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Parity-conserved self-consistent CHFB solution

K. Sugawara-Tanabe∗1,∗2 and K. Tanabe∗3

We developed a new program for solving the con-
strained Hartree-Fock-Bogoliubov (CHFB) equation
without parity mixing. In this scheme (CHFB5), we
require five constraints, one each on the total angular-
momentum I, proton number Z+ in the + parity shell
(p+), proton number Z− in the − parity shell (p−),
neutron number N+ in the + parity shell (n+), and
neutron number N− in the − parity shell (n−). As
an example, we choose 134Nd with the same param-
eter set as that adopted in Ref. 1). Here, we solved
the full CHFB equation2) including all exchange terms
(Fock terms), while Ref. 1). adopts only the Hartree
terms. The values of (Z+, Z−, N+, N−) are selected in
reference to the usual CHFB solutions with three con-
straints (CHFB3). The usual CHFB3 solutions show
(Z+, Z−, N+, N−) = (14.59, 17.41, 13.87, 10.13) at I =
0, while (14.04, 17.96, 14.0, 10.0) at I = 26. Here,
(Z,N) = (32, 24) are numbers outside the closed core
(28, 50). Thus, we select (14, 18, 14, 10) for the CHFB5
equation. The intrinsic difference between CHFB3 and
CHFB5 solutions is in the quasi-particle (QP) ener-
gies. In Fig. 1, we compare the behavior of the lowest
QP energies of Λ with its time-reversed energy Λ̃ vs.
I. The equations for Λ and Λ̃ have been provided in
Ref. 2). The degeneracy is lifted by the Coriolis anti-
pairing effect with increasing I. Figure 1(A) shows the
neutron shell, and (B) the proton shell. In both pan-
els, ± specifies the ± shell; the filled symbols express
Λ̃ and the open symbols Λ. Those in the abbrevia-
tion “with" denote CHFB5 solutions, while the others
denote CHFB3 solutions. At low I, QP energies by
CHFB3 and CHFB5 solutions coincide in the neutron
shells (A); however, there is a considerable difference
among the p+ shell (B). The negative value of Λ in the
n+ shell is observed at I = 10 in both CHFB3 and
CHFB5 solutions; this indicates the first backbending
is caused by the i13/2 level in the n+ shell. There occur
negative values of Λ in the n+ and n− shells around
I = 20 to 26, and they correspond to decreasing ∆n,
i.e., 0.00021 (CHFB3) and 0.00035 (CHFB5).
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Fig. 1. (A) Lowest QP energies Λ and Λ̃ in the neutron shell
as functions of angular momentum I. The red open-
circles represent Λ, and the red filled-circles represent
Λ̃ in the n+ shell by the CHFB3 solutions; the orange
open-triangles denote Λ, and the orange filled-triangles
represent Λ̃ in the n+ shell by the CHFB5 solutions.
The open squares represent Λ, and the filled squares
represent Λ̃ in the n−shell by the CHFB3 solutions,
while the blue open-triangles-down represent Λ, and the
blue filled-triangles-down represent Λ̃ in the n−shell by
the CHFB5 solutions. (B) The lowest QP energies of
Λ and Λ̃ in the proton shell as functions of I. The
red open-circles represent Λ, and the red filled-circles
represent Λ̃ in the p+ shell by the CHFB3 solutions,
while the orange open-triangles represent Λ, and the
orange filled-triangles represent Λ̃ in the p+ shell by
the CHFB5 solutions. The open squares represent Λ,
and the filled squares represent Λ̃ in the p−shell by the
CHFB3 solutions, while the blue open-triangles-down
represent Λ and the blue filled-triangles-down represent
Λ̃ in the p−shell by the CHFB5 solutions.
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Role of exact treatment of thermal pairing in radiative strength
functions of 161, 163Dy nuclei†

L. Tan Phuc,∗1,∗2 N. Quang Hung,∗1,∗2 N. Dinh Dang,∗3 L. T. Quynh Huong,∗4 N. Ngoc Anh,∗5 N. Ngoc Duy,∗6
L. Ngoc Uyen,∗7 and N. Nhu Le,∗8

The photon or radiative strength function (RSF), de-
fined as the average electromagnetic transition proba-
bility per unit of γ-ray energy Eγ ,1) has an important
role in the study of nuclear reaction properties such as
γ-ray emission rate, reaction cross section, and/or nu-
clear astrophysical processes.2) Very recently, we have
proposed a microscopic model to simultaneously describe
the nuclear level density and RSF.3) For the RSF, we
employed the phonon damping model (PDM),4) which
consistently includes the exact thermal pairing (EP), in
order to take into account both temperature-dependent
giant dipole resonance (GDR) width (within the PDM)
and thermal pairing (within the EP). The goal of the
current work is to shed a light on the microscopic na-
ture of the low-energy enhancement in the RSF data
caused by the PDR (Pygmy Dipole Resonance). Three
dysprosium isotopes 161, 162, 163Dy are selected to do
the calculations within the EP+PDM. The results will
be compared with the phenomenological models (stan-
dard Lorentzian-SLO and generalized Lorentzian-GLO)
and the other microscopic model (Quasiparticle random-
phase approximation-QRPA). The RSF at each energy
Eγ and temperature T is defined as follow

fE1(Eγ , T ) =(
1

3π2ℏ2c2

)
π

2

σE1ΓE1(Eγ , T )SE1(Eγ , T )

Eγ
,

(1)

where σE1 is the GDR cross section which is obtained mi-
croscopically within the PDM, ΓE1 is the temperature-
dependent GDR width, and SE1 is the GDR strength
function.

Figure 1 depicts the total RSFs obtained within
the PDM with and without EP the experimental
data5) as well as those obtained within the microscopic
D1M+QRPA (E1 and E1 + M1) and phenomenologi-
cal GLO-SLO models. The results obtained show that,
due to the effect of EP, the EP+PDM can describe rea-
sonably well the RSF data in both low and high-energy
regions without adding any extra strength function. As a
result, at least eight free parameters have been reduced
within the EP+PDM calculations as compared to the
description by the phenomenological GLO-SLO model.
† Condensed from the article in Phys. Rev. C 102, 061302(R)
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Fig. 1. Total RSFs obtained within the PDM (thin solid
lines), EP+PDM (thick solid lines) versus the QRPA
RSFs for the E1 and E1+M1 excitations and the exper-
imental data5) for 161–163Dy. The dashed, dash-dotted,
and dotted lines stand for the RSFs obtained within
the phenomenological GLO-SLO models with 2 PDRs,
1 PDR, and without PDR, respectively.

Temperature is found to have a significant effect on the
RSF at the low energy Eγ ≤ Sn, whereas it does not
change much the RSF in the high-energy one Eγ > Sn,
questioning the validity of the Brink-Axel hypothesis.
In addition, due to the effects of EP and couplings of
all ph, pp, and hh configurations within the PDM, the
EP+PDM can also partially reproduce the scissors res-
onance in 161–163Dy nucleus at low Eγ without adding a
SR strength function in the RSF. These findings indicate
the importance of EP and couplings to non-collective pp
and hh configurations at finite temperature in the mi-
croscopic description of total RSF in excited nuclei.
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