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I) ZTF 🔭
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It has been an exciting 
few years for the study 
of nuclear transients!
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First ZTF TDE
van Velzen+ 2019
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29 more
van Velzen+ 2019

van Velzen+ 2021
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29 more
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van Velzen+ 2021

1/20

X-ray
UV
Gamma-ray
Optical

Year
1995 2000 2005 2010 2015 2020
0

60

10

20

30

40

50

C
um

ul
at

iv
e 

N
um

be
r

https://iopscience.iop.org/article/10.3847/1538-4357/aca283
https://iopscience.iop.org/article/10.3847/1538-4357/aafe0c
https://iopscience.iop.org/article/10.3847/1538-4357/abc258


MMS Meeting | Nuclear Transients in ZTF + GW follow up | Simeon Reusch | 5 June 2023

A jetted TDE

Hammerstein+ 2021

van Velzen+ 2019

van Velzen+ 2021

Andreoni+ 2022
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An extremely energetic TDE

Hammerstein+ 2021

van Velzen+ 2019

van Velzen+ 2021

Andreoni+ 2022

Subrayan+ 2023
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Possible EM counterparts to BH-BH mergers

Hammerstein+ 2021

van Velzen+ 2019

van Velzen+ 2021

Andreoni+ 2022

Subrayan+ 2023

Graham+ 2023
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Three neutrino-associated TDE candidates

Hammerstein+ 2021

van Velzen+ 2019

van Velzen+ 2021

Andreoni+ 2022

Subrayan+ 2023

Graham+ 2023

Stein+ 2021
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Three neutrino-associated TDE candidates

Hammerstein+ 2021

van Velzen+ 2019

van Velzen+ 2021

Andreoni+ 2022

Subrayan+ 2023

Graham+ 2023

Stein+ 2021

Reusch+ 2022
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Three neutrino-associated 
TDE candidates

Image credit: DESY
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Three neutrino-associated 
TDE candidates 
All had a very luminous 
dust echo

Image credit: DESY
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Three neutrino-associated 
TDE candidates 
All had a very luminous 
dust echo

Image credit: DESY

 correlation of 63 accretion flares 
with strong dust echo with high-energy 
alerts

3.6σ

2/20



MMS Meeting | Nuclear Transients in ZTF + GW follow up | Simeon Reusch | 5 June 2023

Three neutrino-associated 
TDE candidates 
All had a very luminous 
dust echo

Image credit: DESY

 correlation of 63 accretion flares 
with strong dust echo with high-energy 
alerts

3.6σ
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Lots of interesting transients, 
but rather unstructured
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What if we had a systematic 
sample of optical and IR 

lightcurves of the ZTF nuclear 
transients? 🤔

Lots of interesting transients, 
but rather unstructured
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II) A nuclear 
sample 💥
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Full Sample of all nuclear transients
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Full Sample of all nuclear transients
[2018.5, 2021] → 3.5 years worth of data


(400 million alerts)
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Full Sample of all nuclear transients
[2018.5, 2021] → 3.5 years worth of data


(400 million alerts)


Filtered by host distance, PS1 star-
galaxy score, max. brightness and 
number of detections


11687 transients in final selection
AMPEL nuclear 
filter
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Full Sample of all nuclear transients
[2018.5, 2021] → 3.5 years worth of data


(400 million alerts)


Filtered by host distance, PS1 star-
galaxy score, max. brightness and 
number of detections


11687 transients in final selection


Obtained forced photometry with fpbot, 
applied baseline correction

AMPEL nuclear 
filter

fpbot
3/20
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Crossmatch with WISE IR
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Crossmatch with WISE IR

Vast majority  
has a WISE  
counterpart


Image credit: NASA

4/20



MMS Meeting | Nuclear Transients in ZTF + GW follow up | Simeon Reusch | 5 June 2023

Crossmatch with WISE IR

Vast majority  
has a WISE  
counterpart


Analyzed with a  
Bayesian block framework to 
find flares

Image credit: NASA

W1
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Crossmatch with WISE IR

Vast majority  
has a WISE  
counterpart


Analyzed with a  
Bayesian block framework to 
find flares


15% have a prominent IR flare


2% flare after the optical peak

Image credit: NASA

W1

W2
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Trained BDT classifier with noisified 
lightcurves from the Bright Transient Survey
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Trained BDT classifier with noisified 
lightcurves from the Bright Transient Survey

7284 ZTF transients
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Unclass.
34.4%TDE

0.3%

SN Ia
45.4%

AGN/star
4.7%

SN (no Ia)
15.1%

Other
0.1%

BTS Classifications

Trained BDT classifier with noisified 
lightcurves from the Bright Transient Survey

7284 ZTF transients

5315 of them classified 
(brighter than 18.5 mag)
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Unclass.
34.4%TDE

0.3%

SN Ia
45.4%

AGN/star
4.7%

SN (no Ia)
15.1%

Other
0.1%

BTS Classifications

Problem: Brighter than 
nuclear selection, high 
class imbalance

Trained BDT classifier with noisified 
lightcurves from the Bright Transient Survey

7284 ZTF transients

5315 of them classified 
(brighter than 18.5 mag)
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Trained BDT classifier with noisified 
lightcurves from the Bright Transient Survey
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Trained BDT classifier with noisified 
lightcurves from the Bright Transient Survey
Noisification: Physically 
motivated remedy

6/20



MMS Meeting | Nuclear Transients in ZTF + GW follow up | Simeon Reusch | 5 June 2023

Trained BDT classifier with noisified 
lightcurves from the Bright Transient Survey

→ redshift  
→ noisify 
→ K-correct

Noisification: Physically 
motivated remedy
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Trained BDT classifier with noisified 
lightcurves from the Bright Transient Survey

Feature extraction, 
currently only based 
on optical data

→ redshift  
→ noisify 
→ K-correct

Noisification: Physically 
motivated remedy

See Alice's 
talk!

6/20



MMS Meeting | Nuclear Transients in ZTF + GW follow up | Simeon Reusch | 5 June 2023

AGN SN ( 6=Ia) SN Ia Star TDE
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Not including noisified 
lightcurves in the test 
sample

Evaluation with test sample preliminary
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Identified some strong TDE candidates 
previously missed
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Identified some strong TDE candidates 
previously missed

Live searches miss events 

Combining data is potentially 
helpful
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Classification results

16 17 18 19 20 21
Peak mag (AB)

100

101

102

103

C
ou
nt

Community Classification
Unclass. (2371)
SN Ia (511)
SN (!= Ia) (196)
Star (37)
AGN (195)
TDE (58)

16 17 18 19 20 21
Peak mag (AB)

ML Classification
SN Ia (1900)
SN (!=Ia) (693)
Star (217)
AGN (356)
TDE (202)

preliminary
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III) What does this 
tell us about GW 

follow up?
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What can we learn from such a sample?
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We know about SNe, stochastic AGN variability, AGN 
flares, CVs and TDEs. But what else?
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What can we learn from such a sample?

Photometric identification is still a challenge!

There might be types of events in the sample we 
missed so far 

We know about SNe, stochastic AGN variability, AGN 
flares, CVs and TDEs. But what else?

Exclusively looking for KN signatures poses the danger 
of missing something

BBH counterparts (slowly evolving!)
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Example: What about micro-TDEs?

Y. Yang+ 2022
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Example: What about micro-TDEs?
stellar mass BH tidally disrupting a star

Y. Yang+ 2022

+ WD

+NS

BH

+BH NS

SMBH
BH
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Example: What about micro-TDEs?
stellar mass BH tidally disrupting a star

Y. Yang+ 2022

Maybe enhanced rate close to the 
SMBH due to pre-existing accretion disk

+ WD

+NS

BH

+BH NS

SMBH
BH
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Example: What about micro-TDEs?
stellar mass BH tidally disrupting a star

Literature candidate 𝜇TDE 
ZTF19aailpwl (part of the sample)

Y. Yang+ 2022

Maybe enhanced rate close to the 
SMBH due to pre-existing accretion disk

EM signature: Similar to TDEs, 
but SMBH mass above Hills  
mass for bright 𝜇TDEs


Faint 𝜇TDEs: unusual flaring in 
the AGN light curve

+ WD

+NS

BH

+BH NS

SMBH
BH
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Event type possibly observable as EM 
transients

+ WD

+NS

BH

+BH NS

SMBH
BH
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Event type possibly observable as EM 
transients

Other 𝜇TDE channels

+ WD

+NS

BH

+BH NS

SMBH
BH

+ WD

+NS

BH

+BH NS

SMBH
BH

NS

+ WD

+NS

+BH NS

SMBH
BH

NS

NSBH

BH

+ WD

+NS

+BH NS

SMBH
BH

NS

NSBH

BH

WD

BH
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Event type possibly observable as EM 
transients

Other 𝜇TDE channels

+ WD
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BHWD Accretion induced 
collapse
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𝜇TDE channels

+ WD

+NS

BH

+BH NS

SMBH
BH

+ WD

+NS

BH

+BH NS

SMBH
BH

NS

+ WD

+NS

+BH NS

SMBH
BH

NS

NSBH

BH

+ WD

+NS

+BH NS

SMBH
BH

NS

NSBH

BH

WD
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+ WD

+NS

+BH NS

SMBH
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NS

NSBH

BH

WD

BH

NS BH

+ WD

+NS

+BH NS

SMBH

BH

NS

NSBH

BH

WD

BH

NS BH

BHWD Accretion induced 
collapse

There should be some of these 
contained in the nuclear sample 

GW signals unlikely to be 
accessible to LVK 

But one can potentially learn  
about BH evolution and binary 

formation in AGN disks

Event type possibly observable as EM 
transients
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Nuclear sample: Created with AMPEL
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User-
specified 
pipeline

👩💻

Nuclear sample: Created with AMPEL
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User-
specified 
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👩💻 Science

Nuclear sample: Created with AMPEL
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User-
specified 
pipeline

👩💻 Science

There is so much more data to be combined
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IV) Current ZTF 
O4 status
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O4 Status
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O4 Status We are here!
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O4 Status
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O4 Status
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Expected range: 140 – 170 Mpc 
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Expected event rates: 10 (+52/-10) BNS detections
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O4 Status
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Expected range: 140 – 170 Mpc 

40% higher distance than O4, 2.6 the volume

Expected event rates: 10 (+52/-10) BNS detections

FAR rate:

low significance: FAR > 1/month (CBC) or > 1/year 
(burst)

significant: FAR < 1/month (CBC) or < 1/year (burst)
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O4 Status

14/20

Expected range: 140 – 170 Mpc 

40% higher distance than O4, 2.6 the volume

Expected event rates: 10 (+52/-10) BNS detections

FAR rate:

low significance: FAR > 1/month (CBC) or > 1/year 
(burst)

significant: FAR < 1/month (CBC) or < 1/year (burst)


Localization: Comparable to O3
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Recap: O3 with ZTF

15/20

Or: How to go 
from 2.1 Million 
to zero 😭
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O4 Trigger Strategy

16/20
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Redundant machinery for ZTF scanning

fritz.science 
(Fritz database)

nuztf + AMPEL 
(AMPEL DB)

emgwcave 
(Kowalski DB)
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Example: nuztf + AMPEL
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Example: nuztf + AMPEL
Scan S190930t comprising 24,000 
sq. deg.  (3 day window) 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Example: nuztf + AMPEL
Scan S190930t comprising 24,000 
sq. deg.  (3 day window) 
 
Retrieve 180,000 alerts in 7 min 
Filter them in 5 min
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Example: nuztf + AMPEL
Scan S190930t comprising 24,000 
sq. deg.  (3 day window) 
 
Retrieve 180,000 alerts in 7 min 
Filter them in 5 min


Photometry SQL database (although 
it is HEALPix indexed in several 
resolutions) - can output ~500 alerts/
second
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Example: nuztf + AMPEL
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Example: nuztf + AMPEL
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Crossmatch
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Example: nuztf + AMPEL

19/20

Metrics
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Example: nuztf + AMPEL

19/20

 
Find KN by excluding non-KNe 
(bogus, asteroid, star, outside 

contour, AGN flare) 
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Redundant machinery for scanning

Weekly shifts

Always 5 people (US, Europe, India)

Already had a few GW alerts

Stay tuned! 🤓
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Created a flux-limited, unbiased sample of nuclear events 

Classification effort ongoing 
Explore the wealth of transients contained in the sample 

🚦AMPEL enables all this 
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Bonus
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To ponder
Wealth of data should increase the likelihood of 
serendipitous discovery


➡ But only if we have the right tools for it!

Rapid follow up is great! But maybe there is something 
to be gained from archival studies

How about automatic coincidence searches for all O4 
alerts?

🕵Background studies using the normal survey ("blind")

12/13
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IR transients: Filtered by IR 
Blazar candidates

Tywin-likeTDE candidate

slow rise, simultaneous IR rise
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Feature extraction: TDE Fit
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Fit parameters: 

risetime 
decaytime 
BB temp 

BB d_temp 
t_evo time

Feature extraction: TDE Fit
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Fit parameters: 

risetime 
decaytime 
BB temp 

BB d_temp 
t_evo time 

Fitted twice 
(stability) 

Problem: T 
runaway (no UV)

Feature extraction: TDE Fit



MMS Meeting | Nuclear Transients in ZTF + GW follow up | Simeon Reusch | 5 June 2023

Feature extraction: SALT Fit (SN Ia)
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Feature extraction: SALT Fit (SN Ia)
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all bands

g-band

r-band

Feature extraction
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Features used (20 in total)
peak apparent mag


sgscore


WISE colors (with scatter for noisified child lightcurves)


SALT fit results ( , , )


TDE fit results (rise, decay, temp, d_temp)


distnr (core distance, scaled for noisified child lightcurves)


Bayesian block analysis: overlapping regions


no z (only indirectly for some of the SALT fits)

c x0 x1
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Noisification
K-correct (bandpasses see different flux depending on object 
redshift)


Redshift


Random dropout


Wiggle time a bit


Generate child lightcurves:


SN Ia: 12683  TDE: 10231  SN  Ia: 10852 AGN: 8220 star: 505≠
Children per object

SN Ia: 4          TDE: 155     SN  Ia: 10        AGN: 94     star: 0≠
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Train XGBoost

train-validation fraction = 0.7

test fraction = 0.3

hyper parameter search (9 parameters) with 50 
iterations
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XGBoost feature importance
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Evaluation with test sample

AGN SN ( 6=Ia) SN Ia Star TDE

Predicted Type

AGN

SN ( 6=Ia)

SN Ia

Star

TDE

T
ru

e
T

yp
e

0.93 0.06 0.00 0.00 0.00

0.01 0.85 0.14 0.00 0.00

0.00 0.04 0.96 0.00 0.00

0.00 0.08 0.05 0.87 0.00

0.00 0.11 0.07 0.00 0.82
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Including noisified 
lightcurves in the test 
sample
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AGN SN ( 6=Ia) SN Ia Star TDE

Predicted Type
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SN Ia
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TDE
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e
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AGN SN ( 6=Ia) SN Ia Star TDE

Predicted Type

AGN

SN ( 6=Ia)

SN Ia
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T
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e
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No we apply the classifier 
to the nuclear sample



MMS Meeting | Nuclear Transients in ZTF + GW follow up | Simeon Reusch | 5 June 2023

after all  
cuts
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no Milliquas match  
(not AGN)

has Milliquas match 
(AGN)
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Human  
classifications

Machine 
classifications
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Human  
classifications

Machine 
classifications
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Compare to unsecure 
classifications pulled from 

the internet
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Evaluation with unsecure truth

AGN SN Ia SN ( 6=Ia) Star TDE
Predicted Type

AGN

SN Ia

SN ( 6=Ia)
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TDE
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16.0-16.5 
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Evaluation with unsecure truth
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Evaluation with unsecure truth
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Evaluation with unsecure truth

AGN SN Ia SN ( 6=Ia) Star TDE
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Evaluation with unsecure truth

AGN SN Ia SN ( 6=Ia) Star TDE
Predicted Type

AGN

SN Ia

SN ( 6=Ia)

Star

TDE

Tr
ue

Ty
pe

21 3 0 1 0

2 148 5 0 1

0 8 24 0 2

0 0 1 5 0

0 0 0 0 7

Marshal/Fritz/TNS vs. XGBoost
Magnitudes: 18.0 - 18.5

0

20

40

60

80

100

120

140

O
bj

ec
ts

Mag: 
18.0-18.5 



MMS Meeting | Nuclear Transients in ZTF + GW follow up | Simeon Reusch | 5 June 2023

Evaluation with unsecure truth
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Evaluation with unsecure truth

AGN SN Ia SN ( 6=Ia) Star TDE
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Evaluation with unsecure truth

AGN SN Ia SN ( 6=Ia) Star TDE
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Evaluation with unsecure truth
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Evaluation with unsecure truth

AGN SN Ia SN ( 6=Ia) Star TDE
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Questions

How to address uncertain classifications?

Way to discard "bad" predictions?

Waterfall plots?

Suggestions to improve on the training? E.g: 
normalization of features (numerical values)?

Anomaly detection?
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No cut
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WISE colors
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Diagonal cut
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Temperature cut
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Rise-decay cut
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Chisquare cut
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Bayesian block cut
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Redshift distribution (including photoz, n=4883)
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sgscore distribution

Tachibana & Miller, 
2018 (PASP)

all objects Gaia stars

<0.25% of these have 
sgscore < 0.5
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rb distribution

Duev et al., 2019 
(MNRAS)

realbogus
0.7% FNR

4 % FPR


