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FIG. 6. Uncertainty in the intrinsic parameters µa
0 = (M,P0, e0, tp,0) (left) and extrinsic parameters ⌫a = (DL, ◆,�) (right)

as a function of the number of pericenter passages for a single binary system. The burst at each passage is given by a single
EFB-F2 waveform using the timing model of Eqs. (31)-(33). The first few bursts in the sequence provide a minimum order of
magnitude reduction in the uncertainty of the parameters, with the one exception being tp,0 which simply corresponds to an
overall time shift of the entire sequence. After the third burst, the uncertainties only show slight improvements from one burst
to the next, but can still change by orders of magnitude due to the accumulation of power from many bursts.

gives the eccentricity parameter at the specific number
of pericenter passages on the bottom axis. From this,
as well as Eq. (32), we see that the eccentricity decreases
from one passage to the next, a key feature of the leading
PN order radiation reaction e↵ects. Eventually, as we
consider more pericenter passages, the eccentricity will
become so low that the waveform no longer resembles dis-
crete bursts, but instead the continuous waveform of low
eccentricity inspirals. In addition, as can be seen from
Fig. 2, the match between EFB-F2 waveforms and lead-
ing PN order numerical waveforms generally decreases
with decreasing eccentricity, implying that the EFB-F2
waveforms become less accurate. It is thus necessary to
terminate the sequence of EFB-F2 waveforms given by
Eqs. (31)-(33) at some point, and use a moderate to low
eccentricity waveform to accurately model the evolution
of the system. We terminate the sequence after 25 bursts
to ensure we are still comfortably in the range of param-
eter space where the EFB-F2 waveforms are valid.

IV. DISCUSSION

We have here performed the first parameter estimation
study using analytic waveforms for gravitational bursts
from highly eccentric binaries. There are two conclu-
sions that we can draw from our analysis. First, just
like quasi-circular binaries at leading PN order, there
are degeneracies that prevent the measurement of cer-
tain parameters. Specifically, the degeneracies result in
the waveform being purely written in terms of the chirp

mass M = M⌘3/5 and the orbital radius of curvature
P = (p3/M)1/2, the latter of which is not present in
quasi-circular binaries. Second, the Fisher analysis used
here suggests that one cannot make accurate measure-
ments of many of the waveform’s parameters with single
bursts. Further, the Fisher analysis suggests that it is
only through the accumulation of phase across multiple
bursts that one can perform accurate parameter estima-
tion.
However, are the results of the Fisher analysis per-

formed herein accurate? The “Holy Grail” of parameter
estimation would be to perform Bayesian inference using
a Markov Chain Monte Carlo (MCMC) to map the full
posterior distribution of the parameters. This method
is unfortunately computationally expensive, and faster
methods like the Fisher analysis are commonly employed.
Unfortunately, there are known issues with the Fisher
matrix calculations. It is common for the Fisher analysis
to predict greater than one hundred percent uncertain-
ties, while Bayesian inference will give far more reason-
able error bounds [41]. Further, the Fisher analysis is
known to only be valid under certain conditions, specifi-
cally when the detector noise is stationary and gaussian,
when the SNR is su�ciently (and often unrealistically)
large, and when the prior probability distributions on the
waveform’s parameters can be neglected [42].
The systems used herein have single burst SNRs in the

range 10 SNR. 450, which already may be unrealisti-
cally large for real astrophysical sources. Meanwhile, the
SNR of the sequence of bursts grows roughly as N1/2,
with N the number of bursts. This seems to imply that


