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Astronomy: Golden Age

Extra-solar planets
= Planet formation as a physical process

Origin of the Universe
» Very Early Universe
= QOrigin of Dark Matter, Dark Energy

Dense Matter
= Nature’s laboratory

Relativistic Astrophysics
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Decade of Mega Projects

ALMA (Millimeter Wave)

James Webb Space Telescope (IR)

Extremely Large Telescopes (Optical)

Laser interferometer Gravitational wave observatory
Large Synoptic Survey Telescope

Laser interferometer space Array

Square Kilometer Array (Radio)
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A SIDEWAYS REVOLUTION
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Organization of the talk

. Transients in the nearby universe
|. The Palomar Transient Factory
Il. Results from the Factory

V. The future



|. Transients in the Local Universe



Frontier Fields

Ultra-high energy cosmic rays
= GZK cutoff (proton-photon pion production)

High Energy Neutrino Astronomy

TeV Sources
= Pair production on CMB photons

GW Sources (100 Hz band)
= eLIGO (2009), aLIGO (2013)

Transients in the Nova-Supernova Gap
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The Holy Grail
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IT. Palomar Transient Factory
Overview

S. R. Kulkarni

and the PTF collaboration



A Novel Two-telescope Approach
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PTF collaboration
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PTF overview

% First light: December 2008

% First science run: March 2009
Finish Commissioning: late June

% Typical seeing ~1.8" (best 1.4")
% Lim. Mag (50) ~21ingR
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PTF overview
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PTF overview



Relative Photometry (precision!)
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PTF software

% Robotic operations
% Robust and Long lived Sequencer
* Two separate pipelines

LBL image subtraction pipeline

IPAC images and catalogue pipeline
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I'mage subtraction
LBL image subtraction pipeline (Nugent)

% Challenge: 0.5-1 M sources detected in
Subtracted images each night!

% after cleaning - large number of candidates (~10%
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Berkeley classification
Lead by J. Bloom

% Only a few percent of “"events” are real

% Solutions:

Machine vetting Scienti
Y Sclentists
Humans vetting—____, .. (SN Zoo)

X Next: Transients need to be classified
context (host galaxies)
previous history
other catalogs etc
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IPAC images & catalogue pipeline

Lead by J. Surace

% Data products:

Reduced images
~100TB per year

Catalogue

~101!2 sources per year (10 TB
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PTF projects

H-alpha Eclipsing

5 day
cadence
40%

PTF Key Projects

Transients in Search for
nearby galaxies eLIGO/neutrino
EM counterpart

Thermonuclear Core Collapse

SNe SNe

Blazars/AGN Tidal Disruption
Flares

H-alpha Sky Orphan GRB

Survey afterglow

AM CVn CVs

Flare stars Rotation in
clusters

Asteroids KBOs
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Unclassified
2% CV SNI1Ib/c

5% 6%

SNIa
65%

655 Spectroscopically Confirmed PTF Transients To Date
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IIl. Some Results from PTF



Shock break out

2.The firstlight flash

The core collapses and
sends a shock wave out.
For a few hours the shock
compresses and heats the
envelope, thus producing
a very bright flash of light
from the inside of the star.

o

Supernova: Five Stages in the Death of a Star

4. The proper Supemova

The hot glowing surface
expands quickly making
the fireball brighter again.
In a few days it will be 10x
the size of the original star
and will be discovered by
supernova hunters.

r

Supernova




Shock break out
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Shock break out

explosion

GALEX NUV (Jun 22)

Ofek, Neill
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Supernovae for Cosmography
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R-mag
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Absolute Magnitude (R-band)
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Statistics of Core Collapse

Giant Hosts (55)
I BL
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The Mysterious SCPO6F6
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PTF Discovery

Quimby
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Luminous Supernovae: New Avenues

Deaths or death throes of very massive stars
(but not like those found locally)

Arise in tiny galaxies (likely metal poor)

Long-lived optical/UV emission allows both
IGM and ISM to be probed

Fading source offers powerful way to study
DLA

Arm-chair astronomy?



In the six months

PTFO9dav, PTF10iuv may answer the
mystery of 2005E subclass

A family of 2002cx supernovae

A trove of eclipsing M dwarfs
Discovery of weird FU Ori events
An eclipsing binary in Praesepe
Discovery of two AM CVn stars

The rotational history of stars in the
Orion and Praesepe clusters (via high
cadence observations



Six months ago
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Spitzer & Hubble Images
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Two months later
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ABSTRACT
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Puzzling Sources (Blazars?)
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What next?

* The transient game will split into two paths:
— High cadence
— High Sensitivity

e Lesson learnt:

— No classification => no (little) value



Next Generation Transient Facility
(NGTF)



Short timescale is terra incognito
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STA CCD (An example)

STA1600A QE with ITR 2 layer HfO 2-MgF 2 Anti-Reflective Coating
(expected)
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The SED Machine

45 arcsec t )
7 arcminute

PI: Nick Konidaris, PS: Robert Quimby J’
In collaboration with NCU-Taiwan



TOO Telescope

* Dedicate one or more telescopes whose job is
classification
— e.g. KPNO 84-inch
— Other 2-m telescopes around the world

 SED Machine is designed bearing in mind the
differing f-ratio of 1.5-m to 3-m class
telescopes



(AO+)Photometric Machine




I11.A Dedicated UV satellite
(Less is More)



Axis of Excellence
(Slaved UV satellite)
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