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Introduction

Masses (Sn)
(location of the path)

E-decay half-lives
(abundance and
process speed)

Fission rates and distributions:
• n-induced
• spontaneous
• E-delayed E-delayed n-emission

branchings
(final abundances)

n-capture rates
• for A>130

in slow freezeout
• for A<130

maybe in a “weak” r-process ?

Seed production
rates (DDD,DDn, D2n, ..)

Q-physics ?
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Transitions are obtained by solving the pn-RQRPA equations(
A B
B∗ A∗

)(
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Y λ

)
= Eλ

(
1 0
0 −1

)(
Xλ

Y λ

)
Residual interaction is derived from the Lagrangian density

Lρ+π = −gρψ̄γµ~ρµ~τψ −
fπ
mπ

ψ̄γ5γ
µ∂µ~π~τψ

Total strength of a particular transition
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Decay rate:

λi = D
∫ W0,i

1
W
√

W 2 − 1
(
W0,i −W

)2 F (Z ,W )C(W )dW

T1/2 =
ln 2
λ
, D =

(GF Vud )2

2π3

(
mec2)5

~
Allowed decays shape factor:

C(W ) = B(GT )

First-forbidden decays shape factor:

C(W ) = k
(

1 + aW + bW−1 + cW 2
)
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r̄ = 1
N
∑

i log Tth.
Texp.

σ =
[

1
N
∑

i (ri − r̄)2
]1/2

D3C* FRDM
Texp. [s] r̄ σ r̄ σ
< 1000 0.011 0.889 0.021 0.660
< 100 0.057 0.791 0.040 0.580
< 10 0.061 0.645 0.046 0.515
< 1 0.011 0.436 0.019 0.409
< 0.1 0.041 0.195 0.021 0.354

G. Audi et al., CPC 36, 1157 (2012)
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D3C*

r̄ σ
even-even -0.037 0.331

odd-Z 0.054 0.328
odd-N -0.086 0.387

odd-odd 0.089 0.582
total 0.011 0.436

FRDM

r̄ σ
even-even 0.333 0.226

odd-Z -0.128 0.288
odd-N 0.124 0.436

odd-odd -0.179 0.409
total 0.019 0.409
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Evaluation of reactor antineutrino spectra

In reactors, 99% of the electrons come from decay of fission products
of 4 nuclei.

Stot (E) =
∑

k=235U,238U,239Pu,241Pu

αkSk (E),

αk - number of fissions at considered time
Sk (E) - β spectrum normalized to one fission
E - kinetic energy of emitted electrons

Electrons (and antineutrinos) come from the β-decay of resulting
fission fragments.

Sk (E) =

Nf∑
f=1

Yf Sf (E)
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Sf (E) =

Nt∑
i=i

λi

λtot
Si

f (Z ,A,Emax ,E).
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For allowed transitions the spectrum reads

Si
f = F (Z ,A,E) · pE(E − Emax )2 · L0(Z ,E) · C′(Z ,E)

F (Z ,A,E) - Fermi function, correction for the Coulomb field
L0(Z ,E) - correction for the finite size of the charge distribution
C′(Z ,E) - correction for the nucleon moving within a nuclear
potential
other corrections are neglected

but if we include first-forbidden transitions

Si
f = F (Z ,A,E) · pE(E − Emax )2 · C(E) · L0(Z ,E) · C(Z ,E)

where C(E) is the shape factor
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