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B-delayed neutron emission @

Neutron-rich nuclei typically decay via 3~ decay. The energy available for this process
is given by the Qg value. If Qg is greater than the neutron separation energy (S,,),

neutrons may be emitted following the 3~ decay. This process is known as B-delayed
neutron emission.
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B-delayed neutron emission @

Neutron-rich nuclei typically decay via 3~ decay. The energy available for this process
is given by the Qg value. If Qg is greater than the neutron separation energy (S,,),
neutrons may be emitted following the 3~ decay. This process is known as B-delayed
neutron emission.

Physical magnitudes of interest for
r-process simulations:
- Masses
- Neutron capture rates
- Half-life (TI/Z)
- B-delayed neutron emission
probabilities (Pyp)
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BRIKEN project
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3-delayed neutron emission on REP @

According to theoretical models and sensitivity studies, T and P  of
very neutron-rich nuclei for 55 < Z < 64 are the most influential ones on

the formation of the REP.
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Experimental setup @

1. Production + Separation + ldentification
2. Implantation + 3-decay detection
3. Neutron (+gamma) detection
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Fitting procedure @

For the analysis, we perform a self-consistent fitting procedure* to obtain
T1/2 and P1p values using Bateman equations.
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T1/2 ()

T1/» results

« 39 T1,2 values have been remeasured.
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P1n (%)

P, results

e 21 new P31, values.

e 2 P15 values have been remeasured.
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What can we do with this data? @
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What can we do with this data? @
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Nuclear structure calculations

In collaboration with GSI Theoretical Nuclear Astrophysics Group.
1. Compute the B-Strength.

2. Calculate T1/2 and Pyp.

3. Compared with the experimental data from REP-BRIKEN. Diana Alvear Terrero
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[3-decay rates of r-process nuclel @
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Global [3-decay calculations

= FRDM + gross theory for FF’
= relativistic spherical approach with D3C*? and pairing correlations with D1S

= non-relativistic deformed approach with SKO’ (Ney 2020)°
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Global [3-decay calculations @

This work model uses the D3C* model but adds correctionsl to
the RHB+RQRPA code.
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T1/o for the REP
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Calcution of the Py, @

Cut off method: If the neutron
emission is energetically possible, it
will take place.
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Calcution of the Py @

Cut off method: If the neutron ,
. . ; . . . Heavily dependent on the
emission is energetically possible, it most intense level.

will take place.
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Calcution of the Py @

The QRPA calculations offers single discrete levels. As in reality the strength is

a continous distribution, we must apply gausian distribution of certain width (o)
on each energy level of the Strength.
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Calcution of the Py,

The QRPA calculations offers single discrete levels. As in reality the strength is
a continous distribution, we must apply gausian distribution of certain width (o)
on each energy level of the Strength.
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Other methods to compute Py @

Cut off method:
1. If the neutron emission is
energetically possible, it will take
place.

2. By definition offers an upper limit.
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Statistical HF method:

1. If neutron emission is energetically
possible, there will be a probability
of it occurring.

2. We employ TALYS.
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P1n(%)

Pln for REP BRIKEN
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Talys Spin-Parity e

We do not have a detailed description of these excited states but we
can assume that all are populated by GT.

The other required information is the initial state from which the
parent nucleus decayed. We can assume it was the ground state.
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P1n(%)

Example: Talys Spin-Parity e

Ground state spin taken from JINA. |ota 3 151la 12
l4lla  (7/2+) 15504 2s
: 142La 2-
Assuming all decays are GT. S| 1432 2+ 153La  1/2-
G | 144La 3. 154La 2+
£ 2 | 155La 1/2-
¢ BRIKEN == Talys Spin (MM) 5 | 145La (5/2+) -

== CutOff (MM) = = Talys Spin-+Parity (MM) | 146La (2-) o 156La 0+
m— Talys (MM) Wl 147La (5/2+) o | 157La 1/2-
80 ' 148La (29 < | 158La 4+
La (Z=57) 149La (3/2-) = | 159La 1/2-
150La (3+) 160La 3+
60 161La 1/2-
162La 3+
163La 1/2-
40 164La 4+
Explore: 165La 1/2-
20 Level Densities 166La 1+
y-Strength function 167la S/

Optical model

0

150 155 160

Mass Number 26



Conclusions and outlook @

We performed high-precision measurements of beta-decay properties for dozens of
very neutron-rich REP isotopes.

Nuclear structure calculations using a global QRPA model offered consistent results.

Future work:

- Explore the impact of different parameters on the TALYS calculations for the Py,
values.

— Combine the new experimental data from BRIKEN with updated nuclear structure
calculations to perform r-process nuclear reaction network calculations.
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