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Microscopic nuclear input for r-process
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Microscopic and unified description from
stable to neutron-rich nuclei is desirable.
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Compound vs Direct neutron capture

Compound capture

direct transition to final states
(not through compound)
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FIG. 6. (Color online) Representation in the (N, Z) plane of the
ratio r between the total (CNC + PEC + DIC) and CNC reaction
rates for all nuclei with 8 < Z < 92 and lying between the N = Z

and neutron drip line.
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Impact of PDR on r-process

r abundance
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PDR may affect r-process abundance.
Mostly discussed in compound capture.
What about doorway capture?

‘ Continuum QRPA approach

(direct + doorway)




Continuum QRPA (n,y) framework

Step 1: RPA response (strength function)
S(M;Hw) =" | (k| M |0) |*6(hw — Ey)
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Step 2: two-quasiparticle decomposition
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Step 3: extract (y,n) channels
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continuum bound orbit

Step 4: detailed balance to (n,y)

y decays to excited state i
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Potential Model vs cQRPA Model

. Direct capture

resonance (1-phonon doorway)

_ Potential model cQRPA model

=

QRPA model
includes both paths

Pairing correlation implicit explicit
Collective dynamics implicit explicit
Bound state correlation spectroscopic factor microscopic

Resonance structure single-particle res. s.p. + collective res.



Numerical Setup T. S. and M. Matsuo, PRC 113, 034607(2026)

Nuclear EDF: Skyrme EDF DDDI pairing
(Landau-Migdal approx.)

89Ge(n,y) SLy4
{ 91711 (n.y) SkM* El capture

v 0Ge,%2Zn S =2~3MeV
v 8Ge,1Zn are expected to have valence orbit d;,
v 3-; becomes bound state due to residual interaction

v A-1(3/2+) +(s-wave) -> A(2+) ->A(3,)+ y channel open
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Continuum QRPA=
coordinate-space HFB
+linear response theory
(Green function form)




89Ge(n,y) SLy4

Single-quasiparticle energy
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89Ge(n,y) SLy4

Partial CS decay 2+ -> 37,
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(1)CS is enhanced by 2* resonance (Pygmy quadrupole resonance, PQR)
(2)PQR has strong isovector character -> favorable E1 decay to 3™



Pygmy Quadrupole Resonance(PQR)
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v Quadrupole analogue of PDR
v Neutron-skin oscillation
v Clustering at 2-5MeV
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89Ge(n,y) SLy4

Total CS decay to g.s., 2+, and 3-;
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(1) s-wave capture in 3-, channels is forbitten
by angular momentum conservation
-> PQR enhancement is suppressed



91Zn(n,y) SkM*

Total CS decay to g.s., 2; and 3-;

\—4
10~ g7 potted: semi-QRPA
i ] (correlation in bounds,

~Potential model)

107 Solid: QRPA
g (correlation in bounds
. -6 and resonances)
7 10
i 1077 Single-quasiparticle energy
S 10-3[ i Neutrons E; (MeV)
l[]—g: NZn (3/2%)+n - Zn(gs.) +v — 2ds) 3.03
3 N7n (3/2%) +n 4« Zn (27) +1 ? 1g7/2 1.77
of DIZu ( i/ )*) +n —92 Zn ( ;1_ + y 351/ 1.67
0,00 001 0T M 7 2dy) 091
€kin [MeV |A,|=143MeV

(1)CS in g.s. channel enhanced by soft dipole mode

(2)3-, channels open due to collectivity

(3)peak at e,;,=0.2 MeV originates from quasiparticle res.
(tail dominated < 4keV)



Quasiparticle Resonance

Partial CS decay 2+ -> 37,
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(1)The peak at e,;,=0.2 MeV originates from single-
quasiparticle resonance 3s1/2

(2)gp res. arise from pairing

(3)No collective resonance (only s-wave enhanced)
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Implications for Neutron-Rich Nuclei
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quasiparticle resonance

Near-threshold structure can modify low-energy neutron capture.

Possible enhancement mechanisms:
« collective doorway states (PDR, PQR, ...)
« quasiparticle resonances (s,p,d, ...)
« correlation-induced bound states(3-, ...)



Summary

v cQRPA includes direct + doorway capture (beyond potential model)
- PQR enhances neutron capture (e.g., 8Ge(n,y) SLy4)
- gqp resonance enhances neutron capture (e.g., 92Zn(n,y) SkM*)

Results are still preliminary
and currently limited to odd-N, even-Z target nuclei

Outlook

v'systematic survey of more neutron-rich nuclei and EDF selection
vextension to even-N, odd-Z target nuclei (proton-neutron QRPA formulation in progress)
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direct, doorway, compound
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Quasiparticle resonance

N _ Quasiparticle
Pairing correlation (dressed particle)

pp hh A. Balgac, arXivinucl-th/9907088v2

Continuum particle states couple with
bound hole states through pairing correlations.



Semi-QRPA

Partial CS decay 2+ -> 3+,
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FIG. I1. Diagrams in the semi-QRPA representing s-wave

capture *'Zn(3/2%) + ny,,, = *Zn(2*) - *Zn(37) + y with E1
transition.

(a)Incident neutron decays to other orbits
(b)Target orbit decays to other orbits

Potential model: (a)
semi-QRPA model: (a)+(b)



Shell model based potential model
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Continuum QRPA

Linear response equation
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T Sum includes bound states and continuum



