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gN — get(T,nB) = gn PN (T, nB)

Tv[aet, Blaschike 201%, Universe 4 32
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Kumar et Al,, CQG (In Frep‘.)
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General relativistic neutrino radiation hydrodynamics

® The general framework

/

2
ds? = —a?dt? + (T—> da? + r2(d9? + sin? 0dp?)

IE
W ey matter microphysics
It o T J)
Tta s Tat pH
TCLCL p _I_ pK
T8ise o p + zp(J—K)
® Microphysics; the neutrino moments
F, (t,Z,9) — F,(t,a, 4 = cos 8, E) g
(Specific neutrino distribution functions)
5

Liebendorfer et al., Phys. Rev. D, 63, 10, 103004 (2001) K =

Liebendorfer et al., Astrophs. J. Suppl, 150, 263 (2004)

a(t,a)

The co-moving reference frame:

(t, a) (system time, baryon mass)

(0, ¢) (2-sphere of radius r(t,a))

The metric functions:

R
oy =l e

5 Juv = 8kT 0

(Einstein equation)

(lapse function)  T'(¢,a) = v/1 — 2m/r + u>

or :
u=——  (matter velocity)

oot
m(t,a)

(gravitational mass)
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Boltzmann neutrino transport

OF pu o 9
oz—(?t('u’E) S G (47TT ozpF) Weak processes:
1= ilscda ) @ 5 ) .
+ I'{l-——— ) — [(1 — U ) F] (a) Electronic charged current reactions
G a or 8’“ Fischer et al., Astrophys. J,
Olnp 3u\ 0 ; 894, 1, 9 (2020)
1— F
o e
L o0 3 (b) Neutral current reactions
X “FE or E?2 OF (E F) v+ N=v +N (elastic scattering)
Olnp 3u oHie oy, eE el T
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Ve T Ve — Vi/r e vu/T Buras et al. (2003)
i v+ e_/+ — Pl e_/+ Fischer et al., Astron.
Astrophys., 499, 1, 1 (2009)
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Evolution of the proton-to-baryon ratio
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