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Neutrino transport in collapsing stellar core:

* Determines dynamic and thermodynamic properties of
Implosion such as density, temperature and lepton
number at the moment of bounce;

e Of crucial importance for possible conversion of stalled
shock into an outgoing blast wave.
* The major part of neutrino flux is
radiated in the regime of neutrino
opacity — from neutrinosphere. The Vf
flux is controlled by neutrino diffusion
In the neutrino-opaque core and can be well described

by Neutrino Heat Conduction (NHC) theory.




Equations of neutrino hydrodynamics
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Transport equation




successive approximations: 1 15 1 or K (we omit index V hereafter)
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Comoving frame
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Scattering operator in comoving frame
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neglecting terms of the order of (8I,)" in B

one can reduce the integrals for £, and M,
to the form that results in generalizing of
the neutrino heat conduction for the case of
neutrino scattering being of importance.



Equations of neutrino heat conduction (NHC)
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H, — neutrino energy
flux

E, — lepton charge
flux

A, — lepton charge
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Coherent and incoherent scattering:

Res(w,n)é(w — o)
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Po(w,w') = QW/RHC(w,w’,n)dn,
1
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The incoherent part of the scattering kernel

/ .
RﬂC (w, W ] 77) enters the NHC equatIOIlS OIﬂy
through zeroth and first moments of its expansion

in terms of Legendre polynomials
®y and P, , respectively.



For pure coherent scattering: Rpc(w,w’,n) =0

do(w,w’) =0, Py (w,w') =0
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)} no integral equations!
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T s is the number of
coherently scattering
particles per unit volume



Tracks of the Star's Center
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BnauaHue NES Ha KoapPpuumneHTsl
HEUTPUHHOMU TEeNJIONPOBOAHOCTH
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Time = 0.03x T, T = 1/(c<A>)

—=— Calculated
—e— Equilibrium

Tg

=333,y =0.065 ||

0

| ! I ! | ! I ! | !
100 200 300 400 500 600
EV Mev




fo

Time = 0.08x T, T = 1/(c<A>)

1800
1600:
1400:
1200;
1000:
800:
600;
400:
200:

—=— Calculated
—— Equilibrium

Tg

=333, \pv=0.065 -

-200
0

|
100

|
200

300
EV Mev

|
400

|
500

600




fo

Time=0.2 x T, T = 1/(c<A>)

1800
1600:
1400;
1200:
1000:
800;
600;
400:
200;

‘200 |

—=— Calculated
—e— Equilibrium

Tg

=333,y =0.065 ||

0

|
100

200 300 400
EV Mev

|
500

600




fo

Time =0.4 x T, T = 1/(c<A>)

1800
1600:
1400:
1200;
1000:
800:
600;
400:
200:

—=— Calculated
—— Equilibrium

Tg

=333, \pv=0.065 -

-200
0

|
100

200 300 400
EV Mev

|
500

600




fo

Time =0.6 x T, T = 1/(c<A>)

1800
1600:
1400:
1200;
1000:
800:
600;
400:
200:

—=— Calculated
—— Equilibrium

Tg

=333, \pv=0.065 -

-200
0

|
100

200 300 400
EV Mev

|
500

600




fo

Time =1.01 x T, T = 1/(c<A>)

1800
1600:
1400;
1200:
1000:
800;
600;
400:
200;

‘200 |

—=— Calculated
—e— Equilibrium

Tg

=333,y =0.065 ||

0

|
100

|
200

300
EV Mev

|
400

|
500

600




fo

Time=2.0 x T, T = 1/(c<A>)

1800
1600:
1400;
1200:
1000:
800;
600;
400:
200;

‘200 |

—=— Calculated
—e— Equilibrium

Tg

=333,y =0.065 ||

0

|
100

|
200

300
EV Mev

|
400

|
500

600




fo

Time =5.0 x T, T = 1/(c<A>)

1800
1600:
1400;
1200:
1000:
800;
600;
400:
200;

‘200 |

—=— Calculated
—e— Equilibrium

Tg

=333,y =0.065 ||

0

|
100

|
200

300
EV Mev

|
400

|
500

600




fo

Time =8.0 x T, T = 1/(c<A>)

1800
1600:
1400:
1200;
1000:
800:
600;
400:
200:

—=— Calculated
—— Equilibrium

Tg

=333, \pv=0.065 -

-200
0

|
100

|
200

300
EV Mev

|
400

|
500

600




fo

Time =12.0 x T, T = 1/(c<A>)

1800
1600:
1400:
1200;
1000:
800:
600;
400:
200:

—=— Calculated
—— Equilibrium

Tg

=333, \pv=0.065 -

-200
0

|
100

|
200

300
EV Mev

|
400

|
500

600




fo

Time =20.0 x T, T = 1/(c<A>)

1800
1600:
1400:
1200;
1000:
800:
600;
400:
200:

—=— Calculated
—— Equilibrium

Tg

=333, \pv=0.065 -

-200
0

|
100

|
200

300
EV Mev

|
400

|
500

600




Time =0.0 x T, T = 1/(c<A>)
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Time=0.1 x T, T = 1/(c<A>)
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Time =0.5 x T, T = 1/(c<A>)
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Time =4.0 x T, T = 1/(c<A>)
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Time =25.0 x T, T = 1/(c<A>)
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Time =40.0 x T, T = 1/(c<A>)
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[MonHas cuctema ypaBHEHUIA HEUTPUHHOW TEMNJ1I0MPOBOAHOCTH
B C/iyvyae UWIMHAPUYECKON CUMMETPUNn
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[ToniHas cuctema ypaBHEHU HENTPUHHOW TENI0NPOBOAHOCTU
B C/lyyae UMMHAPUYECKON CUMMETPUN
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[laHHasa cucTema ypaBHEHWUI ONuUCbIBAeT NPUBIMKEHNE
HEUTPUHHOV TEN/I0NPOBOAHOCTU B CIyYae LNINHAPUYECKOA
CUMMETPUN N MOXET ObITb MPUMEHUMA, B YACTHOCTU, ANS
onucaHns BpaLlatoLLMXca 3BE3AHbIX KOHJUTIypaLuii.



OnpeneneHme NOTOKOB
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Conclusion

The neutrino heat conduction theory (NHC)
consistently describes fluxes of energy and
lepton charge emerging from the neutrino
opaque core.

~ The tluxes are proportional to the
gradients of temperature and neutrino chemical

potential.

Incoherent neutrino scattering enters the NHC
through 0-th and 1-st moments of
the Legendre expansion of scattering kernel.

Coherent scattering is described by the transport
cross-section algorithm.
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