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Motivation

Leading tool to probe the cosmic expansion;
way to measure the Hubble constant;
"anthropically” relevant (O, F, Ne, Na, Mg,
Al.).

[1].

Core—collpse SN
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What are we looking at? Why?

Fluxes and spectra of (SN) neutrinos are required for the
understanding of [3]

> the explosion mechanism
> the birth of neutron star
» SN nucleosynthesis

> ...
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Neutral current interactions — relevant contributions for the
neutrino energy production behind the stalled shock wave

vN — Nv, voNN <+ NN, »vNN < NNv (1)

» vN — Nv dominant opacity source for p and 7 neutrinos,

> vUNN < NN relevant energy- and number-changing
process,

» vNN < NNv more effective (by a factor of 10) for energy
exchange [3].
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Heavy baryon Chiral Perturbation Theory

. QCD Lagrangian and chiral symmetry

UV Lagrangian after Electroweak symmetry breaking
implement this in the QCD Lagrangian with external fields
construction of the operators in Chiral Perturbation Theory
EOM elimination

). Heavy Baryon Limit
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QCD Lagrangian

QCD Lagrangian

Lacno = G Gy + i, o)
invariant under
SU(N¢), x SU(Ng)gr x U(1)y x U(1)a (3)
breaking due to (qrqr)
SU(Ng¢), x SUNg)r x U(1)y x U(1)a — SU(Ng)v x U(1)v (4)

— Goldstone Bosons.
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Chiral Lagrangian

b parametrization of the GBs for Ny = 2

Ulr(9) = ¢ o)
P mass term
X = 2B(s — ip), (6)
> external vector and axial vector fields (isovector and
isoscalar)
VIVl ,09) ™

How do we find them?
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Heavy baryon Chiral Perturbation Theory

> UV Lagrangian after Electroweak symmetry breaking

L ¢ Mk “7—3 L_sin 2 2y 18 “d
= Y = —si —uytu—=
sin Oy cos Oy LR wizh 3%
(8)

> implement this in the QCD Lagrangian with external fields

= : = 1 s = S
£ = =G(s=1rp)at(@" (vt 3 Vi) ag=(uayr (@7 (auta) 150) =
(9)

Doing the matching we get the fields for the chiral Lagrangian,
transforming as

1, — L1,LT +iLg, LT, (10)
r, — Rr,R' +1iR9,RT, (11)

to keep the invariance.
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Construction of the operators in Chiral Perturbation Theory

» inclusion of the nucleons, N' = (p,n)T
D, =08, + T+, (12)
DN — K(L, R, U)D,\, (13)

> building blocks
Uy, u;; = KUMKTa <X+>a X+s <qu>a F:I/ (14)

> parity and charge symmetry to find the most general form
of the Lagrangian and the contact terms
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EOM elimination,

Using the equation of motion at leading chiral order,

PN — imN, we can reduce the number of terms at a given
chiral order, since the difference is one order higher, at

O(p?) [4]
I; (15)
Y5V Dy (16)
8w Opws V5 YuDvy Dy (17)
Heavy Baryon Limit
pY=mvl +1¥, with v-I<<m (18)

It is possible to separate the Nucleon field into an heavy
and light component and integrate out the heavy one
finite density nucleon propagator

i

iGlp) = kO + ie

— 2m(K)0(p)O (ke — [K) + O()  (19)
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L =Ly + LN+ LanN + Lan + Lann, (20)

£P) = 7f2 2V, UIVFU + xTU + xU']} (21)

) = —§CS(NN)(NN) + 20 (NSN) - (NSN) (22)
1 c - -~ =

L0 = =5 rp. (NEN) - (N7N) (23)

Egrl\)I N(@iv-D +gaS - u)N (24)

7
1 < A
£ = —QmN<D2 +iga{S-D,v- u})N +3 " &NOPN (25)

i=1
1y __ D x N W
LIXN 22N, (NN)(NS,u”N) (26)
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Antineutrino pair production

We can compute what we want!

))!

Figlll‘(}: Neutrinos pair production process.
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Example of diagrams
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Some results

Same cross section that we get at tree level with the 4
fermions effective Lagrangian.

Vertex corrections:

Tree level NNZ,: only two structure CSP[e,0] and SP[e,v];
NNZ,, corrections at O(q®): 6 structures: CSP[e,a], SPle,v],
SP[e, v]CSP[p, o], CSP[e, p] CSPIp, o], CSP[p, exo],
CSP[p, €;

New structures at O(q') and so on;

Computed also zero density corrections up to v = 3.

Ongoing: understanding what we got for the NN—wvv
matrix element squared.
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Finite density corrections for ga
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Figure: ga coupling with finite density corrections.
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Summary

» Neutrino-Nucleon scattering in high density environment

> gsystematically computed with HBChPT + density
corrected nucleon propagator
N
> matching with effective fermions interactions
> vertex corrections NNZ,
P scattering element NN — vv
> finite density corrections for ga
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