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The Optical Potential (OP) is obtained from the reduction of the many 
body scattering problem to a one body Schrödinger equation

• A good OP can give useful information on the structure of a nucleus 
besides helping describing complex reactions.
• Phenomenological vs microscopic OP.
• 9Be
• 12C
• 12C+12C as a test
• 12C+9Be
• 12C and 9Be are the most used targets for nuclear breakup (knockout)    

with RIBs

Motivations to fit optical potentials



Motivations to calculate reaction cross section

• An immediate test for the accuracy of the imaginary part of the potential. 
Plenty of data to compare to.
• Realistic nuclear reaction cross-section (sR) models are an essential 

ingredient of reliable heavy-ion transport codes. Such codes are used for 
risk evaluation of manned space exploration missions as well as for ion-
beam therapy dose calculations and treatment planning (M. Fukuda et al.)
• From the beginning of physics with RIBs  comparison of measured and 

calculated sR has been applied to  deduce density distributions of exotic 
nuclei as well as their root mean square radii (rms). (Tanihata et al., Y. 
Suzuki et al….)
• Finally the core-target survival probability in knockout reactions can be 

fixed by reproducing sR.
• Predictive power of models?



A. Bonaccorso, D.Ph. thesis, Oxford 1980, 
“A microscopic theory of the alpha-nucleus optical potential”
https://ora.ox.ac.uk/objects/uuid:d77df433-a09d-46c2-b94b-
4d032fcf39b4



GSI:
fit parameters of 

the density 
distribution

See talks of C. Barbieri, P. Finelli for ab-initio approaches to nN potentials



R
N+N

s.f.

s.f.

d.f.

d.f.

The double folding (5) for WNN is conceptually 
wrong because the interaction acts only to first 
order, infact it was originally introduced for the 
REAL part. Eq.(4) with a phenomenological WnN

is in principle more accurate.



Breakup formulae

el



Rs=rs (AP
1/3+AT

1/3) strong absorption radius

|S(Rs)|2 =1/2



Phenomenological potentials



A.B & R. J. Charity, PRC89, 024619 (2014)

n-9Be scattering data + calculations

Resonances described by consistent with dispersive contribution
n+9Be

F.Flavigny et al., PRL 108, 252501 (2012)
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Total experimental and calculated cross sections. Lower blue symbols for 9Be, upper red 
symbols for 12C. The optical model calculations are given by the orange and cyan dashed 
lines, respectively. The solid green line is a calculation made with a DOM potential 
obtained for 12C and applied to 9Be. DOM calculations (LHS) curtesy of Mack Atkinson  
(LLNL)
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n+ 12C ,     12C+12C….
dominance of surface absorption

VGFM(Wiringa)
https://www.phy.anl.gov/theory/research/density/

NCSM
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HFB-JW/A(MeV fm3)=229; rms(fm)=2.42
HF                                                        2.37
VGFM(Wiringa )                                 2.4
NCSM(Navratil )                                 2.24
NCSM      4lo                                       2.33
NCSM      3lo                                       2.25
Phenom                         209                 2.9

Thanks to Petr Navratil and Michael Gennari 
for providing the numerical densities

https://www.phy.anl.gov/theory/research/density/


d.f. vs s.f. for NN potentials
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A possible, interesting evolution

• d.f. with ab-initio nN potential?
• See Finelli- Vorabbi-Giusti arXiv:2212.00417v1
• Densities from (NCSM), and/or Barbieri (Green-function)



Data from Takechi et al. cf slide 5, Kox
In d.f. snp,pp from De Conti&Bertulani 
PRC81.064603 (2010).

0 100 200 300 400
E/A (MeV)

800

1000

1200

s R
 (m

b)

12C+9Be data
 d.f.
s.f r_i en var
s.f r_i=1.3fm

0 100 200 300 400
E/A (MeV)

700

800

900

1000

1100

1200

1300

s R
 (m

b)

12C+12C data  (a)
12C+12C data  (b)
d.f. 
s.f. r_i en var
s.f. r_i=1.3fm



12C+12C

12 Ne+12C
280A.MeV



Conclusions

• We have derived excellent n+9Be, n+12C phenomenological optical 
potentials up to 500MeV, cross checked vs DOM.
• Also excellent single folding  P ( Core )-T OP validated for 12C + 12C , 

12C+9Be.
• Dominance of surface absorption (ri decreases with energy).
• s.f. less ambigous than d.f. (needs to fix a smaller n of parameters).
• Evolution of d.f. via nN ab-initio?



9C+9Be



M. Fukuda et al., private communication; D. Nishimura
et al.,Osaka University Laboratory of  Nuclear Studies (OULNS)
Annual Report 2006, p. 37.



Comparison with data, at low energy suggests the  
need to include the 9C breakup channel explicitly



• The above definition of the profile function is equivalent to define a 
3d imaginary potential of gaussian shape normalized to 1  whose 
depth is 




