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DWBA with QRPA:
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Possible effects for enhancing Xsection in ground and low-lying excited states:

1. The dynamics of polarization effects in nuclear structure
2. Two-step transfer mechanisms
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Outline

Constraining optical potentials and spectroscopic information:

1. Elastic scattering

2. Inelastic scattering

3. One nucleon transfer reaction

4. Single charge exchange reaction

5. Two-step transfer reaction

6. Result

Conclusions and Outlook
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1. Elastic scattering

• Woods-Saxon (WS):

• Double Folding potentials with Reid parametrizations:

• Zero range Density independed M3Y (M3Y-ZR)

• Finite range Density depended M3Y (DDM3Y-FR)
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Chi-square test:

1. Elastic scattering

1 4 t h  I n t e r n a t i o n a l  S p r i n g  S e m i n a r  o n  N u c l e a r  P h y s i c s :  " C u t t i n g - e d g e  d e v e l o p m e n t s  i n  n u c l e a r  s t r u c t u r e  p h y s i c s ”  |  2 3  M a y  2 0 2 5  I s c h i a  ( I t a l y )



2. Inelastic scattering

Coupling potential:

DDM3Y-FR &        

M3Y-ZR
WS

𝛽𝜆 = 0.289

The deformation parameter:
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3. One nucleon transfer reaction
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generated by fitting 

the depth of the WS potential calculated through KSHELL code

using YSOX for p-sd, sdpf-mu for sd-pf 

interactions



3. One-nucleon transfer reaction
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3. One-nucleon transfer reaction
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4. Single charge exchange reaction: 
formalism
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4. Single charge exchange reaction: 
formalism
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4. Single charge exchange reaction: 
formfactor
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Typical form factor FJLS(R) calculated in this work with the 

transferred momenta JLS: 

F431(R) (continuous blue line) and F451(R) (dashed blue line) are 

for the exit channels 18F(1+ )+ 40K(4−) and 18F(1+
1 ) + 40K(3−

1 )

F331(R) (dotted-dashed red line) is for the channel 18F(1+
1 ) + 

40K(3−
1 ). 



4. Single charge exchange reaction: 
cross sections
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np – two-step transfer mechanism: pn – two-step transfer mechanism:
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5. Two-step transfer: Coupling scheme



5. Two-step transfer formalism
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5. Two-step transfer: formalism
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5. Two-step transfer: Coupling scheme

121 overlaps

104 overlaps

121 overlaps

121 overlaps

121 overlaps
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5. Two-step transfer: np mechanism
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5. Two-step transfer: pn mechanism
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6. Result
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6. Result



Conclusions and Outlook

• the DME mechanism exhibits the most significant dominance 

• the pn mechanism was found to generally contribute more 
significantly to the reaction, especially at higher excited states, but the 
np mechanism also plays an essential role in lower excited states 

• the shell model is effective in describing SCE reactions involving 
medium-mass nuclei, providing an alternative to the QRPA approach 

• other nuclear models based on the mean-field approach may be 
required to describe SCE reactions involving heavy nuclei 

• To explore other systems of interest studied within the NUMEN 
project



Thank you for your attention!
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