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Abstract. The supernova model discrimination capabilities of the WATCHMAN detector
concept are explored. This cylindrical kilotonne-scale water Cherenkov detector design has
been developed to detect reactor antineutrinos through inverse -decay for non-proliferation
applications but also has the ability to observe antineutrino bursts of core-collapse super-
novae within our galaxy. Detector configurations with sizes ranging from 16 m to 22 m tank
diameter and 10% to 20% PMT coverage are used to compare the expected observable an-
tineutrino spectra based on the Nakazato, Vartanyan and Warren supernova models. These
spectra are then compared to each other with a fixed event count of 100 observed inverse
[B-decay events and a benchmark supernova at 10 kpc distance from Earth. By comparing the
expected spectra, each detector configuration’s ability to distinguish is evaluated. This anal-
ysis then demonstrates that the detector design is capable of meaningful event discrimination
(90+% accuracy) with 100 observed supernova antineutrino events in most configurations.
Furthermore, a larger tank configuration can maintain this performance at 10kpc distance
and above, indicating that overall target mass is the main factor for such a detector’s dis-
crimination capabilities. Finally, it is estimated that the detector design can provide early
warning capability for supernova bursts for the entire Milky Way in all configurations.
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pernovae

ArXiv ePrint: 2301.08079

*Corresponding author.

© 2024 The Author(s). Published by IOP Publishing

BY Ltd on behalf of Sissa Medialab. Original content from
this work may be used under the terms of the Creative Commons htt ‘_/ d : /10 1088/1475—7516 2024 01 004
Attribution 4.0 licence. Any further distribution of this work must ps: / OL.0rg . / / /

maintain attribution to the author(s) and the title of the work,
journal citation and DOI.



Contents

1 Introduction 1
2 Antineutrino detection in WATCHMAN 2
3 Supernova event generation 3
4 Detector simulation and reconstruction 4
5 Detector response parametrisation 6
6 Statistical analysis 7
7 Model discrimination results 8
8 Estimation of early warning capabilities 11
9 Summary and outlook 12

1 Introduction

The WATCHMAN Collaboration (WATer CHerenkov Monitor for ANtineutrinos) has devel-
oped the WATCHMAN detector concept [1, 2] for the Neutrino Experiment One (NEO) at
the planned Advanced Instrumentation Testbed (AIT) facility. The chief goal of AIT-NEO
and the WATCHMAN Collaboration is the development of a detector capable of verifying
the presence or absence of an active nuclear reactor through its antineutrino signature in the
mid- to far-field, i.e. at a range of 10s to 100s of kilometres. Such capability is especially
useful for reactor monitoring in a non-proliferation context [3]. However, a detector capa-
ble of monitoring reactor antineutrinos is also capable of observing astrophysical sources of
antineutrinos, opening the door to collaborative and scientific uses of such a detector.

Core-collapse supernovae are rare but extremely energetic events in the universe, provid-
ing a high flux of observable antineutrinos [4]. As neutrinos and antineutrinos emitted during
the core-collapse carry information from the core of the progenitor star, unobstructed by the
outer layers [5], energy and time measurements of the antineutrinos allow to test existing
supernova models and guide the development of future models. Due to the limited number
of supernova antineutrinos observed during the SN1987 supernova [6], current developments
are limited by the sparse data set. Furthermore, since neutrino signals from supernovae are
expected before the optical signal, they are also a key piece in modern multi-messenger as-
tronomy [7, 8] and the expected signal rates determine a detector’s effective range as an early
warning station.

To understand the physics potential of the WATCHMAN detector concept, its ability
to distinguish different supernova models based on the detectable spectrum is studied. This
discrimination power serves as a benchmark for the detector’s ability to extract relevant infor-
mation from an observed supernova. Similar studies using the same underlying methodology



Figure 1. Schematic cutaway view of the WATCHMAN detector concept by Jan Boissevain (Univer-
sity of Pennsylvania), showing the outer tank wall, the array of PMTs and the inner volume enclosed
by the PMTs support structure.

have been conducted for large scale neutrino detectors [9], but due to the much smaller scale
of the WATCHMAN detector concept, it is important to understand how design choices,
such as detector size and photosensor coverage, impact the physics potential.

2 Antineutrino detection in WATCHMAN

The WATCHMAN detector concept consists of a kilotonne-scale upright cylindrical tank,
shown in figure 1, containing ultra-pure water doped with 0.2% gadolinium sulphate
(Gd2(S0O4)3), yielding an effective Gd concentration of 0.1%. Inside the tank is a support
frame, holding an array of photomultiplier tubes (PMTs) as photosensors, forming an inner
detector (ID) volume for detection and an outer volume acting as a buffer and veto volume.
The detector configurations of interest are a smaller tank with 16 m diameter and an inner
detector radius of 5.7m and a larger tank with 22 m diameter and an inner detector radius of
9.0 m. The height of the tank and ID are equal to the diameter of the tank or ID respectively.
Both designs are based on a baseline PMT coverage of 15%, resulting in 2,500 PMTs for the
smaller design and 4,600 PMTs for the larger design. As this study aims to understand the
impact of the different detector parameters on its supernova physics potential, intermedi-
ate tank sizes between these two designs are considered and lower (10%) and higher (20%)
PMT coverages are studied as well to allow for correct interpolation between these design
parameters.

Supernova antineutrinos can interact with the detector medium via inverse (-decay
(IBD), elastic scattering (ES) and charged-current interaction (CC) on nuclei. For a large
water-filled detector the dominant detection channel for the electron antineutrinos is the IBD
interaction, hence this study only considers the IBD channel. In this interaction, an incoming



antineutrino above the threshold energy of 1.8 MeV interacts with the quasi-free protons in
the water [10, 11], resulting in a outgoing positron and neutron in the detector medium:

Ue+p—et +n. (2.1)

The outgoing positron immediately produces Cherenkov light in the detection medium,
yielding a prompt light signal detectable by the PMTs, with a total light yield dependent on
the particle’s energy. As positron energy is related to the energy of the incoming antineu-
trino [10], this allows the positron energy and thus the energy of the incoming antineutrino
to be estimated. The neutron thermalises within the medium by undergoing a random walk,
scattering off atoms until it is captured by a nucleus. The capture nucleus is left in an excited
state and de-excites by releasing -rays. Due to the high neutron-capture cross section of
gadolinium, at 0.1% Gd concentration, circa 91% of all neutron captures in WATCHMAN
are on gadolinium nuclei with an average capture time of about 30 us [12]. The excited
gadolinium nucleus releases an 8 MeV ~-ray cascade, with the energy spread distributed
across multiple y-rays. The remaining 9% of neutron captures occur on hydrogen nuclei,
resulting in the emission of a single 2.2 MeV ~-ray. The de-excitation ~y-rays, whether from
gadolinium or hydrogen, produce Compton electrons in the medium, which can be detected
via their Cherenkov light emission. This provides a secondary, time-coincident signal in con-
junction with the prompt signal of the positron, allowing for powerful background rejection
of non-antineutrino signals within the detector.

The planned location for the AIT-NEO was the Boulby Underground Laboratory, op-
erated by the Science and Technology Facilities Council (STFC). This laboratory is located
in the rock salt layers of Boulby Mine in the North East of England, an active polyhalite
mine operated by the ICL Group Ltd. The surrounding rock salt contributes to a low-radon
environment, minimising background rates. Additionally, the laboratory is situated 1.1km
underground, providing 2.8 km water equivalent (km.w.e.) of cosmic ray shielding, attenuat-
ing the cosmic muon flux by approximately O(10°) compared to the surface [13].

3 Supernova event generation

The supernova IBD events within the detector are generated using SNTOOLS [14], a software
package capable of taking high-fidelity model files and producing IBD events in the specified
detector volume. For this study, three supernova models are considered:

o The Nakazato family of models [15] provides simulations with different progenitor
masses and metallicities. For this study, a 20 My progenitor with a metallicity of
Z = 0.02 (solar metallicity) has been chosen. The Nakazato model is a widely-used
model that provides a comparison point with other detectors.

o The Vartanyan model [16] (via SNEWPY [17, 18]) uses two-dimensional FORNAX
simulations to model core-collapse, providing a very different approach to supernova
simulation than the Nakazato model. For this study, a 20 My progenitor star was
chosen.

o The simulations for the Warren model [19] use a one-dimensional simulation approach
called STIR (Supernova Turbulence In Reduced-dimensionality) to mimic the three-
dimensional explosion mechanism. For this study, as for the Nakazato model, a 20 M
progenitor star with a turbulence strength parameter ap = 1.25 was chosen. This
model was chosen since it represents another recent approach to supernova modelling.
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Figure 2. Observable electron antineutrino energies and time for the Nakazato (left), Vartanyan
(center) and Warren (right) model. These spectra are convolved with the IBD cross-section, showing
the observable spectrum within a detector.

SNTOOLS is used with these models to generate events for a 500 ms time interval from 20 ms
to 520ms post core bounce, containing the shock stagnation and accretion phase. This
interval has been chosen because many models, including the Vartanyan and Warren model,
only focus on the accretion phase. Furthermore, the earlier and later phases of a core-
collapse supernova, neutronisation burst and proto-neutron star cooling respectively, are
better understood and exhibit less model-dependent variations. Hence, they are of lesser
interest to a model-discrimination study. The key variables of interest for a detector study
are the electron antineutrino rate with respect to time and energy, as shown in figure 2,
and energy and direction of the outgoing positron and neutron after the IBD interaction.
SNTOOLS provides these values as an output file that can be read by a detector simulation to
ascertain the subsequent detector response.

4 Detector simulation and reconstruction

The interaction of the outgoing IBD positrons and neutrons with the detection medium and
subsequent detection are handled by the RAT-PAC framework [20].! This framework uses
GEANT4 [21, 22] for the underlying detector simulation and RooT [23] for data processing
and analysis. RAT-PAC simulates the detector signal response on an event-by-event ba-
sis, including particle propagation through the detector medium, light emission and PMT
response. The software also simulates the triggering and data acquisition of the detector,
producing ROOT files containing the individual PMT hits with location and timing as well as
information about the underlying event for subsequent analysis. The fidelity of the neutron
capture simulation within RAT-PAC has also been improved using measurements from the
DANCE calorimeter using a DICEBOX implementation [24] to model the capture on *7Gd,
the gadolinium isotope with the highest capture cross section. Importantly, the RAT-PAC
framework allows for dynamic adjustment of the detector parameters using a parametric
construction. This capability is used to study the different detector configurations and their
impact on the detector’s discrimination ability.

The reconstruction uses an evolution of the BONSAI package, originally developed
for Super-Kamiokande [25, 26], to determine the reconstructed energy and position of each

The WATCHMAN collaboration employs a modified version with the code available at
https://github.com/AIT-WATCHMAN /rat-pac.



Tank Inner Detector Fiducial Fiducial

Diameter [m] Radius [m] Radius [m] Mass [kt]
22 9.0 8.0 3.21
18 7.7 6.7 1.89
16 (a) 6.7 5.7 1.16
16 (b) 5.7 4.7 0.65

Table 1. Overview of studied detector sizes, PMT positions defining the inner detector radius and
the associated choice of the virtual fiducial volume and mass in the reconstruction and analysis. Tank
height, inner detector height and fiducial height are equal to the respective diameters.

particle. In order to minimise any background due to the radioactivity of the PMT glass,
support structure or from background entering the detector from outside the tank, the de-
tector volume of each studied detector configuration is fiducialised as listed in table 1. This
is implemented as a virtual fiducial volume, meaning that the reconstructed prompt vertex
location is used to exclude any events reconstructed outside the volume of interest.

The key variables used for antineutrino events of interest are the reconstructed time of
the event vertex and the positron energy. In order to minimise the effect of scattered light
within the detector and dark noise from the PMTs, only PMT hits from a narrow 9ns time
window are used, 3ns before and 6ns after the light peak of a reconstructed event. This
number of PMT hits, n9, is used as energy estimator. The relationship between the original
energy of a particle and the reconstructed n9 is determined for each detector configuration
by simulating positrons uniformly distributed within the inner detector volume with energies
ranging from 0 to 80 MeV, in steps of 5 MeV. For each step, the mean n9 (energy scale) and
observed width of the n9 distribution (energy resolution) are determined using a Gaussian
fit. The mean n9-values were fitted using a second-order polynomial fit, poz? + p1x + p2, to
the input energy and resultant n9, with the linear part describing the lower energy behaviour
(E. < 15MeV) and the quadratic part describing the higher energy section where saturation
effects reduce the total number of PMT hits. This behaviour can be seen in figure 3 for all
four tank configurations and PMT coverages ranging from 10% to 20%. Similarly, the width
of the Gaussians was fitted to produce a parametric description of the energy resolution,
using a polynomial of the form poz? + pi1z + p2 + pg/xl/Q.

As the event vertex reconstruction below 3 MeV is poor, the prompt signal is required
to deposit at least 3 MeV measured energy to ensure correct reconstruction. Due to the
high average antineutrino energy, as seen in figure 2, this has a minimal effect on supernova
antineutrino rates. Similarly, a total energy of 3 MeV is required for the neutron event. Events
without coincident prompt (positron) and delayed (neutron) signals are rejected. In order
to determine the overall detector efficiency for supernova bursts, each detector configuration
has been simulated using a PMT coverage of 10%, 15% and 20%. As an input spectrum, the
first 500 ms of a supernova burst using the Nakazato model were used, resulting in the total
supernova event detection efficiencies listed in table 2. This analysis is derived from reactor
antineutrino-based analyses, which have shown a low background rate for double coincidence
analysis on the order of Ny, < O(10) events per week. As a result, the overall background
rate for the 500 ms time window used in this analysis is negligible.
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Figure 3. Mean energy spectra fitted for inner detector radii of 5.7m (top left), 6.7m (top right),
7.7m (bottom left) and 9.0m (bottom right) with PMT coverages ranging from 10%-20%. For each
5MeV step, the data points and shaded range correspond to the mean value and associated standard
deviation respectively.

Inner Detector Radius [m]

PMT Coverage 5.7 6.7 7.7 9.0

10% 78.5% 79.2% 80.4% 83.6%
15% 82.2% 834% 83.6% 85.1%
20% 85.3% 86.8% 87.0% 88.2%

Table 2. Overview of total detection efficiencies of different detector configurations for IBD events
during a supernova burst event, based on the Nakazato model.

5 Detector response parametrisation

As supernova discrimination analysis requires a large number of supernova burst events and
associated IBD events, it is not feasible to simulate the full response event-by-event for all
detector configurations, due to computational requirements of the full photon simulation
performed by RAT-PAC (up to 1s per event for high energy events). Instead, the detector
response is approximated using the parametrised description of the energy scale and reso-
lution in section 4 to convert SNTOOLS output directly into the corresponding observable,
n9. This allows the generation of a large amount of supernova events and the corresponding
detector response without the need for the full RAT-PAC simulation.
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Figure 4. Time difference between input time tyc and reconstructed time t,0co for a detector with
9.0m inner detector radius with 20% PMT coverage. The red curve represents a Gaussian fit to the

distribution.

The vertex timing difference between the generated time, tyc, and reconstructed time,
treco, Was also investigated. The result, shown in figure 4, demonstrates that any differences
are on the nanosecond scale and can be approximated by Gaussian smearing. Since the
typical time scale between IBD events during a supernova burst with hundreds of events is
on the order of us to ms, this timing offset is expected to have a negligible impact on the
analysis. The subsequent analysis has been performed with both ¢yc and an approximated
treco With no discernible difference in the results.

6 Statistical analysis

In order to distinguish supernova models based on the observed spectrum, a comparison
method between observed spectrum and the predicted underlying spectra is required. Using
a modified Loredo-Lamb Approach [9, 27], each generated individual IBD event of the super-
nova burst and its corresponding time and energy value are compared against the expectation
spectrum. This results in the following likelihood calculation for each full supernova burst

and model:
Nobs

L=InL=> InN; (6.1)
i=1

where ¢ runs over all detected IBD events, Nps, and N; is the number of events predicted
by the model of choice in an infinitesimal bin centred on the time and energy values for
IBD event ¢. This likelihood is computed for each test model and the model with the largest
likelihood is chosen as the identified model. If the identified model matches the model used to
simulate the supernova burst in question, it is counted as correct identification, if the wrong
model is identified, it is counted as misidentification. For each detector configuration, this
procedure is performed repeatedly using 1,000-10,000 pseudoexperiments (PE) to determine
the overall accuracy of the detector’s ability to distinguish models. Each model has different
identification and misidentification rates as some models are more easily confused with each
other than others, leading to a range of possible discrimination accuracies for each detector

configuration.



Interactions Detected IBD events Distance for

Model at 10kpc at 10kpc 100 IBD events [kpc]
Nakazato 138.6 122.2 11.1
Vartanyan 359.3 316.9 17.8
Warren 290.3 257.0 16.0

Table 3. The number of IBD interactions and expected number of detected IBD interactions at a
supernova distance of 10kpc as well as the required distance for an expected number of N, = 100
detected IBD events, based on the 9.0 m ID radius (22 m tank diameter), 20% PMT coverage detector
configuration.

Inner Detector Radius [m]

PMT Coverage 5.7 6.7 7.7 9.0

10% 89.8-98.3% 90.5-98.3% 91.1-98.3% 91.5-98.3%
15% 90.6-99.1% 91.2-99.1% 91.6-99.3% 91.7-99.3%
20% 91.5-99.3% 91.8-99.3% 92.3-99.4% 92.4-99.4%

Table 4. Model discrimination accuracy for different detector sizes using Nops = 100.

7 Model discrimination results

By combining the detector efficiencies determined in section 4 with the event rate predictions
by SNTOOLS, the expected number of supernova IBD events at the benchmark distance of
10kpc is determined. Furthermore, as different models predict different antineutrino fluxes,
this can be used to ascertain the distance at which the expectation value of Ny,s = 100 IBD
events is predicted for each model, as shown in table 3. These expected values assume the
normal neutrino mass hierarchy.

By performing the statistical analysis outlined in section 6, the model discrimination
accuracy for a fixed number of events, Ngps = 100, can be determined. This is done by
generating 1,000 PE for each detector configuration and model, totalling 36,000 PEs, and
performing the model discrimination analysis on each PE. The outcome is summarised in
table 4 and figure 6, showing that for 100 IBD events, the overall discrimination accuracy is
consistently high (> 90%) and larger tank sizes have a negligible impact on the performance.
Furthermore, an increase in PMT count yields minor benefits by increasing the minimum
discrimination accuracy (> 91%), as the increased energy resolution afforded by the increased
PMT coverage allows for better discrimination of hard-to-distinguish models.

These accuracy calculations can be combined with the distance calculations above to
visualise the effective reach of the detector. By calculating the distance for each tank configu-
ration with an expectation value of 100 IBD events, figure 5 effectively displays the maximum
distance for a tank configuration and supernova to perform at the determined discrimina-
tion accuracy. As the expected count rate of antineutrino events decreases as 1/ r2, this also
shows that the larger detector configurations are capable of observing multiple IBD events
for any intragalactic supernova, making these configurations valuable as an early warning
instrument.

The strong dependence on the supernova distance, dgy, makes it evident that a com-
prehensive comparison requires a supernova at a fixed benchmark distance while varying the
detector configuration. Since the varying flux from different models, seen in table 3, would
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Figure 6. Model discrimination accuracy for different detector sizes and PMT coverages using a
fixed event count of Nyps = 100.

make the discrimination between the Warren model and the other two models trivial, the
expected number of IBD events, Ngps, is calculated using the Nakazato model, acting as
effective normalisation. The Nakazato model was chosen as the expected rate is the lowest
of the three models, making it a conservative choice. The commonly used benchmark dis-
tance of dgxy = 10kpc was chosen for easy comparison with other experiments [7, 8]. This
results in the number of events shown in table 5. Due to the lower number of IBD events at



Inner Detector Radius [m)]
PMT Coverage 5.7 6.7 7.7 9.0

10% 23 40 65 116
15% 24 42 68 118
20% 25 44 11 122

Table 5. The number of events expected for different detector sizes using a fixed distance supernova
event at dgy = 10kpc according to the Nakazato model.

Inner Detector Radius [m]

PMT Coverage 5.7 6.7 7.7 9.0

10% 71.7-90.7% 81.2-96.1% 88.5-98.3% 93.2-99.3%
15% 72.4-92.4% 81.6-97.3% 89.1-99.3% 94.1-99.9%
20% 73.5-92.5% 82.6-97.4% 89.5-99.4% 94.7-99.9%

Table 6. Model discrimination accuracy for different detector sizes at a fixed distance of dgy = 10kpc.
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Figure 7. Model discrimination accuracy for different detector sizes and PMT coverages using a
benchmark supernovae at 10 kpc distance and event rates based on the Nakazato model.

smaller tank sizes, the statistical fluctuation between PEs is higher, requiring 10,000 PEs per
model and configuration to achieve converging accuracy results, for a total of 360,000 PEs.
This model discrimination procedure results in the different discrimination accuracy shown
in figure 7 and table 6.

~10 -



These results clearly show the large impact detector size has on the model discrimination
performance of an antineutrino detector and the comparatively small effect of PMT coverage.
This is due to the large increase in detector mass as the radius of a detector is increased and
the use of timing information in addition to the energy information, reducing the usefulness of
improved energy resolution, especially at supernova antineutrino energies. By performing this
analysis using the selected detector configurations, it is also possible to interpolate between
those configurations to determine the expected performance at a certain tank size.

8 Estimation of early warning capabilities

Providing an early warning of an imminent supernova has been a frequently discussed ca-
pability of neutrino detectors, especially in the context of multi-messenger astronomy [7].
While this analysis has been developed to understand the supernova discrimination ability
of a kilotonne-scale Gd-H2O detector, the detector characterisation and analysis framework
can also be used to estimate its capability to detect early warning signals. In this context,
two distinct phases of a star’s neutrino emission are of interest, the increased pre-supernova
neutrino flux during the silicon burning phase of a star [29, 30] and the neutrinos produced
during the core-collapse itself, as their arrival precedes the arrival of the optical signal.

Due to the similarities of the detector concept in geometry, fill medium and reconstruc-
tion to the Super-Kamiokande detector with Gd doping, a previous study [31] has been used
to estimate the IBD rate from silicon burning antineutrinos as ~1.11-1.90 neutron events
(0.32-0.56 with inverted neutrino mass hierarchy) per kiloton for Betelgeuse during the final
eight hours before the core-collapse. Hence, ~0.72-6.10 detectable events (0.21-1.80 with
inverted neutrino mass hierarchy) are expected from Betelgeuse during these eight hours,
depending on exact detector configuration. As this detector is intended to be located near
reactors, producing antineutrinos in a similar energy range, the combined reactor antineu-
trino and background rate acts as effective background to the silicon burning signal and
is expected to be 463.46 + 65.35 events per kiloton per year (~1.30 events per kiloton per
day) [32]. This corresponds to ~0.42 background events per kiloton in eight hours, meaning
in optimistic scenarios (normal neutrino mass hierarchy, stellar models), it could be possible
to observe a silicon burning signal for relatively close stars, such as Betelgeuse, assuming the
larger detector configurations and an optimised analysis.

During a supernova core-collapse, the total neutrino flux extends beyond the 500 ms
interval considered for the model discrimination. As the entirety of supernova burst can
be used to provide early warning for optical telescopes, SNTOOLS has been used to estimate
the total number of IBD events. The Nakazato model provides data for full 20s post core
bounce and is therefore be used to determine the total number of expected IBD events in
the detector. Analogous to the silicon burning estimate, the SNEWS parameters for Super-
Kamiokande are used as a benchmark for the required detector performance [7]. Based
on the expected ~1.30 effective background events per kiloton per day, a triggering burst
is required to consist of Nyps > 5 detected events with a visible energy of F, > 7MeV
to minimise false alerts. Combining these parameters with the detector parameterisation
performed in section 4 results in distances ranging from 32.7 to 74.1 kpc as shown in table 7.
These results show that all detector configurations are capable of covering the entirety of the
Milky Way, even assuming the conservative neutrino rates predicted by the Nakazato model.
The largest detector configuration with a fiducial mass of 3.21 kt can even provide a warning
signal for supernovae in the Small Magellanic Cloud (dsymc = 63 kpc).
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Inner Detector Total interactions Total detected Distance for

Radius [m)] at 10kpc IBD events at 10kpc 5+ IBD events [kpc]
5.7 66.2 53.6 32.7
6.7 118.1 97.4 44.1
7.7 192.4 159.9 56.6
9.0 326.8 273.8 74.0

Table 7. Total number of IBD interactions from the full supernova burst (20s interval), expected
number of detected IBD interactions at a supernova distance of 10kpc with E. > 7MeV and the
maximum distance for Nops > 5 detected IBD events, based on the 20% PMT coverage detector
configuration.

9 Summary and outlook

This study explores the supernova discrimination ability of a kilotonne-scale Gd-HoO
Cherenkov detector using the WATCHMAN detector concept. It demonstrates that the
total fiducial volume and, by extension overall tank size, is the most important factor to its
performance to observe and extract physics information from a core-collapse supernova.

This study shows that an application-driven antineutrino detector of sufficient size (18 m
or larger in diameter) in a low background environment is capable of making useful measure-
ments at the commonly used benchmark distance of 10 kpc, a distance within which approx-
imately half of the supernova progenitors in our galaxy can be found. Additionally, these
results show that the detector is capable of observing a significant number of events from a
core-collapse supernova within the Milky Way and beyond and its potential to contribute to
distributed observation using multiple neutrino telescopes and multi-messenger astronomy
approaches, making it a valuable candidate for the inclusion in supernova early warning ef-
forts. This demonstrates that, in addition to its original non-proliferation application, the
WATCHMAN detector concept is a useful multipurpose platform for ongoing fundamental
physics and science collaboration.

Furthermore, as this study shares its analysis and reconstruction tools with the reactor
antineutrino-based tools, it highlights their versatility for use in liquid-based detectors but
also means that a dedicated reconstruction optimised for supernova events may yield future
improvement of these results.
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