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Abstract. We present optical observations of the newly discovered accretion powered millisec-
ond pulsar IGR J00291+5934, undertaken in the weeks following its outburst on 2"¢ December
2004. The decay to quiescence is seen to be highly variable with no indication of a modulation
on the ~2.46 hr orbital period apparent in the data, consistent with a system at low inclination.
We also have a single Keck LRIS spectrum of the companion to IGR J00291+5934 taken 10
days after outburst. Strong hydrogen and helium emission lines are observed confirming the
identity of the counterpart.
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1. Introduction

IGR J00291+5934 was discovered by INTEGRAL on 2004 December 2nd (Shaw et al.
2005). The optical counterpart was identified two days later and was found to have a
magnitude R &~ 17.4 (Fox et al. 2004). It was quickly identified as the 6¢h member of the
class of accretion powered millisecond X-ray pulsars to be discovered. It has the fastest
spin period yet observed in this class pgpin ~ 1.7ms and the second longest orbital period
~2.46hr. We present here the first optical study of its outburst and decay.

2. Photometry

Two nights of R-band data were obtained on 2004 December 9th and 18th at the
1.3m MDM telescope at KittPeak and the 4m WIYN telescope respectively (see Fig. 1).
We also obtained 2 nights of white light observations from the 1.2m telescope at the
Kryoneri observatory in Greece. The resulting lightcurves were phased to the ephemeris
of Markwardt et al. (2004). The lightcurves are observed to be highly variable with
no significant modulation at the orbital period evident (Fig. 1). The observed fading
is consistent with that observed by Bikmaev et al. (2005). The IR counterpart was first
observed on December 8th (see Steeghs et al., 2004), 6 days after the onset of the outburst.

3. Spectroscopy

In an effort to confirm the identification by Roelofs et al. (2004), a single 300s LRIS
spectrum of the proposed optical counterpart was obtained 10 days post outburst
(Filippenko et al., 2004), Fig. 1. We observe broad (FWHM = 1200 km/s) emission lines
of Ha 656 nm, HB 486 nm, and Hel 667.8 nm, as well as narrow (FWHM = 300 km/s),
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Figure 1. LEFT: The R-band light curve. The top panel is from 9.12.04 with the bottom panel
obtained 9 days later. RIGHT: Keck LRIS spectrum of the optical counterpart taken on 12.12.04.
The markers indicate, from left to right, the positions of the Hell 468.6 nm (EW = 0.06 nm),
HpB 486 nm (EW = 0.54 nm), Ha 656 nm (EW = 0.96 nm) & Hel lines 667.8 nm (EW =
0.1 nm).

very weak Hell 468.6 nm emission. The lines are superposed on a blue continuum. These
are classic hallmarks of an X-ray transient in outburst and hence they firmly establish
the counterpart of the accreting X-ray pulsar.

4. Discussion

IGR J00291+5934 is the 6th member of the class of accretion powered millisecond
X-ray pulsars to be discovered and the third ‘long’ orbital period system. The decay
of IGR J00291+5934 is the fastest yet observed in this class of binary, with an e-
folding time 7, = 5.5 days. In comparison, the e-folding time for SAX J1808.4-3658 was
~14 days. This may be due to the relatively small accretion disk present in these systems,
because of (i) the short orbital period (and small system size), and (ii) the truncated
inner disk due to the magnetosphere of the neutron star: this is similar to what happens
during outbursts of intermediate polars (Angelini et al., 1989). Recently Burderi et al.
(2005) suggested that IGR J00291+5934 could be a high inclination system; however
the absence of any clear modulation in our data is inconsistent with this.
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