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Density dependence of pairing
functionals for the rotational
excitations in neutron-rich nuclei
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Pairing in rotating nuclei <Y, PRC105(2022)024313
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Role of pairing in the moment of inertia
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Nuclear density functional theory (DFT)
Nuclear EDF E|p, p, p*] : Skyrme, Gogny, covariant,...

Kohn-Sham-Bogoliubov-de Gennes (KSB or HFB)

for the equilibrium configuration 3ulgac(1980), Dobaczewski+(1984)
S(E[p, p, p*] — Z /161<Nq>) — () Oliveira+(1988)
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appropriate framework for describing neutron-rich nuclei

asymptotic behavior of densities at large distances
pairing involving the continuum states
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Nuclear DFT for rotational motions
Time-dependent DFT for dynamics: TD-KSB approach

10.RU(t) = [%HFB

for collective rotations
() = UD(f) = explio] N 1]D(7)

i0,R(r) = [T .. — (A1 + 0] )N, RU1)]

stationary *

cranked KSB equation
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DFT for the rotational band
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Neutron-rich Mg isotopes

strong quadrupole correlation

v breaking of the spherical N=20 magic number at 32Mg
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Is the low-lying 2+ state in 4°Mg unique?

Crawford+, PRL122(2019)052501
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Pairing functional for neutron-rich systems

Margueron—-Sagawa-Hagino, PRC76(’07),PRC77('08)
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Microscopic Mol with a global pairing functional

Hr) = % Z g 1p,p]|pAr) ‘2 Yamagami-Shimizu—Nakatsukasa, PRC80(’09)
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Validity of the cranking model for the 27 state energy

# of nuclei

model

CHFB(SkM¥) 332
CHFB(SLy4) 335
MAP(SL4) 359
MAP(SLy4,def) 135
GCM(SLy4) 359
GCM(SLy4,def) 135

5DCH(D1S) 519

5DCH(D1S,def) 146

MAP (minimization after projection), Sabby+(2007)

R

-0.021
-0.095

0.28
0.20
0.51
0.27
0.12

-0.05

GCM (Hill-Wheeler), Sabby+(2007)
5DCH (GCM+GOA), Bertsch+(2007)

R, = In(E,(21)/E.. . (2"))

exp
OF = \/ ((Rg — RE)2>
self-consistent cranking model
surprisingly well describes E(2™

30-35% error implies a variety of
characters of individual nuclides



Microscopic Mol of neutron-rich Mg isotopes close to the drip line

KY, PRC105(2022)024313
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Mol of neutron-rich nuclei

E(2™7): indicator for the evolution of shell structure and deformation  cf. SEASTAR
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Mol of neutron-rich Dy isotopes
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Mol of neutron-rich Dy isotopes: A role of the pairing
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Role of the IV-density dependence .
~1700 even-even nuclei
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Role of the IV-density dependence: pairing gaps VeV
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Role of the IV-density dependence: Mol
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Role of the IV-density dependence
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Summary

Skyrme-DFT for a systematic investigation (~1700 nuclei) of the ground-
state Mol

thanks to high-performance computers

The self-consistent cranking model, though it is simple, describes well the
rotational excitation in deformed nuclei

Exotic behavior in nuclear rotation near the neutron dripline
high #—Ilow E(27)—but not necessarily means a strong deformation

model dependence is strong, and it should be examined more

S 1 7 1ig: pairing indicator
like the Hess—Fairbank effect



