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Abstract

We present the results of a model-based search for continuous gravitational waves from the low-mass X-ray binary
Scorpius X-1 using LIGO detector data from the third observing run of Advanced LIGO and Advanced Virgo. This
is a semicoherent search that uses details of the signal model to coherently combine data separated by less than a
specified coherence time, which can be adjusted to balance sensitivity with computing cost. The search covered a
range of gravitational-wave frequencies from 25 to 1600 Hz, as well as ranges in orbital speed, frequency, and
phase determined from observational constraints. No significant detection candidates were found, and upper limits
were set as a function of frequency. The most stringent limits, between 100 and 200 Hz, correspond to an
amplitude /o of about 10™>° when marginalized isotropically over the unknown inclination angle of the neutron
star’s rotation axis, or less than 4 x 1072 assuming the optimal orientation. The sensitivity of this search is now
probing amplitudes predicted by models of torque balance equilibrium. For the usual conservative model assuming
accretion at the surface of the neutron star, our isotropically marginalized upper limits are close to the predicted
amplitude from about 70 to 100 Hz; the limits assuming that the neutron star spin is aligned with the most likely
orbital angular momentum are below the conservative torque balance predictions from 40 to 200 Hz. Assuming a
broader range of accretion models, our direct limits on gravitational-wave amplitude delve into the relevant
parameter space over a wide range of frequencies, to 500 Hz or more.

Unified Astronomy Thesaurus concepts: Gravitational waves (678); Gravitational wave astronomy (675); Low-

Abbott et al.

mass x-ray binary stars (939); Neutron stars (1108)

1. Introduction

Rapidly rotating neutron stars (NSs) are primary targets for
continuous gravitational-wave (GW) searches with the current
network of ground-based detectors, LIGO, Virgo, and
KAGRA. In these stars a deformation, or ‘“mountain,”
sustained by elastic or magnetic strains, may result in a time-
varying quadrupole from rotation, leading to the emission of
GWs. Similarly, modes of oscillation may also lead to GW
emission (see Lasky 2015 for a review).

In particular, NSs in low-mass X-ray binaries (LMXBs) are
some of the most promising sources. In these systems
magnetically channeled accretion from the companion onto
the NS provides a mechanism to create a “mountain”
(Ushomirsky et al. 2000; Melatos & Payne 2005; Osborne &
Jones 2020; Singh et al. 2020), and the resulting GW torque
may provide the solution to an astrophysical conundrum. There
appears to be a sharp observed cutoff in the spin frequency (v)
distribution of NSs in LMXBs at v~ 750 Hz (Chakrabarty
et al. 2003; Patruno et al. 2017), well below the theoretical
breakup frequency for an NS (Haskell et al. 2018).

Although there are still several uncertainties in the modeling
of the spin-up accretion torques (Patruno & Watts 2021;
Glampedakis & Suvorov 2021), which may explain this
observation (Patruno et al. 2012; Ertan & Alpar 2021), it has
been suggested that the spin-down GW torques due to
mountains can lead to an equilibrium at high frequencies that
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naturally explains the observed spins of NSs in LMXBs
(Papaloizou & Pringle 1978; Wagoner 1984; Bildsten 1998)
and the clustering of systems above v, ~ 500 Hz and close to
the maximum frequency (Patruno et al. 2017; Gittins &
Andersson 2019). In such a scenario there is a natural
correlation between the observed X-ray flux and the expected
strength of the GWs, as a higher accretion rate leads to a
stronger spin-up torque and thus requires a stronger GW torque
for equilibrium (note that even if this equilibrium holds on
average, there is expected to be some slight fluctuation in
frequency or “spin wandering”’; Bildsten et al. 1997; Mukherjee
et al. 2018). Scorpius X-1 (Sco X-1), the most luminous
LMXB, which is presumed to consist of an NS of mass
~1.4M. in a binary orbit with a companion star of mass
~0.4M: (Steeghs & Casares 2002), is therefore a very
promising potential source of GWs. Some of the parameters
inferred from electromagnetic observations of the system are
summarized in Table 1. Note that the orbital eccentricity of Sco
X-1 is believed to be small (Steeghs & Casares 2002; Wang
et al. 2018) and is ignored in th