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EDF method

* EDF: many-body system mapped into the one-body density and its powers,
gradient

po() = pole,r) =Y plroriror) r0) = (V' =V)er(nr)l,_,
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0() = D)= 2 AT () = V-V pr(er)

si(r) = s(r,r)= Z p(roTiro't) oy, T Tr(r) = V- Vsr(nr)| _,
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* Most general antisymmetrised product of nucleonic wavefunctions
* Not any a priori assumption on the nucleons’ wave function

e Correlations beyond the mean-field effectively included by the EDF
* Investigate nuclear structure on the whole nuclear chart

* Relativistic: the depth of the central potential is consistently predicted



Relativistic EDF in nuclei
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V and S potentials
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A way to vary the depth of the potential
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Clusterisation
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Origins of nuclear clustering
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Comparison with the data
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Comparison with exp. on 12C

12
C
(-34.6)
4-+
2154 ,' (-24.0)
(5.5) 13062 ot
; . Io* . 2
27 35) 4
[ I
I 491 p — .
- | | E—
155 ot 0
0T 0 —
+ I . +
2 +(5.0) 2 —
80, MR-EDF RES E
- : XP.
0" e >
K=0" K=0," K=0, K=0" K=0," K=0,

P. Marevic, J.-P. Ebran, E. Khan, T. Niksic, and D. Vretenar, PRC 99, 034317 (2019)

L Ly b b b b b b b by by by



Comparison with exp. on 12C
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Questions

Is there a soft monopole strength ?
Are there specific cluster modes of excitation ?
What is the interplay between cluster, neutron excess and deformation ?

GMR vs. soft modes vs. cluster modes vs pairing modes ?
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Continuum effects
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Role of the escape width ?
Role of the spreading width ? (see E. Litvinova+D. Gambacurta’s talk)
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Increase of the soft mode with n excess
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Increase of the soft mode with n excess
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Cluster modes ?
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Heavy calculations with QRPA’



The Quasiparticle Finite Amplitude Method

Linear response to the
external field F

2 quasiparticle components
of the induced Hamiltonian

Perturbed fields

Transition densities

(QFAM)

(E, +E, — 0)X,,(0)+ SH, (0) = —F) X(o),Y(o)

(E, +E, + 0)Y,,(0) + SH ) (0) = —F,"

T

SH®(w) = UTsh(w)V* + U AP (0)U*
—VIsAT*(w)V* —VTshT (w)U*

SH®(w) = — VT sh(w)U — VT AP (w)V
+UTSA* (@)U + U"8h" (w)V
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Sh(w) = h[sp(w)],
SAM(w) = Alsk P (w)],
SA T (w) = Alsk T (w)],
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sp(w)=UX(@)VT +V*YT(w)U",
Sk(w)=UX()UT +V*YT(w)V7,
Sk (w) =UY* ()UT + VX ()T
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Here: DDPC-1 + quadrupole and octupole deformations
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Cluster mode in 2°Ne

6.8 MeV 17.9 MeV
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Density and localization function in 2°Ne
(monopole response)
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Density and localization function in 2°Ne
(octupole response, K=0)
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Effect of the deformation
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Neutron energy (MeV)

Non-collective soft monopole modes
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Impact of neutron excess and deformation
on the monopole response
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Monopole response in n-rich 32Mg
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* GMR (15 MeV) splitting vs. soft n mode (10 MeV) starts from [3,=0.6
* Cluster modes (5 MeV) starts from [3,=0.4
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Pair
excitation
(hp, pp

Summary
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