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The Surveys!
The Hunters:!
!

  Palomar Transient Factory  iPTF!
  La Silla Supernova Search!
  Pan-STARRS!
  SkyMAPPER!

!
!
The Gatherers:!
!

  PESSTO (fed by LSSN, PS-1, SkyMAPPER)!
  SNfactory (fed by PTF & LSSN)!

Single-band vs. multi-colour!
(cadence vs. calibration)!



SkyMAPPER!
1.3-m telescope, 6 deg2 FOV, 268 Mpix camera."
     Scheduling and observing completely robotic.!
!
Main Survey:  SDSS-like survey of the southern sky."
     SDSS ugriz + Stromgren-like v filter (for stars)"
     x 6 visits (quasi-logarithmic “universal” cadence)."
!



SkyMAPPER!
SMTJ01353283-5757506:"
Typed by PESSTO as a SLSN-Ic"
similar to SN 2010gx at z = 0.13!
(ATEL #5912, 22 Feb 2014)!

40x visits over"
2000 deg2 of sky!
since starting 2013 Sept 4!

Search to ramp "
up throughout 2014"

as REFs are taken!



iPTF Pipeline!

I feel the need... 
the need for 
speed.!



Science!
!

  Pre-Outburst Supernova Detections!
  Poorly localized GRB follow-up!
  Orphan Afterglow!
  “Flash” Spectroscopy!
  Sub-Chandrasekhar Mass SNe Ia!
  Statistically Meaningful (Impressive) Samples!



Pre-Outbursts!

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.!



Pre-Outbursts!

(a)  10-2 M⊙ ejected one month earlier during pre-outburst ~2000 km/s!

(b) At day ∼ 5, the SN shock front (grey line at 104 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 Hα vanishes and narrower features appear: pre-pre-outbursts.!



Overcoming wide & fast: "
iPTF13bxl in 71 deg2!!2 SINGER ET AL.
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Figure 1. P48 imaging of GRB 130702A and discovery of iPTF13bxl. The left panel illustrates the γ-ray localizations (red circle: 1-σ GBM; green circle: LAT;
blue lines: 1-σ IPN) and the 10 Palomar 48-inch Oschin telescope (P48) reference fields that were imaged (light gray rectangles). For each P48 pointing, the
location of the 11 chips are indicated with smaller rectangles (one CCD in the camera is not currently operable). Our tiling algorithm places a large weight on
the existence of deep P48 pre-explosion imaging (a necessity for high-quality subtraction images); the large gaps inside the GBM localization are fields without
these reference images. The small black diamond is the location of iPTF13bxl. The right panels show P48 images of the location of iPTF13bxl, both prior to
(top) and immediately following (bottom) discovery. We note that the LAT and IPN localizations were published after our discovery announcement (Singer et al.
2013).

found by searching a sky area of 71 deg2 with the intermediate
Palomar Transient Factory (iPTF).

2. DISCOVERY

On 2013 July 2 at 00:05:23.079 UT, the Fermi GBM de-
tected trigger 394416326. The refined human-generated (i.e.,
ground-based) localization, centered on α = 14h35m14s, δ =
12◦15�00�� (J2000.0), with a quoted 68% containment radius
of 4.0◦ (statistical uncertainty only), was disseminated less
than an hour after the burst (Figure 1).

Fermi-GBM GRB positions are known to suffer from sig-
nificant systematic uncertainties, currently estimated to be
≈ 2–3 deg. To characterize the full radial profile of the lo-
calization uncertainty, our GBM-iPTF pipeline automatically
computed a probability map for the event modeled on previ-
ous Fermi/Swift coincidences from 30 March 2010 through
4 April 2013. We fit a sigmoid function:

P(r) =
1

1 + (c0r)c1
(1)

where r is the angular distance to the Swift location, nor-
malized by the in-flight or ground-based error radius for that
burst. We find c0 = 1.35, c1 = −2.11 for in-flight GBM lo-
calizations and c0 = 0.81, c1 = −2.47 for ground-based GBM
localizations (Figure 2).

Image subtraction within iPTF is greatly simplified by ob-
serving only pre-defined fields on the sky; this ensures that
sources will fall on approximately the same detector location
from night to night, minimizing a possible source of system-
atic uncertainty. Using a HEALPix (Hierarchical Equal Area
isoLatitude Pixelization; Górski et al. 2005) bitmap represen-
tation of the probability distribution of the trigger location, we

chose ten of these pre-defined fields to maximize the proba-
bility of enclosing the true (but still unknown) location of the
burst (Figure 1). In this particular case, the ten selected fields
did not include the center of the GBM localization because
we lacked previous reference images there. Nonetheless, we
estimated that these ten fields had a 38% chance of containing
this GRB’s location. Given the youth, sky location, and prob-
ability of containment, we let our software trigger follow-up
with the P48.

Starting at 04:17:23 UT (∆t ≡ t − tGBM = 4.2 hr), we im-
aged each of these ten fields twice in 60 s exposures with the
Mould R filter. These fields were then subjected to the stan-
dard iPTF transient search: image subtraction, source detec-
tion, and “real/bogus” machine ranking (Bloom et al. 2012;
Brink et al. 2012) into likely astrophysical transient sources
(“real”, or 1) or likely artifacts (“bogus”, or 0).

The iPTF real-time analysis found 27,004 transient/variable
candidates in these twenty individual subtracted images. Of
these, 44 were eliminated because they were determined to be
known asteroids in the Minor Planet Checker database14 using
PyMPChecker15. Demanding a real/bogus rank greater than
0.1 reduced the list to 4214. Rejecting candidates that coin-
cided with point sources in Sloan Digital Sky Survey (SDSS)
brighter than r

� = 21 narrowed this to 2470. Further requir-
ing detection in both P48 visits and imposing CCD-wide data
quality cuts (e.g., bad pixels) eliminated all but 43 candidates.
Following human inspection, seven sources were saved as
promising transients in the iPTF database.

Two candidates, iPTF13bxh and iPTF13bxu, were near the

14 http://www.minorplanetcenter.org/iau/mpc.html
15 http://dotastro.org/PyMPC/PyMPC/

Singer et al. 2013!



The second Fermi afterglow:"
iPTF13dsw at z=1.87!!

Overcoming!
Wide, Fast & Faint!
!
Pinpointing the afterglow !
amidst 30,000 candidates!

Kasliwal et al. 2013b!



Orphan Afterglow!

z=1.98!!!!
FeII, MgII, Ly-α!

iPTF14yb!
Cenko et al. 2014!

IPN found a GRB (localization ~200-300 sq. deg.) 
~15 min before first detection.....!



Flash Spectroscopy!

SN2013cu (iPTF13ast)!
Gal-Yam et al. (2014) Nature!
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Flash Spectroscopy!
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Flash Spectroscopy!
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SN 2013cu, 15.5 hours
NOT, 3.09 days
HET, 3.23 days
Keck I, 6.45 days
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Flash Spectroscopy!
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SN2013cu became a SN IIb!



Stats!

PTF/iPTF: 2153+ Spectroscopically Classified Transients!
82+ Refereed Papers !

(all but a handful on single SNe) !



SNe Ia!
Semi-analytic model"
(RS + SNfactory 2010, 2012):!
!
Spherically symmetric, user-defined ρ(v)!
Parameters: central density,"
final ejecta composition,"
56Ni mass + mixing scale!
!
Likelihood:  Arnett+ 1982 light curve model!
Priors: neutronization,"
energy conservation,"
gamma-ray trapping "
(see Jeffery+ 1999)!
!
MCMC sampling:  emcee"
(Foreman-Mackey+ 2013)!
Systematics treated naturally, output full joint posterior PDF of all variables.!



SNe Ia – Sub MCh!
Applied to 19 normal SNe Ia 
observed by SNfactory:!
!
Mass correlates w/light curve 
width near max.!
!
Evidence for sub-Chandra SNe 
at fast decline rates.!
!
Absolute mass scale uncertain 
to ~0.15 M⊙, depends on ρ(v).  
But we get the same slope for a 
variety of input priors.!

solid:  Fink+ 2010 helium detonations!
dashed:  Kushnir+ 2013 WD+WD collisions!



P48!
Discovery: !
47 sq deg!!

PI: S. Kulkarni!
(2016) !

P200:!
Spectroscopy!

P60:!
Follow-Up!

The SED Machine!
PI: N. Konidaris!

(2014)!

Mansi M. Kasliwal / University of 
Washington Seattle Colloquium The Zwicky Transient Facility!

Survey Speed of 3800 sq deg per hour i.e. 10x PTF!!



SED Machine!

PI: Nick Konidaris!



Future of AstroComputing 

Conclusions - Future!

LSST - 15TB data/night!
Only one 30-m telescope!


