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2 Celestial Cinematography  
pioneered at Palomar 
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Imagine: ZTF will be 12x Faster! 
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Palomar Transient Factory 
 A wide-angle, high cadence survey dedicated to  

systematically chart the transient sky. 

February 5, 2015 Mansi M. Kasliwal / Brazil Seminar Palomar'60*inch'Palomar'''''''48*inch'

 Discovery Machine + Classification Engine  
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follow*up'
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Live (i)PTF Scorecard 
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2383+ Spectroscopically Classified Transients 
101+ Refereed Papers, 3199+ Citations  

http://ptf.caltech.edu 
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End-to-End Planning: 
Rapid response follow-up of newborn supernovae 
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Figure 2a: The early spectrum of SN 2013cu reveals W-R wind features. The spectrum (black) is compared

with WNL models (red and gray curves, o↵set vertically for clarity)7 showing remarkable similarity, both in

line features (major species marked; strong He and N lines accompanied by Balmer lines indicate a WN6h

classification) and in the continuum shape (demonstrated by overplotting the 56 kK model on the spectrum).

The similarity in continuum shape to hot model spectra limits any dust reddening to be minimal, indicating

that any pre-existing circumstellar dust must have been destroyed; compare with the observed spectrum of

the WN6(h) star HD 192163 (blue). Consistent with this conclusion, we detect no trace of Na D absorption

lines.

14

Gal-Yam et al. 2014, Nature 
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Figure 1: The r-band light curve of SN 2013cu. A parabolic model of the flux vs. time (red solid curve)

describes the pre-peak data very well. Backward extrapolation indicates an explosion date of UTC 2013 May

2.93± 0.11 (MJD = 56414.93; 5.7 hr before the first iPTF detection; see inset); we estimate the uncertainty

from the scatter generated by modifying the subset of points used in the fit. Our first Keck spectrum was

obtained about 15.5 hr after explosion (vertical dotted line). Early Swift UV photometry (diamonds) places

a lower limit of T = 25,000K on the black-body temperature measured 40 hr after explosion.

13
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The Gap 
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II. Rare Calcium-rich gap transients 
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Are these 
White-Dwarf +  
Neutron-Star 
Mergers? 
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Kasliwal et al. 2012 

Metzger et al. 2014 Mulchaey et al. 2014 February 5, 2015 Mansi M. Kasliwal / Brazil Seminar 
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The image cannot be displayed. Your computer may not have enough memory to open the image, or the image may have been corrupted. Restart your computer, and then open the file again. If the red x still appears, you may have to delete the image and then insert it again.

The Gap 
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III. Seeing the Sound: 
Bridging Gravitational Wave Physics &  
Electromagnetic Astronomy 
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Strong Field Gravity: Masses, Spins, Inclination 

19/48

+ Masses

+ Spins

+ Geometric properties:

- Inclination angle
- Source Position
- Luminosity distance

from the GW waveform
~ % -several %

~ several to tens %

~ tens of %

GW+ EM.

from EM signature
Energetics and beaming?

Ejecta mass and velocity?

Environment

r process nuclear physics?
Simulation: M. Duez 
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The Challenge: 
Coarse LIGO Localizations 
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Kasliwal & Nissanke 2014 
(See also Singer et al. submitted) 
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Needle in 70 deg2 haystack 
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27004 candidates in subtraction images 

26960 are NOT known asteroids 

4214 are astrophysical with machine learning score > 0.1 

2740 do NOT have a quiescent stellar source 

43 are detected in both visits and presented to human scanners 

7 are deemed high-value by humans and saved with an iPTF name 

3 are scheduled for follow-up spectroscopic observations  

1 is the true afterglow 
 



13 

Proof-of-concept:  
First optical afterglow in 71 deg2 
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2 SINGER ET AL.

 
IPN
!

GBM

LATiPTF13bxl PTF field 3486, chip 11

E

N

Figure 1. P48 imaging of GRB 130702A and discovery of iPTF13bxl. The left panel illustrates the �-ray localizations (red circle: 1-� GBM; green circle: LAT;
blue lines: 1-� 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 ↵ = 14h35m14s, � =
12�1500000 (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 r0 = 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 



14 

Seven more times… 
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“Orphan” Afterglows 

15 

Case of iPTF14yb: Gamma-Ray Parents Found Afterwards!  
Untriggered afterglow 
Case of PTF11agg: Gamma-Ray Parents Missing! Dirty fireball? 

Mansi M. Kasliwal / Brazil Seminar 

On 2014 Feb 23… 

09:04 UT 10:17 UT 12:01 UT 

@ 14:21 CARMA and EVLA radio triggered  
@ 15:26 Keck Optical Spectrum: z=1.98! 
@ 17:11 Swift X-ray & Ultraviolet observations 

Cenko et al. 2013, 2014 
February 5, 2015 
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EM-GW Surveys:  
Relative Sensitivity 
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IV. Asteroids: 
iPTF discovery of NEA 2014 JG55 

NASA  
Asteroid Redirect Mission 

 
This 10m asteroid came within ¼ of the earth-moon distance!  
The streak became brighter by 1 mag and faster by 50% in 2 hours. 
 

February 5, 2015 Mansi M. Kasliwal / Brazil Seminar 17 
ZTF will be 20x better at finding NEAs than iPTF 

2 hours later 

PhDT: A. Waszczak 
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Surveys 
!  Today 
!  Catalina Sky Survey, Palomar Transient Factory, PanStarrs1, ASASSN 

!  DECam, Hypersuprimecam 

!  Tomorrow 
!  Zwicky Transient Facility 

 

Stepping Stones to LSST! 
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P48 
Discovery  
47 sq deg! 

PI: S. Kulkarni 
(Jan 2017)  

P200: 
Spectroscopy 

P60 
Classification 

The SED 
Machine 

PI: N. Konidaris 
(2015) 

Zwicky Transient Facility (ZTF) 

Survey Speed of 3750 sq deg per hour! 

February 5, 2015 Mansi M. Kasliwal / Brazil Seminar 
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Thank You 
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