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Why does Astronomy matter ? 

ÅCalendar, in ancient times.

ÅNavigation and time keeping on earth.   (latitude and longitude).

ÅExploration:   mapping our universe.  Could life exist elsewhere?

ÅHistory of creation.    ă todayõs story.

ÅPhysics laboratory.  Study the laws of nature at the extremes.
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Periodic table for the infant universe
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Nuclear fusion in stars makes new elements
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Energy is released by fusion, but only up to Iron.

Beyond Fe energy inputis required.   

Stars arenôt hot enough to make heaviest elements.

....We need supernovae or neutron star mergers.
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Created in supernovae or neutron star mergers
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Science objective

ÅRare so must record large volume, quickly.

ÅBright enough for follow up spectroscopy.
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Explore 

previously 

inaccessible

phase space

Transients on time scales down to few hours
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Recent example ïneutron star merger
39 8

1) LIGO detects gravity waves and approximate direction

2) Wide field telescope(s) (e.g. ZTF) search for optical counterpart to localize events.

3) Large telescopes (narrow field; larger aperture) record spectra to analyze physical processes:

Å Elements present

Å Temperature

Å Pressure

Å Velocity

versus time

Å To find rare events ZTF will compare most 

of the sky to reference images every night.

Å An array of computers will detect a million 

things that change, then classify these to 

automatically identify ~10 interesting 

events.

Å Alerts will be issues to larger telescopes 

within minutes of discovery.
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NSF and DOE are investing in LSST ZTF is stepping stone 
to LSST, 

with complementary 
capability 

Current construction 
in Northern Chile

https://gallery.lsst.org/bp/#/folder/2689925/64565141
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Zwicky Transient Facility is LSST precursor
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Fritz Zwicky, 18ò schmidttelescope

Å Neutron stars

Å Supernova

Å Dark matter

Å Gravitational lensing

Å 50 patents in rocketry and jet engines

Edwin Hubble, 48ó schmidttelescope
Å Galaxies beyond Milky Way

Å Expanding universe: velocity-distance relation

Uses same telescope as 

National Geographic all-sky 

photographic survey.

1949-1956
Photographic plates manually 

loaded. 

Telescope manually pointed.

1935 1949
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Field of view comparison
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8.2m

4m

1.2m 1.2m
6m

1.8m

ZTF goes widest 

though with coarser 

angular resolution.



The ZwickyTransient Facility

Roger Smith 12

M42
cyan and red filters combined
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Flame and 
Horsehead
nebulae in 
Orion
cyan and red filters combined
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Full frame
Slightly dithered to fill in gaps 
between sensors
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91 Ultra HD (4K) monitors

to display at full resolution
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Depth and area covered
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Angle/se

c
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Depth and area covered
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Deeper in good seeing  

due to 0.2ò pixels

Angle/se

c
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ZTF

Complement to LSST
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ZTF 5 times as wide 

per second 

@ 1ò/pixel

LSST

Roger Smith

or more in good seeing  

due to 0.2ò pixels

LSST goes 6.3 times 

deeper per sec than ZTFAngle/se

c
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Complement to LSST
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LSST observing time is 

shared between more 

colors to get photometric 

redshifts, so survey rate 

is proportionally lower

ZTF typically observes in 

only one or two colors 

depending on moonlight 

or nature of target.

Roger Smith
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Complement to LSST
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ZTF typically observes in 

only one or two colors 

depending on moonlight 

or nature of target.

Follow up spectroscopy 

on larger telescopes has 

much greater 

wavelength resolution 

than LSST

ZTF depth is matched to reach of 

medium resolution spectrographs 

on large telescopes
With current telescopes

most transients found by 

LSST will be too faint for 

detailed follow up 

spectroscopy.

Follow up spectroscopy 

on larger telescopes has 

much greater wavelength 

resolution than LSST 

filter set.
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Top ZTF requirements

ĄWide field of view   47 deg2 é.Nyquist sampling with median seeing.

Ą Fast cadence 25 s expose,  10 s overhead for read out and slew

ĄHigh throughput 23% beam obstruction, great QE, fast readoutand slew.

Ą 1% photometry improve flat fielding; baffling, keep optics clean, reduce ghosting

ĄG, R, I filters
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1950  Bugatti
~125 mph

2018  Bugatti Chiron
260 mph

Factor of 2 improvement  in 70 years
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SDW 2017Roger Smith, 22

Oschin Schmidt

72ò sphericalprimary, R=6m

49.5ò diameter 4th order 

aspheric corrector doublet

Shutter at pupil

Sphericalfocal surface 

R=3m

Drawing by Russell Porter, illustrator, arctic explorer and amateur astronomer, and designer of domes

1949 ï1956
Palomar All 

Sky Survey
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SDW 2017Roger Smith, 23

ZTF is 1300x faster
using same telescope!

Key technical advances:

Å Silicon image sensors 

Å Fully automated.

Å Digital communication & processing.

Å Artificial intelligence.
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silicon sensors
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2 layer AR coating

Single layer AR coating

Delta doped, multi-layer AR coating, fully depleted thick CCDs 

Conductive silicone  supports window as 

wells providing electrical contact for ITO 

heating layer

Window support pad

Window support pad

Roger Smith

6Kx6K CCDs tiled on spherical focal surface

Ą 605 megapixels every 35 s
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This quadrant 

works but gain 

is different

Very few 

cosmetic 

defects

Image from focus test in May 2017

Without trim plate 

Some line 

start transient 

to fix.

Space junk

rotating ?
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RAW DATA
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1011  stars per galaxy
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1011galaxies


