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Diverse Theoretical Studies toward Observations of the Supernova Neutrinos
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Stars with masses more than 10 solar masses undergo the gravitational
collapse and the subsequent supernova explosions and/or black-hole formations. Observational
properties of the neutrinos emitted from these processes are investigated in this project. Firstly,
for a neutrino burst from Galactic supernovae, time variations are evaluated for the event number,
energy and angular distributions, and fraction of events with _neutron tag. Secondly, for the
supernova relic neutrinos, which are the integration of neutrino flux emitted by past supernovae,
the flux and spectrum are evaluated taking into account various uncertainties. As a result, it is
found that the low-energy spectrum of supernova relic neutrinos is mainly determined by the cosmic
star formation rate density and a future experiment in Super-Kamiokande with gadolinium-loaded water

is important for the detection of these low-energy neutrinos.



o

@

®

advanced L1GO

30

Gd

advanced LI1GO

@
@
Gd
©))
&)

)
2 SN1987A ;
2 @ Kamiokande Il -

0 02 04 06 038 1 2 5 10 20
time (sec)

SN1987A lo



@

dF(E,)/dE [cm™?sMeV™ ]

®

*

Gd

KamLAND upper lirits

SK-1V
SKJ”V”|1ﬁ[
-
Sorg e e o -
o -
Sl

10 15 20 25 30 35
E,[MeV]

redshift
redshift

H. Togashi, K. Nakazato, Y. Takehara,
S. Yamamuro, H. Suzuki and M. Takano,
"Nuclear equation of state for
core-collapse supernova simulations
with realistic nuclear forces",
Nuclear Physics A, , 961 , 2017
, pp- 78 105
DOI: 10.1016/j .nuclphysa.2017.02.010

K. Nakazato, E. Mochida, Y. Niino and
H. Suzuki, "Detectability and
Uncertainties of the Supernova Relic
Neutrino Background™, JPS Conference
Proceedings, , 14, 2017
pp- 010705-1 010705-4

DOl: 10.7566/JPSCP.14.010705

K. Nakazato, Y. Niino and N. Sago,
"Gravitational-Wave Background from
Binary Mergers and Metallicity
Evolution of Galaxies™, The
Astrophysical Journal, , 832
2016 , pp. 146-1 146-10
DOI: 10.3847/0004-637X/832/2/146

K. Nakazato, "Supernova Explosion and
Black Hole Formation with QCD Phase
Transition™, Acta Astronomica Sinica,

, 56 Supplement, 2015 , pp.
49 51
http://adsabs.harvard.edu/abs/2015Ac
ASn. .56S. .49N

K. Nakazato, E. Mochida, Y. Niino and

H. Suzuki, "Spectrum of the Supernova

Relic Neutrino Background and

Metallicity Evolution of Galaxies”,

The Astrophysical Journal, , 804
, 2015 , pp. 75-1 75-15

DOI: 10.1088/0004-637X/804/1/75

H. Togashi, Y. Takehara, S. Yamamuro,
K. Nakazato, H. Suzuki, K. Sumiyoshi
and M. Takano, "Equation of state for
nuclear matter in core-collapse
supernovae by the variational method",
Journal of Physics: Conference Series,
, 969 , 2014 , pp. 012058-1
012058-5
DOI: 10.1088/1742-6596/569/1/012058

H. Togashi, Y. Takehara, S. Yamamuro,
K. Nakazato, H. Suzuki, K. Sumiyoshi
and M. Takano, "Equation of state for
nuclear matter in core-collapse
supernovae by the variational method",
Proceedings of 13th Symposium on Nuclei
in the Cosmos, , 2014, 169-1



169-6
http://adsabs.harvard.edu/abs/2014ni
c..confE.169T

K. Nakazato, "Self-organized critical-
ity in a spherically closed cellular
automaton:  Modeling soft gamma
repeater bursts driven by magnetic
reconnection”, Physical Review D,

, 90 , 2014 , pp. 043010-1
043010-6
DOI: 10.1103/PhysRevD.90.043010

T. Miyatsu, S. Yamamuro, K. Nakazato
and M_-K. Cheoun, "Complete equation of
state for neutron stars using the
relativistic Hartree-Fock approxima-
tion™, AIP Conference Proceedings,

, 1594 . 2014 , pp. 420 425
DOI: 10.1063/1.4874104

K. Nakazato, " Supernova Explosion and
Black Hole Formation with Hadron-Quark
Phase Transition™, AIP Conference
Proceedings, , 1594 , 2014
pp- 278 283

DOI: 10.1063/1.4874082

2017 3 4

K. Nakazato, "Neutrino Observation of
Core Collapse Supernovae™, Quarks and
Compact Stars 2017, 2017 2 20

22

2017 2 16 18 ,

, 2016 12
20 22

K. Nakazato, "Inhomogeneous nuclear
matter in compact stars™, Inter-
national Symposium on Neutron Star
Matter (NSMAT2016) -Recent Progress in
Observations, Experiments and Theories,
2016 11 21 23

, 2006 9 21 24,

, 2016 9 14 16 ,

K. Nakazato, E. Mochida, Y. Niino and
H. Suzuki, "Detectability and
Uncertainties of the Supernova Relic
Neutrino Background™, 14th Symposium
on Nuclei in the Cosmos, 2016 6

19 24,

K. Nakazato, "Theoretical study of
supernova relic neutrinos™, Revealing
the history of the universe with
underground particle and nuclear
research 2016, 2016 5 11 13 ,

, "SK-Gd

, 2016 1 6 7T,

, 2015 12 23 25

KEK
, 2015 11 24

K. Nakazato, "Spectrum of the Supernova
Relic Neutrino Background™, Numazu
Workshop 2015: Challenges of modeling
supernovae with nuclear data, 2015

9 1 4

K. Nakazato, "Astrophysical Implica-
tions of the Symmetry Energy", Workshop



on Science with SpiRIT TPC, 2015 6

6 7,
", , 2015 3 21
24,
", , 2015 3 21
24,
, , , "'Super-
Kamiokande KamLAND
", , 2015 3 21
24,
, 2015 3
12 14
", 27
, 2014
12 24 26

@) K. Nakazato, "Supernova Explosion and
Black Hole Formation with QCD phase
transition”, Quarks and Compact Stars,
2014 10 20 22 , Peking
University (Beijing, China)

@ H. Togashi, Y. Takehara, S. Yamamuro,
K. Nakazato, H. Suzuki, K. Sumiyoshi
and M. Takano, "Variational study of
the supernova equation of state with
realistic nuclear forces”, Fourth
Joint Meeting of the Nuclear Physics
Divisions of the American Physical
Society and The Physical Society of
Japan, 2014 10 7 11 , Hilton
Waikoloa Village (Hawaii, USA)

@ K. Nakazato, "Stellar core collapse
with QCD phase transition”, Compact
Stars in the QCD Phase diagram 1V, 2014

9 26 29 , Kino Prerow (Prerow,
Germany)

@

", , 2014 9 11

, 2014

@ H. Togashi, Y. Takehara, S. Yamamuro,
K. Nakazato, H. Suzuki, K. Sumiyoshi
and M. Takano, "Nuclear equation of
state for core-collapse supernovae
with realistic nuclear forces"”, 13th
Symposium on Nuclei in the Cosmos, 2014

7 7 11 , Kdélesey Convention
Center (Debrecen, Hungary)

H. Togashi, Y. Takehara, S. Yamamuro,
K. Nakazato, H. Suzuki, K. Sumiyoshi
and M. Takano, "Equation of state for
nuclear matter in core-collapse
supernovae by the variational method",
3rd International Workshop on "State of
the Art in Nuclear Cluster Physics”
(SOTANCP3), 2014 5 26 28 ,

http://asphww._ph._noda.tus.ac.jp/srn/
http://ww._np.phys.waseda.ac. jp/E0S/

¢y

NAKAZATO KEN®ICHIRO

@

®

*



