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We aim to put quantitative constraints on the fraction of long gamma-ray bursts (LGRBs) associ-
ated with broad-line type Ic SNe from observations of gravitational waves (GWs). By analyzing the
waveforms from Ott et al. (2011) [1], the Piro & Thrane 12 (PT12) analytical model [2], we introduce
a new set of phenomenological waveforms for BH formation and different types of stellar collapse.
Through the investigation of the detectability of GWs from several emission mechanisms connected
to neutron stars, super-luminous supernovae (SLSNe) and LGRBs in the context of Advanced LIGO
and Advanced Virgo, in addition to proposed third-generation ground-based GW detectors, such as
Einstein Telescope and LIGO Voyager, we propose a radio search focusing entirely on type Ic-BL
SNe in low metallicity environments in order to determine a 90% chance of detecting an off-axis
LGRB event.

I. THE CONNECTION BETWEEN LONG
GAMMA-RAY BURSTS (LGRBS) AND TYPE

IC-BL SNE

The collapsar scenario involves a rotating massive star
whose core collapses to a black hole (BH) and produces
an accretion disk. The collapsar progenitors typically
have two requirements needed to be satisfied: the core
collapse produces a BH either promptly/shortly there-
after and there must be sufficient angular momentum
that exists in order to form a disk outside the BH. In
the collapsar scenario [3, 4], the high rotation required
to form the centrifugally supported disk should produce
gravitational waves (GWs) via bar [5–8] or fragmenta-
tion instabilities that potentially develops within the col-
lapsing core [9] and/or in the disk [10–12]. Furthermore,
the collapsar scenario is observationally supported by the
fact that long gamma-ray bursts (LGRBs) occur in galax-
ies with high specific star formation rate [13, 14]. More
specifically, the association of LGRBs with star forming
regions, and in several cases with type Ic-BL SNe, suggest
that they involve stellar collapse.

Broad-line type Ic SNe (Ic-BL) are a type of highly en-
ergetic supernovae that are associated with LGRBs. The
population of LGRB-SNe isn’t correlated with subset of
type Ic SNe, as specifically broad-line type Ic SNe fol-
low the metallically distribution of star-formation in a
general galaxy population [15]. It is worth noting that
LGRB associated events do posses unusually broad spec-
tral features [16].

The concentration of kinetic energy in relativistic
ejecta (βΓ ≥ 2) is the distinguishing feature of a GRB-
SN. Here, β is the velocity of the ejecta divided by the
speed of light and the Lorentz factor Γ = (1 − β2)−1/2.
The value of the energy of the gamma-rays, Eγ , is diffi-
cult to measure directly because of the effects of beaming,
but in typical bursts, it is around 1051 erg. The energy
in relativistic ejecta,ERel, may be inferred from radio ob-
servations at such late times that beaming is no longer
important, and is 5 × 1051 erg.

Understanding that a fraction of LGRBs are missed
due to their beaming angles being unaligned toward the
direction of the Earth, we only consider the LGRBs
aligned in the direction of the Earth. Therefore, a beam-
ing fraction is defined according to the burst’s beaming
angle, which depends on the uniform beam or structured
beam (i.e. where the Lorentz factor varies with angle).
There are two widely different, yet accepted, values of
520◦ ± 85◦ and 75◦ ± 25◦ [17, 18]. The primary dif-
ference between the two angle calculations is that one
method assumes the existence of a large number of low-
luminosity bursts that cannot be observed except at the
closest redshifts, but other methodology [19] has a consis-
tency between the beaming angle population and that of
the Swift population. But, this methodology also makes
certain simplifications in their the jet structure of the
LGRBs and assumes any optical break to be a jet break,
which is now known to be classified as a poor approx-
imation. To properly constrain and define the jet an-
gle, one of the parameters that is required is the GRB
isotropic-equivalent energy release, Eiso. This requires
the burst redshift to be known, but is not available for
most LGRBs. Even when Eiso is known, the range in
opening angles is fairly broad, and therefore the sample
sizes are still insufficient enough to determine a distribu-
tion, much less a mean angle.

II. PARAMETERIZING THE NEUTRON STAR
EQUATION OF STATE

As stars approach their final stages of plunge and
merger, the GW phase accumulates more rapidly for
smaller values of the ratio of the mass of the neutron
star to its radius. In order to systematize the study of
constraints placed by astrophysical observations on the
nature of neutron-star matter and GW emission, we esti-
mate that a realistic equation of state (EoS) will lead to
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gravitational waveforms that are distinguishable at an ef-
fective distance to an optimally oriented and located sys-
tem that would produce an equivalent waveform ampli-
tude of 20 Mpc or less. We resort to referencing the table
provided in O’Connor & Ott (2010) by matching the high
densities of the EoS of Lattimer & Swesty (1991), which
possesses a nuclear compressibility of K = 220 MeV,
with densities below 108 g cm−3 referencing to the EoS
of Timmes & Arnett (1999). Understanding that we are
targeting GW emission from massive, rapidly-rotating as-
trophysical objects with sub-solar metallicity that may
very likely fail to produce a SN explosion, we constrain
an initial model where the maximum baryonic mass sup-
ported will be 2.41 M�. The formation of a BH in a
stellar core-collapse will not realistically occur of the iron
core, but will extend, generally, to timescales longer that
0.5 s [4]. In the collapsar scenario, a lower limit may
be estimated at times where 2.41 M� have been accreted
through the shock around 820 ms and the maximum mass
has the possibility of being modified by the effects of ro-
tation and temperature. Introducing a stiffer EoS would
allow for larger maximum masses and therefore longer
associated collapse times.

III. THE COLLAPSAR MODEL

Within the past few years a direct connection has been
established between certain type Ic-BL SNe and GRBs,
supporting the collapsar model in which the GRB results
from the death throes of a rapidly rotating carbon-oxygen
(Wolf-Rayet) star. In more distant GRBs, although the
afterglow is normally observed, the supernovae are intrin-
sically much fainter and hence are often undetected. The
collapsar model involves a compact, rotating hydrogen-
deficient massive progenitor, i.e. Wolf-Rayet star. The
collapsar model predicts that every LGRB is accompa-
nied by an exploding star, and therefore some of these
stellar explosions should be observable as SNe behind the
glare of the fading optical counterpart of the GRB [20].

The currently favored delayed explosion mechanism fo-
cuses on the explosions in massive strs from the neutron
energy deposition exterior to a contracting proto-neutron
star [21]. Massive stars (M ≥ 25 M�) may not always
produce a successful explosion via the mechanism de-
scribed above, but the collapsar model puts forth the
failure of the neutrino energy deposition in order to ex-
plode the core of massive rotating stars that follow the
continued evolution after the stellar core collapses to pro-
duce black hole formation and therefore accrete the sur-
rounding stellar mantle [22]. Collapsars generally possess
powerful explosions that tap into a fraction of the binding
energy released by the accreting star through magneto-
hydrodynamical processes, neutrino annihilation, or even
through the extraction of some of the black hole spin en-
ergy [23]. In the collapsar scenario, the high rotation that
is required to centrifugally support a disk that is capa-
ble of powering a GRB, should produce GWs via bar or

fragmentation instabilities that develop in the collapsing
core or in the disk. Asymmetrically in falling matter is
expected to perturb the final BH geometry, thereby lead-
ing to a ring-down phase.

Rotation is critically important since the collapsar
model involves highly collimated jets produced along the
polar axes, arising from a dense, equatorial accretion disc
feeding the central black hole. The stellar winds from
WR stars hinder the direct measurement of rotational ve-
locities, but polarimetry favors negligible deviation from
spherical symmetry in most solar metallicity WR stars.
A high angular momentum within the Wolf-Rayet core
in the collapsar model [24]. Evolutionary models allow-
ing for magnetic fields involve cores that are efficiently
spun down before collapsing, in most models, either due
to the shear between the slowly rotating RSG envelope
and core, or loss of angular momentum during the WR
phase as a result of its high mass-loss rate. These per-
mit the observed rotational rates [22] of young pulsars
(e.g. a period of 33 ms for the Crab pulsar) to be re-
produced. However, collapsars would require an order of
magnitude shorter periods of ≤ 2 ms. The key compo-
nents for a successful LGRB/SN are a compact progen-
itor with a short light-crossing time of roughly 1 s and
fast rotation at the time of collapse. One is the collapsar
model, a fast-rotating progenitor fails to explode in its
early post-bounce phase and instead forms a black hole,
while the in-falling envelope eventually forms a Keplerian
disk feeding the hole on an accretion/viscous time scale
comparable to that of the LGRB [25].
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FIG. 1: GW signals, h+, emitted by the rotating collapsar
models as seen by an equatorial observer and rescaled by dis-
tance D [1].

There are three (3) primary phases associated with
approximate approaches in specifically collapsar simula-
tions. In phase 1, GR simulations implement neutrino
cooling in which the dynamics after BH formation to the
formation of accretion disk is followed. Phase 2 is pri-
marily concerned with the subsequent evolution of the
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accretion disk and the outflow formation in the polar fun-
nel region until the jets become mildly relativistic. And,
phase 3 is mainly concerned with the dynamics from the
jet propagation to the breakout from the star by assum-
ing a manual energy input to the polar funnel region.

Ott et al. (2011) [1] extracted the GW signals based
on their collapsar simulations (in phase 1). Based on
their three-dimensional GR simulations of a 75 M� star
using a polytropic EoS, they pointed out that the signif-
icant GW emission is associated with the moment of BH
formation. A number of semi-analytical estimates have
been reported so far that predict a significantly strong
GW emission due to possible density inhomogeneities,
bar or fragmentation instabilities in the collapsar’s ac-
cretion torii, and the precession of the disks due to GR
effects.

IV. PHYSICS OF OTT+11 (O11) COLLAPSAR
WAVEFORMS

The collapsar waveform, u75, was derived from Ott
et al. 2011 [1], where the models possessed time, given
in milliseconds, and h+D, the plus polarization given
in units of centimeters (where D is the distance to the
source), and had possessed a realistic progenitor, rota-
tion based on the results of stellar evolution calculations,
and a simplified equation of state (EoS). The waveform
itself possess collapse, bounce, the post-bounce phase,
black hole formation, and following the hyper-accretion
phase.

u75 is a 75 M�, 10−4 [1] solar metallicity model whose
compact core favors early BH formation. The three mod-
els considered are u75rot1, u75rot1.5, and u75rot2, which
are given initial angular velocities of 1, 1.5, and 2 rad s−1,
respectively. The viability of u75 depends on the GRB
progenitor and if the mass transfer to a binary companion
has removed H/He envelopes. Overall, the introduction
of a more realistic, stiffer EoS will increase the delay be-
tween bounce and BH formation, which will then lead to
higher amplitude, lower-frequency GWs. The waveforms
were specified a sampling frequency of fs = 8192 Hz for
the strain.

V. PHYSICS OF THE PIRO & THRANE 12
(PT12) WAVEFORMS

GWs from neutron stars that are being spun up by
fallback accretion. It is expected that during a CCSNe,
a neutron star is born first within the mass ranges from
25 - 40 M�, which will usually collapse to a black hole
from fallback accretion. Keeping the radius, R, fixed as
the mass, M, changes, which is consistent with most EoS,
except when M is near its maximum value. When β =
βcrit, then instabilities rise that then produce GWs [2].

By starting to parameterize the fallback accretion rate
to understand the results of MacFadyen et al (2001) and
Zhang et al. (2008). This is approximated by two power
laws. At early times, the accretion rate scales as

Ṁearly = η10−3t1/2M�s
−1 (1)

where η = 0.1− 10, which is a factor that accounts for
different explosion energies, and t is measured in seconds.
The late time accretion is independent of the explosion
energy and is set to be the following

Ṁlate = 50t−5/3M�s
−1 (2)

And, the accretion rate at any given time is found from
interpolating the two expressions above.

Ṁ = (Ṁ−1
early + Ṁ−1

late) (3)

The neutron star has M0 = 1.3 M� and R = 20 km,
and η = 1.0 for setting M. It is assumed that the neutron
star accretes for 100 sec during which β ≤ βcrit and no
angular momentum is lost. We then set β = βcrit = 0.14
and follow the [evolution up until M = 2.5 M�, at which
point the neutron star would collapse to become a black
hole.

The estimation of actual waveforms depends on two
equations that are representative for the two polariza-
tions, h+ and hx.

h+(t) = h0(1 + cos2 i) cos(2πft) (4)

hx(t) = 2h0 cos i sin(2πft) (5)

where f = Ω/π is the gravitational wave frequency
and i is the inclination of the source. The characteris-
tic amplitude measured by gravitational wave detectors
is hc = fh0

√
dt/df , where h0 is defined as being the

following.

h0 =
2G

c4
QΩ2

D
(6)

where D is the distance to the source, Q is the
quadrupole moment, and Ω2 is the spin of the neutron
star.
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FIG. 2: Example mass evolution, with the neutron star pos-
sessing an initial mass, M0 = 1.3 M�, with a radius, R = 20
km.
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FIG. 3: An example strain amplitude evolution, where the
corresponding strain from these GWs is as measured on Earth,
where D is the distance to the source.

VI. SEARCH METHODOLOGY REGARDING
THE OTT+11 (O11) COLLAPSAR WAVEFORM

A. Coherent Waveburst Pipeline (cWB)

The cWB analysis is based on computing a constrained
likelihood function, where each detector data stream is
broken down into 6 different wavelet decompositions,
each with different time and frequency resolutions. The
data are then whitened, and the largest 0.1% of wavelet
magnitudes belonging to each frequency bin and inter-
ferometer decomposition are retained (hereby known as
black pixels). Halo pixels are also retained as they sur-
round the identified black pixels. The selection of pixels
that are more likely related to a GW candidate event,
clusters of them are identified. Once all wavelet decompo-
sitions are projected onto the same time-frequency plane,

the clusters are then defined as sets of contiguous retained
black or halo pixels. For each cluster of wavelets, a Gaus-
sian likelihood function is computed where the unknown
GW is reconstructed with a maximum-likelihood estima-
tor. The likelihood analysis is then repeated over a tar-
geted grid of sky positions covering the range of possible
directions to the potential GW source.

Running the waveform through the Coherent Wave-
burst Pipeline (cWB), which does not require detailed
assumptions about the GW morphology and looks for
GW transients in the 60 - 2000 Hz frequency band, the
collapsar waveform was injected at specific distances ev-
ery 100 s plus a randomly selected time varying in the
[-10, 10] s band into the time-shifted background data.

1. Distance Estimates for O11 Collapsar Waveform with
cWB

Given the loudest event, as described in section VIII,
the detection efficiency as a function of distance for the
search is computed. The detection efficiency, in short,
is the measurement of the fraction of simulated signals
that produce events which survive the coherent tests and
data quality cuts and possess a false alarm rate (FAR)
lower than the loudest event. For the detection efficiency
for phenomenological waveforms, since these waveforms
have no intrinsic distance scale, the efficiency is mea-
sured as a function of the root-sum square amplitude,
hrss. The half-maximum efficiency is used instead of the
50% efficiency as the maximum efficiency is limited by
the fraction of the on-source window that is defined by
the coverage by coincident data. Therefore, through the
usage of the half-maximum, we achieve a measure of the
distance reach of the instruments independent of their
duty cycles. This was repeated for a range of distances
in order to determine a detection efficiency as a function
of distance.

VII. LOCAL RATE OF BROAD-LINE TYPE IC
SNE AND LGRBS

The fraction of type Ic SNe that are broad-line derived
from the local core-collapse SNe rate is 0.21 ± 0.05 [26].
The local rate of aligned LGRBs is 0.42+0.9

−0.4 [27]. Know-
ing these statistics, then assuming a semi-nominal beam-
ing factor of 100, this would lead to approximately 1 out
of 40 low metallicity type Ic-BL SNe events that have a
potential of giving rise to a LGRB. These results are con-
sistent, given the absence of off-axis LGRB detections in
radio surveys of broad-line type Ic-BL SNe events. Given
the 1 out of 40 rate estimated, a minimal sample size
of a hundred low metallicity SNe would be required in
order to be reasonably confident of detecting an off-axis
LGRB. It’s important to note that a search performed for
LGRBs without any regard to galaxy metallicity would
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FIG. 4: Detection Efficiency plot for the O11 Collapsar Wave-
form rescaled to 10 kpc.

be 5 times less effective in finding a LGRB. A proposal of
a radio search that takes into account the low metallicity
optimized off-axis LGRB would lead to at least a 90%
detection efficiency of off-axis LGRBs.

VIII. PROPOSED RADIO SEARCH

Merger events with gamma-rays beamed away from
Earth, essentially denoted as off-axis gamma-rays, would
be invisible to gamma-ray surveys conducted by satel-
lites, such as Swift [28]. But, GWs and the resulting af-
terglow radiation would be emitted and present a wider
possibility of detection. Proposed searches, such as a GW
triggered search, could potentially aid in the detection of
orphan afterglows associated with off-axis events. Early
observations have led the understanding that short-hard
bursts possess beaming fractions of one to a few percent,
or opening angles of roughly 10 degrees. This suggests
that off-axis events are far more common than on-axis
events, therefore pointing to the conclusion that the rate
of orphan afterglows may be significantly greater than
the rate of observable GRBs. An appealing prospect
is presented by the possibility of using GWs to trigger
EM (radio, optical, X-ray, gamma) follow-ups of GW
sources [29–31]. The discovery of an off-axis optical or
radio afterglow, which would be triggered from the non-
beamed GW emission from the GRB progenitor, would
led to the confirmation of the jet model, map out the
beaming distribution of the GRB itself, as well as pro-
viding the fundamental understanding to the models of
relativistic outflows.

We propose a radio search focusing entirely on type
Ic-BL SNe in low metallicity environments, defined as
log[O/H] + 12 ≤ 8.4, containing roughly 90 targets in
order to determine at least a 90% chance of detecting

an off-axis LGRB event. The realistic problem we are
faced with is finding roughly 100 type Ic-BL SNe within
low metallicity environments that simultaneously contain
10% of star formation activity and are close enough in
order to permit successful radio observations. If recent
advances in nearby CCSNe search capabilities (i.e. ZTF)
provide the capability to find at least 50% of the pre-
dicted events, then there is a real possibility of finding an
off-axis LGRB within the next decade and constraining
an upper limit rate on the expected number of LGRBs
found in association with type Ic-BL SNe within the lo-
cal universe. For example, the Zwicky Transient Facility
(ZTF) [32] is the next-generation optical synoptic survey
that will provide the best characterization of the bright
to moderate-depth transient and variable sky. And, with
ZTF’s wider, fast camera, the collaboration will be able
to study a true sample of SN progenitors and will be
able to detect one Sn within 24 hours of its explosion ev-
ery night. The fraction of radio SNe Ic, where the peak
emission is at 5 GHz in less than 10 days, is not well
constrained. A possible strategy is to better study the
rapidly evolving radio SN by conducting observations at
lower frequencies, such as 1.4 GHz. Another appealing
potential search is represented by the possibility of using
GWs to trigger EM follow-ups of GW searches.

FIG. 5: Identified starburst clusters within 20 Mpc that serve
as potential survey targets for the detection of LGRB emission
and type Ic SNe.

IX. CHALLENGES

Some challenges faced were the following:

• If the shape of the spun up neutron star becomes
more bar-like, tis may inhibit accretion in a way
that needs to be astrophysically improved on.

• Internal circulation patterns caused by secular in-
stabilities may produce significant gravitational
wave power at lower frequencies, and would be a
better match to the aLIGO noise curve.

• Typical values of the quadrupole moment sufficient
to balance the accretion torques exceed the maxi-
mum strain that a neutron crust can support.
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• Understand further on how the external material on
top of the neutron star behanes as the core becomes
more compressed, which will be to essentially redo
modern templates used and observe how beta and
the mass/radius relationship evolve over time.

X. REQUIRED RESOURCES

All work will be done on the LIGO Atlas/CIT clus-
ter in regards to using the cWB pipeline or in X-
pipeline. Otherwise, for the analysis of the col-
lapsar waveform and the construction of the new
set of phenomenological models for GWs from the
emission of LGRBs from CCSNe will all be done in
Python and C.

XI. PROJECT TIMELINE

– June 14th, 2016 - July 1st, 2016 [COM-
PLETE]

∗ Literature Review on multi-messenger
searches for GWs from LGRBs from dif-
ferent CCSNe family of waveforms

∗ Understand different distance constraints
for collapsar family of waveforms specifi-
cally for GW detection from LGRBs

∗ Introduce a detection prospects study
with cWB (Jasmine) and X-pipeline
(Sarah)

– July 4th, 2016 - July 22nd, 2016 [COM-
PLETE]

∗ Study different theoretical noise curves for
current and future GW detectors

∗ Study phenomenological model for GW
from fallback accretion onto neutron stars

∗ Understand how fallback accretion mani-
fests in EM/neutrino messengers

– July 25th, 2016 - Aug 12th, 2016

∗ Construct set of phenomenological wave-
forms for BH formation and different
types of stellar collapse

∗ Detectability prospects for GWs from fall-
back accretion by running cWB and X-
pipeline search across relevant parameter
spaces with recolored noise (advanced de-
tectors and 3rd generation detectors)
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of Gravitational Wave Sources, edited by J. M.
Centrella (2003), vol. 686 of American Institute of
Physics Conference Series, pp. 84–87.

[12] A. L. Piro and E. Pfahl, Astrophys. J. 658, 1173
(2007), astro-ph/0610696.

[13] A. S. Fruchter, A. J. Levan, L. Strolger, P. M.
Vreeswijk, S. E. Thorsett, D. Bersier, I. Burud,
J. M. Castro Cerón, A. J. Castro-Tirado, C. Con-
selice, et al., Nature 441, 463 (2006), astro-
ph/0603537.

[14] E. M. Levesque, L. J. Kewley, E. Berger, and H. J.
Zahid, Astron. J. 140, 1557 (2010), 1006.3560.

[15] J. F. Graham and A. S. Fruchter, Astrophys. J.
774, 119 (2013), 1211.7068.

[16] M. Modjaz, R. P. Kirshner, S. Blondin, P. Chal-
lis, and T. Matheson, Astrophys. J. Lett. 687, L9
(2008), 0801.0221.

[17] D. A. Frail, S. R. Kulkarni, R. Sari, S. G. Djor-
govski, J. S. Bloom, T. J. Galama, D. E. Reichart,
E. Berger, F. A. Harrison, P. A. Price, et al., Astro-
phys. J. Lett. 562, L55 (2001), astro-ph/0102282.

[18] D. Guetta, T. Piran, and E. Waxman, Astrophys.
J. 619, 412 (2005), astro-ph/0311488.

[19] H.-Y. Chen and D. E. Holz, Physical Review Let-
ters 111, 181101 (2013), 1206.0703.

[20] K. W. Weiler, S. D. van Dyk, R. A. Sramek,
N. Panagia, C. J. Stockdale, and M. J. Montes,
in 1604-2004: Supernovae as Cosmological Light-
houses, edited by M. Turatto, S. Benetti,



7

L. Zampieri, and W. Shea (2005), vol. 342 of Astro-
nomical Society of the Pacific Conference Series, p.
290.

[21] X. Y. Wang, Z. G. Dai, T. Lu, D. M. Wei, and
Y. F. Huang, Astron. Astrophys. 357, 543 (2000),
astro-ph/9910029.

[22] J. Hjorth, Philosophical Transactions of the Royal
Society of London Series A 371, 20120275 (2013),
1304.7736.

[23] S. Akiyama and J. C. Wheeler, Astrophys. J. 629,
414 (2005), astro-ph/0504563.

[24] A. I. MacFadyen and S. E. Woosley, Astrophys. J.
524, 262 (1999), astro-ph/9810274.

[25] O. L. Caballero, T. Zielinski, G. C. McLaughlin,
and R. Surman, Phys. Rev. D. 93, 123015 (2016),
1510.06011.

[26] P. L. Kelly and R. P. Kirshner, Astrophys. J. 759,
107 (2012), 1110.1377.

[27] A. Lien, T. Sakamoto, N. Gehrels, D. M. Palmer,
S. D. Barthelmy, C. Graziani, and J. K. Cannizzo,
Astrophys. J. 783, 24 (2014), 1311.4567.

[28] M. Nardini, G. Ghisellini, G. Ghirlanda, and
A. Celotti, Mon. Not. R. Astron. Soc. 403, 1131
(2010), 0907.4157.

[29] J. Sylvestre, Astrophys. J. 591, 1152 (2003), astro-
ph/0303512.

[30] B. Cobb, C. Bailyn, and J. Bloom, Optical/IR
Follow-Up of Gamma-Ray Bursts from SMARTS,
NOAO Proposal (2009).

[31] B. D. Metzger and E. Berger, Astrophys. J. 746,
48 (2012), 1108.6056.

[32] S. R. Kulkarni, in American Astronomical Society
Meeting Abstracts (2016), vol. 227 of American As-
tronomical Society Meeting Abstracts, p. 314.01.


	The Connection between Long Gamma-Ray Bursts (LGRBs) and type Ic-BL SNe
	Parameterizing the Neutron Star Equation of State
	The Collapsar Model
	Physics of Ott+11 (O11) collapsar waveforms
	Physics of the Piro & Thrane 12 (PT12) waveforms
	Search Methodology regarding the Ott+11 (O11) Collapsar Waveform
	Coherent Waveburst Pipeline (cWB)
	Distance Estimates for O11 Collapsar Waveform with cWB


	Local Rate of broad-line type Ic SNe and LGRBs
	Proposed Radio Search
	Challenges
	Required Resources
	Project Timeline
	References

