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Proto-Neutron Stars
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Proto-Neutron Star Evolution

Consider the Newtonian case. The electron neutrino number flux F, and
v energy flux L, change the lepton number Y; and entropy s:

dY, dYe d(Y, —Y3) 10 2
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In the diffusion approximation, fluxes are driven by density gradients:
" c on,(E) < 9nz(E)
F, = - (A - dE,
/0 3 ( N or N or

Lo / Zcx 9ci(E) p.

An and AL's are mean free paths #or number and energy transport,
respectively. n,(E) and ¢;(E) are the v, number and energy densities of
species i = e, u, T and their antiparticles at neutrino energy E.
There are two main sources of opacity:

v-nucleon absorption, affects only v, De.

A~ A =~ Mo(Eo/E)?; Mo =~ 5 cm; By =~ 1 MeV

v — e scattering, affects all flavors. A ~ \j(Ep/E)?; A1 ~ 4 km



Proto-Neutron Stars — Analytic Analysis

Neutrino fluid
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The Deleptonization of a Proto-Neutron Star

Energy transport dominated by degenerate electron neutrinos propagating
through degenerate matter.
Number transport equation

anYL - aY[_ 1 3#?, - 10 2F

ot 0V, 6207 ot~ r2ar v
- C/\OEO2 10 5Oy
~ 6n2(hc)d r2 or ( or )

~5, = pw,0(x)P(t), x =xir/R

dgb2 1 51/) _ 1
Plat T x2y3 0x X ox
Spatial solution is Lane-Emden function of index 3, 3.
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Heating During Deleptonization

Beta equilibrium:

Z Hj dY fn + Hp + e — Mu)dye + Nl/dYL - Nl/dYL

Energy transport equation:
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si~1, sf ~ 2.5, T¢ ~ 50 MeV
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Core Cooling

Following deleptonization, u, << T
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Energy transport equation:
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Assume T = Too(t)(x), To ~ 50 MeV.
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Core Cooling

Tedp 1 0 ,0¢?
¢ dt Y2x2 0x~ Ox

1? is Lane-Emden function of index 1: ¥? = 41 = sinx/x

O
Y1(x1) = x3 =T, <X Ix >X1
to—t 3(hc)*an (R :
— —_— ], = ———— | — ~ 10 — 3
10} exp< -~ ) T, W= X1 0—-30s

Emergent Luminosity:
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Model Simulations
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Model Simulations

t=0,05,5 20,3 |/ | | GMl —————

00 05 10 15 00 05 1.0 15
Mg (Mo) Mg (Mo)

James Lattimer Darmstadt Lecture 7 — Proto-Neutron Stars



Model Simulations
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Model Signal
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