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Abstract. By using a recent model for the evolving star formation rate, we
investigate the statistical distribution of gravitational wave amplitudes due to
supernovae that result in neutron star formation in the Einstein—de Sitter cosmology.
To account for the uncertainty in gravitational wave emission for this source type,
we use a random mixture of three simulated waveform types computed by Zwerger
& Miiller. We investigate statistical parameters of the resulting gravitational wave
amplitude distribution in our frame.
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1. Introduction

Coward, Burman & Blair (2001a) calculated the spectral strain due to a background
of gravitational waves (GWs) from neutron star (NS) formation in supernovae (SNe)
at cosmological distances, using a sample of three single-source GW waveforms from a
catalogue calculated by Zwerger & Miiller (1997, hereafter ZM). By using the evolving
star formation rate (SFR) models of Madau et al. (1998) and the Einstein—de Sitter
cosmology, a differential rate of NS formation as a function of redshift was obtained. By
integrating this differential rate with the GW single-source spectra, the corresponding
strain spectra from a stochastic background of SNe that lead to NS formation was
calculated.

In this paper we use a Monte Carlo method developed by Coward et al. (2001b),
in order to simulate a background of GWs due to a cosmological ensemble of discrete
GW sources. The amplitude distribution of the events follows a probability distribution
function, p(z), that is based on the differential rate of events as a function of redshift
z, with z treated as a random variable. For a standard single-source waveform, the
random variable z determines the amplitude and duration of each event as observed in
our frame; the duration follows directly from z and the amplitude from the cosmology-
dependent luminosity distance. Hence the amplitude distribution of an ensemble of
events, as observed in our frame, is related to the particular cosmology and SFR model
used.

2. The differential NS formation rate

As the progenitors of NSs are short-lived massive stars with lifetimes of some tens of Myr,
the NS formation rate will closely track the evolving star formation rate. To account for
the variation of this rate with the evolution of the SFR we use a rate density evolution
factor, e(z). We base this on a high-dust-extinction SFR model, ¢, in which half of the
present-day stars were formed at z = 2-5 and were enshrouded by dust (Madau et al.
1998):

U(t) = 0.336 exp(—tg/1.6) + 0.0074 exp[1 — exp(—1q/0.64)]
+ 0.0197t9° exp(—19/0.64) Mg yr—* Mpc ™ (1)

where 14 is the time in Gyr since the Big Bang; this model was derived using the Einstein—
de Sitter cosmology with Hubble constant Hy = 50 km s~' Mpc™!, so tg = 13(1+2)~%/2,
We assume a cutoff for star formation at z = 5, because active star formation is believed
to have begun at that epoch. The dimensionless evolution factor e(z) is defined as
¥(2)/4(0).

The variation of the rate of NS formation with redshift can be expressed by the
event rate equation

dR/dz = 4n(c*ro/ Hy®)e(2) F(2) /(1 + 2) (2)















