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Standard Neutrino Slgnals from PNS

explos,lon/& contraction (hydrodynamlcal Caluculatlon)
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Standard Neutrino Slgnals from PNS

explos,lon/& contraction (hydrodynamlcal Caluculatlon)
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Standard Neutrino Signhals from PNS

Delaptonization
(quasi-static evolution)

g—ThermaI cooling

(quasi-static evolution)

explosion/& contraction (hydrodynamical caluculation)
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Thermal pair proces
Bt = v

N+NSN+N+v+v

Modified Urca process

N+p+e - N4+n+ v,
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Cooling timescale of proto-neutron star

Tcool = HMAX Ty, (1) Constraint on M-R relation
. m ’ ( T )—3 1 > 5
Teosl = T . I | | N |
: 14My ) \10km/ (1—0.58)v1 28 . | | .
5 — Gm/rCQ : Shen i
I?O _I [ T L I I 171 I I | [ I_ 2 _— —_
Z 60 | - . i
) - — © ].5 I
E ok _- =) ~ E,= 0.136M, )
o : 1 2 - ~ .
a B 7 S - _
S 40 - M*/M=1 — = lF -
2 B - = i
L 30 b ] D Z
E B i 0.5
5 o0 L M*/M=0.5 - ] N
s - . C | | ]
CU 10 | ] O | | | | | | | | | |
= - i 8 10 12 14
O_||||||1||||||||||1||||1||||||||_ r‘adius(km)
0 02040608 1 1214 186 .
(mr) Nakazato & Suzuki (2020)



I Evolution of interior of standard PNS
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I Evolution of interior of

standard PNS

Temperature
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I Importance of muon creation in SN explosion

O “Muon creation in SN matter facilitates neutrino-driven explosions”
(Bollig et al. 2017)
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Muonization process
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I Neutrino reactions related to muon

Muon scattering Muon capture
V—I—,uiﬁul—l—,ui/ u +p=sn+vy,
w4+ nsSp+ Uy
Flavor exchange reaction Annihilation reaction
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Muon decay
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I Neutrino reactions related to muon

Muon scattering Muon capture
V—I—,LLii>V/+,LLi/ w +p=sSn+uy,
w4+ nsSp+ Uy
Flavor exchange reaction Annihilation reaction
WA, Se + potpt Sv+p
ut v, Set + potet S+,
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Muon decay
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I Reaction rate related with muon

Neutrino transport equation

1 df, 1
_—:nv(l_fl/) fl/
C dT T >\V

emissivity ‘mean free path

O Forexample: © +v,>=e€e + 1,
11 /2fu(eu)d3pﬂ (1 = felee))d’pe (1 = f5.(€5,))d° Py,
Ao, 2e€p, (2m)32¢, (27)32¢, (27)32¢5,
x (2m)% 6% (pe + po. — Py + P, )M’
M| = 64G% (pe - Py, ) (Dy - Po.)
O For simplicity, neutrino distributions are assumed to be

Fermi-Dirac distributions with chemical equilibrium chemical
potential.




Early phase (t ~ 0.4s)

Q lo/cc] T [Mev] Yo Y, UnMeV] lUpMeV] Me[MeV] [Mu [MeV]

171014 38.3 0.13 0.04 886 801 83.3 64.1

Typically, r ~ 15 km
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IDeIeptonization phase (t ~ 10s)

Q lo/cc] T [Mev] Yo Y, UnMeV] UpMev] Me[MeV] Uy [MeV]

3.24*1014 20 0.08 0.02 965 851 143 127
Typically, r ~ 10 km (determined from Furusawa-Togashi EoS + muon)
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I Implication for neutrino signal

Neutrino transport equation
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O Cooling timescale in deleptonization phase
— Kelvin-Helmholtz timescale
Eth 1
TKH ~ —5 X —
KH FE D,

O D4ratio with/without muon: Diuo» /Dy ™" ~ 1.1




I Implication for neutrino signal

Neutrino transport equation

df v
'1_;%'::nv(j-_'fV) :

In diffusion limit

P _ IVE '6‘(aT) IDS,G%F,;MI Ds o Mg T)"

abr? ||

O Cooling timescale in deleptonization phase
— Kelvin-Helmholtz timescale
Eth 1
TKH ~ —5 X —
KH FE D,

O D4 ratio with/without muon: D/° ™" / pmuon. 1 (6



ISummary and Future work

Summary
O Sa—AVOEFKRIZZa—~M)/ KIDDETE
g BFHER-Za1—KNJ/EIa—AVZa2—KJ/DFFEHTER
FICEIRILF—HT)EEZRTS.
a BT ALAT—IVEI 2 —FAVDEEICLE > TRLGBZZENTFES
Ned FEHEEICERDDN?)
—a— K~V /AR NILVDENZEDLD Z ENTFEEIND.

Future work

O npeu-¥YIBZIRTE L fc PNS SHIFTEZ A\ o E 289757
O BFDEZAEMEEERAZE A EEAAALIEZ2— NI/ RID
O 1—AYVE(R) Za—K~J/OIERNMERIGICKREAT D=2 —~J /IRE)?




