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(pl. supernovae)

« “Nova’ is Latin for new.

e First used to describe “new” stars that suddenly appeared in the night
sky. (The Chinese referred to them as “guest stars’ .)

* The prefix “ super " distinguishes them from “classical novae” which

are fainter cousins of supernovae (but | won’ t get into those in this
talk).

* The term supernova was coined by Fritz Zwicky in 1926.

e Supernovae observations by humans have been recorded for the past
2000 years.
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« Somewhere in the universe there is a supernova exploding every
second.

* In a galaxy like our Milky Way there is ~1 supernova per century.

 We find around 1-3 new supernova per night these days - most are
very distant ~ 1 billion light years away.
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cal SNe (1006)

This is a SN remnant image with
the Chandra X-ray satellite
telescope.

It came from SN 1006, which was
seen by ancient observers in
Switzerland, Egypt, Iraqg, China,
Japan, and North America.

The SN cast shadows at night and
was visible during the day for
months.

Supernovae are the explosive
deaths of some stars.
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Over the past 15 yearsthe observations of Type | a supernovae at
high redsnift have shown that the universeiscurrently
accelerating and that over 2/3 of it isin theform of " dark energy".
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The 4-m Victor Blanco telescope
was equipped with 1 (and then 4)
2kX2k ccd’s. Exposures were
typically 5-10 min long.

We could transfer all the data up

on a 56k-baud connection during
the night and it would be

subtracted within a few hours of
dawn — when the connection was

good. Often the astronomer would

make it back to Berkeley with the
tapes before all the data was in...
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The Calan/Tololo Survey by Hamuy
et al. pinned the low-z part of the
Hubble diagram, while the work of

Riess et al. and

Perlmutter et al. got the high-z
end.

Turns out it is easier to find them
at high redshift than low redshift....
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Won the 2011 Nobe

Intelligent Optical Network Infrastructure




Typically only 50-200 image
per night - 4 sq. deg. of sky.

| Cuts were made based on shape,
| motion, etc., and a scanner
| would have to look at ~5
7| candidates per image.
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FEDEx Networking: Do not
underestimate the bandwidth of a
station wagon filled with DAT tapes...
achieved 200 kB/s
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= CFH12k camera on the Palomar Oschin Schmidt telescope
= 7.8 sq deg field of view, 1” pixels
= 60s exposures with 15-20s readout in r, g and H-alpha
= First light Nov. 24, 2008.
= First useful science images on Jan 13t, 20009.

= 2 Cadences (Mar. - Nov.) 2009-2011
= Nightly (35% of time) on nearby galaxies and clusters (g/r)
= Every 3 nights (65% of time) on SDSS fields with minimum coverage of 2500 sq deg. (r) to
20th mag 10-sigma
» H-alpha during bright time (full +/-2 days)

Nov-Feb, minute cadences on select fields.
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and Follow-ug

P60:
Followup

P48:
Discovery Engine

Instrumentation, system

design, first results Law, Kulkarni, Dekany et al. 2009 PASP 121 1395L

Science plans Rau, Kulkarni, Law et al. 2009 PASP 121 1334R

2010 survey status Law et al. 2010 SPIE 7735




Palomar

S

155 Mbps from Palomar to UCSD, then o via ESnet to NERSC ;-)
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92 Mpixels, 1”7 resolution, R=21 in 60s
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PTF Key Projects

Various SNe

Dwarf novae

Transients in nearby galaxies

Core collapse SNe

RR Lyrae

Solar system objects

CVs

AGN

AM CVn

Blazars

Galactic dynamics

LIGO & Neutrino transients

Flare stars

Hostless transients

Nearby star kinematics

Orphan GRB afterglows

Type Ia Supernovae

Eclipsing stars and planets

Tidal events

H-alpha ¥z sky survey

The power of PTF resides in its diverse science goals

and follow-up.
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Liverpool Telescope

The power of PTF resides in its diverse science goals
and follow-up.
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Palomar
48" Telescope

100 TBs of Reference Imaging

umve R | Computing- /0 | B
Microwave Relay _ Reference
Astrometric Image
S0l Creatlg'on
Real-Time
Image Image Nightly Image >_-
NERSC Data Processing / Subtraction Stacking
Transfer Node Detrending

Networking
Data Transfer

Star/Asteroid Transient Heavy DB
Rejection Candidate Access

500 GB/night

1.5B objects in DB

Scanning Page Wake Me Up —
Real Time Trigger

Publish to Web




4096 X 2048 CCD images - over 3000 per night — producing 1.5M bogus detections,
50k known astrophysical objects and only 1-2 new astrophysical transients of interest
every night. Machine learning is used to wade through this sea of garbage.




g-band

images : 305k

subtractions , 146k

references . 6.3k

Candidates 197M
Transients 3120

All in 851 nights.
An image is an individual chip (~0.7 sq. deg.)
The database is now 1 TB.
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Observatory
PTF

Classification

Subtractions

Processing/db

Data Science

Transfer CEAVEL

Nodes Node 2 Science
Gateway

A Node 1

Voo

NERSC GLOBAL FILESYSTEM
250TB (185TB used) One of 4 such pipelines
running at NERSC.

Intelligent Optical Network Infrastructure




What does “real-time”

Typical night: 2012-07-06 subtractions really mean?

For 95% of the nights all
images are processed,
subtractions are run,
candidates are put into the
database and the local
universe script is run in <

| hr after observation.
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Median turn-around is 30m.

Now forced to be reduced
to < |5min due to following
discoveries:

20 30 40 50
Minutes from Observation to Candidates in database
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SN 2010mc - Ofek et al. (2013) Nature & SN 2011ht — Fraser et al. (2013) ApJ

Possible Explanation: Super-Eddington fusion luminosities, shortly prior to
core collapse, drive convective motions that in turn excite gravity waves that
propagate toward the stellar surface and eject substantial mass.
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(a) 102 M, ejected one month earlier during pre-outburst ~2000 km/s

(b) At day ~ 5, the SN shock front (grey line at 10* km/s) is ionising the inner
and outer shells which produce the broad and narrow H emission
seen in the early-time spectra.

(c) At day ~ 20, the SN shock engulfs the inner shell, and the intermediate  width
Hx vanishes and narrower features appear: pre-pre-outbursts.
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iPTF13bxl

Overcoming wide & fast:
iPTF13bxl in 71 deg?!

\

PTF field 3486, chip 11
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Singer et al. 2013

“» Co-added reference image

u|
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erglow:
IPTF13dsw at z=1.87!

Kasliwal éet al. 2013b

Overcoming
Wide, Fast & Faint

Pinpointing the afterglow
amidst 30,000 candidates




iPTF14yb
Cenko et al. 2014

IPN found a GRB (localization ~200-300 sq. deg.)
~15 min before first detection
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— SN 2013cu, 15.5 hours  (g)
—— 50 kk WNL model

— 56 kK WNL model

—— HD 192163 (WN6h)

s LV

5500 6000 6500 7000 7500 8000 8500 9000
Rest Wavelength [Ang]

Intelligent Optical Network Infrastructure




—— SN 2013cu, 15.5 hours
—— NOT, 3.09 days
— HET, 3.23 days
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Aug. 23, 2011

Aug. 24, 2011
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Caught at
magnitude ~17.4,
~100,000 times
fainter than the
eye can see.

20% rise between
first 2 detections
separated by 1hr

~1/1000 as bright
as the SN reached
at peak
brightness.
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SN 2011fe is the
last 25 years and the 5" k

any type in the last century. It was found by the

Palomar Transient Factory, which processes its
data at NERSC.

It was caught 11 hours after explosion, and has been followed by almost every
professional telescope on earth and in space — could be seen in binoculars.

These observations have led to the best constraints to-date for the progenitors of

these supernova, and have added several new wrinkles on how these runaway
thermonuclear explosions take place.
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Observatory

Subtractions
Processing/db

Data Science
Transfer CEAVEL
Nodes Node 2

A

Voo

NERSC GLOBAL FILESYSTEM
250TB (185TB used)
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PTF
Classification

Science
Gateway
Node 1

<

Trigger new
subtractions:
output now greater

than input ~
1 TB/night




Telescope

iPTF/PTF

DES
ZTF

LSST

ZTF (46 deg.?) iPTF (7.2deg.?)

ZTF will be the largest imager until LSST
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und 40,000 mph before breaking
into chunks and streaking the sky with fireball and vapor trails. It is estimated to be about 50
feet across with a mass of 10,000 tons. 500 ktons of TNT — 25XHiroshima .
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LSST - 15TB data/night
Only one 30-m telescope
How many triggers can we handle???
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