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Introduction

Fission rates and distributions:
* n-induced
- spontaneous
B-delayed n-emission - B-delayed

branchings

(final abundances)
p-decay half-lives
(abundance and
process speed)

n-capture rates
« for A>130

in slow freezeout
- for A<130

maybe in a “weak” r-process ?
v-physics ?
rates (aaa,acn, a2n, ..) Masses (Sn)

(location of the path)
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Transitions are obtained by solving the pn-RQRPA equations

A B XA\ £ 1 0 X
B* A* yr ) =L 0 -1 y>
Residual interaction is derived from the Lagrangian density
- . fr - -
£p+7r = _gpw'}’up_uﬂ/’ - midj'YS'Y'uauﬂ'le

Total strength of a particular transition

2
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T. Marketin (Uni Zagreb) Hirschegg 2015 3/22



Decay rate:

Wo,i
A= D/ Y WVWE 1 (We, — W) F(Z, W)C(W)dW
1

7. _n2 D— (GF Vig)? (mec?®)’
127 7\ T 2n8 h

Allowed decays shape factor:
C(W)=B(GT)
First-forbidden decays shape factor:

C(W) = k (1 +aW+ bW+ ch)
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proton number

proton number
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Correlations in r-process
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@ Half-lives have a significant impact on the r-process abundance
pattern

@ It is difficult to say which nuclei are important for a particular part
of the pattern — a systematic way of performing sensitivity studies
is needed
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Assuming a model with N, parameter, adjusted to N observables

N

Ol (p) — OF*
2 _ n n

@ The goal is to find an optimal set of parameters p, which
minimizes the function

@ To get more information out of the fit we require the curvature
matrix

M= (22 oy 10020,
72\ 0piop; ) p, AO} dp; Op;

n=1
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Finally, we obtain the correlation coefficients between observables

p(A, B) =

cov(A, B)
var(A)var(B)’ J

with
6AM 10B

cov(A, B) = cov(B, A) Z 30, o
/ ]

ij=1

@ More consistent way of performing sensitivity studies in heavy
element nucleosynthesis

@ Relatively simple, although computationally intensive
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@ Final result would be the correlations between r-process
abundances and the half-lives of nuclei across the whole nuclear
chart

R. Surman, M. Mumpower, J. Cass, and A. Aprahamian, nucl-th:1309.0058
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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) = > ok Sk(E),

k=235 238 (J 238 py; 241 pyy

@ oy - number of fissions at considered time
@ Sx(E) - 8 spectrum normalized to one fission
@ E - kinetic energy of emitted electrons

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

Ny
Sk(E) = YiS/(E)
=1
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Z - Si(Z, A, Emax; E).
Atot

i=i

Pu-239 Neutron-induced Fission Yields
[Independent]
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Pu-239 Neutron-induced Fission Yields
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For allowed transitions the spectrum reads

S} = F(Z,A,E) - pE(E — Emax)? - Lo(Z,E) - C'(Z, E)

@ F(Z, A, E) - Fermi function, correction for the Coulomb field
@ Ly(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

S} = F(Z,A E)-pE(E — Enax)?- C(E) - Lo(Z,E) - C(Z,E) |

where C(E) is the shape factor
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40 T T T T

i — RRPA,GT
208Pb — RTBA,GT
— RTBA, GT + IVSM

B(GT) [1/MeV]

T. Wakasa et al., Phys. Rev. C 85, 064606 (2012)
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