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Palomar Transient Factory: 
 the assembly line

P48: Discovery

P60: Followup

P200: Classification

P48 Discovery, ≈7 deg2, R≈20.6 in 60 s 
P60 Robotic, photometric follow-up (BVgriz) 
P200 Spectroscopy, classification 
Keck, Gemini, LCOGT follow-up programs

image credit: Palomar Observatory / E. Bellm • Maintain high survey cadence  
w/ limited filter set: R, g’ 

• Deep co-added reference images over 
most of accessible sky 

• Real-time image subtraction, source 
extraction, and machine-learning 
pipeline provides discovery stream 

• Marshals: database/web apps organize 
resources and data around broad 
science areas (galactic, extragalactic, 
TOO) 

• Team of duty astronomers selects most 
interesting targets and orchestrates 
follow-up 

• On-call team to follow up targets of 
opportunity (e.g. GRBs, GW events) 

• Transformative capability to do early 
spectroscopy of supernovae 
(e.g. Gal-Yam+ 2014)

http://adsabs.harvard.edu/abs/2014Natur.509..471G
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PTF11agg: an orphan afterglow?

• Detected in 11 intra-night visits of 
Praesepe cluster 

• Bright: Rmax=18.3 mag  
Rapid fading: ΔR=4 mag in 2 days 

• No GRB detected! 

• Most likely explanation: 
GRB missed by satellites 

• More exotic suggestion: 
a true orphan afterglow, “dirty fireball”

Cenko+ 2013

The Astrophysical Journal, 769:130 (16pp), 2013 June 1 Cenko et al.
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Figure 1. Optical imaging of the field of PTF11agg. The P48 discovery (R-band) image is shown in the left panel. Follow-up Keck/LRIS g-band observations, obtained
on 2011 September 26, are displayed in the center (wider field) and right (zoomed in) panels. The location of PTF11agg, as determined from our P48 imaging, is
indicated with a solid circle (1′′ radius; note that this is significantly larger than the astrometric uncertainty in our alignment between the Keck/LRIS and P48 images,
which is ∼50 mas in each coordinate). A faint, unresolved source consistent with the location of PTF11agg is detected in both our g-band and R-band (not shown)
images. All images are oriented with north facing up and east to the left.

for example, the most mundane possibility is a lack of sky
coverage: the most sensitive high-energy GRB detectors cover
only a fraction of the sky at any given time. But other, more
interesting possibilities exist, including viewing-angle effects
(Rhoads 1997; Perna & Loeb 1998; Nakar et al. 2002) and
some physical process suppressing the high-energy emission
entirely (Dermer et al. 2000; Huang et al. 2002; Rhoads 2003).
The search at longer wavelengths for these “orphan” (i.e.,
off-axis) afterglows or “dirty fireballs” has remained one of
the most sought-after goals in the GRB field for more than a
decade.

In this work, we report the discovery by the Palomar Transient
Factory (PTF) of PTF11agg, a rapidly fading optical transient
associated with a year-long, scintillating radio counterpart. The
detection of a faint, blue, quiescent optical source at the transient
location suggests a cosmological origin for the transient (i.e.,
well beyond the Milky Way and any nearby galaxies). At such
distances, the observed radio emission requires the presence of
relativistic ejecta.

Throughout this work, we adopt a standard ΛCDM cosmol-
ogy with H0 = 71 km s−1 Mpc−1, Ωm = 0.27, and ΩΛ =
1 − Ωm = 0.73 (Spergel et al. 2007). All quoted uncertain-
ties are 1σ (68%) confidence intervals unless otherwise noted,
and UT times are used throughout. Reported optical magnitudes
are in the AB system (Oke & Gunn 1983). We have corrected the
reported optical and near-infrared (NIR) photometry for a fore-
ground Galactic extinction of E(B −V ) = 0.044 mag (Schlegel
et al. 1998), using the extinction law from Cardelli et al. (1989).

2. DISCOVERY AND BASIC ANALYSIS

2.1. Optical/Near-infrared

2.1.1. Observations

Regular monitoring observations of field 100033 (centered
at α = 08h23m32.s42, δ = +21◦33′34.′′5, with a total on-sky
area of 7.2 deg2) were obtained with the Palomar 48 inch
Oschin telescope (P48) equipped with the refurbished CFHT12k
camera (Rahmer et al. 2008) as part of a program to study
stellar variability in Praesepe (the Beehive Cluster; Agüeros
et al. 2011) by the PTF (Law et al. 2009; Rau et al. 2009). Over
500 individual P48 frames, each with an exposure time of 60 s,
were obtained over the period from 2009 November through
2012 March. All P48 images were obtained with a Mould
R-band filter, which is similar to the r ′ filter from the Sloan
Digital Sky Survey (SDSS; Aihara et al. 2011), but offset by
∼27 Å redward (Ofek et al. 2012).

In an image beginning at 5:17:11 on 2011 January 30, we
detected a bright but short-lived optical flare at the (J2000.0)
location α = 08h22m17.s195, δ = +21◦37′38.′′26, with a 1σ as-
trometric uncertainty of 70 mas in each coordinate (Figure 1).
This source was subsequently dubbed PTF11agg by our auto-
mated discovery and classification pipeline (Bloom et al. 2012).
Our P48 photometry of PTF11agg, calculated with respect to
nearby point sources from SDSS, is presented in Table 1.

The peak observed magnitude, obtained in our first image of
the field on 2011 January 30, was measured to be R = 18.26 ±
0.05 mag. In the next 10 P48 images of the field, all obtained
on 2011 January 30, the source is seen to decay by 1.2 mag in
the R band. A faint detection is also obtained by co-adding all
P48 images from 2011 February 1 (R = 22.15 ± 0.33 mag).
The resulting P48 R-band light curve is plotted in Figure 2. All
subsequent P48 images result in non-detections at this location.

Examining our pre-outburst (i.e., before 2011 January 30) P48
imaging, we find no evidence for emission at this location in any
individual frames (extending back in time to 2009 November).
The typical limiting magnitude for an individual P48 image is
R ! 20 mag. Stacking all frames from 2011 January 29 (i.e.,
the day preceding discovery), we limit the optical emission
at the location of PTF11agg to R > 21.9 mag. Similarly,
co-adding all pre-outburst P48 images results in a non-detection
with R > 23.7 mag.

Deep optical imaging of the location of PTF11agg was
obtained at late times (∆t > 1 month) with the Low Resolution
Imaging Spectrometer (LRIS; Oke et al. 1995) mounted on
the 10 m Keck I telescope (g′- and R-band filters), and the
Inamori-Magellan Areal Camera and Spectrograph (IMACS;
Dressler et al. 2011) mounted on the 6.5 m Magellan-Baade
telescope at Las Campanas Observatory (I-band filter).

In our deepest epoch of post-outburst optical imaging (2011
September 26 with Keck/LRIS, or ∆t = 240 days), we identify
a faint, unresolved (in 0.′′6 seeing) source in g′ and R at
(J2000.0) coordinates α = 08h22m17.s202, δ = +21◦37′38.′′26
(Figure 1). Given the uncertainty in the astrometric tie between
the Keck/LRIS and P48 imaging (50 mas in each coordinate),
the observed 90 mas radial offset is not statistically significant
(null probability of 0.17). Co-adding Keck/LRIS images of the
field of PTF11agg from several individual nights with less ideal
conditions (2011 March 4, March 12, and April 27), we can
recover an object at this location with similar brightness in both
g′ and R. No emission is detected at this location in the I-band
IMACS images to I > 25.2 mag.

We obtained NIR imaging of the location of PTF11agg
with the 1.3 m Peters Automated InfraRed Imaging TELescope
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Figure 2. Optical light curve of PTF11agg, compared with a representative sample of afterglows of long-duration GRBs discovered by the Swift satellite (Cenko
et al. 2009). The Swift GRBs are color-coded by redshift; small black points indicate GRBs with unknown distance. The observed power-law decline from PTF11agg
(α = 1.66) is consistent with GRB afterglow observations at ∆t ≈ 1 day after the burst. Though at the high end of the observed brightness distribution at ∆t ≈ 0.2 days,
a sizeable fraction (∼10%) of Swift events have a comparable R-band magnitude at ∆t ≈ 1 day. The inverted triangles mark 3σ upper limits.
(A color version of this figure is available in the online journal.)

Table 1
Optical/Near-infrared Observations of PTF11agg

Date Telescope/Instrument Filter Exposure Time Magnitude
(MJD) (s)

55590.30519 P48/CFHT12k R 540 >21.9
55591.22026 P48/CFHT12k R 60 18.26 ± 0.05
55591.22245 P48/CFHT12k R 60 18.25 ± 0.04
55591.23391 P48/CFHT12k R 60 18.36 ± 0.05
55591.25326 P48/CFHT12k R 60 18.51 ± 0.08
55591.26691 P48/CFHT12k R 60 18.51 ± 0.04
55591.26800 P48/CFHT12k R 60 18.61 ± 0.06
55591.33081 P48/CFHT12k R 60 18.53 ± 0.17
55591.36188 P48/CFHT12k R 60 18.96 ± 0.28
55591.40604 P48/CFHT12k R 60 19.36 ± 0.10
55591.42439 P48/CFHT12k R 60 19.46 ± 0.09
55591.43978 P48/CFHT12k R 60 19.51 ± 0.10
55593.40775 P48/CFHT12k R 420 22.15 ± 0.33
55594.23819 P48/CFHT12k R 300 >21.2
55621.19100 PAIRITEL H 2246 >20.4
55621.19100 PAIRITEL J 2246 >20.6
55621.19100 PAIRITEL Ks 2246 >19.7
55624.49–55678.28 Keck I/LRIS g′ 6680 26.63 ± 0.33
55624.49–55678.28 Keck I/LRIS R 5700 26.28 ± 0.28
55830.60259 Keck I/LRIS g′ 2100 26.34 ± 0.19
55830.59849 Keck I/LRIS R 2160 26.17 ± 0.22
55944.22461 Magellan/IMACS I 2400 >25.2
56014.27324 P200/WIRC Ks 1200 >22.6

(PAIRITEL; Bloom et al. 2006) on 2011 March 1 (∆t =
30 days). A total exposure time of 2246 s was obtained
simultaneously in the J, H, and Ks filters. Raw data files were
processed using standard NIR reduction methods via PAIRITEL
Pipeline III (C. Klein et al., in preparation), and resampled using
SWarp (Bertin et al. 2002) to create 1.′′0 pixel−1 images for final
photometry.

We also observed the location of PTF11agg with the Wide-
Field Infrared Camera (WIRC; Wilson et al. 2003) mounted
on the 5 m Hale telescope at Palomar Observatory. The images
were obtained in the Ks filter on 2012 March 28 (∆t = 423 days)
for a total exposure time of 1200 s. The individual frames were
reduced using a custom pipeline within the IRAF environment
(Tody 1986). Both the PAIRITEL and WIRC images were
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iPTF14yb: first GRB detected by its afterglow
Cenko, 
Urban+ 
2015

http://adsabs.harvard.edu/abs/2015ApJ...803L..24C


PTF + IceCube: 
PTF12csy

• Pair of IceCube neutrino events within 1.79s 

• Alerts sent to ROTSE, PTF, Swift 

• P48, archival Pan-STARRS images revealed 
transient PTF12csy, R=18.6 

• SN IIn at z=0.0684,  
≳158 days after explosion 

• Probably unrelated to IceCube event, but 
interesting in its own right: member of rare, 
luminous (MR~-19) class of SN II showing 
signature of interaction between ejecta and 
dense, clumpy circumburst medium

Aartsen+ 2015

http://adsabs.harvard.edu/abs/2015ApJ...811...52A


Fermi 
GBM bursts

+ Prolific detection rate: ≈twice that of Swift 
Sakamoto et al. (2011,  ApJS 195:2), Paciesas et al. (2012,  ApJS 199:18) 

+ With LAT, access to MeV—GeV regime  
→delayed onset of GeV emission Abdo et al. (2009, Science 323:1688) 

+ GBM: all-sky monitor (~70% of sky) 

+ Strengths for detecting short-hard bursts 

- Coarse localization, ~10–100 deg2, unless also detected by LAT or Swift 

+ Vast majority not observed outside gamma-rays!
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TITLE:   GCN CIRCULAR
NUMBER:  16442
SUBJECT: Fermi 425193729 / iPTF14cyb: Discovery of optical afterglow
DATE:    14/06/23 13:58:46 GMT
FROM:    Varun Bhalerao at IUCAA  <varunb@iucaa.ernet.in>

V. B. Bhalerao (IUCAA), L. P. Singer (Caltech), M. M. Kasliwal
(Carnegie Observatories/Princeton), S. B. Cenko (NASA/GSFC), A. Horesh
(Weizmann Institute) and D. A. Perley (Caltech) report on behalf of
the intermediate Palomar Transient Factory (iPTF) collaboration: 

Fermi GBM reported trigger 425193729 at 2014-06-23 05:22:06.600 UT.
Starting 2014-06-23 05:33:07.776 UT (JD 2456831.73134, 11 min after
trigger), we began our search for optical counterparts using the
Palomar 48-inch Oschin telescope (P48).  Based on the automated Fermi
ground localization, we selected 10 fields covering an area of 74
deg^2.

We have triggered follow-up observations with Swift, EVLA and CARMA.
We encourage follow-up observations to confirm the nature of the
source. 

We thank GoGo Inflight Wifi for internet at 10,000 feet.
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Real-time analysis: 
• image subtraction 
• source extraction 
• classification: real 

or bogus?

4 H. Brink et al.

Figure 1. Examples of bogus (top) and real (bottom) thumbnails.
Note that the shapes of the bogus sources can be quite varied,
which poses a challenge in developing features that can accurately
represent all of them. In contrast, the set of real detections is
more uniform in terms of the shapes and sizes of the subtraction
residual. Hence, we focus on finding a compact set of features that
accurately captures the relevant characteristics of real detections
as discussed in §2.2.

candidates. For every real or bogus candidate, we have at
our disposal the subtraction image of the candidate (which
is reduced to a 21-by-21 pixel—about 10 times the median
seeing full width at half maximum—postage stamp image
centered around the candidate), and metadata about the
reference and subtraction images. Figure 1 shows subtrac-
tion thumbnail images for several arbitrarily chosen bogus
and real candidates.

In this work, we supplement the set of features devel-
oped by Bloom et al. (2011) with image-processing features
extracted from the subtraction images and summary statis-
tics from the PTF reduction pipeline. These new features—
which are detailed below—are designed to mimic the way
humans can learn to distinguish real and bogus candidates
by visual inspection of the subtraction images. For conve-
nience, we describe the features from Bloom et al. (2011),
hereafter the RB1 features, in Table 1, along with the fea-
tures added in this work. In §3.1, we critically examine the
relative importance of all the features and select an optimal
subset for real–bogus classification.

Prior to computing features on each subtraction image
postage stamp, we normalize the stamps so that their pixel

values lie between �1 and 1. As the pixel values for real can-
didates can take on a wide range of values depending on the
astrophysical source and observing conditions, this normal-
ization ensures that our features are not overly sensitive to
the peak brightness of the residual nor the residual level of
background flux, and instead capture the sizes and shapes of
the subtraction residual. Starting with the raw subtraction
thumbnail, I, normalization is achieved by first subtract-
ing the median pixel value from the subtraction thumbnail
and then dividing by the maximum absolute value across all
median-subtracted pixels via

IN(x, y) =

⇢
I(x, y)�med[I(x, y)]
max{abs[I(x, y)]}

�
. (1)

Analysis of the features derived from these normalized real
and bogus subtraction images showed that the transfor-
mation in (1) is superior to other alternatives, such as
the Frobenius norm (

p
trace(IT I)) and truncation schemes

where extreme pixel values are removed.
Using Figure 1 as a guide, our first intuition about

real candidates is that their subtractions are typically az-
imuthally symmetric in nature, and well-represented by a
2-dimensional Gaussian function, whereas bogus candidates
are not well behaved. To this end, we define a spherical 2D
Gaussian, G(x, y), over pixels x, y as

G(x, y) = A · exp

⇢
�

1
2


(c

x

� x)2

�

+
(c

y

� y)2

�

��
, (2)

which we fit to the normalized PTF subtraction image, I
N

,
of each candidate by minimizing the sum-of-squared di↵er-
ence between the model Gaussian image and the candidate
postage stamp with respect to the central position (c

x

, c

y

),
amplitude A

1 and scale � of the Gaussian model. This fit
is obtained by employing an L-BFGS-B optimization algo-
rithm (Lu, Nocedal & Zhu 1995). The best fit scale and am-
plitude determine the scale and amp features, respectively,
while the gauss feature is defined as the sum-of-squared dif-
ference between the optimal model and image, and corr

is the Pearson correlation coe�cient between the best-fit
model and the subtraction image.

Next, we add the feature sym to measure the symmetry
of the subtraction image. The sym feature should be small
for real candidates, whose subtraction image tends to have a
spherically symmetric residual. sym is computed by first di-
viding the subtraction thumbnail into four equal-sized quad-
rants, then summing the flux over the pixels in each quad-
rant (in units of standard deviations above the background)
and lastly averaging the sum-of-squares of the di↵erences be-
tween each quadrant to the others. Thus, sym will be large
for di↵erence images that are not symmetric and will be
nearly zero for highly symmetric di↵erence images.

Next, we introduce features that aim to capture the
smoothness characteristics of the subtraction image thumb-
nails. A typical real candidate will have a smoothly varying
subtraction image with a single prominent peak while bogus

1 As subtraction images of real candidates can be negative when
the brightness of the source is decreasing, we allow the Gaussian
amplitude A to take on negative, as well as positive, values.

c
� 2012 RAS, MNRAS 000, 1–16
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Follow-up 
• Archival analysis 
• Confirm fading w/ P48, P60 
• Spectroscopy: P200, Keck, Gemini, HCT 
• Swift XRT TOO 
• Smoking gun: spectrum w/ featureless, blue 

continuum and high-redshift lines; continued 
fading, coincident X-ray transient 

• Detection → discovery
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LIGO follow-up 
with Fermi GRBs 

Singer et al. 2013, ApJL, 
arXiv:1307.5851 

Singer et al. 2015, ApJ, 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• Fermi GBM error uncertainties of ~100 deg2 → 
some parallels to LIGO problem, lessons learned 

• Discovery, redshift, and X-ray/UV/Opt/IR/mm/radio 
monitoring of eight Fermi-iPTF afterglows in one year of 
observations 

• Two low-redshift, low-luminosity GRBs, two GRBs with 
spectroscopically accessible SNe  
(D’Elia+ 2015, Toy+Cenko in prep., Cano+ in prep.) 

• First clear identification of a galaxy cluster or group 
containing a GRB host (Kelly+ 2013, D’Elia+ 2015) 

• Proven TOO pipeline for P48 is now prototype for 
Advanced LIGO pipeline 

• Retargeting toward short GRBs to force toward long, 
deep exposures

moon (for scale)

http://adsabs.harvard.edu/abs/2015arXiv150204883D
http://adsabs.harvard.edu/abs/2013ApJ...775L...5K
http://adsabs.harvard.edu/abs/2015arXiv150204883D
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Table 1
iPTF/GBM detections.

Epeak E�,iso T90 tdiscovery mR P48 area Containment
GRB OT z (keV) (1052 erg) (s) -tburst (h) (discovery) (deg2) probability

GRB 130702A iPTF13bxl 0.145 18±3 <0.065±0.001 58.9±6.2 4.21 17.38 74 38%
GRB 131011A iPTF13dsw 1.874 632±86 85.083±4.451 77.1±3 11.64 19.83 73 54%
GRB 131231A iPTF13ekl 0.644 270±10 17 ±1 31.2±0.6 1.45 15.85 30 32%
GRB 140508A iPTF14aue 1.03 430±100 21 ±1 44.3±0.2 6.88 17.89 73 67%
GRB 140606B iPTF14bfu 0.384 352±40 0.15 ±0.04 22.8±2.1 4.33 19.89 74 56%
GRB 140620A iPTF14cva 2.04 234±15 6.392±0.347 45.8±12.1 0.25 17.60 147 59%
GRB 140623A iPTF14cyb 1.92 1022±467 7.832±0.848 114.7±9.2 0.28 18.04 74 4%
GRB 140808A iPTF14eag 3.29 494±33 8.063±0.536 4.5±0.4 3.36 19.01 95 69%

Table 2
iPTF/GBM non-detections. Columns are time of the burst, age

of the burst at the beginning of the P48 observations, area
enclosed by the P48 fields, and prior probability for the burst to

be located within the P48 fields.

tP48 P48 area Containment
GRB time -tburst (h) (deg2) probability

2014-08-07 11:59:33 15.88 73 54%
2014-07-29 00:36:54 3.43 73 46%
2014-07-16 07:20:13 0.17 74 29%
2014-06-28 16:53:19 16.16 76 20%
2014-06-08 17:07:11 11.20 73 49%
2014-05-19 01:01:45 4.42 73 31%
2014-05-17 19:31:18 8.60 95 51%
2014-04-29 23:24:42 10.99 74 15%
2014-04-04 04:06:48 0.11 109 69%
2014-03-19 23:08:30 3.88 74 48%
2014-03-11 14:49:13 12.18 73 54%
2014-02-24 18:55:20 7.90 72 30%
2014-02-19 19:46:32 7.01 71 14%
2014-02-11 02:10:41 1.77 44 25%
2014-01-22 14:19:44 11.97 75 34%
2014-01-05 01:32:57 7.63 74 22%
2014-01-04 17:32:00 18.57 15 11%
2013-12-30 19:24:06 7.22 80 38%
2013-11-27 14:12:14 13.46 60 34%
2013-11-26 03:54:06 6.94 109 59%
2013-11-25 16:32:47 11.72 95 28%
2013-11-10 08:56:58 17.47 73 37%
2013-11-08 00:34:39 4.69 73 29%
2013-10-06 20:09:48 15.26 74 25%
2013-09-24 06:06:45 23.24 74 27%
2013-08-28 07:19:56 20.28 74 47%
2013-06-28 20:37:57 10.02 73 32%

Swift XRT detected an X-ray source that faded with a power
law ↵ = 1.48 (+0.15,-0.14) (Amaral-Rogers 2014a,b). The
source was also detected by Swift UVOT (Marshall 2014).

Sokolov (2014) obtained a 20 min, 3800–7200 Åspectrum
of iPTF14aue with the 6-m BTA telescope in Zelenchukskaia
(Sokolov 2014). Exhibiting no absorption features, this estab-
lished an upper limit of z < 2.1. Malesani (2014b) used the
Andalucia Faint Object Spectrograph and Camera (ALFOSC)
on NOT to get an 1800 s spectrum spanning 3200–9100 Å,
and found several absorption features at redshift z = 1.03.
Consistent redshift were reported by Wiersema (2014) with
the ACAM instrument on the 4.2-m William Herschel Tele-
scope and by Bhalerao (2014a) with HFOSC on the 2-m Hi-
malayan Chandra Telescope (HCT).

Due to the brightness of the optical transient, optical pho-
tometry was available from several facilities up to 4.5 days
after the burst (Gorosabel 2014a; Sokolov 2014; Malesani
2014b; Masi 2014; Butler 2014b,a; Yoshii 2014; Pozanenko
2014b).

Figure 3. Prior probability of containing the burst’s location within the P48
fields versus age of the burst at the beginning of P48 observations. Afterglow
detections are shown in red and non-detections are shown in gray.

Horesh (2014) detected the source with EVLA 5.2 days
after the Fermi trigger, at 6.1 GHz (C-band) with a flux of
127±9 µJy and at 22 GHz (K-band).

3.3.5. GRB 140606B / iPTF14bfu

Fermi trigger 423717114 (Burns 2014) was observable
from Palomar for several hours, starting about 4.3 hours af-
ter the time of the burst. Based on the final GBM localization,
we searched ten P48 fields and found several plausible optical
transient candidates (Singer 2014a).

iPTF14bfu had no previous detections in iPTF between
23 May and 13 October 2013. Its position was outside the
SDSS survey footprint, but it had no plausible host asso-
ciations in VizieR (Ochsenbein et al. 2000). From 4.3 to
5.5 hours after the burst, it faded from r = 19.89 ± 0.10 to
20.32 ± 0.14 mag, fitting a power law of ↵ = -1.6 ± 0.7
relative to the time of the GBM trigger. iPTF14bfw (r =
19.96 ± 0.06 mag) was coincident with a r = 21.27 galaxy
in SDSS DR10, and displayed no statistically significant pho-
tometric variation over the course of our P48 observations.
iPTF14bgc (r = 18.44 ± 0.02 mag) was coincident with a r =
21.07 ± 0.08 mag point source in our coadded reference im-
age composed of exposures from July 31 through 24 Septem-
ber 2013. iPTF14bga (r = 19.75 ± 0.06 mag) was likewise
coincident with a r = 20.42 ± 0.17 mag point source in our
reference image composed of exposures from 29 July through
20 October 2011.

On the following night, we observed all four candidates
again with P48 and P60 (Perley 2014a). iPTF14bfw and

Singer+ 2015, ApJ, 806, 52 
The Needle in the 100 deg2 Haystack: Uncovering Afterglows 
of Fermi GRBs with the Palomar Transient Factory

http://adsabs.harvard.edu/abs/2015ApJ...806...52S


LIGO and PTF
• Listening to Advanced LIGO alerts now 

• Using evolution of Fermi GBM pipeline 

• On-duty follow-up team consisting of iPTF 
members at  Caltech, NASA/GSFC, IUCAA 

• Afterglow search extremely straightforward 
(optical fluxes at aLIGO distances comparable 
to long GRBs at cosmological distances)  

• Tradeoff between depth and area unavoidable 
for kilonova search

Singer+ 2015

http://www.ligo.org/scientists/first2years/
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Figure 1.5 The PTF (left) and ZTF (right) cameras. Reproduced from a presentation by E. Bellm.

1.2 Aims of this thesis

The aim of my thesis is to deliver the major, fully and realistically characterized and tested,

pieces of the search for optical counterparts of BNS mergers, including detection and parameter

estimation as well as the optical transient search itself. Here is a chapter-by-chapter summary of

the content of this thesis.

Chapter 2 introduces the basic principles of a matched filter bank GW search. We describe

the range of a GW detector in terms of its directional sensitivity or antenna pattern, its noise

power spectral density (PSD), and the signal-to-noise ratio (SNR). We then apply the Fisher

information matrix formalism to compute the approximate sky resolution of a network of GW

detectors. There is a great deal of prior literature on this topic that considers GW sky localization

in terms of timing triangulation (see, for instance, Fairhurst 2009). Our calculation captures the

additional contributions of the phases and amplitudes on arrival at the detectors, which we show

to be significant, especially near the plane of the detectors where timing triangulation is formally

ZTF will survey an order of magnitude faster than PTF.
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E. Bellm 
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Zwicky Transient Facility

Key dates: 
now—2016: iPTF continues 
January 2017: ZTF commissioning 
April 2017: ZTF first light 
August 2017: ZTF survey begins 
2018: first ZTF data release, public alerts begin

http://arxiv.org/abs/1410.8185
http://adsabs.harvard.edu/abs/2014SPIE.9147E..79S
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Zwicky Transient Facility

• New camera, 7x larger FOV, 
order of magnitude faster survey rate 

• 3800 deg2/hour ⇒ 3π survey in 8 hours 

• Faster readout for deep co-adds, 
guide camera for long exposures 

• New real-time P48 pipeline at IPAC based on 
PTF science archive calibration, deployed now 

• Improved real/bogus classification 
→higher purity discovery stream 

• All sky, including galactic plane 
• Filters: R, g → R, g, i 
• Narrow-band Ha survey on P48 to construct a 

galaxy catalog for the Northern sky

http://arxiv.org/abs/1410.8185
http://adsabs.harvard.edu/abs/2014SPIE.9147E..79S
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Fig. 4.— Fraction of mergers detectable by a given EM facility as a function of kilonova luminosity (expressed in absolute i-band AB
magnitude). Color and line-styles are same as in Figure 3. Shaded regions denote theoretical predictions for kilonovae (Barnes & Kasen
2013; Kasen et al. 2013) — r-process powered peak (light grey; Mejecta ⇡ 10�1–10�3 M�, vejecta ⇡ 0.1c–0.3c) and Nickel-56 powered
peak (dark grey; Mejecta ⇡ 10�2–10�3 M�). All fractions are relative as an accessibility window of three hours with clear weather is
assumed for all binaries at all facilities and no correction is made for lag in response (Table 1).

Singer et al. (2015)Kasliwal & Nissanke (2014)

ZTF’s reach into relevant phase space
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