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Introduction Protoneutron star

Evolution of neutron star (M. Prakash et al., Phys. Rep., 280, 1 (1997))

the post bounce phase: the low entropy core (s=1) and high entropy outer

layer (5 < s < 10), both with trapped neutrinos (1)

deleptonization of the outer layer (2)

ν-free, high entropy (s=2) core, thermally produced neutrino pairs are

emitted (3)

neutrino cooling → cold catalyzed object
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Introduction Protoneutron star

Neutrino interactions in the surronding medium

neutrino - pair annihilation νeν̄e ↔ νµν̄µ

electron - positron annihilation e− + e+ ↔ ν + ν̄

nucleon - nucleon bremsstrahlung NN ↔ NNνν̄

scattering reactions e± + ν → e± + ν, N + ν → N + ν

absorption processes νe + n↔ e− + p, ν̄e + p↔ e+ + n
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Introduction Protoneutron star

Schematic picture of the νe and ν̄e spheres in a proto-neutron star

(M. T. Keil, astro-ph/0308228v1)
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Introduction The models

The models

Constituents of the model:

baryons:

nucleons n, p

hyperons Λ, Σ, Ξ a

mesons:

scalar → σ, σ∗

vector → ωµ, ρaµ, φµ

leptons: electrons, muons, neutrinos

aonly in the model of a hyperon star
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Introduction The models

Lagrangian of the model

L =
∑
B

ψB [γµiDµ − (MB − gBσσ − gBσ∗σ∗)]ψB

+
1
2
∂µσ∂µσ −

1
2
m2
σσ

2 − 1
3
g3σ

3 − 1
4
g4σ

4 +
1
2
∂µσ∗∂µσ

∗ − 1
2
m2
σ∗σ
∗2

+
1
2
m2
ω(ωµωµ) +

1
2
m2
ρ(ρ

µaρaµ) +
1
2
m2
φ(φµφµ) +

1
4
c3(ωµωµ)2

− 1
4

ΩµνΩµν −
1
4
RµνaRaµν −

1
4

ΦµνΦµν +
∑
l=e,µ

ψl(iγ
µ∂µ −ml)ψl

+ ΛV (gNωgNρ)2(ωµωµ)(ρµaρaµ)

Monika Pieńkos (US) Neutrinos in protoneutron star models
Matter to the deepest06-09-2013, Ustroń 7

/ 23



Introduction The models

ΨN =
(
ψp
ψn

)
, ΨΛ = ψΛ,

ΨΣ =


ψΣ+

ψΣ0

ψΣ−

 , ΨΞ =
(
ψΞ0

ψΞ−

)
.

Dµ = ∂µ + igBωωµ + igBφφµ + igBρI3Bτ
aρaµ

Ωµν = ∂µων − ∂νωµ

Φµν = ∂µφν − ∂νφµ

Raµν = ∂µρ
a
ν − ∂νρaµ
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Introduction The models

Equation of state

ε =
1
2
mσs

2
0 +

1
3
s3

0 +
1
4
s4

0 +
1
2
mσ∗s

∗2
0 +

1
2
m2
ωw

2
0 +

3
4
c3w

4
0 +

+
1
2
m2
ρr

2
0 + 3ΛV (gωgρ)2w2

0r
2
0 +

1
2
m2
φf

2
0

+
∑
i=B,l

{
2Ji + 1
(2π)3

∫
d3kE∗i (k)(f+

i (k) + f−i (k))
}

P = −1
2
mσs

2
0 −

1
3
s3

0 −
1
4
s4

0 −
1
2
mσ∗s

∗2
0 +

1
2
m2
ωw

2
0 +

1
4
c3w

4
0 +

+
1
2
m2
ρr

2
0 +

1
2
m2
φf

2
0 + ΛV (gωgρ)2w2

0r
2
0 +

+
∑
i=B,l

{
2Ji + 1
3(2π)3

∫
d3k

k2

E∗i
(k)(f+

i (k) + f−i (k))
}

Monika Pieńkos (US) Neutrinos in protoneutron star models
Matter to the deepest06-09-2013, Ustroń 9

/ 23



Introduction The models

f±i =
1

exp [(E?i (k)∓ νi)/T ] + 1
νi = µi − giωw0 − giρr03I3i − giφf0

E?i (k) =
√
k2 +M?2

i

M?
B = MB − gBσs0 − gBσ?s?0

M?
l = ml
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Results

Results
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Results Equation of State
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Results Neutrino relative concentration
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Results Neutrino energy
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Results Mass – radius relation
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Results Maximum mass configuration
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Results Maximum mass configuration
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Results Particle fraction vs. radius
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Results Particle fraction vs. radius
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Results Particle fraction vs. radius
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Results Particle fraction vs. radius
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Results Neutrinosphere

Rν R∗ Eν

[km] [km] [MeV]

S = 0 ΛV = 0 12.5758 12.5773 55.2786

ΛV = 0.0165 12.4417 12.4404 57.17

S 6= 0 ΛV = 0 12.858 12.8567 48.2799

ΛV = 0.0165 12.8313 12.8303 57.5677
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Conclusions

Conclusions

model with trapped neutrinos leads to stiffer EoS

hyperons modify density dependence of neutrinos energy and affect relative

concentration of neutrinos

neutrinos change significantly chemical composition of a star

neutrinos shift the hyperon onset point to the higher densities

ΛV parameter modifies location of a neutrinosphere
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