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Background

• The optical potential is an important tool to
study nucleus-nucleus	interactions.	

• The	optical	potential	is	an	important	quantity	
to	describe	not	only	elastic	scattering	but	also	
more	complicated	reactions	such	as	inelastic	
scattering,	breakup,	and	transfer	reactions.	



The optical potential

• Phenomenological and Microscopic potentials.

• The parameters of phenomenological	potentials can be
obtained by analyzing experimental data. Such as
Woods-Saxon potential.

• The calculation of microscopic	potentials based on the
nucleon-nucleon interaction and	approximation	of
nuclear	material or nuclear	structure. Such as folding
potential.



Research status
• The optical potential of reactions induced by

light particles have been studied a lot.

• The optical potential parameters always have 
large ambiguities for reactions between heavy
ions because of strong Coulomb interaction, the
study is far from satisfied.



Research status
• Microscopic potentials:
– Sao Paulo Potential (SPP)
– Phys. Rev. C 66, 014610 (2002)

• University of Sao Paulo, Spanish. 



Research status
• Microscopic potentials:

– Phys. Rev. C 87, 044605 (2013)
• Beihang University, China
• Incident particle: 6Li,7Li
• Target:40Ca~208Pb
• Elab:30~240 MeV。
•



Research status
• Microscopic potentials:

– Phys. Rev. C 87, 044605 (2013)
• For other reaction systems

12C+208Pb 16O+208Pb



Research status
• Phenomenological potentials:

– Phys. Rev. C 78, 014607 (2008)
• Guangxi Normal University, China
• modified Woods-Saxon 



Research status
• Phenomenological potentials:

– Phys. Rev. C 78, 014607 (2008)



Motivation and method
• The study for optical potential for reactions between

heavy ions should be carried on.
• In this work, Woods-Saxon (WS) parameters will be

extracted through fitting the elastic scattering angular
distributions of 12C + heavy ions.

• The ambiguities will be overcome with volume integral.
• Formulas to infer global heavy-ion potential parameters 

will be summarized.



NNDC and RNB team of CIAE

Incident particle : 12C

Target: 39K, 40Ca, 56Fe, 90,91,92,94,96Zr, 115In, 169Tm,
209Bi

Elab：54 ~420 MeV

data sources



Woods-Saxon form:

Fixed:

W=35 MeV，rW=1.15 fm，aW=0.56 fm，rC=1.0 fm
Variables :

V=20-280 MeV ，step: 1 MeV
rV=0.70-1.40 fm，step: 0.01 fm
aV=0.30-0.80 fm，step: 0.01 fm

• WS parameters setting：



• Result for aV

c2 versus V, rV, aV for 12C + 92Zr elastic scattering. 



• aV versus R0=(A1
1/3+A2

1/3)



• Optical potential ambiguities 

12C + 94Zr elastic scattering

Each curve in picture
corresponding to different rV .

V×exp(RV/aV) = const
RV=rV(A1

1/3 +A2
1/3)

The const can be obtained
with the parameters of valleys.



• Volume integral

V(r) employed the double folding form.

𝐽" = −
4𝜋
𝐴(𝐴)

*𝑉 𝑟 𝑟-𝑑𝑟
�

�



• Calculation

V×exp(RV/aV) = const
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V and RV



• Result --V, RV

𝑉 = 8.1 + 21.2×(𝐴11
/3 + 𝐴21

/3)(MeV)
𝑅" = 1.345× 𝐴11

/3 + 𝐴21
/3 − 0.002× E − EC − 1.318 (fm)



• Formulas

• 𝐸𝐶 =
AB(B)CD

EFG
• 𝑅" = 𝑟"×(𝐴11

/3 + 𝐴21
/3)

𝑎" = 0.913 − 0.0565×(𝐴11
/3 + 𝐴21

/3	) (fm)

𝑊 = 35 (MeV)
𝑅M = 1.15×𝑅0 (fm)

𝑎M = 0.56 (fm)

𝑅G = 1.00×(𝐴11
/3 + 𝐴21

/3)(fm)

𝑉 = 8.1 + 21.2×(𝐴11
/3 + 𝐴21

/3)(MeV)
𝑅" = 1.345× 𝐴11

/3 + 𝐴21
/3 − 0.002× E − EC − 1.318 (fm)



• Verification

NPA 337 (1980) 520 CIAE RNB

CIAE RNB CIAE RNB

54 MeV 66 MeV

66 MeV 66 MeV



• Verification

CIAE RNB CIAE RNB

NPA 564 (1993) 271 Eur. Phys. J. A 14 (2002) 371

66 MeV 66 MeV

84 MeV 84 MeV



• Verification

Phys. Rev. C 60 (1999) 034611 Phys. Rev. C 10 (1974) 180

Z. Phys.A- AtomsandNuclei305 (1982)135

Phys. Rev. C 63 (2001) 054602 

87.4 MeV 48 MeV

80 MeV 73.5 MeV



• Verification

Phys. Rev. C 34 (1986) 2165



• Verification

Phys. Rev. C 87 (2013) 044605



• Verification

Phys. Rev. C 50 (1994) 3033



• Verification

Euro. Phys. A 19 (2004) 347 Pramana - J Phys 53(1999) 553

Phys. Rev. C 39(1989) 546

90 MeV
90 MeV

72.3 MeV



l Woods-Saxon parameters for reactions induced by
12C were obtained, and the formulas were
summarized.

l The formulas can reproduce a lot of 12C and 16O+ 
heavy ions’ experimental data.

l More data will be introduced to test the applicability
of the formulas in the future.

Summary
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• Uncertainty of aV
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n denotes the number of degrees
of freedom.



• EC : Columb correction
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