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Supernovae type Il

1. Core collapse

2. Electron capture
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Supernovae type Il
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Neutrino transport : Boltzmann equation

Boltzmann equation -

Equation describing non-equilibrium system
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Neutrino + Matter interaction

Neutron-neutrino Absorption cross section
1

6. =o (1+3gi) (Eve +Anp)2 1 — mec? 212
a 0 4 MeC? €y, TAnp

a a
e/a + SlSO + scatter + Sthermal

& =1In—-k,Ju® — Kk H*

e/a

SE = —kH*

lSo

Neutron-neutrino Scattering cross section
o — 00( €y )2 [1+Bgi]
L ST 4 2
n : emissivity 4 \mec 4
K, : absorption opacity

K : scattering op acity 'Burrows, Reddy & Thompson, Nuclear Physics A 777,356 (2006)




Neutrino interaction

Axial coupling constant = g, in Weak interaction,
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Sensitivity study of g, on Neutrino Transport

EOS Table — Lattimer and Sweaty!
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| | ‘Nulib’ GRID
Assuming g, as function
Simulating Neutrino Luminosity

by transport equation.

Gaesr (p; T, QZ) ( Emissivity 77 > Luminosity

Neutrino interaction coefficients

Absorption k¢ RMS Energy
Scattering Ky q¢ter Entropy

Initial profile - S15s7b2?

1O'Connor, E. 2015, Ap]S 219, 24.
2 Woosley, S.E. & Weaver, T.A. 1995, LLNL Rep. UCRL-ID-122106.
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Change in Neutrino interaction (Nulib data)

(ga =1.254) vs (galq® p,T))
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S15s7b2 Density, Temperature profile
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94(q% p, T) vs g, =1.254

preliminary data for Luminosity
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Conclusion

» At high temperature and density, the axial vector coupling constant g4
decreases, leading to reduced weak interaction process.

» We tested a new g, model dependent with momentum transfer, density and
temperature, and observed that the lumonisty shows a sharp initial
deviation, but returns to the value obtained when g, was constant.
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Supernovae and neutrino

100

1. Nebula 2.Star mass > 8Mg, 3. Red giant
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Mz

* 7. Boson decay into a Fermion-Antifermion pair

Z boson invariant mass spectrum
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oA 1.254 vs g A_1.07(scattering = gA1.254)
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oA_1.07 vs g_A_1.07(scattering = gA1.254)
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_A_1.07(scattering = gA1.254)

1.254 vs 1.07
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oA 1.254 vs g A_1.254(scattering = gA1.07)
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oA_1.07 vs g_A_1.254(scattering = gA1.07)
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_A_1.07(scattering = gA1.254)

1.254 vs 1.0
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Kirchhoff’ law of thermal radiation

N — Kabs * blackbody vs energy
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Sensitivity study of g, on Neutrino Transport

ga = 1.254 in vacuum

Assuming g, is constant — . | |
ga = 1.070 in saturation density
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Neutrino interaction

Emissions / Absorptionc

Neutrino process

Weak interaction -> coupling constant: g_A

Absorption process

(in)Elastic scattering
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(g4 = 1.070) vs (g4 =1.254)

Luminosity + rms energy data

nue lum

—— nue_lum (ga = 1.070)
--- nue_lum (ga = 1.254)

Luminosity [10™51 erg/s]
n
[ ]
]

" 1
T T T T T T T
0.00000.0025 0.0050 0.00750.0100 0.01250.0150 0.0175 0.0200
Time shifted [s]




