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PTF Sky Coverage

To date:
• 1500 Spectroscopically typed supernovae
• 105 Galactic Transients
• 104  Transients in M31
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PTF Science

The power of PTF resides in its diverse science goals 
and follow-up. 

Liverpool Telescope 
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PTF Database
R-band g-band

images 1.37M 305k

subtractions 1.05M 146k

references 21.8k 6.3k

Candidates 684M 95M

Transients 39975
All in 738 open nights (to Feb. 2, 2012). 
An image is an individual chip (~0.7 sq. deg.)
The database is now 300GB.                              
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Turn-around
What does “real-time” 
subtractions really mean?

Typically put half the 
candidates into the db in 
< 1hr and the other half in < 
2hrs from the time the image 
was taken. 

The majority of this lag is 
contention within the db 
(loading images, subs, cands, 
queries, checking new cands 
vs. old PTF names, etc.). It 
gets worse about half way 
through the night, and things 
slow down….
A New db will start next full 
moon.
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August 24, 2011
g-band run: 

• ~500 sq. deg. hit twice during the night subtractions - rest 
went to new references
• 50-50 split between Dynamic and SN cadence
• 10 new transients found that night

• Pipeline was slow, running 6 hrs behind normal due to 
catching up from a kernel “update” on the NERSC machines.
• An IP address at Caltech had just been changed, thus we 
could only save things by hand….
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Discovery
11klx - JSB @ UT 19:48

 - response “I see your $20 and 
raise you $100”

11kly - PEN @ UT 19:50

“Hi all,

M101 has given birth to 11kly

Check it out, alert the troops!!!”
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PTF11kly (SN 2011fe)

Aug. 23, 2011 Aug. 24, 2011

Caught at 
magnitude ~17.4
(Mg = -11.7)

20% rise between 
first 2 detections 
separated by 1hr

~1/1000 as bright 
as the SN reached 
at peak 
brightness.
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Discovery
20:04  Mark: reckon it's real?

20:05 me: it is
2 detections, not an asteroid but 1% chance it is a SN Ia

Mark: we can trigger LT or GTC
me: please do, it sets early

20:10 Mark: it's in the LT queue now. We shall see.
me: cool
Mark: LT trying it right now, gotta love robotic schedulers

21:05 PM Mark: I can see it in the acquisition images so it's definitely still 
there, now to see if I can get a sky-subtracted spectrum………

After this CARMA, EVLA, HST and Swift were triggered by PTF

Horesh et al. (ApJ 2012), Li et al. (Nature 2011)
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Discovery
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SN 2011fe (PTF11kly)

Aug 23: g < 21.5, Aug 24: g=17.4 
Rose 20% in 1 hr.  factor of 10 in first day.
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Radio

Horesh et al. 
(2011) present 
the earliest 
and most 
sensitive 
x-ray and 
radio data to 
date. Can not 
rule out MS 
or sub-giant 
SD donors.
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But... progenitor system(s) unknown

Consensus:  Thermonuclear explosion of  
accreting Carbon/Oxygen white dwarf  
(WD), nearing Chandrasekhar mass

Progenitors
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Double-degenerate channel (DD)
WD-WD (Mtotal > 1.4 M⦿) merger
(GW inspiral)

Iben & Tutukov 84; Webbink 84

Single-degenerate models
Accretion from non-degenerate star

supersoft channel
MS or early RG donor
[M > 1.8 M⦿, Porbital < day]∼ ∼

e.g., van den Heuvel+92, Han & Podsiadlowski 04
Red Giant channel

e.g., Nomoto, Umeda, ...; Han+95

RLOF/Symbiotic wind accretion
[Porbital ~ 100 day]

Helium Star channel

Whelan, J. & Iben 73; Nomoto 82; Munari, U. & Renzini, A. 92

Liu+10

U Sco

RS Oph
T CrBV445Pup
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Constraining SNe Progenitors

Most direct: 
- detection preëxplosion (e.g., HST, Chandra imaging)

+ disappearance post-explosion
- outburst (e.g., novae) in historical time series

 Core-collapse SNe:

       93 within 28 Mpc/32 HST preëxplosion

       3-4 slamdunk cases of  red giant progenitor 

                 of  IIP (Mv ~ -4.5 ; MI ~ -6.5)

SN Ia: 

cf. Smartt 2009; Maund+05 de la Rosa & Van Dyk,, Li+06,Mattila+08....

       37 within 28 Mpc ... ~dozen HST preëxplosion
Smartt 2009
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Constraining SNe Progenitors

Typical Ia progenitor system limits: 
MI > -5, MV > -6

Smartt, Gibson 10
Maoz & Mannuci 08
Nelemans+08
Voss & Nelemans 08
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PTF11kly/SN2011fe

Li+2011

18’×18’ 3’×3’

DM=29.04 ± 0.23
Shrappe,Stanek 11
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HST Pre-imaging of the field where SN 2011fe was found.
Li et al. (2011) 

DM=29.04 ± 0.23
Shrappe,Stanek 11
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HST/ACS/F814W (~I band) Keck/NIRC2/H-band
Aug 26, 2011 (t0+3day)Nov 11, 2002
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Keck/NIRC2/H-band
Aug 26, 2011 (t0+3day)

SN2011fe
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HST/ACS/F814W (~I band) Keck/NIRC2/H-band
Aug 26, 2011 (t0+3day)Nov 11, 2002

1σ = 21 mas
(nearest star 
is ~9σ away)

2”x2”
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Constraints on the 
progenitor system.

Basically all we can 
have are a double 
degenerate system or 
a low mass main 
sequence companion.

Teff MV Reff
3010 > 0.59 m 240 R⦿

3490 > 0.24 m 63 R⦿

4050 > -0.22 m 32 R⦿

Li et al., Nature (2011)
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12 years preceding SN2011fe ... nothing

Novae detection 
probability

P=44% (fast)
P=63% (classical)
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PTF11kly/SN2011fe pre-imaging

HST non-detection:

• MV > 0.6 to -0.3 (red to blue)
• 100x deeper than previous limits on progenitor system

Single-degenerate, evolved redgiant progenitor system 
excluded 
(RLOF from a subgiant or MS star allowed)

No indication of prior nova activity
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LT, Lick & 
Keck HIRES 
spectra.

Very little dust 
along the line 
of sight.

Nugent et al., Nature (2011)
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OI line 
evolution.SN
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OI line 
evolution.

Just 
geometrical 
dilution.

SN 
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SYNAPPS 
spectrum 
synthesis fits on 
NERSC’s Hopper 
commenced 1 
hour after first 
spectrum was 
reduced. 

Finished analysis 
30 hours after SN 
was first 
detected! 

Ca II

Si II

S II

Mg II

Fe II

O I

Ca II

Nugent et al., Nature (2011)
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So similar to the 
maximum light 
spectrum 
abundance-wise 
that it is clear 
there is a lot of 
mixing in the SN 
explosion.
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Swift HST
SN 2011fe was 
caught within 
11 hrs +/- 20 
min. of 
explosion.

First spectra 
came in 
~24 hr later.

Peaked @ mag 
9.9, making it 
the 5th 
brightest SN in 
last 100 years.

Nugent et al., Nature (2011)
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Swift HST

Temperature 
is cold (UV 
deficit) and 
roughly 
constant…
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Swift HST Why follow t2 
law?

Ni56 in outer 
layers, 
photosphere 
does not drop 
much in 
velocity space, 
temp constant - 
leads to 
luminosity 
increasing like 
surface area.

Nugent et al., Nature (2011)
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Piro et al. (2012)

Mixing to the outer 
layers of Ni56 or some 
other radioactive 
source is the only way 
to explain the early 
lightcurve – M < 0.1
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Rabinak, Livne, 
Waxman (2011)

Piro, Chang & 
Weinberg (2010)

Lbol ~ 1040 erg × Rp tday
-1/3

T(t)~ 4000 K × Rp
1/4 tday

-1/2

detonation➝ shock ➝ early-time emission

Shock Breakout
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A White Dwarf accretes 
material from a companion 
star, either a main sequence 
Star or a Red Giant.

Companion

The companion subtends an appreciable angle.
 After explosion, the SN ejecta runs over the companion star in a few minutes to hours.
 This may leave a ~40o hole in the SN ejecta . (Marietta et. al. 2000; c.f. Livne et. al. 1996)
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Marietta, Burrows, & 
Fryxel (2000)

http://iopscience.iop.org/0067-0049/128/2/615/fulltext/
http://iopscience.iop.org/0067-0049/128/2/615/fulltext/
http://iopscience.iop.org/0067-0049/128/2/615/fulltext/
http://iopscience.iop.org/0067-0049/128/2/615/fulltext/
http://iopscience.iop.org/0067-0049/128/2/615/fulltext/
http://iopscience.iop.org/0067-0049/128/2/615/fulltext/
http://iopscience.iop.org/0067-0049/128/2/615/fulltext/
http://iopscience.iop.org/0067-0049/128/2/615/fulltext/
http://iopscience.iop.org/0067-0049/128/2/615/fulltext/
http://iopscience.iop.org/0067-0049/128/2/615/fulltext/
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Kasen (2010)

Doesn’t matter if it is the initial WD or the system – 
the shock effects both almost equally.

1030 KASEN Vol. 708
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Figure 2. Model light curve of a Type Ia supernova having collided with a red
giant companion at a separation distance a = 2 × 1013 cm. The luminosity due
to the collision is prominent at times t < 8 days and for viewing angles looking
down on the collision region (θ = 0◦). At later times, the emission is powered
by the radioactive decay of 0.6 M# of 56Ni located in the inner layers of ejecta
(v < 109 cm s−1). The black dashed line shows the analytic prediction for the
early phase luminosity (Equation (22)).

5. OBSERVATIONAL PROSPECTS

The results derived here suggest a new means for constraining
supernova companions using early photometric observations.
Table 1 summarizes the analytic estimates of the collision emis-
sion for various SNe Ia progenitors. The basic predicted signa-
tures appear to be quite robust, as they rely only on established
physics familiar from the core collapse SNe context. However,
further numerical studies using multi-dimensional radiation-
hydrodynamics calculations (and including non-equilibrium ef-
fects) will be needed to refine the detailed light-curve and spec-
trum predictions.

For all companion types, signatures of the collision will
be prominent only for viewing angles looking down upon the
shocked region, or ∼10% of the time. Detection will, therefore,
require high cadence observations of many supernovae at the
earliest phases (!5 days) and at the bluest wavelengths possible.
Ironically, these observations may sometimes be easier for
distant SNe. At redshifts z " 0.5, the UV flux would be
redshifted into the U-band, while cosmological time dilation
would prolong the light curve by a factor (1 + z).

Detecting the collision signatures becomes significantly eas-
ier for larger separation distances. Current optical and UV data
sets likely already constrain RG companions (a & 1013 cm). On-
going or upcoming surveys could be tuned to probe the larger
(M " 3 M#) MS companions (a & 1012 cm). Optical detection
of the smallest ∼1 M# MS companions (a & 1011 cm) will
be challenging, requiring measurement of subtle differences in
the light curves at t ! 2 day. However, in all cases the prompt
X-ray burst should be bright. Proposed X-ray surveys (e.g.,
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Figure 3. Signatures of companion interaction in the early broadband light curves of Type Ia supernovae. We model three different progenitor scenarios: an RG
companion at a = 2 × 1013 cm (green lines), a 6 M# MS companion at a = 2 × 1012 cm (blue lines), and a 2 M# MS companion at a = 5 × 1011 cm (red lines). The
ultraviolet light curves are constructed by integrating the flux in the region 1000–3000 Å and converting to the AB magnitude system. For all light curves shown, the
viewing angle is θ = 0◦.
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Assuming 
supernova 
energetics, a 
shock is 
produced that 
cools 
adiabatically 
and has a 
luminosity and 
temperature 
which is 
dependent on 
the initial 
radius of the 
system.

Nugent et al., Nature (2011)
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Open University 
observations on Mallorca 
only 4hrs after explosion.

Bloom et al., ApJL (2012)
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Constrains the 
explosion radius to R 
< 0.02 R

Bloom et al., ApJL (2012)
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Limits the 
progenitor to a 
WD or NS.

Bloom et al., ApJL (2012)
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Companion from a 
WD+WD merger?

 0.4 R in size as the 
detonation makes its 
way out…

Pakmor et al., (2012)
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Photometric Follow-up

Follow-up from 
PTF in optical and 
NIR (FTN/LCOGT 
and UKIRT/Seoul 
University). 

Bianco et al. (2012)
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Photometric Follow-up

A SIFTO lightcurve fit 
shows that this is a 
completely normal 
Type Ia Supernova.

Bianco et al. (2012)
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Spectroscopic Follow-up

SNIFS follow-up 
starting the night 
after discovery.

Credit Y. Copin and 
SNfactory.

Pereira et al. (2012)
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Spectroscopic Follow-up

IR follow-up 
starting 3 
nights after 
discovery on 
Gemini 
North.

Hsiao, 
Phillips et al. 
(2012)
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Spectroscopic Follow-up

Spectrapolarimetry.
Leonard et al. (2012)

Preliminary analysis shows the 
SN is only moderately 
aspherical (0.2% polarization – 
axis ratio of ~0.9) but high-
velocity Ca II is more 
significantly polarized. 

Modeling will be carried out by 
Botyanszki & Kasen.
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As Part of the C18 
program by R. Ellis 
et al., observations 
were undertaken 
with HST+STIS. 
They start at just 
over 4 days after 
explosion and 
extend to 2 months.

HST UV Observations

2000 4000 6000 8000 10000
Wavelength (Angstroms)
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1e-15

1e-14

f λ

t = 4.5 days
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Piggybacking off 
of the previously 
mentioned HST  
program, we were 
able to obtain 
simultaneous 
WFC3 IR imaging 
to improve the 
Cepheid distance. 
Analysis is 
ongoing.

HST IR Observations



Fermilab Center for Particle Astrophysics

Future

We will be able to see this supernova for 2 more years from 
small telescopes and perhaps another 5-10 years from the 
Hubble Space Telescope. Lots of opportunities for more 
science.

The modeling has just begun…


