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Steep falloff of fusion cross sections

C. L. Jiang et al., Phys. Rev. Lett. 93, 012701 (2004)
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Standard CC calculations largely deviate from experimental
data below a certain threshold incident energy
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What is a key physical quantity?
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Energy at the touching point strongly correlate with
threshold incident energy Es



Correlation between Es and V1ouch

TI, K. Hagino, and A. lwamoto, Phys. Rev. C 75, 064612 (2007)
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What happen below energy at touching point?



Tunneling In overlap region

Potential Energy

11, K. Hagino, and A. Iwamoto, Phys. Rev. C 75, 064612 (2007)
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Sudden and adiabatic approaches

S. Misicu and H. Esbensen, Phys. Rev. Lett. 96, 112701 (2006)
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Adiabatic potential energy

" Assuming that neck formations between colliding two nuclei occur

Energy (MeV)

after the touching, we smoothy joint between the two and one body
potential energies

e describe the one-body shapes by the Lemniscatoid parametrization
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Coupling potential in overlap region

Potential Energy

11, K. Hagino, and A. Iwamoto, Phys. Rev. C 75, 064612 (2007)
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How should we calculate the coupling
potential around overlap region?




Problems in coupling potential

B How do we describe the total wave function in the
one-body system?

 The total wave function is expanded by the asymptotic intrinsic
basis of the isolated nuclel

» Require to include all the intrinsic basis in the complete set
— Almost impossible in practice

® Double counting of CC effects

- Adiabatic one-body potential with neck formations already includes
a large part of the channel coupling effects

Extension of the standard coupled-channel equation is necessary



Coupling potential (Collective model)
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Extension of coupled-channel model

B Damplng factor TlI, K. Hagino, and A. lwamoto, Phys. Rev. Lett. 103, 202701 (2009)
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Calculated results: fusion cross section
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Drastic improvements are achieved by

damping factor



First derivative of fusion cross section
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Reproduce the saturation at extremely
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Astrophysical S-factor
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Difference between two approaches

® Both the sudden and adiabatic models provide
similar results for the fusion cross sections

« What is a difference between these two models?

— Average angular momentum of compound nuclei

A. Shrivastava et al, Phys. Lev. Lett. 103, 232702 (2009)
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By measuring average angular momentum,
we discriminate the two approaches



Motivation

= What is the microscopic origin of the damping factor
phenomenologically introduced?

¢ Coupling potential varnishes around the touching of colliding two
nuclel

— Transitions between channels decreases due to the damping of
the vibrational excitation?

Transition strength B(E2 or E3)

Investigate quantum-mechanical vibrational spectrum using the
random-phase approximation (RPA) method, when colliding two
nuclel approach each other
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Random-phase approximation (RPA)
method

m |t is easy to apply the RPA method to the two-body system, because
we describe the two-body system by the one Slater determinant

0f = > X)aha; - Yyala, 0,|RPA) = 0

(RPA||a}a,.[H, Q]| RPA) = hQ,(RPA||a; a,y, Of | IRPA)

(RPA||a},a;, [H, Q]]|RPA) = hQ,(RPA||a},a;, O} | RPA)

(5 a )0 )= lo 5 )0

Aminj = (RPA] [d,lai, [H, djlaj]] IRPA) = (€ — €.)0mn0ij + Vinjin
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Residual interaction

® Density-dependent 6 type residual interaction

* neutron-neutron, proton-proton

(Shlomo-Bertsch)

v o(E1, 1) = [f (1= x0) + (4 - x3>p<r1>] 5(r) — 1)

* neutron-proton

I3

)

Von(r1,Ip) = [fo(l 5

12

(5

X3),0(l’1)] o(r; — rp)

to=-1100 MeV fm3, t3 = 16000 MeV fm®, xo = 0.5, x3 = 1.0

Fine-tune the strength of the residual interaction so that the eigen energy of
K = 0 mode (center-of-mass motion) becomes zero
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Transition density and current
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The first 3~ excited state of the RPA
solution with K = 0*

e Transition density
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Amplitude of the vibrational
excitation becomes small around
the touching point



B(E3) strength of the right-sided nucleus
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Nilsson Diagram
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Nilsson Diagram
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= Good quantum number
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Coupled-channel calculation with damping
factor

B Check correlation between the calculated B(E3) and the damping factor
which well reproduce the experimental data of fusion cross sections
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Correlation between B(E3) and damping
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Calculated B(E3) strongly correlate the damping factor fitted by
the calculation of the fusion cross section




Summary

m We, for first time, apply the RPA method to the two-body'®*0+1°0 and
40Ca+4Ca systems and calculate the vibrational excitation when two
colliding nuclei approach each other

®  The transition strength B(E3) largely decreases when colliding two
nuclei approach each other due to the change of their wave functions
and each 3~ excitation mode vanishes

®m  The large reduction of B(E3) around the touching point strongly
correlates with the damping factor which reproduces well the
experimental fusion corrections

®  The vanishing of the coupling between the relative and the intrinsic
degree of freedoms is responsible for the fusion hindrance in deep
sub-barrier reactions
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