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Microscopic description of radioactivity

Is it possible to find a continuous
transformation between initial and

final state ?
Initial state Final state
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Microscopic description of radioactivity

Example of a Potential Energy Surface (PES)
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Lifetime computation

What quantity do we need to minimize to find the “good” path ?

S(L) = [° L\ /2M(5) [Vett (5) — Bolds
\ 2 . L

Inertial (effective) mass : information about the dynamic.
uted using Adiabatic Time Dependent Hartree Fock Bogo
ethod (ATDHFB) and perturbative cranking approximatio

~

PES : information about the energy
cost of a certain path. Computed at
RHB level with covariant EDF
(DD-PC1, DD-ME2 and PC-PK1)

—1 —1
Mg = h? M(1) M3 M(1)

[M(k)}ij - Zuv <0

Qi) (] o) 6S =0 mmp 7~ Aexp[2S(L)]

(E,+E,)" WKB
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Lifetime computation

Minimizing the action in two steps : @
| — From ground state to scission Il — Fom scission to emission
i h 2 leZ

Computation of the PES with fully self- *  Only Coulomb Veff =V:.=e —
consistant calculations R
Stop the calculations when the good number » Classical approximation for inertial mass in
of nucleons is reached in the clusters terms of R.
Minimize the action w.r.t. 5, and S5 * Minimize the action w.r.t. R.

GS Scission Scission Emission
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Previous results for cluster emission and fission
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What about « decay ?



Results for a decay of 198Xe and 1°4Te

104Te

Mercier Florian

F. Mercier et al., Phys. Rev. C 102, 011301(R) (2020)
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Results for a decay of 198Xe and 1°4Te

F. Mercier et al., Phys. Rev. C 102, 011301(R) (2020)

104Te S(L) — fsout 1 \/QMeff(S) [Veff( ) Eﬂ]ds
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Results for a decay of 198Xe and 1°4Te

F. Mercier et al., Phys. Rev. C 102, 011301(R) (2020)

104Te S(L) = fsout %\/QMeff(S) [Veff(S) _ E@]ds

Sin
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Discontinuity in B, for 194Te

0.1 0.2 0.3 0.4
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Application to heavier nuclei ...

.. or the problem of finding an « !



Where do you hide ??

0.5

224Ra PES
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e Comrg
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Where do you hide ??

‘ Does not mean it does not exist !

We need to understand what it means
to preform and emit an a from the
deformation point of view !

224Ra PES
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Where do you hide ??

[ Geometrical model \

A =220

®
- _/
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Where do you hide ??

[ Geometrical model \

224Ra B, values
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Where do you hide ??

[ Geometrical model \
- By = 0.15

B3 = 0.4

. 84 =08

!

We need to constrain the
hexadecapole moment to see
an «a cluster!
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Phys. Rev. Lett. 127, 012501 (2021)

F. Mercier et al.
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Phys. Rev. Lett. 127, 012501 (2021)
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Phys. Rev. Lett. 127, 012501 (2021)
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3D PES for 224Ra
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Details on 2a decay of 224Ra : pairing et parametrization

Interaction Pairing Action from GS | Coulomb action Lifetime (s)
parameters to scission
DD-PC1 (2.0,1.0) 18.5 23.9 ~ 101627
DD-PC1 (1.09,1.12) 16.2 23.9 ~ 101424
DD-ME2 (1.09,1.12) 15.3 23.9 ~ 101347
PC-PK1 (1.09,1.12) 15.0 23.9 ~ 101325

ng adjusted to reproduce pairing
of Gogny D1S interaction

'airing adjusted on pairing gap of 224R'
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What about 2« emission in other nuclei ?

F. Mercier et al., Phys. Rev. Lett. 127, 012501 (2021)
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« Nuclear many body dynamics through barrier »

224Ra 2a decay
Calculation at a fixed Aw I91-84

Scission line
(4 nucleons in
each clusters)

ed hw, the distance between cluster and daughter
, regardless of the deformation parameters. Only th
and number on nucleons in each clusters change.
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« Nuclear many body dynamics through barrier »
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« Nuclear many body dynamics through barrier »
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« Nuclear many body dynamics through barrier »
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A single framework to describe ...

1016/ e Theory
¢ Experiments
1011 e «

- 10° 9
=
101 ]
10—4 ]
O
: L J
104'-|-e 108'xe 212 PO 224'Ra

Mercier Florian ESNT 2022 31




A single framework to describe ...

1016 e Theory :
¢ Experiments
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A single framework to describe ...
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