button

Light curve after saving 
(Could be a TDE!)

After pressing update 
(More likely AGN)



More discussion

• TDEs are slow: we prefer old reference 
images 

• ZTF photometry of bright galaxy cores



ZTFbh: yield to date

Out of > 3000 nuclear transients, we find… 

Type # Everything Recent data

AGN 1552 46% 65%

None 1192 36% 21%

Stellar 192 6% 7%

SNe Ia 129 4% 2%

SN (all types) 170 5% 3%

Bogus 47 1.4% 0.3%

CLAGN 6 0.2% 0.3%

TDE 8 0.2% 0.3%



2019 will be very fruitful! 



   LET’S GET LUNCH


