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Why does Astronomy matter ?

ACalendar, in ancient times.

ANavigation and time keeping on earth. (latitude and longitude).
AExploration: amping our univers€ould life exist elsewhere?
AHistoryf creation.4 t oday s story.

APhysics laboratorgtudythe 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 enerngyputis required.

St ar s enoughmtanmakelheaviest elements.
....\We need supernovae or neutron star mergers.

4



Caltech
Created In supernovae or neutron star Mergers

TheZwickyransient Facility
Roger Smith

2
3
27 28 29 a0 31 32 33 34 35 36
4 Co||Ni||Cu||2n||Ga||Ge|| As || Se || Br || Kr
39 40 41 43 44 45 46 47 48 49 =0 5l o2 o3 o4
3 Y Zr ||Nb||Mo || Tc ||Ru ||Rh || Pd || Ag || Cd In Sn || Sb || Te I Xe
=7 |72 [ 73 75 |76 |77 [ 78 |75 |50 |[51 |[52 |5z |[ 52 |55 |[ 56
5 :.-:-’:.: Lu Hf || Ta Re || Os Ir Pt || Au || Hg || TI Pb Bi Po || At || Rn
r_g_--: 103|104 || 105|106 || 107 || 108|109 110111 (112113114 115|116 117||118
7 :_'1?:2_: Lr Rf || Db Bh ||Hs || Mt || Ds || Rg || Cn ||Uut|| FI ||Uup|| Lv ||Uus||Uuo
I T ﬂ
1 1
57 [[s8 |59 || 60| 61]] 62 65 || 66 || &7 69 || 70 | Lanthanoids
La Ce Pr||Nd||Pm||Sm Gd || Th Dy || Ho Tm || ¥b
Rare Earth Metals
39 =1 o1 02 o3 o4 a7 o3 o9 100 )] 101]] 102
Ac || Th || Pa u Np ||Pu ||Am||Cm || Bk || Cf || Es ||Fm || Md || No | Actinoids

5



Science objective

Transienten time scales dowifetw hours -2
A Rare so must record large volume, quic — 20

. =
A Bright enough for follow up spectroscop 3. -
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Recent example I neutron star merger

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:

A Elements present
A Temperature
A Pressure
A Velocity

- versus time

A To find rare events ZTF will compare n
of the sky to reference images every n

A An array of computers will detect a mil
things that change, then classify these
automatically identify ~10 interesting
events.

A Alerts will be issues to larger telescope
within minutes of discovery.

August 18, 2017

2009 - 2014
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Zwicky Transient Facllity Is LSST precursor

Uses same telescope as

National Geographislay
photographic survey.

19491956

Photographic plateanually
loaded.

Telescope manually pointed.

FritZZWiCkyl 8schmidtelescope

A Neutron stars
A Supernova
A Darkmatter Edwin Hubhl4 8s6hmidttelescope

A Gravitational lensing A Galaxies beyond MiNay

A 50 patents in rocketry and jet engines A Expanding universe: veldtance relation

? {:%e 4 Caltech Archives



Field of view comparison
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ZTF, 47 deg?
1.2m

LSST, 9.6 deg? 6m

——+——1 deg
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ZTF goes widest
though with coarser
angular resolution.
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Cyan and red fllters comblned
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- .Flame and

~ Horsehead

- . . nebulae in
'#  Oirion

-~ cyan and red filters combined
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iy | ] 91 Ultra HD (4K) monitors

: E f@_ e display at full resolution

Full frame

Slightly dithered to fill in gaps

between sensors
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Depth and area covered

Angle/se




Depth and area covered

Angle/se
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Complement to LSST

ZTF 5 times as wid Angle/se
per second
@ 1o/ pi xe
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Complement to LSST

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 moonligh
or nature of target.



ZTF depth is matched to reach of
medium resolution spectrographs
on large telescopes

TheZwickyransient Facility

Withcurrentelescopes
most transients found b
LSST will be too faint fo
detailed follow up
spectroscopy.

Follow up spectroscopy
on larger telescopes ha:
much greater wavelengt
resolution than LSST
filter set
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Top ZTF requirements

A Widefield of view
A Fastcadence

A Highthroughput
A 1% photometry
A G R, filters



1950 Bugatti

~125 mph
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2018 BUQaﬂiChWogy*af‘”
260 mph = =

Factor of 2 improvement in 70 years
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49. 50 WHdrdarme t
aspheric corrector doublet

1949 1956
Palomar All

Sky Survey

Drawing by Russell Porter, illustrator, arctic explorer and amateur astronomer, and designer of domes
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/ZTF I1s 1300x faster

using same telescope!

Key technical advances:

A Silicon image sensors

A Fully automated.

A Digital communication & processing.
A Artificial intelligence.



Mosaic of large
silicon sensors

6KX6K CCDs tiled on spherical focal surface |

A 605 megapixels everg 35

2 layer AR coating
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Some line

start transie
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104 stars per galaxy
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10 galaxies



