
Galactic Magnetars and Cosmic Explorer

SUMMARY
Next-generation (XG) gravitational-wave observatories like Cosmic Explorer will have greatly improved
sensitivity at frequencies in the 1 to 3 kHz range compared to current generation detectors. This
improved high-frequency sensitivity could open up new gravitational-wave sources to observe. Isolated
neutron stars with exceptionally strong magnetic fields, called magnetars (Duncan and Thompson 1992),
are hypothesized to produce gravitational-wave signals driven by internal oscillations referred to as
”f-modes” (Thompson and Duncan 1995; de Freitas Pacheco 1998) in the 1 to 3 kHz regime. Targeted
searches have been performed in LIGO-Virgo data in previous observing runs with no detections (B. P.
Abbott et al. 2019; R. Abbott, Abe, Acernese, et al. 2022; R. Abbott, T. D. Abbott, et al. 2022). The
improved sensitivity of XG observatories may allow us to measure this never-before-seen type of signal
and shed new light on these mysterious objects.

Key question(s) and scientific context in brief

The improved high-frequency sensitivity of XG gravitational-wave (GW) observatories will allow searches
for GWs associated with magnetar f-modes to provide important astrophysical insights, including the neutron
star equation of state (EoS), either from detections or from meaningful limits. We present modeling which
suggests that targeted searches with XG detectors like Cosmic Explorer can make the astrophysics of magnetars
accessible.

Potential scientific impact of XG detectors on the key questions

The simplest description of an f-mode is that of a damped sinusoid, following the logic of Echeverria 1989
and Finn 1992. By describing the amplitude, frequency, and damping time terms with EoS-independent fitting
functions described by Lasky, Zink, and Kokkotas 2012 and Andersson and Kokkotas 1998, we can construct
a rudimentary model for the gravitational wave emission for such an oscillation. Estimates place the damping
times of these modes at less than 1 second (Levin 2006). Using astrophysically-motivated source parameters,
such as mass, radius, and magnetic field strength, we can estimate the strength of potential signals for various
detector sensitivities. This simple model predicts that for a magnetar with a magnetic field strength consistent
with giant flare measurements, we could potentially expect detections from anywhere in the galaxy using an
XG detector like Cosmic Explorer. Assuming that the more frequent (several per year) ordinary X-ray flares
also can ring-up f-modes, likely with smaller amplitudes, a nearby (few kpc) magnetar may provide a similarly
appealing target. Figure 1 shows the substantial improvement to the sensitive distance that XG detectors provide
over current-generation detectors when assuming a magnetic field strength of ∼ 1016 Gauss, a value predicted
by Stella et al. 2005 and Mereghetti 2008 for giant flares like the 2004 giant flare from SGR 1806-20.

Benchmarks for XG detectors to enable the scientific impact

This analysis benefits most from improved strain sensitivity in the 1 to 3 kHz region. The Cosmic Explorer
curve in Figure 1 was estimated using a characteristic sensitivity in this region of 5×10−25 to 2×10−24 Hz−1/2

(computed by Srivastava et al. 2022).



Figure 1: Sensitive ranges of current and future detectors to gravitational wave emission from a magnetar
f-mode assuming a magnetic field similar to a magnetar giant flare. Detection statistic is represented as the
fraction of random samples in a distance bin with a signal-to-noise ratio greater than 1. Samples were drawn
from astrophysically motivated mass and radius ranges (1 - 2.5 Msun and 8 - 16 km) and assuming a magnetic
field strength of 1 × 1016 G. Cosmic Explorer provides sensitivity to GWs associated with giant flares for the
entire galaxy.

SCIENTIFIC IMPACT OF XG DETECTORS
Potential first direct detection of f-modes associated with magnetars
Improved understanding of X-ray emission mechanisms in magnetars
Constraints on magnetar/neutron star Equation of State

Dependencies on other multi-messenger capabilities

The magnetar f-modes are hypothesized to be associated with X-ray flares. Hence, the targeted searches
proposed here rely on external detectors. Currently, these are primarily provided by FERMI GBM, SWIFT
BAT, and the IPN. The capacity of external groups to determine the distance to a source is also essential.

XG DETECTOR AND NETWORK REQUIREMENTS

No special network requirements.
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