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• Optical model potential (OMP)

- is complex potential

- has the imaginary part that represents the loss of flux 

in elastic scattering

potential

non-elastic channel ⇒ imaginary

elastic channel

Introduction
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1. Fresnel diffraction

1. illuminant near the wall ⇒ 『low energy heavy-ion scattering』

・strong absorption, ・strong Coulomb repulsion

heavy ion scattering by heavy 
ion target at low energy
・strong absorption
・strong Coulomb repulsion
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(E/A = 6.25 MeV)

d
σ
/d
σ

R
u

th
fo

rd



2. Fraunhofer diffraction

• illuminant from infinity to the slit

『high energy light-ion scattering』

⇔ weak Coulomb repulsion

a ray of light incident（incident wave）
is a plane wave

∞

edge-waves edge-
waves

lD＝2R0(sinq2－sinq1)
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(E/A = 35.6 MeV)

d
σ
/d
σ

R
u

th
fo

rd



◇ Nearside-Farside decomposition



1.   Vcoul = 0,   Vnucl (real) = 0 2.   Vcoul ≠ 0,   Vnucl (real) = 0

spritting by Vcoul

3.   Vcoul ≠ 0,   Vnucl (real) ≠ 0



• Nearside-Farside decomposition of the scattering amplitude
・ R.C.Fuller, Phys.Rev.C12,1561(1975),  
・K.W.McVoy, G.R.Satchler, Nucl.Phys. A417, 157 (1984)
・D.Brink, “Semi-classical methods for nucleus-nucleus scattering” (Cambridge Univ. Press, 1985)

 

 )()(Re2)()()(

amplitude Farside:)(cos
~

)1()12(
2

)(

amplitude Nearside:)(cos
~

)1()12(
2

)(

)kind second offunction  Legendre:)(cos(  ),()(                

)(cos)(cos
2

1
)(cos

~
                               

)(cos
~

)(cos
~

)(cos                                  

,)(cos)1()12(
2

)(

.)(.)*(
2

.)(
2

.)(
2

.)(

0

)(2.)(

0

)(2.)(

)(

)()(

0

2.)(

qqqqq

qq

qq

qqq

qqq

qqq

qq

s

s

s

nucl

F

nucl

N

nucl

F

nucl

N

nucl

inucl

F

inucl

N

FN

inucl

fffff

QSe
k

i
f

QSe
k

i
f

Qff

iQPQ

QQP

PSe
k

i
f










































































R

r1
r2

vNN(s)

Projectile(1)
Target(2)





212211 dd),;()()(

)()()(

rrsrr

RRR

Ev

iWVU

NN

DFMDFM

rrr

Formalism
（microscopic approach）

T.F., Y. Sakuragi and Y. Yamamoto, (Phys. Rev. C.79 (2009) 011601(R))

T.F., Y. Sakuragi and Y. Yamamoto, (Phys. Rev. C.80 (2009) 044614)

Folding model potential

Interaction

CEG07 (complex G-matrix interaction)

CEG07a (w/o TBF)

CEG07b (with TBF)



12C + 12C elastic scattering at various energies

T.F., Y. Sakuragi and Y. Yamamoto, Phys. Rev. C, to appear

becomes large

becomes repulsive

prediction of repulsive potential

CEG07a

CEG07b

CEG07b

CEG07a
CEG07b

CEG07a



(a) Attractive potential (V < 0)
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(b) Repulsive potential (V > 0)
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Nearside and farside (N/F) decomposition

repulsive potential (E/A = 400 MeV)

attractive potential (E/A = 100 MeV)

T.F., Y. Sakuragi and Y. Yamamoto, Phys. Rev. C, to appear



CEG07b

@300 MeV/u

CEG07a

@400 MeV/u

CEG07bCEG07a

The strong interference of N/F components appears.

T.F., Y. Sakuragi and Y. Yamamoto,

Phys. Rev. C (2010), to appear



CEG07 folding model predicts the repulsive nuclear potential

at high energy region (E/A = 300 - 400 MeV).

It is first survey that the repulsive nucleus-nucleus potential is derived

from the microscopic view point.

Summary

Property of nuclear repulsive potential

• The nearside becomes large and the farside becomes small

around backward angles 

by not Coulomb potential but nuclear potential.

•The strong interference appears at a certain energy

by repulsive shift of nuclear potential in energy evolution.


