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Cf. Y. H and Guillaume Scamps, Phys. Rev. C 94, 014610 (2016)
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20O + 20O  head-on collision

Rz

20O + 20O

probability PL(NL) of finding NL neutrons in the left nucleus 
after the closest approach 

transferred  neutron number  vs relative gauge angle 

G.Scamps and Y.H, PRC 96, 031602(R) (2017)
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20O + 20O  head-on collision

Rz

1. smooth decrease of the pairing energy

2. damped oscillation



��Basic equation cf.  Ring & Schuck, The Nuclear Many-Body Problems 
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predictor-corrector method
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� harmonic oscillator shell  Nsh= 5
� number of mesh points  (z axis ): 31 
�⊿x = 0.91 fm

HFB calculations with constraint term  ∝ | z |



Study of structure of S40 by TDHFB method

I. Motivations
In the previous papers, we studied the head-on collision processes of oxygen 20O’s by
using Gogny-TDHFB method. Based on the fact that the neutrons in the 20O are in the
superfluid state, we paid attention to the clarification of the gauge angle dependence of the
phase space trajectories, potential shapes, and the averaged numbers of the transferred
neutron in the subbarrier collision cases. A remarkable method was proposed to calculate
the probability of the neutron pair transfer and a clear comparison with the case in which
pairing effect is not active was carried out.

Smooth decrease of neutron pairing energy of colliding 20O’s and reflection of the tra-
jectories
When the initial energy of the pair of the 20O’s is above the barrier, the two 20O’s are
combined into one system and it displays oscillations of the density. In the process from
touching of the two nuclei to the fusion into one “nucleus”, we notice two phenomena: i)
The magnitude of the pairing energy becomes small smoothly and then oscillates around
2 MeV. ii) The trajectories in the present calculations with the energies from 9.6 MeV
(boosting energy Eboost = 5.2 MeV) to 14.4 MeV (Eboost = 10.0 MeV) look to be reflected
back in a similar way at a relative distance Rz ∼ 5.0 fm.
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Figure 1: Pairing energy of protons (green curve) and neutrons (blue curve) of the 40S in
the CHFB method with respect to the separation Rz, respectively. The total energy in the
CHFB method is plotted in red curve. A dotted circle indicates a part on the energy curve
where the curvature change is seen at Rz ∼ 5 fm. The variations of the pairing energies
of neutrons in the head-on collision processes are plotted in magenta broken curves for
the three boosting energies, Eboost = 5.2, 7.0, and 10.0 MeV. .

Shoulder on the energy curve
The pairing energies of the neutrons of the two colliding 20O’s in the TDHFB method
are plotted with respect to the separation Rz in Fig. 1. The plotted pairing energies are
along the TDHFB trajectoies with the boosting energies Eboost = 5.2, 7.0, and 10.0 MeV.

3-1. Pairing energy  vs Rz
20O + 20O  head-on collision

smooth change of pairing energy with respect to separation Rz

Rz

proton pairing energy (CHFB)

neutron pairing energy (CHFB)

total energy (CHFB)
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3-2. TDHFB trajectories, total energy and pairing energies 
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3-2. TDHFB trajectories, total energy and pairing energies 



� TDHFB trajectory (initial Rz = 9.3 fm) 
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Eboost = 7.0 MeV



� TDHFB trajectory (initial Rz = 5.7 fm)

7.0

pairing energy
(TDHFB from 
Rz = 5.7 fm)

20O+20O
Eboost = 7.0 MeV
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3-3. TDHFB trajectories and single-particle energies 



-10

-5

 0

 5

 10

 15

 2  3  4  5  6  7  8  9  10  11  12

-12

-10

-8

-6

-4

-2

 0

e
i
g
.
 
v
a

l
s
.
 
o
f
 
(
h

 
-
 
l
a

m
b

d
a

)
 

P
a

i
r
i
n

g
 
e
n

e
r
g
y
 
 
(
M

e
V

)

Separation  (fm)

proton

Figure 10: Magnification of the single-particle energy levels of protons are displayed with
red curves. The chemical potential is plotted with black broken line. The pairing energy
of protons is plotted with thick red curve.
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Figure 11: Magnification of the single-particle energy levels of neutrons are displayed with
blue curves. The chemical potential is plotted with black broken line. The pairing energy
of neutrons is plotted with thick blue curve.
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2.4 Comparison of canonical weights between CHFB and TDHFB

TDHFB
(Rz (0) = 9.3 fm)



TDHFB
(Rz (0) = 9.3 fm)

CHFB



TDHFB
(Rz (0) = 9.3 fm)



4. Summary 

1. smooth change of pairing energy
<==>   change of distribution 

of the neutron single-particle energies 
and smooth change of occupation weights

2.  damped oscillations
<==>  (comparatively) large change of distributions

of neutron occupation weights 
near chemical potential energy

3. More  quantitative method of analysis?



Thanks for listening!


