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- introduction supernova process

- neutrino oscillation in matter

- constrains on neutrino propagation in matter
- resonance behavior on supernova dynamics
- conclusion

The neutrino transport model for supernova blow-off from collapsing stars has
enjoyed mixed fortune in recent years. Although, at present, core dynamics appears to
be inated by ially hydrod: ic processes, inos still play important
roles in fixing the kinetics and equation of state of the collapsing matter and in the
shock wave structure. Difficult problems coupling neutrino transport and hy-
drodynamics remain to be addressed before the supernova mechanism can be
completely understood and the emergent neutrino pulse can be predicted.

Lichtenstadt et. al. 1979

P

AG Teilchenphysik / Particle Physics Group Institut fiir Physik, University of Rostock



supernova process

A Initial Phase of Collapse Rikm] Neutrino Trapping
(t-0.15, ¢.~10%2 glom?)

R,

Supernova Dimensions
energy released: 1093 erg &~ 108Tev
energy released by neutrinos: > 90%

explosion time: 1s ({55, = 50ms) ~»\XMIMJ mm...d‘;f’ M, 10 A i

Si-buming shell

initial size of core: R = 300km (Fe-core) Si-buming shell

- " ROl Bounce and Shock Formation
initial central density: A (t~0.11s, Q= 200)

size of PNS: Rpyg = 100km

Shock Propagation and, Burst
ey 125

central temperature < 100 MeV
comparism: solar radius R@ ~ 7 -10% km
(figure taken from [2])
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vacuum oscillation

O propability of transistion: P(v; — vp) = | (vp(tyy) |2
O calculating | (1)) = Ugpt vi(t)):
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restricting to the two flavor case (e and ), therefore no CP-violating phase &
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Note that every term cancels exept the mixing matrix while shifting into a constant phase!
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Estimation: Losz (E,, = 20MeV, SmP ~ 2.3 - 10’3eV2) ~ 10%km
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matter effects

O ansatz: adding a matter contibution into the hamiltonian

HY = ch;c + Hn(:atter
He Vec(ne) 0
matter 0 0
Acc(ne) = 2E- Voo = 2EV2Gene
sm? 2 sme\ 2
P(ve — vyuit) = sin? 0™ sin? —— 0520y — V22Ggne | + | —— | sin2260q|t
4AE 4E
Plve — vuil) = sin?20™ sinz(wi)
e w = ™
0SC
m _ AmE Losc
0SC = P e
sm? Acc
\/(cos 26y — m)z
§mP sin(26,))?
sin?(20™) = ( (260))

(Acc — 6m? cos(26))2 +

© 00O

but the effectiv electron density is relevant Ny = Ne —

(8m?2 sin(26))2

Mikheyev-Smirnov-Wolfenstein effect, Neutral Current does not contribute to the mixing but CCs
in case of a non-zero electron density this leads to a non-zero forward scattering amplitude
by optical theorem this results in an effectiv electron-neutrino mass: increase of & Mgftectiv

> Ny
f#e
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MSW resonance

Parameter Best fit 20 30
smz, [10~%eV?] 7.6 7.3-81 71-8-3
| 5m§1 |[10-3eV?] 2.4 21-27 20-238
sin042 032 0.28-0.37 0.26—0.40
SinP0y3 050 0.38—0.63 0.34—067
sin?013 0.007 < 0.033 < 0.050

Table: Best-fit values for 3-flavor neutrinooscillation in a 20 and 3¢ intervall from different

experiments (KamLAND, CHOOZ, K2K and MINOS) taken from [3]

assuming Ye = 0.5 at neutrino energy E, = 20MeV
case 1 — 2: np ~2.5-10~4fm=3 ~ 1.5.103nq
case 1 — 3: Ny ~ 9.5- 10~ 13fm—3

© © 06 6 o

note: Nm ~ 2
5

(]

Calculating the resonance densities: A = §m? cos(26y) — sin®(20pm) = 1.

core collapse supernova central densities: ~ 0.01...0.1ng (simulation result)
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neutrinosphere

o the neutrinosphere is given by the mean free path (MFP)

o MFP (neutral particals): Avrp = -

0 o(ve€) 10~% . Eyoycm?

heating

cooling

shock gain R . R R R

radius ne PNS v & s
(convective) )
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- mean free path as function of radii and influence of convective layers
- at a fixed position for different energies
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central density after bounce
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Figure: density change during collapse in the center taken from [1]
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lepton fraction during shock and temperature
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Figure: lepton fraction and temperature during collapse taken from [1]
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Figure: resonance occure only during shock wave (preliminary result)
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Figure: the mfp is only weakly changed in shock wave region. (preliminary result)




matter interaction in quark phase

o constraints to neutrinossphere depends on matter - EoS
o as an example the mean free path in quark matter
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Conclusion:

o the complex dynamics of the collapse can influence the oscillation behavior
o heating mechanism due to neutrinos can be enhanced
Problems:
o equation of state including phase transistions
o density - pressure relation for hydrodynamical simulations
o how does density, pressure and temprature influence the lepton fraction

Temperature T [MeV]

1
Nuclei

Net Baryon Density




the only Signal ..... up to now!
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Thank you for your attention!

Figure: Milkyway panorama view
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