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Abstract. The Sloan Digital Sky Survey (SDSS) will image one quarter of the sky centered on the northern
galactic cap and produce a 3-D map of galaxies and quasars found in the sample. An additional 225deg2 southern
survey will be imaged repeatedly on varying timescales. Here we discuss both archival searches in the SDSS
catalog (such as SDSS J24602.54+011318.8) and active searches with the SDSS instruments (such as for GRB
010222) for GRB afterglows and other transient objects.

INTRODUCTION: THE SLOAN DIGITAL
SKY SURVEY

The SDSS is a project to image 10,000deg2 of the North-
ern Galactic Cap in five different filters (u;g; r; i;z) to a
depth ofr� � 23 and to perform followup spectroscopy
of 106 galaxies and 105 quasars found in the photome-

try [13, 16]. The SDSS imaging survey is designed to be
on anABν system described in Fukugita et al. [2] where
flat spectrum objects (Fν ∝ ν0) have zero colors. The
magnitudes in this poster are quoted on the preliminary
u�;g�; r�; i�;z� system which may differ by at most a few
percent from the system of Fukugita et al. [2]. The spec-
troscopic survey will map galaxies to a depth ofz� 0:2,
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luminous red galaxies toz� 0:5, and quasars as distant
asz� 6:5.

The survey uses two dedicated telescopes, the auto-
mated 0.5m “Photometric Telescope” (PT) which moni-
tors extinction and provides calibration information, and
the 2.5m survey telescope used for the main imaging
and spectroscopic surveys, both of which are located at
Apache Point Observatory (APO) in Sunspot, New Mex-
ico. The PT is an f/8.8, 0.5m telescope equipped with
ugriz filters on a filter wheel. The single SITe 2048�
2048 CCD camera has a 41:50� 41:50 field of view. A
normal exposure of 300 sec inu and 120 sec each ing,
r, i, andz reaches limiting 10σ magnitudes of approxi-
mately 17.0, 16.0, 15.5, 15.0, and 15.0, although images
as deep asr� � 19 are regularly attained with longer ex-
posures. Operation of the PT is fully automated (short
of opening and closing the dome due to safety concerns)
with targets for observation chosen from a queue based
on assigned priorities and observability.

The 2.5m survey telescope is an f/5, 3Æ field of view
telescope designed and constructed for the SDSS. The
telescope has two interchangeable instruments, a 54
CCD imaging camera and a fiber-fed spectrograph capa-
ble of simultaneously observing 640 spectra. The imag-
ing camera [3] includes an array of 30 2048� 2048
CCDs in six columns of five CCDs each, one CCD for
each of the 5 filters. The camera operates in a drift scan
mode, scanning the sky in great circles at sidereal rate.
Astronomical objects are imaged sequentially in the or-
der r; i;u;z;g for 53.9 seconds in each filter. Because
of the gaps between columns the telescope must ob-
serve a second such interleaved strip to make a complete
stripe. The survey is designed to reachu�g�r�i�z� magni-
tude limits of 22.3, 23.3, 23.1, 22.3, and 20.8. Galaxies,
quasars, and other targets are selected from this imaging
data for the spectroscopic survey.

ARCHIVAL SEARCHES IN THE SDSS
CATALOG

Although the SDSS is not designed to search for GRB
afterglows or variable objects of any sort, the multicolor
observations make it possible to search for rare objects
with non-stellar spectral energy distributions (SEDs)
[14, 15, 13, 12, 7]. GRB afterglows are observed to have
power law SEDs of the formFν ∝ νβ with typical val-
ues ofβ � �1. Our initial studies have shown that such
objects are rare but do exist in the SDSS catalog. Un-
fortunately reddened quasars have similar colors and can
only be ruled out with temporal information. However
several hundreddeg2 have already been scanned at least
twice and the 225deg2 of the southern survey will be
scanned dozens of times. Much work is currently under-

FIGURE 1. Spectral energy distribution of
SDSS J124602.54+011318.8

way to find SNe and other variable objects in the southern
survey within a day or less of observation.

Many objects which lie outside the stellar locus are au-
tomatically targeted for observation in the spectroscopic
survey. In Vanden Berk et al. [15] we have used spec-
trophotometric magnitudes derived from these observa-
tions to provide temporal information and search for
varying objects such as SNe. We have found one optical
transient (OT) which shares many of its properties with
GRB afterglows (see Vanden Berk et al. [14]). This tran-
sient was imaged at three separate epochs as part of the
SDSS imaging survey and the spectrum was measured
twice. A bright point source was observed in images sep-
arated by 2 days; all other SDSS and archival plate im-
ages show a galaxy 2.5 magnitudes fainter with no evi-
dence of variability. ROTSE-I observations [5] from 50
days before to 50 days after show that the OT was not
significantly brighter than the SDSS detection, indicat-
ing the SDSS detected the OT at its peak. The SED (Fig-
ure 1) is quite similar to that of GRB afterglows. While it
is possible that this OT is a very unusual AGN, it seems
much more likely that it is an “orphan afterglow” – a
GRB afterglow without any observedγ� ray flux [14].

ACTIVE SEARCHES WITH THE SDSS
TELESCOPES

In certain rare cases when conditions do not allow nor-
mal survey operations the SDSS observers have been
able to manually follow up some GRB triggers, including
GRB010222 with the 2.5m and 0.5m PT telescopes [9],
and more recently GRB010921 [8] and GRB011019 with
the PT alone. The 2.5m survey telescope observations of
GRB010222 show the value of early multicolor obser-
vations. In addition to the measurement of theg�r�i�z�

spectral slope (Fν ∝ ν�0:90�0:03 for GRB010222), the ob-
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FIGURE 2. Extinction model fits to the 2.5m multiband
observations.

served break to a steeper slope inu� (Figure 2) was not
predicted or seen in spectra, and likely indicate extinction
at the source, possibly in a star forming region modified
by the GRB or its progenitor. GRB010921 was observed
under partially cloudy conditions approximately 1 and 2
days after the HETE-I trigger, and was seen to fade sig-
nificantly from the first night (r �19:6) to the second. We
have not yet detected a candidate object for GRB011019.

The above manual PT followup attempts have all suf-
fered due to long delays between GRB detection and
PT observation – the afterglow is often near the limit-
ing magnitude of a 0.5m telescope by the time PT ob-
servations can be scheduled. With trivial modifications
to the PT’s scheduling code, GCN alert positions could
be inserted in the target queue, resulting in observations
starting on average 10 minutes after the trigger. Addi-
tional modifications could reduce the average response
time considerably. Existing PT image processing code
may allow for detection of transients within minutes, al-
lowing early spectroscopic followup on non-SDSS tele-
scopes such as the ARC 3.5m telescope at Apache Point.
We are still in the early stages of studying whether a GRB
followup mission could be funded and incorporated with-
out any impact on the PT’s primary mission as part of
SDSS operations.

CONCLUSIONS

Our searches for GRB afterglows and other transients in
the SDSS have already made many valuable discoveries,
including what may be the first orphan afterglow and a
strong indication of dust extinction in an afterglow’s en-
vironment. Additional detections of transients with prop-
erties similar to GRB afterglows can test the beaming
hypothesis and provide the first measurements of the
properties of so called “orphan afterglows.” Early near

simultaneous observations of GRB afterglows spanning
the Sloanugriz filters, especially in the bluer filters, are
nearly non-existent, yet these observations (along with x-
ray, near-IR, radio, and submillimeter observations) are
needed to test the current ultra-relativistic external shock
model of GRB afterglows, and to provide information
about extinction of burst afterglows.
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