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Road to Heaven or Tears in Haven? (Lionel Reach vs Eric Clapton)

• Eikonal->S-matrix ->optical potential
• single folding vs phenomenological vs. double folding
• n-target,core-target
• 9Be, 12C most used targets
• Test: energy dependence of sR

• Phenomenological vs ab-initio



Historical background



and in preparation



Breakup (knockout) eikonal formulae
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What really matters:
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•Only the imaginary part of Vct  optical potential enters in the 
calculations of |Sct|2 

• In 1- |Snt|2 (stripping) again only the imaginary part of Vnt

• In |1- Snt|2 both real and imaginary. However this term (elastic 
breakup) is usually << than the stripping term.

• Look for the best W(nt,ct) giving the best |S (nt,ct) |2                sR
(nt,ct) 

• Fitting elastic angular distributions might be a bit of overwork in particular 
as at the energies we are intersted in >100AMeV sR

(nt,ct) >> sel
(nt,ct) 
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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.
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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      nn4lo                                   2.33
NCSM      nn3lo                                   2.25
Phenom                         209                 2.9
MOL                             186                 2.57



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

n-9Be scattering data + calculations

Resonances described by consistent with dispersive contribution

Best n+9Be O.P.



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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L. Ponnath et al., 
Phys. Lett. B 855 (2024) 138780



Phenomenological potentials n+9Be,12C
Imane Moumene & A.B. PRC108. 044609 (2023)

Above 200 MeV both Ws and Wv increse contrary to es.Relativistic energies:

C Mahaux & R. Sartor, ADV. NUCL. PHYS. VOL. 20, (1991)



n+ 12C ,     12C+12C….
dominance of surface absorption

VGFM(Wiringa)
https://www.phy.anl.gov/theory/research/density/
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Thanks to Petr Navratil and Michael Gennari 
for providing the numerical densities

https://www.phy.anl.gov/theory/research/density/
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D.F. vs S.F in 12C+12C
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Data from Takechi et al., Kox et al.,
In d.f. snp,pp from De Conti&Bertulani 
PRC81.064603 (2010).
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Microscopic potentials

T-matrix folding vs G-matrix folding



Let us look at the future: most experiments will be at realtivistic enegies. 
For theoreticians is that bad or good?

• At relativistic energy the optical limit is reached
• The optical potential should be purely imaginary
• Reaction cross section dominates
• How important is to fit elastic angular distributions?...Is it important at all?
• These seem all good news for theoreticians
• Typically increasing the energy the surface term dominates the imaginary 

potential for light targets
• However at relativistic energies due to the opening of new channels (p,r…) 

a phenomenological potential requires the increase of the volume term



p+12C 300MeV
H.O. Meyers et al., PRC31.1569 (1985), Okamoto et al., PRC81.054604(2008)
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Sensitivity of knockout observables to 
the O.P.

C. Hebborn , T. R. Whitehead , A. E. Lovell and F. M. 
Nunes PRC108.014601.2023



Gade-plot: reduction of S.F.



Jin Lei and A.B. PLB13.136032 (2021) 
data: F. Flavigny et a.,  PRL 108, 252501 (2012)

Comparison of semiclassical transfer to continuum model with Ichimura-Austern-Vincent model in 
medium energy knockout reactions



Our knockout results

From PRL.108.252501: EIK: 17mb, TC 11mb

Recent results for knockout: 14O(-n)+9Be, 53AMeV WS initial wf

s.f. sel=2.89mb, sabs=7.47mb,   stot=10.37mb

d.f. sel=3.13mb, sabs=11 mb,     stot= 14.13mb

d.f. gives 30-40% larger knockout s than s.f.



Conclusions

• We have derived excellent n+9Be, n+12C phenomenological optical 
potentials up to 500MeV, cross checked vs DOM and n+9Be also vs 
JLM.
• Also excellent single folding  P ( C )-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 only OP parameters)
• d.f. needs snp spp anp app…+density+in medium corrections +…??
• Extra bonus? n+12C  surface dominated…a symptom of 3body 

repulsion at short range?


