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ZWICKY TRANSIENT FACILITY (ZTF) & 
THE LARGE SYNOPTIC SURVEY TELESCOPE (LSST)
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ZTF                 &                 LSST
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8m-class Telescope
2022 — 2032

Depth of 24 mag in 30s
South (Chile)

5+1 filters (g,r,i,z,y + u)
“Revisit every 3 days ≠ band“

1.5m-class Telescope
2018 — 2021(3)

Depth of 20 mag in 30s
North (California)

3 filters (g, r, i)
“Revisit at least every days“



ZTF | Fast (30s exp.) & Large (full visible sky) [Not Deep]

We have about 105 events/night ; 10% of LSST
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Video link

https://www.youtube.com/watch?v=aVhMVwwUwUE
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Some ZTF Science Cases
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Transients Astro. 
Flash Spectroscopy
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Some ZTF Science Cases
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ZTF

Multi-Messengers 
GW & Neutrinos

Transients Astro. 
Flash Spectroscopy



Mickael RIGAULT

Some ZTF Science Cases
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Supernova Cosmology 
Incl. Strongly lensed SNeIa

µ(z ; H
2
0hLSNi)

ZTF
~2000 SNeIa z<0.1

LSST
~200 000 SNeIa z>0.1

Transients Astro. 
Flash Spectroscopy

Multi-Messengers 
GW & Neutrinos

ZTFZTF
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ZTF Science Cases ~ LSST Science Cases
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Transients Astro. 
Flash Spectroscopy

?

Multi-Messengers 
GW & Neutrinos

ZTFZTF

Supernova Cosmology 
Incl. Strongly lensed SNeIa

Tidal Disruption Events   |   Stellar Astrophysics   |   Solar System Bodies | …

µ(z ; H
2
0hLSNi)

ZTF
~2000 SNeIa z<0.1

LSST
~200 000 SNeIa z>0.1
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The Camera
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KEY INFORMATION

47 square degree field 
(on 2 grids ; 1 main + extra)

16 E2V 6k x 6k CCDs  
(2 different coatings)

1 Pixel ~ 1 arcsec
(typical seeing ~2arcsec)

30s exposure + 15s slew

~20.5 mag (5σ) per exposure
(slightly better in R)

3 FILTERS | G, R, I

ZTF = 3 750 square degrees/hour
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ZTF Survey Time Allocation
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Caltech
20 %

Public (MSIP)
40 %

Partner
40 %

PUBLIC SURVEY “MSIP“

2 Filters (g, r) 

6400 sqdeg every 3 days 
(in both bands!)

Alerts public right away  
(all transients discovered within MSIP)

+ Galactic plane  
(August mainly)

PARTNERSHIP & CALTECH

High cadence fields (g,r)  
(4x the same field every night)

Third filter mapping MSIP
( 4 days cadence ; For Cosmology mainly)

ToO | GW, Neutrino, GRB

Galactic Plane + M31
(Mainly August)

ZTF = 3 750 square degrees/hour

LEAD

Data Access| Kafka stream hosted by UW
i.e. the LSST stream

- MSIP: Alert, public right away | Pixels 6 month embargo
- Partner+: Alert, not public | Pixels 18 month embargo Alert| 
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ZTF Survey Time Allocation
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Caltech
20 %

Public (MSIP)
40 %

Partner
40 %

ZTF = 3 750 square degrees/hour

LEAD

2018+2019A data MSIP images public & 2018A of private data | DR2 11/12/19
6.5 Millions images  | 1 Millions light curves (Nobs>20) 

PUBLIC SURVEY “MSIP“

2 Filters (g, r) 

6400 sqdeg every 3 days 
(in both bands!)

Alerts public right away  
(all transients discovered within MSIP)

+ Galactic plane  
(August mainly)

PARTNERSHIP & CALTECH

High cadence fields (g,r)  
(4x the same field every night)

Third filter mapping MSIP
( 4 days cadence ; For Cosmology mainly)

ToO | GW, Neutrino, GRB

Galactic Plane + M31
(Mainly August)

https://www.ztf.caltech.edu/page/dr2
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ZTF Year 1 
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Typical SNeIa with current survey
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Scolnic et al. 2018
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High cadence fields
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Yao et al. 2019

— 127  SNeIa High-Cadence SNeIa in 6 months —
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ZTF Type Ia Supernovae LightCurves
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Yao et al. 2019

~250/an

~400/an

ZTF Cosmo in prep.
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ZTF MSIP public data | g & r every 3 days
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70% revisit in same band in 3 days 
(90% within 6)

Accurate detection 
no background brightness issue

Fremling et al. 2019
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Getting Redshifts
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44% of SNeIa already have host redshift | Rest will come from DESI

Fremling et al. 2019

ZTF — DESI agreement
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All transients are spectroscopically typed

— Game changer for photo-typing that are craving for non-Ia spectra —
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ZTF Camera
SEDMachine

P200 (spectro)

The SED machine
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Very Low resolution Spectrograph
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Rigault et al. 2019

SNeIa@max | z=0.094 | 19mag  | 2400 s
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pysedm | a fully automated pipeline
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Rigault et al. 2019

SNeIa@max | z=0.094 | 19mag  | 2400 s

Flux calibrated spectrum & automatic typing available ~5min after end of exposure



Mickael RIGAULT

SEDm | Precision and Accuracy
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Rigault et al. 2019

Standard star spectra:  
SEDm vs. CalSpec 

Relative flux calibration (5%)

Wavelength 
calibration (~3A)
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SEDm Typing from August 1st to December 2018
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Rigault et al. 2019 ; Yao et al. 2019
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Transient typing since March 2018
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14 %

5 %
6 %

6 %

8 %

16 %

46 %

SEDm (ZTF)
NTT (Pessto)
P200 (ZTF)
Liverpool 
SNIFS
Keck
Others

By far the greater transient typer (3x PESSTO)

Data drom TNS
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Triggering & Sample Selection
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>80 exposures/h
47 deg2 each

~350 Mb/s

20 detections/s

~2 Mb/s
Stream of Alerts

 
Which alerts are likely to match your interest?

 
What do you want to know about the transient?

 
What do you want to do about it ?

 
Converts alerts into a transient
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AMPEL | Process Flow
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FILTER
Which alerts are likely to match your interest?

SCIENCE ADDED VALUES
What do you want to know about the transient?

DECISION MAKING
What do you want to do about it ?

DB MANAGEMENT 
Converts alerts into a transient

Alerts

T0

T1

T2

T3

O(105) per day !

Nordin et al. 2019

https://arxiv.org/pdf/1904.05922.pdf
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AMPEL | Process Flow
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FILTER
All that have at least 2 rising points in 2 bands 
no detection yesterday & off the core & nearby

SCIENCE ADDED VALUES
None

DECISION MAKING
Trigger spectrograph right away | send emails arounds

T0

T1

T2

T3

Alerts

Examples 
Flash Spectro

Ta
ke

s 
 ~

 1
 m

in
ut

eDB MANAGEMENT 
Converts alerts into a transient (already exist?)

Nordin et al. 2019

https://arxiv.org/pdf/1904.05922.pdf
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AMPEL | Process Flow

!29

FILTER
Rewind the stream by 12h &  

give anything within an area of the sky 

SCIENCE ADDED VALUES
Host Properties (z) | Could it be a real transient ?

DECISION MAKING
If real, trigger spectrograph & Photometric follow up 

email everyone| Push to slack| Publish a GCN/LVS Notice

T0

T1

T2

T3

Alerts

Examples  
GW  

DB MANAGEMENT 
Converts alerts into a transient (already exist?)
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Binary Neutron Star Event | GW190425z
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single detector event
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GW search with AMPEL | BNS
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— Looking at a potential candidat —

GW Alert

Found 22 output matching the criteria



Mickael RIGAULT !32



Mickael RIGAULT

GW search with AMPEL | BNS
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— Looking at  potential candidate —

GW Alert

Found 22 output matching the criteria

4h later….
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ZTF follow-up GW | GW190425z
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Coughlin et al. 2019

Quick pipeline contours  | 8000 deg2 Final contours 

ZTF scanned 46% of confidence area in 3 hours in 2 bands (25% observing time used)

338 646 alerts 15 candidates counterparts 2 particularly interesting All Supernovae…

single detector event



Mickael RIGAULT

AMPEL | Process Flow
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FILTER
All that have at least 2 rising points in 2 bands

SCIENCE ADDED VALUES
SALT2 parameters | Host Properties (z) | Probability to be a « Ia »

DECISION MAKING
If at max, trigger spectrograph | if odd, trigger spectrograph 

push LC on Slack | Publish on TNS

DB MANAGEMENT 
Converts alerts into a transient (already exist?)

T0

T1

T2

T3

Alerts

Examples 
SNeIa

Nordin et al. 2019

https://arxiv.org/pdf/1904.05922.pdf
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Bright Transient Survey
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“Trigger spectroscopy for any SN-like objects with mag<18.5”
Fremling et al. 2019
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<16.5 <17.5 <18.5 <19

We have all SNeIa nature provides in the northern sky with z<0.08 (~800/an)
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AMPEL | Some Facts & Numbers
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Nordin et al. 2019

Already the largest 
Supernova reporter

80% of the reported transients  
end up being extragalactic variables  

& 
less than 5 days old when reported

https://arxiv.org/pdf/1904.05922.pdf
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AMPEL | Some Facts & Numbers
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Nordin et al. 2019

Join usStart instructions at: 
https://github.com/AmpelProject/Ampel-contrib-sample

Contact us:
J. Nordin (PI, jnordin@hu-berlin.de) or myself

Able to rerun the entire stream while changing any of your AMPEL configurations 
-> Understand your selection fonction | looking for missed events 

Can process ~1250 alerts per second (T0) ~3x more than what LSST will provide
AMPEL is already LSST ready !

T0 (filters) and T2 (science) can use more than 24 already available catalogs (SDSS/Gaia/PS)

Currently 12 parallel science cases running
— Including the ZTF GW search —

AMPEL can automatically trigger instruments (e.g. ZTF spectro)

https://arxiv.org/pdf/1904.05922.pdf
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Conclusion
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AMPEL
Combine & Follow alerts

Core of the Multi-messenger quest

SEDmachine
Type Transient &
Get early spectra

ZTF→ LSST 
The Optical Transient Sky

Alerts & Conterpoart
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