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Solution:  a global robotic network of telescopes. Spaced around the globe 
in longitude, hemisphere so that it is always dark or clear somewhere.

Extrasolar planets

Comet Hartley imaged by EPOXI

Solar system objectsSupernovae / 
Dark Energy

Focus on variability, especially:

We keep you in the dark.
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1m Instrumentation

Elsewhere:  
SBIG 
imagers

Sinistro: 26.4’ x 26.4’, 0.389”/pixel.  
Fairchild CCD486, backside illuminated.  
21 position filter wheel, photometric shutter.
16 Mpix;  4 Mpix/s readout at ~10 e-/pix

At CTIO:  
SINISTRO 

Will double the radial velocity planet-vetting capacity in 
the US and achieve accuracy better than 3 m/s to V = 12

Coming late 2014:  
Network Robotic 
Echelle Spectrographs 
(NRES)
High-resolution 
(R~53,000), precise 
(≤ 3 m/s), optical 
(380-860 nm) 
echelle 
spectrographs

One at each 1m site (6 
total), can be fiber-fed 
(2.58" per fiber width) by 
two 1m telescopes and 
ThAr calibration source

NSF funded.  Prototype is Sedgwick 0.8m
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2m: FLOYDS robotic low 
resolution spectrographs

One on each 2m:  Faulkes North and South

Designed for supernovae

R~400 covering 325nm -- 1000nm in 
one pointing (cross dispersed).

Can go down to V~20 mag with S/N=10 
in 1 hour

320 nm

1000 nm

570 nm
540 nm

Spectrographs are in regular nightly operation.  
Pipeline reduces data, types SN 40s after readout.

Built by Dave Sand and engineers at LCOGT
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0.4m telescopes

For commercial, science, and 
educational use.

Up to 24 total, deployed in clusters of 
2-4 at each site, contingent on funding

Phase 1: testing of a 
single 0.4m at CTIO

Phase 2: deployment of 
4 more 0.4m

Phase 3: deployment of 
10 more 0.4m



As of May 1
All LCOGT telescopes scheduled by the network scheduler.

New GUIs, APIs for scheduling telescopes.  User documentation, feedback 
system in place.  

All 1m data served by IPAC.

2m telescopes upgraded to new network Telescope Control System, including 
new guiding, acquisition routines.

Three Key Projects started:  Supernovae (PI: Howell), Microlensing (PI: Street), 
AGN Reverberation mapping (PI: Horne).

Network is open to external users (i.e. site partners and collaborators).

Continued commissioning of FLOYDS.

SINISTRO roll-out to other sites besides CTIO.

To Do:



Network Scheduler All 11 telescopes scheduled by automated 
scheduler that solves an optimized whole-
network schedule in seconds.
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Other facilities used by the Key Project

Feeder Surveys

Survey Facilities

iPTF Palomar 48 (search)

LSQ La Silla Schmidt

Skymapper 1.3m Skymapper telescope

KMTnet 17% of the time on three 4 sq. deg. 1.6m 
telescopes for SN Survey.

Telescope Ap.
(m) Purpose

NTT 3.6 PESSTO optical and NIR spectra

Keck 10 High and low resolution spectroscopy

Gemini 8 Low resolution optical and NIR spectroscopy

Magellan 6.5 IR spectroscopy

Salt 9.2 Low resolution spectroscopy

Major Followup

Also:  KAIT, Gaia



Supernova Key Project

Build a sample of 450 supernovae to:

1.  Observe supernovae soon after explosion to search for signs of 
their progenitors

2.  Measure Dark Energy

3.  Do statistical population studies

4.  Build the first statistical samples of exotic SNe

5.  Obtain optical light curves and spectroscopy in support of UV 
observations, IR imaging and spectroscopy, host galaxy studies, 
high resolution spectroscopy, and late-time spectroscopy with large 
telescopes.

LCOGT time over 3 years:
1m time: 1030 hours / semester
2m time:  250 hours / semester

Goals

Allocation



iPTF13bvn
Cao et al. 2013

Daily spectra and lightcurves from 
LCOGT revealed it to be a Type Ib 
supernova, one where the 
exploding star has had its outer 
layer of hydrogen stripped.

ya-eer



Credit: 
BJ Fulton

SN 2013ej in 
M74 from LCOGT

Prompt observations

Can get spectra soon after explosion.

Sand	
  et	
  al.	
  2014,	
  in	
  prep

Early spectroscopic analysis of SN 2013ej 3

.

Figure 1. Early spectroscopic follow-up of SN 2013ej. In the first 3 weeks of observations we collected spectra almost every night. Several
nights more than one spectrum was observed taking advantages from the different location of our telescopes.

Hβ feature is not well reproduced because of the non-LTE
condition of the H-rich layers. Enhancing the e optical depth
ofHI may help improving the match with observed profile of
Hβ, but this would make the Hα absorption too prominent.

We also present in Fig. 3c two NIR spectra obtained
on July 27th and August xxth. In particular, the first SPeX
spectrum (+ 4d) is one of the earliest NIR spectra ever pub-
lished for a SN type IIP. This shows a blue continuum, in
which only very shallow Paschen lines are detected. These
become more prominent in the second spectrum, and show
no sign of high velocity hydrogen features. This allows us to
confidently exclude the presence of high velocity hydrogen
in SN 2013ej until 3 weeks after the explosion.

3.2 Progenitor Radius

In core-collapse SNe, soon after the shock break-out, the
shock-heated envelope expands and cools down with differ-
ent time scales depending on the initial radius of the pro-
genitor, on the opacity and the gas composition. Simple an-
alytic functions have been developed by Waxman, Meszaros
& Campana (2007), Rabinak & Waxman (2011) and Cheva-
lier & Irwin (2011) to give a rough estimate of the radius of
the progenitor of core-collapse SNe using the temperature
evolution at early phases. In particular the SN photosphere
after the explosion a red supergiant (RSG) remains at a
higher temperature for a longer time than what occurs in
a more compact blue supergiant (BSG). Making use of our
set of spectra at high temporal cadence and the equations
of Rabinak & Waxman (2011), it is possible to constrain the
initial radius of the exploding star. Using an optical opacity

of k=0.2 g km−2 (Chevalier & Fransson 2008), the temper-
ature evolution of SN 2013ej is consistent with that of a
progenitor with a radius of 500-600 R"; using an Edding-
ton opacity of k=0.34 g km−2, the radius of the progeni-
tor of SN 2013ej would be even larger. We stress that in
this calculation we assume no host reddening. Adding some
host reddening, the temperature and consequently the ra-
dius estimates would be larger. This inferred radius value
is consistent with that obtained by Inserra et al. (2012) for
SN 2009bw (500-1000 M"). This result is intriguing since we
will show in the next section that SN 2013ej and SN 2009bw
share several elements of similarity. The inferred radius val-
ues should be confirmed with more detailed models, but here
we may safely conclude that the temperature evolution of
SN 2013ej is consistent with that expected in the explo-
sion of an extended progenitor. In Fig. 3a we compare the
temperature evolution of SN 2013ej with the temperature
evolution of other SNe type II. The photospheric tempera-
ture of SN 2013ej is always higher than that of SN 1987A,
SN 2008ax and SN 2011dh. The temperature evolution us-
ing the swift data is always lower than the temperature
evolution from the optical spectra and optical photometry.
This is suggesting that some line blanketing effect is already
present at very early phase in SN 2013ej.

3.3 Light curve

The light curve of SN 2013e in the
uw2,um2,uw1,UBV RIgrizj filters is shown in Fig. 4a.
SN 2013ej shows in all bands a relatively slow luminosity
rise to the plateau. SNe type II usually have a very fast

Can

Valenti et al. 2014
FLOYDS 
spectra

Shock cooling measured with 
FLOYDS (green points), reveals the 
progenitor of SN 2013ej was a red 
supergiant with R=450-600 R⊙!



SN 2009ip
Graham et al. 2013.  

All data from LCOGT

A “SN impostor” from 2009.  Turned out 
to be an explosion from a Luminous 
Blue Variable like eta-Carinae.  

eta Car 
from HST

But then in 
2012 it 
exploded 
as a real 
Type II 
supernova! 
(We think.)
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Conclusions
LCOGT has nine 
robotic one meters 
deployed around the 
world with imagers.  
The network scheduler 
is operatinal.  High 
resolution 
spectrographs and 
better imagers are 
coming.

There are two robotic 
2m telescopes with 
imagers and FLOYDS 
spectrographs.

We’re taking nightly 
spectra and 
lightcurves.

For more see Brown et al. 2013



iPTF Northern bias
8/9 one meters can’t 
do most iPTF targets
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