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Fusion of tightly bound nuclei

detection



Collisions of weakly bound nuclei  
(different fusion processes)



Finding CF and ICF cross section is a 
great challenge 

(both for experimentalists and theorists)

▪ CF  absorption of all projectile charge  ( 11Be = 10Be +n)
▪ Most  experiments determine only TF
▪ Individual CF and/or ICF  have been measured for some 

particular weakly bound nuclei:

  6Li : BE= 1.47 MeV      ( α + d) 
   7Li : BE= 2.47 MeV      ( α + t) 

   11Be: BE = 0.500 MeV  (10Be + n) 

  6He : BE =0.600 MeV   (4He + n+n)

Experiment:

CF, ICF



Fusion Estimations: classical picture

Hagino et al., NPA 238, 475 (2004), Dasgupta et al., PRC 66, 041602 (2002),

•   Classical picture with  stochastic initial 
parameters.



Fusion Estimations: classical picture

Hagino et al., NPA 238, 475 (2004), Dasgupta et al., PRC 66, 041602 (2002),



Fusion Estimations: semi classical models

* Marta et al., PRC 89, 034625 (2014), Kolinger et al., PRC 98, 044604 (2018)

• Classical trajectory
• Intrinsic dynamic: time 

dependent Schrödinger equation

• Fusion: tunelling through the  
barrier



•To solve the Shrödinger

•Coupled Channels equations:

target

projectile

R

<latexit sha1_base64="9I1tx188rcHEBMT9yZ/MKcA1WGQ="></latexit>

[E � ✏↵ � TR � U↵,↵(R)] ↵(R) =
X

↵0 6=↵

U↵0,↵(R) ↵0(R) ,↵,↵0 = 1, N

<latexit sha1_base64="fzkVt8V7GEZ08RFEXGSczfXR6yE=">AAACBHicdZDNSsNAFIUn9a/Wv6jLbgaLIAglKVrbhVAUocsKthWaWCbTSTt0MgkzE6GELtz4Km5cKOLWh3Dn2zhpI6johYGPc+5l7j1exKhUlvVh5BYWl5ZX8quFtfWNzS1ze6cjw1hg0sYhC8W1hyRhlJO2ooqR60gQFHiMdL3xeep3b4mQNORXahIRN0BDTn2KkdJS3yw6AVIjz4NN6LQkvTmEp/Aiw75ZssqWrmoVpmDXLFtDvV6rVOrQnlmWVQJZtfrmuzMIcRwQrjBDUvZsK1JugoSimJFpwYkliRAeoyHpaeQoINJNZkdM4b5WBtAPhX5cwZn6fSJBgZSTwNOd6cryt5eKf3m9WPk1N6E8ihXheP6RHzOoQpgmAgdUEKzYRAPCgupdIR4hgbDSuRV0CF+Xwv+hUynb1fLx5VGpcZbFkQdFsAcOgA1OQAM0QQu0AQZ34AE8gWfj3ng0XozXeWvOyGZ2wY8y3j4B27CWVg==</latexit>

H + = E +

 The method of Diaz Torres, Thompson e Beck (DTB) 
(Phys. Rev. C, 68, 044607 (2003))



•Set of coupled equations
target

projectile

R

<latexit sha1_base64="qhvqTqcUVq33xQppzzFXjZ1yyoI="></latexit>

[E � ✏0 � TR � U0,0(R)] 0(R) =
X

↵0 6=0

U↵0,0(R) ↵0(R)

<latexit sha1_base64="aTs6ZIVXBQfTxFbw8PZoiSFuPck=">AAAB7XicdVDLSgNBEJz1GeMr6tHLYBA8hd2gMbkFvXiMYB6QLGF2djYZMzuzzPQGwpJ/8OJBEa/+jzf/xslDUNGChqKqm+6uIBHcgOt+OCura+sbm7mt/PbO7t5+4eCwZVSqKWtSJZTuBMQwwSVrAgfBOolmJA4Eawej65nfHjNtuJJ3MEmYH5OB5BGnBKzU6o1DBaZfKLol16JSwTPiVV3PklqtWi7XsDe3XLeIlmj0C++9UNE0ZhKoIMZ0PTcBPyMaOBVsmu+lhiWEjsiAdS2VJGbGz+bXTvGpVUIcKW1LAp6r3ycyEhsziQPbGRMYmt/eTPzL66YQVf2MyyQFJuliUZQKDArPXsch14yCmFhCqOb2VkyHRBMKNqC8DeHrU/w/aZVLXqV0cXterF8t48ihY3SCzpCHLlEd3aAGaiKK7tEDekLPjnIenRfnddG64ixnjtAPOG+fJgOPiQ==</latexit>...
<latexit sha1_base64="/96PAycsu4rBKQbA3X7TPfaQeHU="></latexit>

[E � ✏N � TR � UN,N (R)] N (R) =
X

↵0 6=N

U↵0,N (R) ↵0(R)

•Coupled potential
<latexit sha1_base64="jda5+dg6LyIXpElMrz04qf+EV/U="></latexit>

U↵0,↵(R) =

Z
d⇠�⇤

↵0(⇠)UPT (R, ⇠)�↵(⇠)

 The method of Diaz Torres, Thompson e Beck (DTB) 
(Phys. Rev. C, 68, 044607 (2003))



•Continuum Discretized Coupled Channels equations:

CDCC :

-1.47MeV

Bins 

<latexit sha1_base64="aHxA508zaDOk2yg/nQhUY41krxM="></latexit>

U↵0,↵(R) =

Z
dr(r)�⇤

↵0(r)[UvT (r1) + UcT (r1)]�↵(r)

 The method of Diaz Torres, Thompson e Beck (DTB) 
(Phys. Rev. C, 68, 044607 (2003))



•     Fusion cross section 

•  Or 

<latexit sha1_base64="kZMcoo4wdh78hTYggaSd7lju/IU="></latexit>

�B =
K

E

X

↵ 2 bound

<  ↵|W (R)| ↵ >

<latexit sha1_base64="6tE005s5dI2A9CsysaY8ehyOyCY="></latexit>

�C =
K

E

X

↵ 2 continnum

<  ↵|W (R)| ↵ >

<latexit sha1_base64="5gwdnlLp5DklnqmV8guFlVs/bFo="></latexit>

�F =
K

E

X

↵=1

<  ↵|W (r1) +W (r2)| ↵ >=
X

↵=1

�↵

<latexit sha1_base64="9GvbLVI8Nw0y7aVWhQhzu3WNJr0=">AAAB8HicdVDLSgMxFM34rPVVdekmWAQXZci09uGu6MZlBfuQdiiZNG1Dk8yQZIQy9CvcuFDErZ/jzr8xbUdQ0QMXDufcy733BBFn2iD04aysrq1vbGa2sts7u3v7uYPDlg5jRWiThDxUnQBrypmkTcMMp51IUSwCTtvB5Grut++p0iyUt2YaUV/gkWRDRrCx0l27n6ACKrBZP5dHLloAIterlUuVmiXVykWpWIReauVBikY/994bhCQWVBrCsdZdD0XGT7AyjHA6y/ZiTSNMJnhEu5ZKLKj2k8XBM3hqlQEchsqWNHChfp9IsNB6KgLbKbAZ69/eXPzL68ZmWPMTJqPYUEmWi4YxhyaE8+/hgClKDJ9agoli9lZIxlhhYmxGWRvC16fwf9Iqul7FLd+c5+uXaRwZcAxOwBnwQBXUwTVogCYgQIAH8ASeHeU8Oi/O67J1xUlnjsAPOG+f/fWP6Q==</latexit>

W0,0,i

<latexit sha1_base64="9GvbLVI8Nw0y7aVWhQhzu3WNJr0=">AAAB8HicdVDLSgMxFM34rPVVdekmWAQXZci09uGu6MZlBfuQdiiZNG1Dk8yQZIQy9CvcuFDErZ/jzr8xbUdQ0QMXDufcy733BBFn2iD04aysrq1vbGa2sts7u3v7uYPDlg5jRWiThDxUnQBrypmkTcMMp51IUSwCTtvB5Grut++p0iyUt2YaUV/gkWRDRrCx0l27n6ACKrBZP5dHLloAIterlUuVmiXVykWpWIReauVBikY/994bhCQWVBrCsdZdD0XGT7AyjHA6y/ZiTSNMJnhEu5ZKLKj2k8XBM3hqlQEchsqWNHChfp9IsNB6KgLbKbAZ69/eXPzL68ZmWPMTJqPYUEmWi4YxhyaE8+/hgClKDJ9agoli9lZIxlhhYmxGWRvC16fwf9Iqul7FLd+c5+uXaRwZcAxOwBnwQBXUwTVogCYgQIAH8ASeHeU8Oi/O67J1xUlnjsAPOG+f/fWP6Q==</latexit>

W0,0,i

<latexit sha1_base64="ldsBWJGhPFYcMplzzP2QJwdXug4=">AAAB8HicdVDLSgNBEOz1GeMr6tHLYBA8hGU3MQ9vQS8eI5iHJEuYnUySITO7y8ysEJZ8hRcPinj1c7z5N06SFVS0oKGo6qa7y484U9pxPqyV1bX1jc3MVnZ7Z3dvP3dw2FJhLAltkpCHsuNjRTkLaFMzzWknkhQLn9O2P7ma++17KhULg1s9jagn8ChgQ0awNtJdu5+4BafAZv1c3rGdBZBju7VyqVIzpFq5KBWLyE2tPKRo9HPvvUFIYkEDTThWqus6kfYSLDUjnM6yvVjRCJMJHtGuoQEWVHnJ4uAZOjXKAA1DaSrQaKF+n0iwUGoqfNMpsB6r395c/MvrxnpY8xIWRLGmAVkuGsYc6RDNv0cDJinRfGoIJpKZWxEZY4mJNhllTQhfn6L/SatouxW7fHOer1+mcWTgGE7gDFyoQh2uoQFNICDgAZ7g2ZLWo/VivS5bV6x05gh+wHr7BP9+j+o=</latexit>

W1,0,i

<latexit sha1_base64="qo7zUBxDuxZxxYZYWZVX+iwQqbk=">AAAB8HicdVDLSgNBEOz1GeMr6tHLYBA8hGU3MQ9vQS8eI5iHJEuYnUySITO7y8ysEJZ8hRcPinj1c7z5N06SFVS0oKGo6qa7y484U9pxPqyV1bX1jc3MVnZ7Z3dvP3dw2FJhLAltkpCHsuNjRTkLaFMzzWknkhQLn9O2P7ma++17KhULg1s9jagn8ChgQ0awNtJdu584BbfAZv1c3rGdBZBju7VyqVIzpFq5KBWLyE2tPKRo9HPvvUFIYkEDTThWqus6kfYSLDUjnM6yvVjRCJMJHtGuoQEWVHnJ4uAZOjXKAA1DaSrQaKF+n0iwUGoqfNMpsB6r395c/MvrxnpY8xIWRLGmAVkuGsYc6RDNv0cDJinRfGoIJpKZWxEZY4mJNhllTQhfn6L/SatouxW7fHOer1+mcWTgGE7gDFyoQh2uoQFNICDgAZ7g2ZLWo/VivS5bV6x05gh+wHr7BP98j+o=</latexit>

W0,1,i <latexit sha1_base64="ssuvAGEmq0AR0e2rTPNpmddmpB8=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0ha++Gt6MVjRVsLbSib7aZdutmE3Y1QQn+CFw+KePUXefPfuG0jqOiDgcd7M8zM82POlHacDyu3srq2vpHfLGxt7+zuFfcPOipKJKFtEvFIdn2sKGeCtjXTnHZjSXHoc3rnTy7n/t09lYpF4lZPY+qFeCRYwAjWRrqxbXtQLDm2swBybLdRrdQahtRr55VyGbmZVYIMrUHxvT+MSBJSoQnHSvVcJ9ZeiqVmhNNZoZ8oGmMywSPaM1TgkCovXZw6QydGGaIgkqaERgv1+0SKQ6WmoW86Q6zH6rc3F//yeokOGl7KRJxoKshyUZBwpCM0/xsNmaRE86khmEhmbkVkjCUm2qRTMCF8fYr+J52y7dbs6vVZqXmRxZGHIziGU3ChDk24gha0gcAIHuAJni1uPVov1uuyNWdlM4fwA9bbJ6T9jWg=</latexit>...
<latexit sha1_base64="HxDYyUHHB9RPiyW0HSyhAa2a7Yo=">AAAB8HicdVDLSgMxFM34rPVVdekmWAQXZZhp7cNd0Y2rUsE+pB1KJs20oUlmSDJCGfoVblwo4tbPceffmLYjqOiBC4dz7uXee/yIUaUd58NaWV1b39jMbGW3d3b39nMHh20VxhKTFg5ZKLs+UoRRQVqaaka6kSSI+4x0/MnV3O/cE6loKG71NCIeRyNBA4qRNtJdZ5A0Co0CnQ1yecd2FoCO7dbKpUrNkGrlolQsQje18iBFc5B77w9DHHMiNGZIqZ7rRNpLkNQUMzLL9mNFIoQnaER6hgrEifKSxcEzeGqUIQxCaUpouFC/TySIKzXlvunkSI/Vb28u/uX1Yh3UvISKKNZE4OWiIGZQh3D+PRxSSbBmU0MQltTcCvEYSYS1yShrQvj6FP5P2kXbrdjlm/N8/TKNIwOOwQk4Ay6ogjq4Bk3QAhhw8ACewLMlrUfrxXpdtq5Y6cwR+AHr7RNZ5JAl</latexit>

WN,N,i

<latexit sha1_base64="HxDYyUHHB9RPiyW0HSyhAa2a7Yo=">AAAB8HicdVDLSgMxFM34rPVVdekmWAQXZZhp7cNd0Y2rUsE+pB1KJs20oUlmSDJCGfoVblwo4tbPceffmLYjqOiBC4dz7uXee/yIUaUd58NaWV1b39jMbGW3d3b39nMHh20VxhKTFg5ZKLs+UoRRQVqaaka6kSSI+4x0/MnV3O/cE6loKG71NCIeRyNBA4qRNtJdZ5A0Co0CnQ1yecd2FoCO7dbKpUrNkGrlolQsQje18iBFc5B77w9DHHMiNGZIqZ7rRNpLkNQUMzLL9mNFIoQnaER6hgrEifKSxcEzeGqUIQxCaUpouFC/TySIKzXlvunkSI/Vb28u/uX1Yh3UvISKKNZE4OWiIGZQh3D+PRxSSbBmU0MQltTcCvEYSYS1yShrQvj6FP5P2kXbrdjlm/N8/TKNIwOOwQk4Ay6ogjq4Bk3QAhhw8ACewLMlrUfrxXpdtq5Y6cwR+AHr7RNZ5JAl</latexit>

WN,N,i

<latexit sha1_base64="ssuvAGEmq0AR0e2rTPNpmddmpB8=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0ha++Gt6MVjRVsLbSib7aZdutmE3Y1QQn+CFw+KePUXefPfuG0jqOiDgcd7M8zM82POlHacDyu3srq2vpHfLGxt7+zuFfcPOipKJKFtEvFIdn2sKGeCtjXTnHZjSXHoc3rnTy7n/t09lYpF4lZPY+qFeCRYwAjWRrqxbXtQLDm2swBybLdRrdQahtRr55VyGbmZVYIMrUHxvT+MSBJSoQnHSvVcJ9ZeiqVmhNNZoZ8oGmMywSPaM1TgkCovXZw6QydGGaIgkqaERgv1+0SKQ6WmoW86Q6zH6rc3F//yeokOGl7KRJxoKshyUZBwpCM0/xsNmaRE86khmEhmbkVkjCUm2qRTMCF8fYr+J52y7dbs6vVZqXmRxZGHIziGU3ChDk24gha0gcAIHuAJni1uPVov1uuyNWdlM4fwA9bbJ6T9jWg=</latexit> ..
.

 The method of Diaz Torres, Thompson e Beck (DTB) 
(Phys. Rev. C, 68, 044607 (2003))



Basic Assumption:

Problem: Complete fusion has 
contribution from continuum states 
that is not take into account

Only TF



• Direct calculation using radial wave functions

* J. Rangel, M. Cortes, J. Lubian, LFC ( Phys. Let. B, 803- 2020 )

New Theory*: based on DTB 

Performing ang. mom. projection and the summing over a and a’,

<latexit sha1_base64="Ll3pkLzqK2p8UcXyt6bSB0uUPpQ="></latexit>

�F =
K

E

X

↵,↵0

<  ↵|W 1
↵,↵0(r1) +W 2

↵,↵0(r2)| 0
↵ >

<latexit sha1_base64="9GvbLVI8Nw0y7aVWhQhzu3WNJr0=">AAAB8HicdVDLSgMxFM34rPVVdekmWAQXZci09uGu6MZlBfuQdiiZNG1Dk8yQZIQy9CvcuFDErZ/jzr8xbUdQ0QMXDufcy733BBFn2iD04aysrq1vbGa2sts7u3v7uYPDlg5jRWiThDxUnQBrypmkTcMMp51IUSwCTtvB5Grut++p0iyUt2YaUV/gkWRDRrCx0l27n6ACKrBZP5dHLloAIterlUuVmiXVykWpWIReauVBikY/994bhCQWVBrCsdZdD0XGT7AyjHA6y/ZiTSNMJnhEu5ZKLKj2k8XBM3hqlQEchsqWNHChfp9IsNB6KgLbKbAZ69/eXPzL68ZmWPMTJqPYUEmWi4YxhyaE8+/hgClKDJ9agoli9lZIxlhhYmxGWRvC16fwf9Iqul7FLd+c5+uXaRwZcAxOwBnwQBXUwTVogCYgQIAH8ASeHeU8Oi/O67J1xUlnjsAPOG+f/fWP6Q==</latexit>

W0,0,i

<latexit sha1_base64="9GvbLVI8Nw0y7aVWhQhzu3WNJr0=">AAAB8HicdVDLSgMxFM34rPVVdekmWAQXZci09uGu6MZlBfuQdiiZNG1Dk8yQZIQy9CvcuFDErZ/jzr8xbUdQ0QMXDufcy733BBFn2iD04aysrq1vbGa2sts7u3v7uYPDlg5jRWiThDxUnQBrypmkTcMMp51IUSwCTtvB5Grut++p0iyUt2YaUV/gkWRDRrCx0l27n6ACKrBZP5dHLloAIterlUuVmiXVykWpWIReauVBikY/994bhCQWVBrCsdZdD0XGT7AyjHA6y/ZiTSNMJnhEu5ZKLKj2k8XBM3hqlQEchsqWNHChfp9IsNB6KgLbKbAZ69/eXPzL68ZmWPMTJqPYUEmWi4YxhyaE8+/hgClKDJ9agoli9lZIxlhhYmxGWRvC16fwf9Iqul7FLd+c5+uXaRwZcAxOwBnwQBXUwTVogCYgQIAH8ASeHeU8Oi/O67J1xUlnjsAPOG+f/fWP6Q==</latexit>

W0,0,i

<latexit sha1_base64="ldsBWJGhPFYcMplzzP2QJwdXug4=">AAAB8HicdVDLSgNBEOz1GeMr6tHLYBA8hGU3MQ9vQS8eI5iHJEuYnUySITO7y8ysEJZ8hRcPinj1c7z5N06SFVS0oKGo6qa7y484U9pxPqyV1bX1jc3MVnZ7Z3dvP3dw2FJhLAltkpCHsuNjRTkLaFMzzWknkhQLn9O2P7ma++17KhULg1s9jagn8ChgQ0awNtJdu5+4BafAZv1c3rGdBZBju7VyqVIzpFq5KBWLyE2tPKRo9HPvvUFIYkEDTThWqus6kfYSLDUjnM6yvVjRCJMJHtGuoQEWVHnJ4uAZOjXKAA1DaSrQaKF+n0iwUGoqfNMpsB6r395c/MvrxnpY8xIWRLGmAVkuGsYc6RDNv0cDJinRfGoIJpKZWxEZY4mJNhllTQhfn6L/SatouxW7fHOer1+mcWTgGE7gDFyoQh2uoQFNICDgAZ7g2ZLWo/VivS5bV6x05gh+wHr7BP9+j+o=</latexit>

W1,0,i

<latexit sha1_base64="qo7zUBxDuxZxxYZYWZVX+iwQqbk=">AAAB8HicdVDLSgNBEOz1GeMr6tHLYBA8hGU3MQ9vQS8eI5iHJEuYnUySITO7y8ysEJZ8hRcPinj1c7z5N06SFVS0oKGo6qa7y484U9pxPqyV1bX1jc3MVnZ7Z3dvP3dw2FJhLAltkpCHsuNjRTkLaFMzzWknkhQLn9O2P7ma++17KhULg1s9jagn8ChgQ0awNtJdu584BbfAZv1c3rGdBZBju7VyqVIzpFq5KBWLyE2tPKRo9HPvvUFIYkEDTThWqus6kfYSLDUjnM6yvVjRCJMJHtGuoQEWVHnJ4uAZOjXKAA1DaSrQaKF+n0iwUGoqfNMpsB6r395c/MvrxnpY8xIWRLGmAVkuGsYc6RDNv0cDJinRfGoIJpKZWxEZY4mJNhllTQhfn6L/SatouxW7fHOer1+mcWTgGE7gDFyoQh2uoQFNICDgAZ7g2ZLWo/VivS5bV6x05gh+wHr7BP98j+o=</latexit>

W0,1,i <latexit sha1_base64="ssuvAGEmq0AR0e2rTPNpmddmpB8=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0ha++Gt6MVjRVsLbSib7aZdutmE3Y1QQn+CFw+KePUXefPfuG0jqOiDgcd7M8zM82POlHacDyu3srq2vpHfLGxt7+zuFfcPOipKJKFtEvFIdn2sKGeCtjXTnHZjSXHoc3rnTy7n/t09lYpF4lZPY+qFeCRYwAjWRrqxbXtQLDm2swBybLdRrdQahtRr55VyGbmZVYIMrUHxvT+MSBJSoQnHSvVcJ9ZeiqVmhNNZoZ8oGmMywSPaM1TgkCovXZw6QydGGaIgkqaERgv1+0SKQ6WmoW86Q6zH6rc3F//yeokOGl7KRJxoKshyUZBwpCM0/xsNmaRE86khmEhmbkVkjCUm2qRTMCF8fYr+J52y7dbs6vVZqXmRxZGHIziGU3ChDk24gha0gcAIHuAJni1uPVov1uuyNWdlM4fwA9bbJ6T9jWg=</latexit>... <latexit sha1_base64="HxDYyUHHB9RPiyW0HSyhAa2a7Yo=">AAAB8HicdVDLSgMxFM34rPVVdekmWAQXZZhp7cNd0Y2rUsE+pB1KJs20oUlmSDJCGfoVblwo4tbPceffmLYjqOiBC4dz7uXee/yIUaUd58NaWV1b39jMbGW3d3b39nMHh20VxhKTFg5ZKLs+UoRRQVqaaka6kSSI+4x0/MnV3O/cE6loKG71NCIeRyNBA4qRNtJdZ5A0Co0CnQ1yecd2FoCO7dbKpUrNkGrlolQsQje18iBFc5B77w9DHHMiNGZIqZ7rRNpLkNQUMzLL9mNFIoQnaER6hgrEifKSxcEzeGqUIQxCaUpouFC/TySIKzXlvunkSI/Vb28u/uX1Yh3UvISKKNZE4OWiIGZQh3D+PRxSSbBmU0MQltTcCvEYSYS1yShrQvj6FP5P2kXbrdjlm/N8/TKNIwOOwQk4Ay6ogjq4Bk3QAhhw8ACewLMlrUfrxXpdtq5Y6cwR+AHr7RNZ5JAl</latexit>

WN,N,i

<latexit sha1_base64="HxDYyUHHB9RPiyW0HSyhAa2a7Yo=">AAAB8HicdVDLSgMxFM34rPVVdekmWAQXZZhp7cNd0Y2rUsE+pB1KJs20oUlmSDJCGfoVblwo4tbPceffmLYjqOiBC4dz7uXee/yIUaUd58NaWV1b39jMbGW3d3b39nMHh20VxhKTFg5ZKLs+UoRRQVqaaka6kSSI+4x0/MnV3O/cE6loKG71NCIeRyNBA4qRNtJdZ5A0Co0CnQ1yecd2FoCO7dbKpUrNkGrlolQsQje18iBFc5B77w9DHHMiNGZIqZ7rRNpLkNQUMzLL9mNFIoQnaER6hgrEifKSxcEzeGqUIQxCaUpouFC/TySIKzXlvunkSI/Vb28u/uX1Yh3UvISKKNZE4OWiIGZQh3D+PRxSSbBmU0MQltTcCvEYSYS1yShrQvj6FP5P2kXbrdjlm/N8/TKNIwOOwQk4Ay6ogjq4Bk3QAhhw8ACewLMlrUfrxXpdtq5Y6cwR+AHr7RNZ5JAl</latexit>

WN,N,i

<latexit sha1_base64="yqMtfbWmtzyMgvPO2ZN9d/RncG8=">AAAB6XicdVDLSgNBEOyNrxhfUY9eBoPgadlNzMODEPTiMYp5QLKE2clsMmR2dpmZFULIH3jxoIhX/8ibf+MkWUFFCxqKqm66u/yYM6Ud58PKrKyurW9kN3Nb2zu7e/n9g5aKEklok0Q8kh0fK8qZoE3NNKedWFIc+py2/fHV3G/fU6lYJO70JKZeiIeCBYxgbaTbC6efLzi2swBybLdWLlVqhlQr56ViEbmpVYAUjX7+vTeISBJSoQnHSnVdJ9beFEvNCKezXC9RNMZkjIe0a6jAIVXedHHpDJ0YZYCCSJoSGi3U7xNTHCo1CX3TGWI9Ur+9ufiX1010UPOmTMSJpoIsFwUJRzpC87fRgElKNJ8Ygolk5lZERlhiok04ORPC16fof9Iq2m7FLt+cFeqXaRxZOIJjOAUXqlCHa2hAEwgE8ABP8GyNrUfrxXpdtmasdOYQfsB6+wRT1o1B</latexit>

= 0

<latexit sha1_base64="yqMtfbWmtzyMgvPO2ZN9d/RncG8=">AAAB6XicdVDLSgNBEOyNrxhfUY9eBoPgadlNzMODEPTiMYp5QLKE2clsMmR2dpmZFULIH3jxoIhX/8ibf+MkWUFFCxqKqm66u/yYM6Ud58PKrKyurW9kN3Nb2zu7e/n9g5aKEklok0Q8kh0fK8qZoE3NNKedWFIc+py2/fHV3G/fU6lYJO70JKZeiIeCBYxgbaTbC6efLzi2swBybLdWLlVqhlQr56ViEbmpVYAUjX7+vTeISBJSoQnHSnVdJ9beFEvNCKezXC9RNMZkjIe0a6jAIVXedHHpDJ0YZYCCSJoSGi3U7xNTHCo1CX3TGWI9Ur+9ufiX1010UPOmTMSJpoIsFwUJRzpC87fRgElKNJ8Ygolk5lZERlhiok04ORPC16fof9Iq2m7FLt+cFeqXaRxZOIJjOAUXqlCHa2hAEwgE8ABP8GyNrUfrxXpdtmasdOYQfsB6+wRT1o1B</latexit>

= 0
<latexit sha1_base64="yqMtfbWmtzyMgvPO2ZN9d/RncG8=">AAAB6XicdVDLSgNBEOyNrxhfUY9eBoPgadlNzMODEPTiMYp5QLKE2clsMmR2dpmZFULIH3jxoIhX/8ibf+MkWUFFCxqKqm66u/yYM6Ud58PKrKyurW9kN3Nb2zu7e/n9g5aKEklok0Q8kh0fK8qZoE3NNKedWFIc+py2/fHV3G/fU6lYJO70JKZeiIeCBYxgbaTbC6efLzi2swBybLdWLlVqhlQr56ViEbmpVYAUjX7+vTeISBJSoQnHSnVdJ9beFEvNCKezXC9RNMZkjIe0a6jAIVXedHHpDJ0YZYCCSJoSGi3U7xNTHCo1CX3TGWI9Ur+9ufiX1010UPOmTMSJpoIsFwUJRzpC87fRgElKNJ8Ygolk5lZERlhiok04ORPC16fof9Iq2m7FLt+cFeqXaRxZOIJjOAUXqlCHa2hAEwgE8ABP8GyNrUfrxXpdtmasdOYQfsB6+wRT1o1B</latexit>

= 0
<latexit sha1_base64="yqMtfbWmtzyMgvPO2ZN9d/RncG8=">AAAB6XicdVDLSgNBEOyNrxhfUY9eBoPgadlNzMODEPTiMYp5QLKE2clsMmR2dpmZFULIH3jxoIhX/8ibf+MkWUFFCxqKqm66u/yYM6Ud58PKrKyurW9kN3Nb2zu7e/n9g5aKEklok0Q8kh0fK8qZoE3NNKedWFIc+py2/fHV3G/fU6lYJO70JKZeiIeCBYxgbaTbC6efLzi2swBybLdWLlVqhlQr56ViEbmpVYAUjX7+vTeISBJSoQnHSnVdJ9beFEvNCKezXC9RNMZkjIe0a6jAIVXedHHpDJ0YZYCCSJoSGi3U7xNTHCo1CX3TGWI9Ur+9ufiX1010UPOmTMSJpoIsFwUJRzpC87fRgElKNJ8Ygolk5lZERlhiok04ORPC16fof9Iq2m7FLt+cFeqXaRxZOIJjOAUXqlCHa2hAEwgE8ABP8GyNrUfrxXpdtmasdOYQfsB6+wRT1o1B</latexit>

= 0
<latexit sha1_base64="yqMtfbWmtzyMgvPO2ZN9d/RncG8=">AAAB6XicdVDLSgNBEOyNrxhfUY9eBoPgadlNzMODEPTiMYp5QLKE2clsMmR2dpmZFULIH3jxoIhX/8ibf+MkWUFFCxqKqm66u/yYM6Ud58PKrKyurW9kN3Nb2zu7e/n9g5aKEklok0Q8kh0fK8qZoE3NNKedWFIc+py2/fHV3G/fU6lYJO70JKZeiIeCBYxgbaTbC6efLzi2swBybLdWLlVqhlQr56ViEbmpVYAUjX7+vTeISBJSoQnHSnVdJ9beFEvNCKezXC9RNMZkjIe0a6jAIVXedHHpDJ0YZYCCSJoSGi3U7xNTHCo1CX3TGWI9Ur+9ufiX1010UPOmTMSJpoIsFwUJRzpC87fRgElKNJ8Ygolk5lZERlhiok04ORPC16fof9Iq2m7FLt+cFeqXaRxZOIJjOAUXqlCHa2hAEwgE8ABP8GyNrUfrxXpdtmasdOYQfsB6+wRT1o1B</latexit>

= 0

<latexit sha1_base64="yqMtfbWmtzyMgvPO2ZN9d/RncG8=">AAAB6XicdVDLSgNBEOyNrxhfUY9eBoPgadlNzMODEPTiMYp5QLKE2clsMmR2dpmZFULIH3jxoIhX/8ibf+MkWUFFCxqKqm66u/yYM6Ud58PKrKyurW9kN3Nb2zu7e/n9g5aKEklok0Q8kh0fK8qZoE3NNKedWFIc+py2/fHV3G/fU6lYJO70JKZeiIeCBYxgbaTbC6efLzi2swBybLdWLlVqhlQr56ViEbmpVYAUjX7+vTeISBJSoQnHSnVdJ9beFEvNCKezXC9RNMZkjIe0a6jAIVXedHHpDJ0YZYCCSJoSGi3U7xNTHCo1CX3TGWI9Ur+9ufiX1010UPOmTMSJpoIsFwUJRzpC87fRgElKNJ8Ygolk5lZERlhiok04ORPC16fof9Iq2m7FLt+cFeqXaRxZOIJjOAUXqlCHa2hAEwgE8ABP8GyNrUfrxXpdtmasdOYQfsB6+wRT1o1B</latexit>

= 0

<latexit sha1_base64="yqMtfbWmtzyMgvPO2ZN9d/RncG8=">AAAB6XicdVDLSgNBEOyNrxhfUY9eBoPgadlNzMODEPTiMYp5QLKE2clsMmR2dpmZFULIH3jxoIhX/8ibf+MkWUFFCxqKqm66u/yYM6Ud58PKrKyurW9kN3Nb2zu7e/n9g5aKEklok0Q8kh0fK8qZoE3NNKedWFIc+py2/fHV3G/fU6lYJO70JKZeiIeCBYxgbaTbC6efLzi2swBybLdWLlVqhlQr56ViEbmpVYAUjX7+vTeISBJSoQnHSnVdJ9beFEvNCKezXC9RNMZkjIe0a6jAIVXedHHpDJ0YZYCCSJoSGi3U7xNTHCo1CX3TGWI9Ur+9ufiX1010UPOmTMSJpoIsFwUJRzpC87fRgElKNJ8Ygolk5lZERlhiok04ORPC16fof9Iq2m7FLt+cFeqXaRxZOIJjOAUXqlCHa2hAEwgE8ABP8GyNrUfrxXpdtmasdOYQfsB6+wRT1o1B</latexit>

= 0

<latexit sha1_base64="yqMtfbWmtzyMgvPO2ZN9d/RncG8=">AAAB6XicdVDLSgNBEOyNrxhfUY9eBoPgadlNzMODEPTiMYp5QLKE2clsMmR2dpmZFULIH3jxoIhX/8ibf+MkWUFFCxqKqm66u/yYM6Ud58PKrKyurW9kN3Nb2zu7e/n9g5aKEklok0Q8kh0fK8qZoE3NNKedWFIc+py2/fHV3G/fU6lYJO70JKZeiIeCBYxgbaTbC6efLzi2swBybLdWLlVqhlQr56ViEbmpVYAUjX7+vTeISBJSoQnHSnVdJ9beFEvNCKezXC9RNMZkjIe0a6jAIVXedHHpDJ0YZYCCSJoSGi3U7xNTHCo1CX3TGWI9Ur+9ufiX1010UPOmTMSJpoIsFwUJRzpC87fRgElKNJ8Ygolk5lZERlhiok04ORPC16fof9Iq2m7FLt+cFeqXaRxZOIJjOAUXqlCHa2hAEwgE8ABP8GyNrUfrxXpdtmasdOYQfsB6+wRT1o1B</latexit>

= 0

<latexit sha1_base64="ssuvAGEmq0AR0e2rTPNpmddmpB8=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0ha++Gt6MVjRVsLbSib7aZdutmE3Y1QQn+CFw+KePUXefPfuG0jqOiDgcd7M8zM82POlHacDyu3srq2vpHfLGxt7+zuFfcPOipKJKFtEvFIdn2sKGeCtjXTnHZjSXHoc3rnTy7n/t09lYpF4lZPY+qFeCRYwAjWRrqxbXtQLDm2swBybLdRrdQahtRr55VyGbmZVYIMrUHxvT+MSBJSoQnHSvVcJ9ZeiqVmhNNZoZ8oGmMywSPaM1TgkCovXZw6QydGGaIgkqaERgv1+0SKQ6WmoW86Q6zH6rc3F//yeokOGl7KRJxoKshyUZBwpCM0/xsNmaRE86khmEhmbkVkjCUm2qRTMCF8fYr+J52y7dbs6vVZqXmRxZGHIziGU3ChDk24gha0gcAIHuAJni1uPVov1uuyNWdlM4fwA9bbJ6T9jWg=</latexit> ..
.



• Individual probability

where

and
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Contribution from the B-space: 
 <latexit sha1_base64="ttk/QMqZV9aRrjZHcNF/I2VoWz0="></latexit>
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* J. Rangel, M. Cortes, J. Lubian, LFC ( Phys. Let. B, 803- 2020 )

<latexit sha1_base64="9GvbLVI8Nw0y7aVWhQhzu3WNJr0=">AAAB8HicdVDLSgMxFM34rPVVdekmWAQXZci09uGu6MZlBfuQdiiZNG1Dk8yQZIQy9CvcuFDErZ/jzr8xbUdQ0QMXDufcy733BBFn2iD04aysrq1vbGa2sts7u3v7uYPDlg5jRWiThDxUnQBrypmkTcMMp51IUSwCTtvB5Grut++p0iyUt2YaUV/gkWRDRrCx0l27n6ACKrBZP5dHLloAIterlUuVmiXVykWpWIReauVBikY/994bhCQWVBrCsdZdD0XGT7AyjHA6y/ZiTSNMJnhEu5ZKLKj2k8XBM3hqlQEchsqWNHChfp9IsNB6KgLbKbAZ69/eXPzL68ZmWPMTJqPYUEmWi4YxhyaE8+/hgClKDJ9agoli9lZIxlhhYmxGWRvC16fwf9Iqul7FLd+c5+uXaRwZcAxOwBnwQBXUwTVogCYgQIAH8ASeHeU8Oi/O67J1xUlnjsAPOG+f/fWP6Q==</latexit>

W0,0,i

<latexit sha1_base64="9GvbLVI8Nw0y7aVWhQhzu3WNJr0=">AAAB8HicdVDLSgMxFM34rPVVdekmWAQXZci09uGu6MZlBfuQdiiZNG1Dk8yQZIQy9CvcuFDErZ/jzr8xbUdQ0QMXDufcy733BBFn2iD04aysrq1vbGa2sts7u3v7uYPDlg5jRWiThDxUnQBrypmkTcMMp51IUSwCTtvB5Grut++p0iyUt2YaUV/gkWRDRrCx0l27n6ACKrBZP5dHLloAIterlUuVmiXVykWpWIReauVBikY/994bhCQWVBrCsdZdD0XGT7AyjHA6y/ZiTSNMJnhEu5ZKLKj2k8XBM3hqlQEchsqWNHChfp9IsNB6KgLbKbAZ69/eXPzL68ZmWPMTJqPYUEmWi4YxhyaE8+/hgClKDJ9agoli9lZIxlhhYmxGWRvC16fwf9Iqul7FLd+c5+uXaRwZcAxOwBnwQBXUwTVogCYgQIAH8ASeHeU8Oi/O67J1xUlnjsAPOG+f/fWP6Q==</latexit>

W0,0,i

<latexit sha1_base64="ldsBWJGhPFYcMplzzP2QJwdXug4=">AAAB8HicdVDLSgNBEOz1GeMr6tHLYBA8hGU3MQ9vQS8eI5iHJEuYnUySITO7y8ysEJZ8hRcPinj1c7z5N06SFVS0oKGo6qa7y484U9pxPqyV1bX1jc3MVnZ7Z3dvP3dw2FJhLAltkpCHsuNjRTkLaFMzzWknkhQLn9O2P7ma++17KhULg1s9jagn8ChgQ0awNtJdu5+4BafAZv1c3rGdBZBju7VyqVIzpFq5KBWLyE2tPKRo9HPvvUFIYkEDTThWqus6kfYSLDUjnM6yvVjRCJMJHtGuoQEWVHnJ4uAZOjXKAA1DaSrQaKF+n0iwUGoqfNMpsB6r395c/MvrxnpY8xIWRLGmAVkuGsYc6RDNv0cDJinRfGoIJpKZWxEZY4mJNhllTQhfn6L/SatouxW7fHOer1+mcWTgGE7gDFyoQh2uoQFNICDgAZ7g2ZLWo/VivS5bV6x05gh+wHr7BP9+j+o=</latexit>

W1,0,i

<latexit sha1_base64="qo7zUBxDuxZxxYZYWZVX+iwQqbk=">AAAB8HicdVDLSgNBEOz1GeMr6tHLYBA8hGU3MQ9vQS8eI5iHJEuYnUySITO7y8ysEJZ8hRcPinj1c7z5N06SFVS0oKGo6qa7y484U9pxPqyV1bX1jc3MVnZ7Z3dvP3dw2FJhLAltkpCHsuNjRTkLaFMzzWknkhQLn9O2P7ma++17KhULg1s9jagn8ChgQ0awNtJdu584BbfAZv1c3rGdBZBju7VyqVIzpFq5KBWLyE2tPKRo9HPvvUFIYkEDTThWqus6kfYSLDUjnM6yvVjRCJMJHtGuoQEWVHnJ4uAZOjXKAA1DaSrQaKF+n0iwUGoqfNMpsB6r395c/MvrxnpY8xIWRLGmAVkuGsYc6RDNv0cDJinRfGoIJpKZWxEZY4mJNhllTQhfn6L/SatouxW7fHOer1+mcWTgGE7gDFyoQh2uoQFNICDgAZ7g2ZLWo/VivS5bV6x05gh+wHr7BP98j+o=</latexit>

W0,1,i <latexit sha1_base64="ssuvAGEmq0AR0e2rTPNpmddmpB8=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0ha++Gt6MVjRVsLbSib7aZdutmE3Y1QQn+CFw+KePUXefPfuG0jqOiDgcd7M8zM82POlHacDyu3srq2vpHfLGxt7+zuFfcPOipKJKFtEvFIdn2sKGeCtjXTnHZjSXHoc3rnTy7n/t09lYpF4lZPY+qFeCRYwAjWRrqxbXtQLDm2swBybLdRrdQahtRr55VyGbmZVYIMrUHxvT+MSBJSoQnHSvVcJ9ZeiqVmhNNZoZ8oGmMywSPaM1TgkCovXZw6QydGGaIgkqaERgv1+0SKQ6WmoW86Q6zH6rc3F//yeokOGl7KRJxoKshyUZBwpCM0/xsNmaRE86khmEhmbkVkjCUm2qRTMCF8fYr+J52y7dbs6vVZqXmRxZGHIziGU3ChDk24gha0gcAIHuAJni1uPVov1uuyNWdlM4fwA9bbJ6T9jWg=</latexit>... <latexit sha1_base64="HxDYyUHHB9RPiyW0HSyhAa2a7Yo=">AAAB8HicdVDLSgMxFM34rPVVdekmWAQXZZhp7cNd0Y2rUsE+pB1KJs20oUlmSDJCGfoVblwo4tbPceffmLYjqOiBC4dz7uXee/yIUaUd58NaWV1b39jMbGW3d3b39nMHh20VxhKTFg5ZKLs+UoRRQVqaaka6kSSI+4x0/MnV3O/cE6loKG71NCIeRyNBA4qRNtJdZ5A0Co0CnQ1yecd2FoCO7dbKpUrNkGrlolQsQje18iBFc5B77w9DHHMiNGZIqZ7rRNpLkNQUMzLL9mNFIoQnaER6hgrEifKSxcEzeGqUIQxCaUpouFC/TySIKzXlvunkSI/Vb28u/uX1Yh3UvISKKNZE4OWiIGZQh3D+PRxSSbBmU0MQltTcCvEYSYS1yShrQvj6FP5P2kXbrdjlm/N8/TKNIwOOwQk4Ay6ogjq4Bk3QAhhw8ACewLMlrUfrxXpdtq5Y6cwR+AHr7RNZ5JAl</latexit>

WN,N,i

<latexit sha1_base64="HxDYyUHHB9RPiyW0HSyhAa2a7Yo=">AAAB8HicdVDLSgMxFM34rPVVdekmWAQXZZhp7cNd0Y2rUsE+pB1KJs20oUlmSDJCGfoVblwo4tbPceffmLYjqOiBC4dz7uXee/yIUaUd58NaWV1b39jMbGW3d3b39nMHh20VxhKTFg5ZKLs+UoRRQVqaaka6kSSI+4x0/MnV3O/cE6loKG71NCIeRyNBA4qRNtJdZ5A0Co0CnQ1yecd2FoCO7dbKpUrNkGrlolQsQje18iBFc5B77w9DHHMiNGZIqZ7rRNpLkNQUMzLL9mNFIoQnaER6hgrEifKSxcEzeGqUIQxCaUpouFC/TySIKzXlvunkSI/Vb28u/uX1Yh3UvISKKNZE4OWiIGZQh3D+PRxSSbBmU0MQltTcCvEYSYS1yShrQvj6FP5P2kXbrdjlm/N8/TKNIwOOwQk4Ay6ogjq4Bk3QAhhw8ACewLMlrUfrxXpdtq5Y6cwR+AHr7RNZ5JAl</latexit>

WN,N,i

<latexit sha1_base64="yqMtfbWmtzyMgvPO2ZN9d/RncG8=">AAAB6XicdVDLSgNBEOyNrxhfUY9eBoPgadlNzMODEPTiMYp5QLKE2clsMmR2dpmZFULIH3jxoIhX/8ibf+MkWUFFCxqKqm66u/yYM6Ud58PKrKyurW9kN3Nb2zu7e/n9g5aKEklok0Q8kh0fK8qZoE3NNKedWFIc+py2/fHV3G/fU6lYJO70JKZeiIeCBYxgbaTbC6efLzi2swBybLdWLlVqhlQr56ViEbmpVYAUjX7+vTeISBJSoQnHSnVdJ9beFEvNCKezXC9RNMZkjIe0a6jAIVXedHHpDJ0YZYCCSJoSGi3U7xNTHCo1CX3TGWI9Ur+9ufiX1010UPOmTMSJpoIsFwUJRzpC87fRgElKNJ8Ygolk5lZERlhiok04ORPC16fof9Iq2m7FLt+cFeqXaRxZOIJjOAUXqlCHa2hAEwgE8ABP8GyNrUfrxXpdtmasdOYQfsB6+wRT1o1B</latexit>

= 0

<latexit sha1_base64="yqMtfbWmtzyMgvPO2ZN9d/RncG8=">AAAB6XicdVDLSgNBEOyNrxhfUY9eBoPgadlNzMODEPTiMYp5QLKE2clsMmR2dpmZFULIH3jxoIhX/8ibf+MkWUFFCxqKqm66u/yYM6Ud58PKrKyurW9kN3Nb2zu7e/n9g5aKEklok0Q8kh0fK8qZoE3NNKedWFIc+py2/fHV3G/fU6lYJO70JKZeiIeCBYxgbaTbC6efLzi2swBybLdWLlVqhlQr56ViEbmpVYAUjX7+vTeISBJSoQnHSnVdJ9beFEvNCKezXC9RNMZkjIe0a6jAIVXedHHpDJ0YZYCCSJoSGi3U7xNTHCo1CX3TGWI9Ur+9ufiX1010UPOmTMSJpoIsFwUJRzpC87fRgElKNJ8Ygolk5lZERlhiok04ORPC16fof9Iq2m7FLt+cFeqXaRxZOIJjOAUXqlCHa2hAEwgE8ABP8GyNrUfrxXpdtmasdOYQfsB6+wRT1o1B</latexit>

= 0
<latexit sha1_base64="yqMtfbWmtzyMgvPO2ZN9d/RncG8=">AAAB6XicdVDLSgNBEOyNrxhfUY9eBoPgadlNzMODEPTiMYp5QLKE2clsMmR2dpmZFULIH3jxoIhX/8ibf+MkWUFFCxqKqm66u/yYM6Ud58PKrKyurW9kN3Nb2zu7e/n9g5aKEklok0Q8kh0fK8qZoE3NNKedWFIc+py2/fHV3G/fU6lYJO70JKZeiIeCBYxgbaTbC6efLzi2swBybLdWLlVqhlQr56ViEbmpVYAUjX7+vTeISBJSoQnHSnVdJ9beFEvNCKezXC9RNMZkjIe0a6jAIVXedHHpDJ0YZYCCSJoSGi3U7xNTHCo1CX3TGWI9Ur+9ufiX1010UPOmTMSJpoIsFwUJRzpC87fRgElKNJ8Ygolk5lZERlhiok04ORPC16fof9Iq2m7FLt+cFeqXaRxZOIJjOAUXqlCHa2hAEwgE8ABP8GyNrUfrxXpdtmasdOYQfsB6+wRT1o1B</latexit>

= 0
<latexit sha1_base64="yqMtfbWmtzyMgvPO2ZN9d/RncG8=">AAAB6XicdVDLSgNBEOyNrxhfUY9eBoPgadlNzMODEPTiMYp5QLKE2clsMmR2dpmZFULIH3jxoIhX/8ibf+MkWUFFCxqKqm66u/yYM6Ud58PKrKyurW9kN3Nb2zu7e/n9g5aKEklok0Q8kh0fK8qZoE3NNKedWFIc+py2/fHV3G/fU6lYJO70JKZeiIeCBYxgbaTbC6efLzi2swBybLdWLlVqhlQr56ViEbmpVYAUjX7+vTeISBJSoQnHSnVdJ9beFEvNCKezXC9RNMZkjIe0a6jAIVXedHHpDJ0YZYCCSJoSGi3U7xNTHCo1CX3TGWI9Ur+9ufiX1010UPOmTMSJpoIsFwUJRzpC87fRgElKNJ8Ygolk5lZERlhiok04ORPC16fof9Iq2m7FLt+cFeqXaRxZOIJjOAUXqlCHa2hAEwgE8ABP8GyNrUfrxXpdtmasdOYQfsB6+wRT1o1B</latexit>

= 0
<latexit sha1_base64="yqMtfbWmtzyMgvPO2ZN9d/RncG8=">AAAB6XicdVDLSgNBEOyNrxhfUY9eBoPgadlNzMODEPTiMYp5QLKE2clsMmR2dpmZFULIH3jxoIhX/8ibf+MkWUFFCxqKqm66u/yYM6Ud58PKrKyurW9kN3Nb2zu7e/n9g5aKEklok0Q8kh0fK8qZoE3NNKedWFIc+py2/fHV3G/fU6lYJO70JKZeiIeCBYxgbaTbC6efLzi2swBybLdWLlVqhlQr56ViEbmpVYAUjX7+vTeISBJSoQnHSnVdJ9beFEvNCKezXC9RNMZkjIe0a6jAIVXedHHpDJ0YZYCCSJoSGi3U7xNTHCo1CX3TGWI9Ur+9ufiX1010UPOmTMSJpoIsFwUJRzpC87fRgElKNJ8Ygolk5lZERlhiok04ORPC16fof9Iq2m7FLt+cFeqXaRxZOIJjOAUXqlCHa2hAEwgE8ABP8GyNrUfrxXpdtmasdOYQfsB6+wRT1o1B</latexit>

= 0

<latexit sha1_base64="yqMtfbWmtzyMgvPO2ZN9d/RncG8=">AAAB6XicdVDLSgNBEOyNrxhfUY9eBoPgadlNzMODEPTiMYp5QLKE2clsMmR2dpmZFULIH3jxoIhX/8ibf+MkWUFFCxqKqm66u/yYM6Ud58PKrKyurW9kN3Nb2zu7e/n9g5aKEklok0Q8kh0fK8qZoE3NNKedWFIc+py2/fHV3G/fU6lYJO70JKZeiIeCBYxgbaTbC6efLzi2swBybLdWLlVqhlQr56ViEbmpVYAUjX7+vTeISBJSoQnHSnVdJ9beFEvNCKezXC9RNMZkjIe0a6jAIVXedHHpDJ0YZYCCSJoSGi3U7xNTHCo1CX3TGWI9Ur+9ufiX1010UPOmTMSJpoIsFwUJRzpC87fRgElKNJ8Ygolk5lZERlhiok04ORPC16fof9Iq2m7FLt+cFeqXaRxZOIJjOAUXqlCHa2hAEwgE8ABP8GyNrUfrxXpdtmasdOYQfsB6+wRT1o1B</latexit>

= 0

<latexit sha1_base64="yqMtfbWmtzyMgvPO2ZN9d/RncG8=">AAAB6XicdVDLSgNBEOyNrxhfUY9eBoPgadlNzMODEPTiMYp5QLKE2clsMmR2dpmZFULIH3jxoIhX/8ibf+MkWUFFCxqKqm66u/yYM6Ud58PKrKyurW9kN3Nb2zu7e/n9g5aKEklok0Q8kh0fK8qZoE3NNKedWFIc+py2/fHV3G/fU6lYJO70JKZeiIeCBYxgbaTbC6efLzi2swBybLdWLlVqhlQr56ViEbmpVYAUjX7+vTeISBJSoQnHSnVdJ9beFEvNCKezXC9RNMZkjIe0a6jAIVXedHHpDJ0YZYCCSJoSGi3U7xNTHCo1CX3TGWI9Ur+9ufiX1010UPOmTMSJpoIsFwUJRzpC87fRgElKNJ8Ygolk5lZERlhiok04ORPC16fof9Iq2m7FLt+cFeqXaRxZOIJjOAUXqlCHa2hAEwgE8ABP8GyNrUfrxXpdtmasdOYQfsB6+wRT1o1B</latexit>

= 0

<latexit sha1_base64="yqMtfbWmtzyMgvPO2ZN9d/RncG8=">AAAB6XicdVDLSgNBEOyNrxhfUY9eBoPgadlNzMODEPTiMYp5QLKE2clsMmR2dpmZFULIH3jxoIhX/8ibf+MkWUFFCxqKqm66u/yYM6Ud58PKrKyurW9kN3Nb2zu7e/n9g5aKEklok0Q8kh0fK8qZoE3NNKedWFIc+py2/fHV3G/fU6lYJO70JKZeiIeCBYxgbaTbC6efLzi2swBybLdWLlVqhlQr56ViEbmpVYAUjX7+vTeISBJSoQnHSnVdJ9beFEvNCKezXC9RNMZkjIe0a6jAIVXedHHpDJ0YZYCCSJoSGi3U7xNTHCo1CX3TGWI9Ur+9ufiX1010UPOmTMSJpoIsFwUJRzpC87fRgElKNJ8Ygolk5lZERlhiok04ORPC16fof9Iq2m7FLt+cFeqXaRxZOIJjOAUXqlCHa2hAEwgE8ABP8GyNrUfrxXpdtmasdOYQfsB6+wRT1o1B</latexit>

= 0

<latexit sha1_base64="ssuvAGEmq0AR0e2rTPNpmddmpB8=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0ha++Gt6MVjRVsLbSib7aZdutmE3Y1QQn+CFw+KePUXefPfuG0jqOiDgcd7M8zM82POlHacDyu3srq2vpHfLGxt7+zuFfcPOipKJKFtEvFIdn2sKGeCtjXTnHZjSXHoc3rnTy7n/t09lYpF4lZPY+qFeCRYwAjWRrqxbXtQLDm2swBybLdRrdQahtRr55VyGbmZVYIMrUHxvT+MSBJSoQnHSvVcJ9ZeiqVmhNNZoZ8oGmMywSPaM1TgkCovXZw6QydGGaIgkqaERgv1+0SKQ6WmoW86Q6zH6rc3F//yeokOGl7KRJxoKshyUZBwpCM0/xsNmaRE86khmEhmbkVkjCUm2qRTMCF8fYr+J52y7dbs6vVZqXmRxZGHIziGU3ChDk24gha0gcAIHuAJni1uPVov1uuyNWdlM4fwA9bbJ6T9jWg=</latexit> ..
.



Contribution from channels in the 
continuum to TF*

P(i) (J) = abs. probability of fragment i in the C-space

<latexit sha1_base64="KgLE2IFkNUi66DNWLUC7MwuAJ2c="></latexit>

�C =
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X

↵,↵02C

<  ↵|W 1
↵,↵0(r1) +W 2

↵,↵0(r2)| 0
↵ >

* J. Rangel, M. Cortes, J. Lubian, LFC ( Phys. Let. B, 803- 2020 )

<latexit sha1_base64="9GvbLVI8Nw0y7aVWhQhzu3WNJr0=">AAAB8HicdVDLSgMxFM34rPVVdekmWAQXZci09uGu6MZlBfuQdiiZNG1Dk8yQZIQy9CvcuFDErZ/jzr8xbUdQ0QMXDufcy733BBFn2iD04aysrq1vbGa2sts7u3v7uYPDlg5jRWiThDxUnQBrypmkTcMMp51IUSwCTtvB5Grut++p0iyUt2YaUV/gkWRDRrCx0l27n6ACKrBZP5dHLloAIterlUuVmiXVykWpWIReauVBikY/994bhCQWVBrCsdZdD0XGT7AyjHA6y/ZiTSNMJnhEu5ZKLKj2k8XBM3hqlQEchsqWNHChfp9IsNB6KgLbKbAZ69/eXPzL68ZmWPMTJqPYUEmWi4YxhyaE8+/hgClKDJ9agoli9lZIxlhhYmxGWRvC16fwf9Iqul7FLd+c5+uXaRwZcAxOwBnwQBXUwTVogCYgQIAH8ASeHeU8Oi/O67J1xUlnjsAPOG+f/fWP6Q==</latexit>

W0,0,i

<latexit sha1_base64="9GvbLVI8Nw0y7aVWhQhzu3WNJr0=">AAAB8HicdVDLSgMxFM34rPVVdekmWAQXZci09uGu6MZlBfuQdiiZNG1Dk8yQZIQy9CvcuFDErZ/jzr8xbUdQ0QMXDufcy733BBFn2iD04aysrq1vbGa2sts7u3v7uYPDlg5jRWiThDxUnQBrypmkTcMMp51IUSwCTtvB5Grut++p0iyUt2YaUV/gkWRDRrCx0l27n6ACKrBZP5dHLloAIterlUuVmiXVykWpWIReauVBikY/994bhCQWVBrCsdZdD0XGT7AyjHA6y/ZiTSNMJnhEu5ZKLKj2k8XBM3hqlQEchsqWNHChfp9IsNB6KgLbKbAZ69/eXPzL68ZmWPMTJqPYUEmWi4YxhyaE8+/hgClKDJ9agoli9lZIxlhhYmxGWRvC16fwf9Iqul7FLd+c5+uXaRwZcAxOwBnwQBXUwTVogCYgQIAH8ASeHeU8Oi/O67J1xUlnjsAPOG+f/fWP6Q==</latexit>

W0,0,i

<latexit sha1_base64="ldsBWJGhPFYcMplzzP2QJwdXug4=">AAAB8HicdVDLSgNBEOz1GeMr6tHLYBA8hGU3MQ9vQS8eI5iHJEuYnUySITO7y8ysEJZ8hRcPinj1c7z5N06SFVS0oKGo6qa7y484U9pxPqyV1bX1jc3MVnZ7Z3dvP3dw2FJhLAltkpCHsuNjRTkLaFMzzWknkhQLn9O2P7ma++17KhULg1s9jagn8ChgQ0awNtJdu5+4BafAZv1c3rGdBZBju7VyqVIzpFq5KBWLyE2tPKRo9HPvvUFIYkEDTThWqus6kfYSLDUjnM6yvVjRCJMJHtGuoQEWVHnJ4uAZOjXKAA1DaSrQaKF+n0iwUGoqfNMpsB6r395c/MvrxnpY8xIWRLGmAVkuGsYc6RDNv0cDJinRfGoIJpKZWxEZY4mJNhllTQhfn6L/SatouxW7fHOer1+mcWTgGE7gDFyoQh2uoQFNICDgAZ7g2ZLWo/VivS5bV6x05gh+wHr7BP9+j+o=</latexit>

W1,0,i

<latexit sha1_base64="qo7zUBxDuxZxxYZYWZVX+iwQqbk=">AAAB8HicdVDLSgNBEOz1GeMr6tHLYBA8hGU3MQ9vQS8eI5iHJEuYnUySITO7y8ysEJZ8hRcPinj1c7z5N06SFVS0oKGo6qa7y484U9pxPqyV1bX1jc3MVnZ7Z3dvP3dw2FJhLAltkpCHsuNjRTkLaFMzzWknkhQLn9O2P7ma++17KhULg1s9jagn8ChgQ0awNtJdu584BbfAZv1c3rGdBZBju7VyqVIzpFq5KBWLyE2tPKRo9HPvvUFIYkEDTThWqus6kfYSLDUjnM6yvVjRCJMJHtGuoQEWVHnJ4uAZOjXKAA1DaSrQaKF+n0iwUGoqfNMpsB6r395c/MvrxnpY8xIWRLGmAVkuGsYc6RDNv0cDJinRfGoIJpKZWxEZY4mJNhllTQhfn6L/SatouxW7fHOer1+mcWTgGE7gDFyoQh2uoQFNICDgAZ7g2ZLWo/VivS5bV6x05gh+wHr7BP98j+o=</latexit>

W0,1,i <latexit sha1_base64="ssuvAGEmq0AR0e2rTPNpmddmpB8=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0ha++Gt6MVjRVsLbSib7aZdutmE3Y1QQn+CFw+KePUXefPfuG0jqOiDgcd7M8zM82POlHacDyu3srq2vpHfLGxt7+zuFfcPOipKJKFtEvFIdn2sKGeCtjXTnHZjSXHoc3rnTy7n/t09lYpF4lZPY+qFeCRYwAjWRrqxbXtQLDm2swBybLdRrdQahtRr55VyGbmZVYIMrUHxvT+MSBJSoQnHSvVcJ9ZeiqVmhNNZoZ8oGmMywSPaM1TgkCovXZw6QydGGaIgkqaERgv1+0SKQ6WmoW86Q6zH6rc3F//yeokOGl7KRJxoKshyUZBwpCM0/xsNmaRE86khmEhmbkVkjCUm2qRTMCF8fYr+J52y7dbs6vVZqXmRxZGHIziGU3ChDk24gha0gcAIHuAJni1uPVov1uuyNWdlM4fwA9bbJ6T9jWg=</latexit>... <latexit sha1_base64="HxDYyUHHB9RPiyW0HSyhAa2a7Yo=">AAAB8HicdVDLSgMxFM34rPVVdekmWAQXZZhp7cNd0Y2rUsE+pB1KJs20oUlmSDJCGfoVblwo4tbPceffmLYjqOiBC4dz7uXee/yIUaUd58NaWV1b39jMbGW3d3b39nMHh20VxhKTFg5ZKLs+UoRRQVqaaka6kSSI+4x0/MnV3O/cE6loKG71NCIeRyNBA4qRNtJdZ5A0Co0CnQ1yecd2FoCO7dbKpUrNkGrlolQsQje18iBFc5B77w9DHHMiNGZIqZ7rRNpLkNQUMzLL9mNFIoQnaER6hgrEifKSxcEzeGqUIQxCaUpouFC/TySIKzXlvunkSI/Vb28u/uX1Yh3UvISKKNZE4OWiIGZQh3D+PRxSSbBmU0MQltTcCvEYSYS1yShrQvj6FP5P2kXbrdjlm/N8/TKNIwOOwQk4Ay6ogjq4Bk3QAhhw8ACewLMlrUfrxXpdtq5Y6cwR+AHr7RNZ5JAl</latexit>

WN,N,i

<latexit sha1_base64="HxDYyUHHB9RPiyW0HSyhAa2a7Yo=">AAAB8HicdVDLSgMxFM34rPVVdekmWAQXZZhp7cNd0Y2rUsE+pB1KJs20oUlmSDJCGfoVblwo4tbPceffmLYjqOiBC4dz7uXee/yIUaUd58NaWV1b39jMbGW3d3b39nMHh20VxhKTFg5ZKLs+UoRRQVqaaka6kSSI+4x0/MnV3O/cE6loKG71NCIeRyNBA4qRNtJdZ5A0Co0CnQ1yecd2FoCO7dbKpUrNkGrlolQsQje18iBFc5B77w9DHHMiNGZIqZ7rRNpLkNQUMzLL9mNFIoQnaER6hgrEifKSxcEzeGqUIQxCaUpouFC/TySIKzXlvunkSI/Vb28u/uX1Yh3UvISKKNZE4OWiIGZQh3D+PRxSSbBmU0MQltTcCvEYSYS1yShrQvj6FP5P2kXbrdjlm/N8/TKNIwOOwQk4Ay6ogjq4Bk3QAhhw8ACewLMlrUfrxXpdtq5Y6cwR+AHr7RNZ5JAl</latexit>

WN,N,i

<latexit sha1_base64="yqMtfbWmtzyMgvPO2ZN9d/RncG8=">AAAB6XicdVDLSgNBEOyNrxhfUY9eBoPgadlNzMODEPTiMYp5QLKE2clsMmR2dpmZFULIH3jxoIhX/8ibf+MkWUFFCxqKqm66u/yYM6Ud58PKrKyurW9kN3Nb2zu7e/n9g5aKEklok0Q8kh0fK8qZoE3NNKedWFIc+py2/fHV3G/fU6lYJO70JKZeiIeCBYxgbaTbC6efLzi2swBybLdWLlVqhlQr56ViEbmpVYAUjX7+vTeISBJSoQnHSnVdJ9beFEvNCKezXC9RNMZkjIe0a6jAIVXedHHpDJ0YZYCCSJoSGi3U7xNTHCo1CX3TGWI9Ur+9ufiX1010UPOmTMSJpoIsFwUJRzpC87fRgElKNJ8Ygolk5lZERlhiok04ORPC16fof9Iq2m7FLt+cFeqXaRxZOIJjOAUXqlCHa2hAEwgE8ABP8GyNrUfrxXpdtmasdOYQfsB6+wRT1o1B</latexit>

= 0

<latexit sha1_base64="yqMtfbWmtzyMgvPO2ZN9d/RncG8=">AAAB6XicdVDLSgNBEOyNrxhfUY9eBoPgadlNzMODEPTiMYp5QLKE2clsMmR2dpmZFULIH3jxoIhX/8ibf+MkWUFFCxqKqm66u/yYM6Ud58PKrKyurW9kN3Nb2zu7e/n9g5aKEklok0Q8kh0fK8qZoE3NNKedWFIc+py2/fHV3G/fU6lYJO70JKZeiIeCBYxgbaTbC6efLzi2swBybLdWLlVqhlQr56ViEbmpVYAUjX7+vTeISBJSoQnHSnVdJ9beFEvNCKezXC9RNMZkjIe0a6jAIVXedHHpDJ0YZYCCSJoSGi3U7xNTHCo1CX3TGWI9Ur+9ufiX1010UPOmTMSJpoIsFwUJRzpC87fRgElKNJ8Ygolk5lZERlhiok04ORPC16fof9Iq2m7FLt+cFeqXaRxZOIJjOAUXqlCHa2hAEwgE8ABP8GyNrUfrxXpdtmasdOYQfsB6+wRT1o1B</latexit>

= 0
<latexit sha1_base64="yqMtfbWmtzyMgvPO2ZN9d/RncG8=">AAAB6XicdVDLSgNBEOyNrxhfUY9eBoPgadlNzMODEPTiMYp5QLKE2clsMmR2dpmZFULIH3jxoIhX/8ibf+MkWUFFCxqKqm66u/yYM6Ud58PKrKyurW9kN3Nb2zu7e/n9g5aKEklok0Q8kh0fK8qZoE3NNKedWFIc+py2/fHV3G/fU6lYJO70JKZeiIeCBYxgbaTbC6efLzi2swBybLdWLlVqhlQr56ViEbmpVYAUjX7+vTeISBJSoQnHSnVdJ9beFEvNCKezXC9RNMZkjIe0a6jAIVXedHHpDJ0YZYCCSJoSGi3U7xNTHCo1CX3TGWI9Ur+9ufiX1010UPOmTMSJpoIsFwUJRzpC87fRgElKNJ8Ygolk5lZERlhiok04ORPC16fof9Iq2m7FLt+cFeqXaRxZOIJjOAUXqlCHa2hAEwgE8ABP8GyNrUfrxXpdtmasdOYQfsB6+wRT1o1B</latexit>

= 0
<latexit sha1_base64="yqMtfbWmtzyMgvPO2ZN9d/RncG8=">AAAB6XicdVDLSgNBEOyNrxhfUY9eBoPgadlNzMODEPTiMYp5QLKE2clsMmR2dpmZFULIH3jxoIhX/8ibf+MkWUFFCxqKqm66u/yYM6Ud58PKrKyurW9kN3Nb2zu7e/n9g5aKEklok0Q8kh0fK8qZoE3NNKedWFIc+py2/fHV3G/fU6lYJO70JKZeiIeCBYxgbaTbC6efLzi2swBybLdWLlVqhlQr56ViEbmpVYAUjX7+vTeISBJSoQnHSnVdJ9beFEvNCKezXC9RNMZkjIe0a6jAIVXedHHpDJ0YZYCCSJoSGi3U7xNTHCo1CX3TGWI9Ur+9ufiX1010UPOmTMSJpoIsFwUJRzpC87fRgElKNJ8Ygolk5lZERlhiok04ORPC16fof9Iq2m7FLt+cFeqXaRxZOIJjOAUXqlCHa2hAEwgE8ABP8GyNrUfrxXpdtmasdOYQfsB6+wRT1o1B</latexit>

= 0
<latexit sha1_base64="yqMtfbWmtzyMgvPO2ZN9d/RncG8=">AAAB6XicdVDLSgNBEOyNrxhfUY9eBoPgadlNzMODEPTiMYp5QLKE2clsMmR2dpmZFULIH3jxoIhX/8ibf+MkWUFFCxqKqm66u/yYM6Ud58PKrKyurW9kN3Nb2zu7e/n9g5aKEklok0Q8kh0fK8qZoE3NNKedWFIc+py2/fHV3G/fU6lYJO70JKZeiIeCBYxgbaTbC6efLzi2swBybLdWLlVqhlQr56ViEbmpVYAUjX7+vTeISBJSoQnHSnVdJ9beFEvNCKezXC9RNMZkjIe0a6jAIVXedHHpDJ0YZYCCSJoSGi3U7xNTHCo1CX3TGWI9Ur+9ufiX1010UPOmTMSJpoIsFwUJRzpC87fRgElKNJ8Ygolk5lZERlhiok04ORPC16fof9Iq2m7FLt+cFeqXaRxZOIJjOAUXqlCHa2hAEwgE8ABP8GyNrUfrxXpdtmasdOYQfsB6+wRT1o1B</latexit>

= 0

<latexit sha1_base64="yqMtfbWmtzyMgvPO2ZN9d/RncG8=">AAAB6XicdVDLSgNBEOyNrxhfUY9eBoPgadlNzMODEPTiMYp5QLKE2clsMmR2dpmZFULIH3jxoIhX/8ibf+MkWUFFCxqKqm66u/yYM6Ud58PKrKyurW9kN3Nb2zu7e/n9g5aKEklok0Q8kh0fK8qZoE3NNKedWFIc+py2/fHV3G/fU6lYJO70JKZeiIeCBYxgbaTbC6efLzi2swBybLdWLlVqhlQr56ViEbmpVYAUjX7+vTeISBJSoQnHSnVdJ9beFEvNCKezXC9RNMZkjIe0a6jAIVXedHHpDJ0YZYCCSJoSGi3U7xNTHCo1CX3TGWI9Ur+9ufiX1010UPOmTMSJpoIsFwUJRzpC87fRgElKNJ8Ygolk5lZERlhiok04ORPC16fof9Iq2m7FLt+cFeqXaRxZOIJjOAUXqlCHa2hAEwgE8ABP8GyNrUfrxXpdtmasdOYQfsB6+wRT1o1B</latexit>

= 0

<latexit sha1_base64="yqMtfbWmtzyMgvPO2ZN9d/RncG8=">AAAB6XicdVDLSgNBEOyNrxhfUY9eBoPgadlNzMODEPTiMYp5QLKE2clsMmR2dpmZFULIH3jxoIhX/8ibf+MkWUFFCxqKqm66u/yYM6Ud58PKrKyurW9kN3Nb2zu7e/n9g5aKEklok0Q8kh0fK8qZoE3NNKedWFIc+py2/fHV3G/fU6lYJO70JKZeiIeCBYxgbaTbC6efLzi2swBybLdWLlVqhlQr56ViEbmpVYAUjX7+vTeISBJSoQnHSnVdJ9beFEvNCKezXC9RNMZkjIe0a6jAIVXedHHpDJ0YZYCCSJoSGi3U7xNTHCo1CX3TGWI9Ur+9ufiX1010UPOmTMSJpoIsFwUJRzpC87fRgElKNJ8Ygolk5lZERlhiok04ORPC16fof9Iq2m7FLt+cFeqXaRxZOIJjOAUXqlCHa2hAEwgE8ABP8GyNrUfrxXpdtmasdOYQfsB6+wRT1o1B</latexit>

= 0

<latexit sha1_base64="yqMtfbWmtzyMgvPO2ZN9d/RncG8=">AAAB6XicdVDLSgNBEOyNrxhfUY9eBoPgadlNzMODEPTiMYp5QLKE2clsMmR2dpmZFULIH3jxoIhX/8ibf+MkWUFFCxqKqm66u/yYM6Ud58PKrKyurW9kN3Nb2zu7e/n9g5aKEklok0Q8kh0fK8qZoE3NNKedWFIc+py2/fHV3G/fU6lYJO70JKZeiIeCBYxgbaTbC6efLzi2swBybLdWLlVqhlQr56ViEbmpVYAUjX7+vTeISBJSoQnHSnVdJ9beFEvNCKezXC9RNMZkjIe0a6jAIVXedHHpDJ0YZYCCSJoSGi3U7xNTHCo1CX3TGWI9Ur+9ufiX1010UPOmTMSJpoIsFwUJRzpC87fRgElKNJ8Ygolk5lZERlhiok04ORPC16fof9Iq2m7FLt+cFeqXaRxZOIJjOAUXqlCHa2hAEwgE8ABP8GyNrUfrxXpdtmasdOYQfsB6+wRT1o1B</latexit>

= 0
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ICF (ICF1, ICF2), SCF cross sections*

• J. Rangel, M. Cortes, J. Lubian, LFC ( Phys. Let. B, 803- 2020 ) 
• Further applications: PRC, 102, 064628 (2020) and  PRC 105, 054601 (2022) 
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• Run FRESCO code: CDCC Method 

• Extract scattering wave function

• Estimate probabilities

• Separate fusion processes:

Procedure Summary

I wrote a code in 
 FORTRAN language



• Sao Paulo fragment-target interaction
• TF and CF predictions are in excellent 

agreement with data below VB, and above 
up to E ~ 36 MeV

• Predictions for TF above ~ 36 MeV 
overestimate the experiment. But…

7Li + 209Bi fusion – theory vs. experiment*

* Dasgupta et al., PRC 66, 041602(R) (2002); PRC 70, 
024606 (2004) 

3/2-
1/2-

0.0 MeV

0.48 MeV

2.47 MeV
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Decay schemes of nuclei produced by ICF

• 209Po is the decay chain of both ICF processes
• Contribution from 209Po is not detected
• Estimates with PACE: 209Po is important above 36 MeV. 
• Above Ec.m. ~ 36 MeV, data is only a lower bound

Authors’ conclusions 
of the experiment



• Excellent agreement where all relevant decay channels are measured
• Consistent with data where they give a lower bound

ICF



* M. Cortes,  J. Rangel, J. L. Ferreira,J. Lubian, LFC ( Phys. Rev. C, 00, 004600- 2020 )

CF – 7Li + targets



ICF – 7Li + targets

* M. Cortes,  J. Rangel, J. L. Ferreira,J. Lubian, LFC ( Phys. Rev. C, 00, 004600- 2020 )



Complete fusion: neutron valence

 J. Ferreira , J. Rangel, J. Lubian,  L.F. Canto 
 Phys. Rev. C 107, 034603 (2023)

11Be +209Bi

• The same evaporation residues 
are produced by the fusion 
of 11Be and 10Be 

Data : Nuc. Phys. A 735, 329 (2004)

1/2+
1/2-

0.0 MeV

0.320 MeV

0.50 MeV
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6He +209Bi

Data: Phys. Rev. C 58, 3442 (1998)

 J. Ferreira , J. Rangel, J. Lubian,  L.F. Canto  
Phys. Rev. C 107, 034603 (2023)

Complete fusion: neutron valence



Complete fusion 6He +238U

Data: Phys. Rev. Lett. 84, 2342 (2004)

 J. Ferreira , J. Rangel, J. Lubian,  L.F. Canto 
 Phys. Rev. C 107, 034603 (2023)



 Indirect estimations using “Fusion” code 

Inclusive Alpha data: Phys. 
Rev. C, 81, 054601, (2010)

6Li + 90Zr 



 Indirect estimations using “Fusion” code 

Phys. Rev. C, 108, 
054601, (2023)

Data: Phys. Rev. C 
86, 024607 (2012).

"Data": Phys. Rev. C 
81, 054601 (2010).



Conclusions

•  We have proposed  a quantum mechanical method to evaluate CF and 

ICF in collisions of weakly bound nuclei

•  The method was applied to 7Li and neutron-valence projectiles  and the 

results were compared with very good agreement to CF / CF + ICF 

experimental data

•  Calculations of other litght systems are under way (already sent to a 

journal)
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CF reductions



* M. Cortes,  J. Rangel, J. L. Ferreira,J. Lubian, LFC ( Phys. Rev. C, 00, 004600- 2020 )

CF – 7Li + targets

projectile’s effects 
over Coulomb barrier



 6Li PRC 105, 054601 (2022)
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 Indirect estimations using “Fusion” code 

Inclusive Alpha data: Phys. 
Rev. C, 81, 054601, (2010)

6Li + 90Zr 



 Indirect estimations using “Fusion” code 

Phys. Rev. C, 108, 
054601, (2023)

Data: Phys. Rev. C 
86, 024607 (2012).

"Data": Phys. Rev. C 
81, 054601 (2010).











Potential Scattering approach 
Fusion is not a channel  

With 



Indirect determination of CF using spectator model*(IAV)

* Lei and Moro PRL 122, 042503 (2019)

•Extract    σCF   from the relation

• σR: from CDCC calculation or optical model analysis
• σine:from standard CC calculation (only bound channels)
• σebu: from CDCC calculation:
• σNEB1 , σNEB2 :from inclusive spectator- participant model (IAV)



* Lei and Moro, PRL 122, 042503 (2019) 

Indirect determination of CF using spectator model*(IAV)

•   Verification of the Trojan 
Horse mechanism 



 IAV



 The method of Hagino, Vitturi, Dasso 
and Lenzi (HVDL)

•What means                 ?  

Cross section:

Optical model:
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H = TR + hr + Up�T + Un�T
Hamiltonian 

Model wave function 

Coupled equations:
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 +(R, r) = �gs(r)�o(R) +
X

n>0

�n(r)�n(R)
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H +(R, r) = E +(R, r)

CDCC approach

Full numerical implementation by Kyushu group (Sakuragi, Yahiro, Kamimura, and co.):
Prog. Theor. Phys.(Kyoto) 68, 322 (1982)
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Un0,n(R) =

Z
dr(r)�⇤

n(r)[UpT (r1) + UnT (r1)]�n(r)
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[E � ✏n � TR + Un,n(R)]�(R) =
X

n0 6=n

Un0,n(R)�(R)



<latexit sha1_base64="4E2cfZzSV4eeRFVOnEa46g/eSMc=">AAAB+3icdVBNS8NAEN3Ur1q/Yj16WSyCF0sStLYHoejFi1DBfkBbymY7bZduNmF3I5bQv+LFgyJe/SPe/Ddu2goq+mDg8d4MM/P8iDOlHefDyiwtr6yuZddzG5tb2zv2br6hwlhSqNOQh7LlEwWcCahrpjm0Igkk8Dk0/fFl6jfvQCoWils9iaAbkKFgA0aJNlLPzncgUoyHAp/jY6/oXUOjZxecomNQKuGUuGXHNaRSKXteBbszy3EKaIFaz37v9EMaByA05USptutEupsQqRnlMM11YgURoWMyhLahggSgusns9ik+NEofD0JpSmg8U79PJCRQahL4pjMgeqR+e6n4l9eO9aDcTZiIYg2CzhcNYo51iNMgcJ9JoJpPDCFUMnMrpiMiCdUmrpwJ4etT/D9peEW3VDy9OSlULxZxZNE+OkBHyEVnqIquUA3VEUX36AE9oWdraj1aL9brvDVjLWb20A9Yb58qOZNA</latexit>

✏ = �2.2MeV

Model wave function
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 +(R, r) = �gs(r)�o(R) +
X

n>0

�n(r)�n(R)

Select a number of angular momenta (l=0,…,lmax).

 
For each l, set a maximum excitation energy εmax.

 
Divide the interval ε = 0 − εmax in a set of sub-intervals 

(bins). 

 For each bin, calculate a representative wave function.

CDCC approach

Courtesy from Antonio Moro



Model wave function 

Bins:
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 +(R, r) = �gs(r)�o(R) +
X

n>0

�n(r)�n(R)
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�[k1,k2]
lsjm (r) =

u[k1,k2]
lj (r)

r
[Yl(r̂)⌦ �s]jm
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u[k1,k2]
lj (r) =

r
2

⇡N

Z k2

k1

w(k)ulj,k(r)dk

Courtesy from Antonio Moro

CDCC approach
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