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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 Min;; = 13 Mg, 20 Mg, 30 Mg, and 50 M, respectively.

(A color version of this figure is available in the online journal.)

M,zZ00O0OOOODOOOOO Nakazato etal., 2013
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Figure 12. Luminosities (upper plots) and average energies (lower plots) of the emitted neutrinos as a function of time after the bounce from the vRHD simulations.
The panels correspond, from left to right, to ve, V., and vy (= v, v, Yy, V7). The results for the models with metallicity Z = 0.02 are shown in the top panels,
and those for the models with Z = 0.004 are shown in the bottom panels. In all panels, solid, dashed, dotted, and dot-dashed lines correspond to the models with
initial mass My = 13 Mg, 20 Mg, 30 Mg, and 50 M, respectively. “BH” means a black-hole-forming model with Mi,iy = 30 M and Z = 0.004; its end point
corresponds to the moment of black hole formation.



Table 1
Key Parameters for All Models

Minit Mtot MHe MCO Mcore trevive Mb,NS Mg,NS (Evg ) (EDC ) (va > Eve,tot E\')g,tot va,tot Evau,tot

z (Mo) (Mo) (Mg) (Mg) (Mg) (ms) (Mg) (Mg) (MeV) (MeV) (MeV) (102erg) (102 erg) (10°%erg) (10% erg)
0.02 13 12.3 3.36 1.97 1.55 100 1.50 1.39 9.08 10.8 11.9 3.15 2.68 3.19 1.86
200 1.59 1.46 9.49 11.3 12.0 3.51 3.04 3.45 2.03

300 1.64 1.50 9.91 11.7 12.1 3.83 3.33 3.59 2.15

20 17.8 5.01 3.33 1.56 100 1.47 1.36 9.00 10.7 11.8 3.03 2.56 3.06 1.78

200 1.54 1.42 9.32 11.1 11.9 3.30 2.82 3.27 1.92

300 1.57 1.45 9.57 11.4 12.0 3.49 3.00 3.35 1.99

30 23.8 8.54 7.10 2.06 100 1.62 1.49 9.32 11.1 12.1 3.77 3.23 3.72 2.19

200 1.83 1.66 10.2 12.1 12.5 4.80 4.24 4.51 2.71

300 1.98 1.78 11.1 13.0 12.8 5.76 5.16 4.99 3.09

50 11.9 11.9 1.89 100 1.67 1.52 9.35 11.0 12.1 3.76 3.24 3.85 2.24

200 1.79 1.63 9.98 11.7 12.3 4.39 3.85 4.28 2.53

300 1.87 1.69 10.6 12.4 12.4 4.95 4.38 4.51 2.74

0.004 13 12.5 3.76 2.37 1.61 100 1.50 1.38 9.07 10.8 11.9 3.15 2.68 3.18 1.86
200 1.58 1.45 9.47 11.3 12.0 3.51 3.03 3.45 2.03

300 1.63 1.49 9.76 11.6 12.1 3.75 3.26 3.57 2.13

20 18.9 5.18 3.43 1.76 100 1.63 1.49 9.28 11.0 12.0 3.68 3.12 3.72 2.17

200 1.73 1.57 9.71 11.4 12.2 4.11 3.55 4.04 2.38

300 1.77 1.61 10.1 11.9 12.3 4.43 3.84 4.20 2.51

30 26.7 11.1 9.35 2.59 17.5 21.7 234 9.49 8.10 4.00 3.36

50 16.8 16.8 1.95 100 1.67 1.52 9.10 10.9 12.0 3.83 3.19 3.81 2.23

200 1.79 1.63 9.77 11.7 12.3 4.54 3.89 4.30 2.56

300 1.91 1.72 10.5 12.5 12.5 5.20 4.51 4.61 2.81

Notes. Mj,i; and Z are the initial mass and metallicity of progenitors, respectively. Mo, Mye, and Mco are the total progenitor mass, He core mass, and CO core mass
when the collapse begins, respectively. Since models with Mipi; = 50 Mo become Wolf—Rayet stars, My, is not defined and Mco equals Mo. Mcore 1S @ core mass
defined as the region of oxygen depletion. frevive iS the shock revival time. M, ns and Mg ns are the baryonic mass and gravitational mass of the remnant neutron
states, respectively. The mean energy of emitted v; until 20 s after the bounce is denoted as (E,,) = E,; 1ot/ Ny, 1or» Where E,,; o and Ny, (o are the total energy and
number of neutrinos, respectively. vy stands for p- and 7-neutrinos and their anti-particles: E, = E,, =E;, = E,, = Ej,. Ep 0t is the total of neutrino energy
summed over all species. The model with Mjn;; = 30 M, and Z = 0.004 is a black-hole-forming model, for which mean and total neutrino energies emitted up to the
black hole formation are shown.
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Figure 13. Same as Figure 12 but from the PNSC simulations. In the left panel, signals of v, (solid lines), v, (dashed lines), and v, (dot-dashed lines) are shown
for the model with (Minit, Z, trevive) = (13 Mg, 0.02, 100 ms). In the central panel, v, signals are shown for the models with (Z, frevive) = (0.02, 100 ms) and
Minit = 13 M (solid lines), 20 M, (dashed lines), 30 M (dotted lines), and 50 M (dot-dashed lines). In the right panel, v, signals are shown for the models with
(Minit, Z) = (13 M, 0.02) and tevive = 100 ms (solid lines), 200 ms (dashed lines), and 300 ms (dot-dashed lines).
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Figure 14. Time evolution of neutrino luminosity and average energy (left) and number spectrum of v, (right) from vRHD and PNSC simulations with the
interpolation (13) for the model with (Mipit, Z, trevive) = (13 Mg, 0.02, 100 ms). In the left panel, solid, dashed, and dot-dashed lines represent v,, V., and v,
(dot-dashed lines), respectively. In the right panel, the lines correspond, from top to bottom, to 0.1, 0.25, 0.5, 2, 4, and 15 s after the bounce.
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TABLE 1
NUMERICAL RESULTS FOR BLACK HOLE FORMATION OF PROGENITOR WITH (M, Z) = (30M¢), 0.004).

teg  (Ev.) (Ez.) (Eu,) Eyv, tot Ez, tot By, tot Ey i tot
EOS (ms) (MeV) (MeV) (MeV) (10°% erg) (10°2 erg) (10°% erg) (10°° erg)
Shen 842 17.5 21.7 23.4 9.49 8.10 4.00 3.36
LS(220 MeV) 342 12.5 16.4 22.3 4.03 2.87 2.11 1.53
NOTE. — tgy is the time to black hole formation measured from the core bounce. The mean energy

of the emitted v; until black hole formation is denoted as (Ey;) = Ey, tot/Ny, tot, Where Ey, tot and
Ny, tot are the total energy and number of neutrinos, respectively. v, stands for p- and 7-neutrinos

and their anti-particles: E,, = EVu = E,;M = FEy,., = Ep_. Ey, tot is the total neutrino energy
summed over all species.
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TABLE 3
SRN EVENT RATES IN VARIOUS RANGES OF POSITRON ENERGY IN SUPER-KAMIOKANDE OVER 1 YEAR (IL.E., PER
22.5 KTON YEAR) FOR MODELS WITH METALLICITY EVOLUTION OF DA08+MO0S8.

Normal mass hierarchy Inverted mass hierarchy
CSFRD  trevive EOS for BH 18-26 10-I8 10-26 MeV 18-26 10-18 10-26 MeV  Figure 12
HBO06 100 ms Shen 0.286 0.704 0.990 0.375 0.832 1.207
|:| I:l I:l |:| |:| |:| |:| LS 0.227 0.635 0.863 0.351  0.806 1.156
200 ms Shen 0.361 0.833 1.193 0.429 0.920 1.349
LS 0.302 0.764 1.066 0.404 0.893 1.297
e Reference 300 ms Shen 0432 0938  1.370 0.463 0967 1431  Maximum
LS 0.374 0.869 1.242 0.439 0.941 1.379
® |:| D DAO0S 100 ms Shen 0.219 0.515 0.734 0.286  0.598 0.885
LS 0.178 0.464 0.642 0.269 0.578 0.847
200 ms Shen 0.274 0.604 0.879 0.326  0.660 0.986 Reference
[ |:| |:| LS 0.233 0.554 0.787 0.308 0.640 0.948
300 ms Shen 0.326 0.677 1.003 0.350 0.694 1.044
LS 0.285 0.627 0.911 0.333 0.674 1.007
K13 100 ms Shen 0.203 0.443 0.645 0.264 0.505 0.769
LS 0.171  0.410 0.581 0.252  0.492 0.744 Minimum
200 ms Shen 0.252 0.514 0.767 0.298 0.554 0.853
LS 0.221 0.482 0.703 0.286 0.542 0.827
300 ms Shen 0.298 0.570 0.868 0.319 0.580 0.899
LS 0.266  0.537 0.804 0.306 0.568 0.874
Normal Inverted
10 T T LYV — 10 T T T T T T T T VP T T T T T T T
Reference —— Reference —— 3 7,’/ \\‘
1 1= in -~ | wE
= = % 10°E \¢—— Reactor v, _
Yo 01 Yo 04 s 3 \
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Z; u\? “ E \ Ajmosphejlc ]
s 0.001 } s 0.001 } Z;
=
0000 =545 20 25 30 35 40 45 50 55 00001 =545 20 2530 35 40 45 50 55
E [MeV] E [MeV]
0.18 Y — 0.18 — T T T T T T Ly 1072’ ‘ \ ,
o6y o Referen‘?e — 018 T Referenqe e T 0 ° I\I/I%asurelg Ec (:2(”)1"C+nzlcs) [Mei?] » 40
‘_8-, Figure 2. The expected coincident signals in
3 Super-K with 100 tons of GdCls. Detector en-
= L .
- ergy resolution is properly taken into account.
2 The upper supernova curve is the current SK
ué relic limit, while the lower curve is the theoret-
%w ical lower bound.
s Vagins, NPB PS 143(2005) 456, Fig.2




X _ ' ' ' ' ' .
) —_
L 100 A Imi ]
- i -+~ KamLAND upper limits Ve _
3% 107 -
2 = 0o’ . SK-IV
o = o oo

- -
T 0w 1| - o -
X o s
© & Bl o
e 01t 'Ofeou SK-I/I/III & __
Q ’Cl‘/bn
- I
P 0.01 ' -

5 10 15 20 25 30 35
Neutrino Energy [MeV]

90% C.L. differential upper limits on 7, flux of SRNs. The squares, circles and triangles are results for
Super-Kamiokande, Super-Kamiokande with a neutron-tagging and KamLAND. Dashed and dotted
lines correspond to our theoretical models with maximum and minimum values of SRN event rate,

respectively.



oo

Joogguod

0.18

0.16

b

= 0.14

dNg+/dE+[yr "MeV " (22.5kton

I\/'Iax(No'rmaI)
Reference(Normal)
Min(Normal)

Max(Inverted) — — -
Reference(Inverted) —— -
Min(Inverted) ------

dF(E,)/dE [cm™?s MeV]

10

0.1

0.01

0.001

0.0001
0

10

55



oottt otdyn

O00D000000ooonO SRN

(Ono and Suzuki’07)

Radiation ——
Matter
Dark Energy (XCDM)
. Dark Energy (GCG)
Dark Energy (Holo-DE)
(=%
22t |
w
C
(0]
kel
° S
8,0 T T, B T
-
2 |
4

scale factor a(t)

700

6: X+ Pgcg~ Pholo & AT —IVIRT a(t) & DR,

600

500

[km/s/Mpc]
'S
o
o

H(z)

ACDM ——
Holo-DE -

6=0.0Wgog=0.8

Supemova Counting Rate: Cgy*™(2) [1/y]

5 2 o
2 8 2

2 4 6 8 10 12 14 16
Redshift z

(a) (b)

18 20 2 4 6 8 10 12
Redshift z

Fig. 3.

(a) shows supernova counting rate models: SNR1 (a = =2, 8 =4), SNR2 (a =2, § = 4),

SNR3 (a = 0, 3 = 4). (b) shows dark energy model dependencies of dy, (the ratio to dz, of ACDM

model).

20

18

16!

144

-
n
o

10

o ]
o

[o2]
o

Event Rate [1/(2MeV)/(400 kton)/(10yr)]

n
o

20

18i
16!

Event Rate [1/(2MeV)/(400 kton)/(10yr)]

0

0

0

0

0

IN
o

o

0

0
0

140
120
100
80
60
40
20

200

180

160

140

-
N
o

foc}
o

(o2}
o

IN
[}

Event Rate [1/(2MeV)/(400 kton)/(10yr)]
=)
o

n
o

o

Fig.

200
ACDM model w=-1.0 —— ACDM model w=-1.0 ——
L GCG model, Wgeo=-0.8,0=0.0 - —. 180 GCG model, Wgeo=-0.8,0=0.0 -
Holo-DE model, b=1.0 ----- = Holo-DE model, b=1.0 -----
o
L 1 = 160 ]
c
L 4 S140 R
SNR1, n.h. = SNRT, i.h.
r q g 120 q
r 1 % 100 1
=
L 4 g, 80 4
L 4 Q 4
g 60
o
|- 4 E 40 4
Q
>
L N TR 4
. . . . . . 0 . . . . . .
5 10 15 20 25 30 35 40 10 1 20 25 35 40
Positron Energy [MeV] Positron Energy [MeV]
200
ACDM model w=-1.0 —— ACDM model w=-1.0 ——
L GCG model, Wgeo=-0.8,0=0.0 - 180 GCG model, Wyeo=-0.8,0=0.0 ----- ]
Holo-DE model, b=1.0 ----- Holo-DE model, b=1. O —————
r q 160 q
8 B 140 g

SNR2, n.h.

Event Rate [1/(2MeV)/(400 kton)/(10yr)]

120
100
80
60
40
20

SNR2, i.h.

20 25
Positron Energy [MeV]

20 25
Positron Energy [MeV]

T T T T T T 200 T T T T T
ACDM model, w=-1.0 —— ACDM model, w=-1.0 ——
L GCG model, Wyep=-0.8,0=0.0 -~ | 4g0 GCG model, Wye0=-0.8,0=0.0 - |
Holo-DE model, b=1.0 ----- = Holo-DE model, b=1.0 -----

o

L 41 2160 1
=

F 1 140 1

SNR3, n.h. = SNR3, i.h.

r B g 120 b

F 1 100 1
=

L 1 € 80 1

L 1 9 i
£ 60
s

r 1 € 40 B
[
>

F 4 % 20 ]

. . . . . . 0 . . . . . .
5 10 15 20 25 30 35 40 10 15 20 25 30 35 40

Positron Energy [MeV]

Positron Energy [MeV]

4. Comparison of the predicted SRN event rate at HK with Gd for ACDM, GCG, holographic
dark energy models. Supernova rate models are SNR1 (top panels), SNR2 (middle panels), SNR3
(bottom panels). The left and right panels show normal hierarchy (n.h.) De spectra and inverted
hierarchv (i.h.) 7. spectra. respectivelv.
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