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FIG. 1. Signal to noise ratio (SNR), as calculated via the
method described in the text, of a gravitational wave burst
from a single pericenter passage of binary systems with vary-
ing values of the orbital eccentricity e and semi-latus rec-
tum p. The remaining parameters are fixed at masses of
(10, 10)M�, luminosity distance of 100 Mpc, and the system
is oriented in the “face-on” configuration with polarization
angle � = 0. The waveforms are computed by numerically
integrating the equations governing Newtonian orbits com-
bined with the equations for the leading PN order radiation
reaction e↵ects, an approximation commonly called the New-
tonian plus quadrupole radiation approximation. The SNR
shows little variation as the eccentricity increase, but can vary
by more than an order of magnitude as the semi-latus rectum
is decreased, making the binary more compact.

models were developed by performing a re-summation of
common Fourier series representations of the orbital dy-
namics, resulting in an e↵ective fly-by (EFB) approach.
Focusing on the time domain, the EFB-T waveform was
shown to be an accurate representation of leading PN
order burst waveforms, while still retaining reasonable
agreement with numerical relativity fly-by waveforms.

However, a problem arose when moving to the Fourier
domain. The frequency domain waveform, called the
EFB-F model, took several hours to evaluate for a sin-
gle system, rendering it completely impractical for any
real searches. We here present a new frequency domain
EFB waveform, called the EFB-F2 model, which takes
less time to evaluate than the original EFB-F model by
about 4-5 orders of magnitude. The model is achieved
through a rather lengthy procedure, but there are a few
critical steps. The first is a linear transformation of the
hypergeometric functions that the original EFB-F model
depends on. This transformation e↵ectively allows us to

perform a post-Newtonian (PN) expansion of these func-
tions. Second, is an asymptotic expansion of the PN-
expanded hypergeometric functions at large frequencies.
Afterwards, we re-sum the PN-expansion of the now dou-
bly expanded hypergeometric functions in terms of Bessel
functions of the first kind. By computing the match
between the EFB-F2 model and numerical leading-PN
order burst waveforms, we find that the new model is
a faithful representation of eccentric burst signals for a
wide region of parameter space (see Fig. 2).
While the new waveforms may be faster, the fact that

they are also analytic opens the door to performing a pa-
rameter estimation study using a Fisher analysis [35, 36].
This method relies on assuming that the expected signal
is su�ciently similar to the waveform model that one can
approximate the log-likelihood as a quadratic function in
the parameters of the model, with coe�cients that de-
pend on the derivatives of the model with respect to the
parameters. The uncertainties in waveform paramters
are then found by inverting the matrix of coe�cients.
We carry out this analysis with the EFB-F2 waveforms
for single burst events, as well as multi-burst inspiral se-
quences. For the single burst analysis, we fix the masses
to be 10M� and luminosity distance to the source to be
10 Mpc. We then generate two thousand systems by ran-
domly sampling the semi-latus rectum, orbital eccentric-
ity, inclination angle, polarization angle, and sky location
of the source.
We have found that the EFB-F2 waveform model ac-

tually has degeneracies among its parameters, such that
the waveform is parameterized in terms of the chirp
mass M = M⌘3/5 and orbital radius of curvature P =
(p3/M)1/2, with M the total mass of the binary, ⌘ the
symmetric mass ratio, and p the semi-latus rectum of
the orbit. After computing the Fisher matrix for each of
these systems, we find that the uncertainties for many of
the systems are typically larger than one hundred per-
cent. For example, nearly all of the systems studied have
more than one hundred percent uncertainty in the chirp
mass and luminosity distance. These two parameters also
show a large correlation. Meanwhile, approximately half
of the systems studied have less than one hundred percent
uncertainty in the orbital radius of curvature and orbital
eccentricity, which also show very strong correlations.
We repeat this analysis for all of the two thousand

systems after including the burst following the initial in
the inspiral sequence. The Fisher analysis predicts that
the uncertainties in parameters can improve by an order
of magnitude or more simply by including an additional
burst. We study the behavior of this trend with the num-
ber of pericenter passages, and thus bursts, by selecting
one system and repeating the Fisher analysis for a total of
twenty five passages. While the Fisher analysis predicts
orders of magnitude improvements in the uncertainties,
after a few bursts, the uncertainties converge to a mono-
tonically decreasing trend with only small improvements
from one burst to the next.
This paper is organized as follows. In Sec. II, we ex-


