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Although the Universe has evolved over a time scale of the order of 10" years,
much interest in astrophysics now centers on the behavior of objects over
durations of 10 sec to years. In observing such phenomena, wide field of view,
rapid robotic response and extensive data storage are more important than
telescope aperture. The ROTSE project has been pursuing this avenue for the

past 13 years, finding the optical counterparts of gamma-ray bursts and highly
luminous supernovae.

www.rotse.net



GRB 700822
Klebesadel, Strong & Olson
ApJ 182, L85-88 (1973)

16 bursts detected between
July 1969 and July 1972 with
Vela satellites.

Detector Count Rate (counts/sec)

GAMMA-RAY BURSTS OF COSMIC ORIGIN
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Time Line for GRBs
First pulsar discovered: July 1967

First GRB discovered: July 1969

Gamma-Ray Stars Conference in Taos: July 1986

Compton Gamma-Ray Observatory: April 5, 1991 — June 4, 2000
Huntsville Gamma-Ray Workshop: Oct. 16-18, 1991

Texas/PASCOS conference in Berkeley: December 13-18, 1992
Beginning of BACODINE/GCN and GROCSE collaboration (UM/LLNL)

“Great Debate” - Lamb and Paczynski: April 22, 1995
Beppo-SAX mission: April 30, 1996 - April 29, 2003

ROTSE Collaboration begins, Michigan & LANL: July 1996
First GRB optical counterpart: GRB 970228

First GRB redshift measurement ( ~ 1.09): GRB 970508

First GRB contemporaneous optical counterpart: GRB 990123
Swift launch: November 20, 2004
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Experimental
Design




High-Resolution, Wide Field of View Camera

with Optics Shleld | (“Star Wars” Program)
Next available window Shield protecting unused

shield windows

4
Roll of unused Pellicle
window film
Three layer Take-up reel for used

Pellicle window
shield of optically

transparent x-ray absorbing Durable elastic sheet supporting
membrane (~1 mil thick) ' Pellicle windows

Pellicle film






Pointing mount gimbal

Batfle \

‘ — — ) Fiber-optic magnifier
/r \ —
Front window ./

— '

Environmental
chamber
/ -\ \ (rear section)
/
- — ‘\/Chamber cover
| - —
Maximum - {* Image intensifier
swing ~ ~—~— - power supply
radius — N
\ Lens system NN ~
. - Intensifier
— interconnection
. board
Environmental chamber _ _
(front section)
CCD camera package
Image Intensifier

LLNL Wide-Field-of-View Camera, /2.8, 250 mm f. I.
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ROTSE-I images of GRB990123 optical counterpart

47.38 seconds, V= 8.86
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optical magnitude

GRB990123 optical lightcurve
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The HS5T GRB Collaboration



GEODSS tracking telescope

1 m aperture, 2° FoV




ROTSE-II

(a complete disaster)



ROTSE-III

0.45 m aperture, f1.9
1.83° = 1.83° FoV




“The sun never rises on the ROTSE empire”






characteristics of GROCSE, ROTSE-I, and ROTSE-III

project aperture e > pixels | > FoV | lim mag cost
(m) (°) | @secs (%)
GROCSE 0.089 1 5a10° 2000 |[85@'%| ~5 =10°
ROTSE-I 0.11 1 1.7 =10’ | 256 |(14@e60| 1 =10°
ROTSE-III 0.45 4 |17 =10"| 138 |[18@60| 1 =10°
ROTSE-Ill sites
location latitude [longitude | altitude First Light
Fort Davis, Texas +30.680° | -104.014° | 2074 m | January 2003
Coonabarabran, Australia | -31.273° |+149.064°| 1097 m | February 2003
Mt. Gamsberg, Namibia -23.272° | +16.500° | 1800 m June 2003
Bakirlitepe, Turkey +36.825° | +30.333° | 2500 m May 2004




Current ROTSE-IIl Activities

. Observe GRB afterglows detected by Swift
140 GCN messages, 43 afterglow detections

. Find GRB afterglows detected by FGST/LAT
. Discover SNe in sky patrol mode

36 SNe since August 2007

. Search for optical counterparts of lceCube v
triggers

. Undergraduate research with exoplanets and
variable stars

. Educational outreach programs, specifically with
Thailand
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morphology of Swift XRT lightcurves



ROTSE-llla detection of GRB 060927 @ z = 5.47
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Interesting SNe discovered with ROTSE-Il

Program initiated by Robert Quimby at UT-Austin, extended by
Fang Yuan, et al.

2 sets of four 60 s exposures, At=30 m
40 fields per night, 140 degrees?’

SN 2005ap — Brightest SN ever discovered
SN 2005cg - la in a dwarf galaxy

SN 2005hj — la 20% brighter than normal

SN 2006gy — Second brightest SN

SN 2007if — Second super-Chandresekhar la
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MJD = 54331.2T11171 & 0): 01:10:51.4,+15:27:40.0

+152500.0 5
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ROTSE-Illl finding chart
z=0.07

SN 2007if:

the second example of an SN la
with a super-Chandresekhar mass

Flux (10-17 erg emr2 71 nnr)

Relative Flux FJL + Const.

— SNF20070825-001
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Figure 3 | Keck LRIS spectrum of SNLS-03D3bb at two days after maximum
light compared to a spectrum of the normal type la supernova SN
1994D.

Howell, et al, Nature 443, 308 (2006)
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ROTSE’s Discovery and Observation of Type la Supernova
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Summary

Robotic telescopes are essential for studying transients
Reliable operation requires considerable design care
ROTSE-IlIl has been operating since January 2003

GRB lightcurves are much more complex than expected
ROTSE finds unusually bright SN with untargeted sky scan
Even SN la show diverse behavior

Future ROTSE program:

— Find GRBs with lower Swift trigger thresholds

— Find counterparts for ~5 GLAST bursts/year

— ldentify ~30 SNe/year to find outliers

— Search for optical counterparts of Ice® v events

— Search for optical counterparts of LIGO triggers
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