4IPN ®

INSTITUT DE PHYSIQUE NUCLEAIRE
ORSAY

Superfluid effects in nuclear collective motion:
applications to fission and other processes

Denis Lacroix
Outline: IPN Orsay

e Generalities on time-dependent approaches with pairing
e Highlights of recent applications

@ Application to fission

@ Collective aspects of Large Amplitude Collective motion

@ Stochastic Mean-Field Theories for Large Amplitude Motion

Coll: S. Ayik, B. Yilmaz, C. Simenel,
G. Scamps, Y. Tanimura



Roadmap: challenges for nuclear reaction/structure models at low energy

Ultimate Goals:  give a unified description of nuclear structure and reactions
provide predictive theory in explored and unexplored region of nuclear chart

Status of TD-EDF [‘ Symmetry unrestricted simulations

[’ State of the art functional consistent with nuclear structure

Kim, Otsuka, Bonche, J. Phys.G23, (1997).
Nakatsukasa, Yabana, PRC71, (2005).
Maruhn, Reinhard, Stevenson, Stone, Strayer, PRC71 (2005).

Umar and Oberacker, PRC71, (2005).

Simenel, Avez, Int. J. Mod. Phys. E17, (2008). e
Washiyama, Lacroix PRC78, (2008). R R

Gao-Feng et al PRCCY0, (2014). : : :
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Pairing: from independent particles to independent quasi-particles picture

Nuclear reaction on a mesh

TDHF is a standard tool |(I)Z> - Slater

ih— = [h(p), p] [» Single-particle evolution
Simenel, Lacroix, Avez, arXiv:0806.2714v2

Introduction of pairing: TDHFB

m%n:[ﬁ(n),m R = ( P, )

[‘ Quasi-particle evolution

(Active Groups: France, US, Japan...)

BCS limit of TDHFB (also called Canonical basis TDHFB) TDHFB = 1000 * (TDHF)
Neglect Ajj
(1)) = TT (un(®) + ve®al®)al 1)) 1),
k>0

[‘ TDHFB is very demanding  Stetcu, Bulgac, Magierski, and Roche, PRC 84 (2011)
Hashimoto, Scamps, arXiv:1604.07494 (2016)

E» Reasonable results for collective motion Ebata, Nakatsukasa et al, PRC82 (2010)

[‘ Sometimes more predictive than TDHFB  Scamps, Lacroix, Bertsch, Washiyama, PRC85 (2012)



Large scale study of giant quadrupole resonances

Systematic study of isoscalar and isovector GQR in
(1) Spherical
(11) Axially deformed nuclei

— o (111) Triaxial nuclei
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[’ Good reproduction of average energy

[’ Damping (fluctuations) is still
Severely estimated but improves
In deformed nuclei

Scamps, Lacroix, PRC88 (2013)
Scamps, Lacroix, PRC89 (2014)




Transfer reaction below the Coulomb barrier
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Prospective in the time-dependent description of fission with pairing

time

From static EDF
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TD-EDF for fission of fission
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Scamps Simenel, Lacroix, PRC 92 (2015)
Tanimura, Lacroix, Scamps, PRC 92 (2015)

Fission with TD-EDF without pairing

Simenel, Umar, PRC C89 (2014).
Goddard, Stevenson, Rios, PRC 92 (2015), 93 (2016)

[’ Strong interplay between structure and
dynamic

[‘ TD-EDF does not follow the adiabatic path

Existence of a spontaneous fission
threshold at larger deformation than
the fission barrier

Still, information on fission can
be obtained

Fission with TD-EDF with pairing

[‘ Improve the threshold anomaly

[’ Allows to consider the fission
of superfluid nuclei



Fission of superfluid 2°8Fm

-1940

Time-dependent picture of fission

Scamps Simenel, Lacroix, PRC92 (2015)
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scf: symmetric compact fission

sef: symmetric elongated fission

aef: asymmetric elongated fission
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potential energy (MeV)

From Time Dependent-EDF to collective dynamics

58 Tanimura, Lacroix, Scamps, PRC 92 (2015)
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Fission of superfluid 2°8Fm
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Fission of superfluid 2°8Fm
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Some conclusions

[» TKE seems compatible with
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Scamps, Simenel, Lacroix, PRC 92 (2015) [‘ Weight of each paths?

[‘ Fluctuations are underestimated



Beyond the independent quasi-particle picture: ongoing work

Need to describe configuration mixing
and its propagation

One possibility is to use Time-Dependent
. Generator Coordinate method
v (beyond adiabatic, number of DOFs, ...)

Our objective: use the stochastic
mean-field approach to describe fission

Lacroix, Ayik, EPJA (Review) 50 (2014)
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Success of the stochastic mean-field theory

N=40 particles Two-Level Lipkin Model
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single-particle energies (MeV)

TD-EDF for fission

Basic aspects of stochastic mean-field
SMF in density matrix space

p(r,r’ tg) = Z 7 (r,to)n; P, (r', to) E = 045N
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Density evolution with initial fluctuations
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Comparison with experiments: preliminary results
Total Kinetic energy
TDHF+BCS results
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Summary

[’ New versatile TD-EDF codes including pairing are now developed

m) This open new applications perspectives e

I:’ Systematic of giant resonances in nuclei with various shapes

IZ’ Particle transfer below the Coulomb barrier time

>
IZ’ Fission of superfluid nuclei
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SMFFOA ms=s ||y TDHF+BES
. o . . Co SMFBCS ———- }
E’ First application with sampling of initial >

phase-space in TD-EDF

relative yield

[’ Preliminary results are encouraging
Eme%@ent collaboration (LNS Catane-IPN Orsay)
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