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SK and KamLAND results and S. Abe etal.,’21
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FIG. 25. The 90% C.L. expected and observed upper limits on the extraterrestrial electron antineutrino flux from the present
work, in comparison with previously published results from SK [22, 23] and KamLAND [24] and DSNB theoretical predictions
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from Fig. 1 (in gray). The upper limit from Ref. [22] (blue) has been derived in Ref. [23].

Figure 8: Model-independent upper limits on the 7, flux (at 90% CL). This work is compared to
Borexino (Agostini et al., 2021) in the case including atmospheric neutrino background, Super-

K I/II/III (Bays et al.,

2012), Super-K IV (Zhang et al.,
2021). The black lines show different theoretical SRN fluxes.

2015), and Super-K IV (Giampaolo,
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Figure 1: Different scenarios for the intervals of progenitor mass where direct black hole
formation can be expected (shaded arcas). The legend shows the corresponding fractions of
BHFC, fpu.
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Figure 5: Summary: the Diffuse Supernova Neutrino Background (total of neutron-star-
forming- and black-hole-forming- collapses), for p = 0.68, with uncertainties due to astro-
physical inputs and to the fraction of black hole-forming collapses (shaded area). Shown is
the predicted flux for the Fiducial (dotted line), Low and High cases (solid lines), as in Table
2. Background 7, fluxes are shown as dashed lines: from nuclear reactors at lower energy
|, for the Kamioka For
comparison, we also show a signal flux (dot-dashed line, same spectrum as the Fiducial case)
that would saturate the current Super-Kamiokande upper bound [6] (see text).
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Stats. error only
MSW (NH)
= MSW (IH)

Events [/10SK -yrs]

Stats. error only
MSW (NH)
w MSW (IH)

g

PPN T

8

Events [/10HK -yrs]
8

%'I Q2 Q3 Q4
Critical compactness (€, )

Figure 8. The same as Figure 7, but showing the predictions for
MSW mixing implementation for 10 yr in SK (22.5 kton inner vol-
ume, top panel) and 10 yr in HK (374 kton inner volume, bottom
panel), with each bar width reflecting the statistical square-root
N error only, adopting the predictions using the WHWO
progenitors and assuming v, parameter of 3.0. T
dictions, small al compact
collapsing to black holes, ther
Apart from a simple normalization, slight differences appear be-
tween the SK and HK dependences on & 5.cri, due to the different
detection threshold




D. Kresse et al. arXiv:2010.04728

e parametrized 1D SNE simulations (with central neutrino engine) for > 200

progenitors.
e Parameters:
formation

strength of central neutrino engine, critical PNS mass for BH
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Figure 2. Landscape of SN and BH-formation cases for the combined progenitor sets of WH15, SW14, and WHO07, simulated
with the neutrino engine model of Z9.6 & W18. From top to bottom: time of explosion or BH formation, total energy radiated in
all species of neutrinos, and mean energy of electron antineutrinos versus ZAMS mass of the progenitors. Note the logarithmic
scale in the top panel. Red bars indicate successful SN explosions and fallback SNe, while the outcomes of BH-forming, failed
SNe are shown for our different cases of baryonic NS mass limits in gray (2.3 Mg), dark blue (2.7 Mg), light blue (3.1 Mg), and
cyan (3.5 Mg ). The outcome of the ECSN by Hiidepohl et al. (2010) is not shown in the figure, but discussed in the main text.
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Figure 5. Parameter dependence of the DSNB flux spectrum, d®/dE, for the case of electron antineutrinos. In the different
panels the engine models (upper left panel), the NS mass limit for BH formation (upper right panel), and the instantaneous
spectral-shape parameter, agn, of the time-dependent neutrino emission from BH-formation events (lower left panel) are varied,
while keeping all other parameters at their reference values (Z9.6 & W18; Mi®, =2.7Mg; best-fit a, i.e. a=3.5 for SNe with
Mns,p < 1.6 Mg, a=3.0 for those with Mys,, > 1.6 Mg, and agu = 2.0 for failed SNe; see Section 4). In the lower right panel,
the additional contribution from low-mass (LM) NS-forming events is shown for different constant rate densities Rpa. For
comparison, the pale red band marks the LM flux for an evolving rate instead (see main text for details). Our fiducial model
with Rpm =0 is plotted as dashed line. In each panel, a gray shaded band indicates the uncertainty arising from the cosmic
core-collapse rate (corresponding to the £1o upper and lower limits to the SFH of Mathews et al. 2014). As in Figure 3, vertical
bands frame the approximate detection window.
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FIG. 5. Time-integrated neutrino spectral parameters: total
neutrino energetic (top panel), mean energy (middle panel),
and pinching parameter (bottom panel), shown separately for
ve (red circles), 7. (blue squares), and v, (gray triangles).
These are based on the 2D simulations of S16 augmented by
simulations of a 9.6 M, star and a 8.8 My ONeMg star. Note
the axis change between the left and right, in logarithmic
and linear, respectively. The dashed lines indicate our phe-
nomenological fits through the simulations.
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FIG. 6. The core compactness (defined by M = 2.5Mg) at
moment of core-collapse, as a function of the CO core mass.
The dashed lines separate the ONeMg regime and the Fe core
regime in both compactness and CO mass planes.
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FIG. 7. The predicted DSNB flux of 7. for NH, for 6 dif-
ferent binary population synthesis models, compared with a
single stellar evolution model. The binary population synthe-
sis models include different treatments for the post-merger
rapidly rotating stars and different CE modeling. We find
that the minimal estimate, which neglects post-merger rota-
tion effects (blue solid and dashed), yields a DSNB flux in-
distinguishable from a single stellar evolution model (red dot-
dashed), while our fiducial scheme (green solid and dashed)
and the extrapolated scheme (black solid and dashed) yield
higher DSNB fluxes.
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Figure 4. Density profiles at times with the central density of 10" g cm™3 for progenitor models with metallicity Z = 0.02 (left panel) and 0.004 (right panel). In
both panels, solid, dashed, dotted, and dot-dashed lines correspond to the models with initial mass Miyi = 13 Mg, 20 Mg, 30 M, and 50 M, respectively.
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