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Introduction

Masses (Sn)
(location of the path)

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

Fission rates and distributions:
• n-induced
• spontaneous
• --delayed --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 (,,,,,,n, ,2n, ..)

3-physics ?
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Transitions are obtained by solving the pn-RQRPA equations
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Residual interaction is derived from the Lagrangian density
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Decay rate:

�i = D
Z W0,i
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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
P

i log Tth.
Texp.

� =
h

1
N
P

i (ri � r̄)2
i1/2

D3C* FRDM
Texp. [s] r̄ � r̄ �
< 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 �
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 �
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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Correlations in r-process

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 Np parameter, adjusted to N observables

�2(p) =
NX

n=1

Oth
n (p)� Oexp.

n

�O2
n

The goal is to find an optimal set of parameters p0 which
minimizes the function
To get more information out of the fit we require the curvature
matrix

Mij =
1
2
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Finally, we obtain the correlation coefficients between observables

⇢(A,B) =
cov(A,B)p
var(A)var(B)

,

with

cov(A,B) = cov(B,A) =
NpX

i,j=1

@A
@pi

M�1 @B
@pj

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) =
X

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

↵kSk (E),

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

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

Sk (E) =
NfX

f=1

Yf Sf (E)
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Sf (E) =
NtX

i=i

�i

�tot
Si

f (Z ,A,Emax ,E).
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Sf (E) =
NtX

i=i

�i

�tot
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) · C0(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
C0(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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239Pu
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241Pu
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235U
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238U
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T. Wakasa et al., Phys. Rev. C 85, 064606 (2012)
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