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Access and general options

Optical Model (FRESCO) and Classical

Inelastic Scattering - FRESCO

Customize styles plot, download results, external input. 

Potential generator / SPP2.

Transfer reactions - FRESCO

5 Coulomb break up - EPM

Q-value, prior and post interaction.

Discrete and continuous distribution.
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Access

https://iam-eurolabs.ijclab.in2p3.fr/login

1. Choose eduGain or 
Orcid for identification 2. EduGain: Look for your 

institution

3. Use your institutional 
username and password



General Options

Reaction data, potentials, results, plot options

1



Reaction information 

• Projectile and target data

• Potentials

• Integration parameters𝟒𝑯𝒆 + 𝟏𝟑𝑪 𝒂𝒕 𝑬𝒍𝒂𝒃 = 𝟕𝟐𝑴𝒆𝑽



• Projectile and target data

• Potentials

• Integration parameters

Potential options: 

• Fresco format
• Global potential  

generator.
• Only available in elastic 

reactions (SPP2, 
external potential)

Reaction information 
𝟒𝑯𝒆 + 𝟏𝟑𝑪 𝒂𝒕 𝑬𝒍𝒂𝒃 = 𝟕𝟐𝑴𝒆𝑽



FRESCO Potential

• Radii conversion

• Coulomb potential

• Nuclear potential 

• 𝑽𝟎,𝑾𝟎: Real and imaginary widths. 

(negative signs are automatically applied)

• 𝒓𝟎, 𝒓𝒊: real and imaginary reduced radius.

• 𝒂𝟎, 𝒂𝒊: Real and imaginary diffuseness.

𝟒𝑯𝒆 + 𝟏𝟑𝑪 𝒂𝒕 𝑬𝒍𝒂𝒃 = 𝟕𝟐𝑴𝒆𝑽
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• Projectile and target data

• Potentials

• Integration parameters

Reaction information 
𝟒𝑯𝒆 + 𝟏𝟑𝑪 𝒂𝒕 𝑬𝒍𝒂𝒃 = 𝟕𝟐𝑴𝒆𝑽



• Projectile and target data

• Potentials

• Integration parameters

Reaction information 
𝟒𝑯𝒆 + 𝟏𝟑𝑪 𝒂𝒕 𝑬𝒍𝒂𝒃 = 𝟕𝟐𝑴𝒆𝑽

Useful 
information

Warning! Reduce h, 
the integration step 

must be hk ≤ 0.2



Results 

• Plot visualization

• Data in Fresco format

• Save input file (generated by FRESCO 

in Reaction4Exp) -> Simplifies future 

data entry (external input) 

• Save detailed output -> provides 

additional information for expert users. 
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Plot Options

Customize plot appearance 

(axes, labels, colors)

Compare with experimental 

data

Download plot as image (.png)

Download underlying data (.txt)

Aditional options (e.g.: 

farside/nearside components)



Plot Options

Customize plot appearance 

(axes, labels, colors)

Compare with experimental 

data

Download plot as image (.png)

Download underlying data (.txt)

Aditional options (e.g.: 

farside/nearside components)

Customize plot

Upload 
experimental data

Water mark

Download 
underlying data

As image

Aditional options



Customize 
plot 
appearance



Customize plot 
appearence

1. Title: show/hide , position, 

font size, color.

2. Legend: show/hide 

position, size.

3. Axis: min/max (XY), grid 

display, logarithmic scale.

4. Style settings:  axis title 

size, ticks size, line 

thickness, line color.
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Customize plot 
appearence

1. Title: show/hide , position, 

font size, color.

2. Legend: show/hide 
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Potential generator / SPP2

Optical 
Model and 

Classical 

2

208Pb

2H

208Pb

2H

Elastic Scattering



https://reaction4exp.us.es/elastic



Optical potential

PotentialsReaction data

𝟒𝑯𝒆 + 𝟏𝟑𝑪 𝒂𝒕 𝑬𝒍𝒂𝒃 = 𝟕𝟐𝑴𝒆𝑽



Global potential generator

𝟒𝑯𝒆+ 𝟏𝟑𝑪 𝒂𝒕 𝑬𝒍𝒂𝒃 = 𝟕𝟐𝑴𝒆𝑽

• It requires you to provide information 
about the projectile, the target, and the 
energy.

• Suggest potential type based on 
provided data.

• Calculate potentials across wide energy 
ranges.

Developed by Danyang Pang, with TWOFNR frontend (Jeffrey A. Tostevin)



Particle Potential Name Cite
Ap 

(proj.m
for R)

Range 
Z

Range 
A

Range 
E

Neutron

Becchetti Greenless Phys. Rev. 182,1190 (1969) 0 20-92 4-238 10-50

Koning Delaroche Nucl. Phys. A713, 231 (2003) 0 13-83 27-209 0-200

CH89 Phys. Rep. 201,57 (1991) 0 20-83 40-209 10-26

Watson Phys Rev, 1969 3-8 6-16 10-50

Proton

Becchetti Greenless Phys. Rev. 182,1190 (1969) 0 20-92 40-238 10-50

Koning Delaroche Nucl. Phys. A713, 231 (2003) 0 13-83 27-209 0-200

CH89 Phys. Rep. 201,57 (1991) 0 20-83 40-209 10-26

Watson Phys Rev, 1969 0 3-8 6-16 10-50

Deuteron 

Perey Perey Phys. Rev. 132,755 (1963) 0 20-82 40-208 11-27

An Cai Phys. Rev. C73, 054605 (2006) 0 6-92 12-238 1-200

Daehnick Phys.Rev.C21,2253(1980) 0 13-90 27-238 11,8-90

Tritium CGP08 PHYS.REV.C79,024615(2009) 0 20-82 40-209 30-217

3He CGP08 PHYS.REV.C79,024615(2009) 0 20-82 40-209 30-217

4He
Nolte PRC 36(1987)1312 0 6-40 12-90 80

Avrigeanu Phys. Rev. C49,2136 (1994) 0 8-96 16-250 1-73

6Li Cook Nucl.Phys.A388 (1982),153 0 12-82 24-208 13-156

7Li Cook Nucl.Phys.A388 (1982),153 0 12-82 24-208 13-156

Heavy nuclei Akyuz Winther Proc.Enr.Fer.Int.Sch. Phys.,1979,491 ap ? ? ?

Global potential generator



SPP2 São Paulo potential and Brazilian 
nuclear potential

https://reaction4exp.us.es/spp2



SPP2 São Paulo potential and Brazilian nuclear 
potential

𝟒𝑯𝒆 + 𝟏𝟑𝑪 𝒂𝒕 𝑬𝒍𝒂𝒃 = 𝟕𝟐𝑴𝒆𝑽

Results

• Plot visualization
• Download data as .txt 
• Download regina output



Plot visualization Data as .txt Regina output



External potential



Optical Model 
Results

• OM elastic scattering angular 

distribution (fort.201)

• Fusion (absorption), reaction 

and inelastic cross section 

(fort.56)

• Potentials (fort.34)

• Elastic S-matrix (Fort.7)



Optical Model 
Results

• OM elastic scattering angular 

distribution (fort.201)

• Far and near side

• Fusion (absorption), reaction and 

inelastic cross section (fort.56)

• Potentials (fort.34)

• Elastic S-matrix (Fort.7)



Optical Model 
Results

• OM elastic scattering angular 

distribution (fort.201)

• Absolute value (plot options).

• Comparation with experimental 

data.

• Fusion (absorption), reaction and 

inelastic cross section (fort.56)

• Potentials (fort.34)

• Elastic S-matrix (Fort.7)
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Optical Model 
Results

• OM elastic scattering angular 

distribution (fort.201)

• Fusion (absorption), reaction and 

inelastic cross section (fort.56)

• Potentials (fort.34)

• Elastic S-matrix (Fort.7)



Classical
PotentialsReaction data



Classical potential

• Coulomb potential
• Nuclear potential 
• Global Potential generator



Classical Results

• Turning points

• Deflection function

• Survival probability

• Trajectories (select range B)
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Classical Results

• Turning points

• Deflection function

• Sommerfeld parameter

• Coulomb and nuclear rainbow

• Survival probability

• Trajectories (select range B)
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Classical Results

• Turning points

• Deflection function

• Survival probability

• Trajectories (select range B)



Rotational model 
for Inelastic 
scattering 

Deformations

3



https://reaction4exp.us.es/cc_fresco/fresco_cc.php



Inelastic scattering
• Projectile and target data

• Potentials

• Integration parameters𝟔𝟒𝒁𝒏 𝟏𝟔𝑶, 𝟏𝟔𝑶 𝟔𝟒𝒁𝒏∗ 𝟐+ 𝒂𝒕 𝑬𝒍𝒂𝒃 = 𝟒𝟒𝑴𝒆𝑽

Defined excited states for 
projectile and target.

Choose calculation method: 
• Coupled-Channels (CC)
• DWBA (1st order 

approximation)



Inelastic scattering:  coupling potential

• Coulomb excitation -> electric reduced matrix elements

• Nuclear excitation -> deformation lengths

𝑉𝑖𝑓
𝐶 𝑹 = 

𝜆>0

4𝜋

2𝜆 + 1

𝑍𝑡𝑒

𝑅𝜆+1
𝑓; 𝐼𝑓𝑀𝑓 𝑀 𝐸𝜆, 𝜇 𝑖; 𝐼𝑖𝑀𝑖 𝑌𝜆𝜇 𝑅

𝑉𝑖𝑓
𝑁 𝑹 = −

𝑑𝑉0
𝑑𝑅



𝜆

𝑓; 𝐼𝑓𝑀𝑓
መ𝛿𝜆𝜇 𝑖; 𝐼𝑖𝑀𝑖 𝑌𝜆𝜇 𝑅

𝐼𝑓 𝑀 𝐸𝜆 𝐾 = 2𝐼𝑖 + 1 𝐵 𝐸𝜆; 𝐼𝑖 → 𝐼𝑓

Rotor model

𝐾 𝐼𝑓 𝑀 𝐸𝜆 𝐾 𝐼𝑖 = 2𝐼𝑖 + 1 𝑓 𝐼𝑖𝐾𝜆0|𝐼𝑓𝐾 𝑴𝒏 𝑬𝝀

𝐾 𝐼𝑓|| መ𝛿𝜆𝜇||𝐾 𝐼𝑖 = 2𝐼𝑖 + 1 𝑓 𝐼𝑖𝐾𝜆0|𝐼𝑓𝐾 𝜹𝝀



Inelastic scattering
• Projectile and target data

• Potentials

• Integration parameters𝟔𝟒𝒁𝒏 𝟏𝟔𝑶, 𝟏𝟔𝑶 𝟔𝟒𝒁𝒏∗ 𝟐+ 𝒂𝒕 𝑬𝒍𝒂𝒃 = 𝟒𝟒𝑴𝒆𝑽

Within the rotational model excitations are 
interpreted in terms of the deformation of the 
charge or mass distribution of the nucleus. 

• Coulomb deformation: Intrinsic reduced 
matrix elements in units of 𝑒. 𝑓𝑚𝑘

• Nuclear deformation: lengths in units of 𝑓𝑚

𝑀𝑛 𝐸𝜆 = ±
𝐵 𝐸𝜆; 𝐼𝑖 → 𝐼𝑓

𝑓 𝐼𝑖𝐾𝜆0|𝐼𝑓𝐾

𝛿𝜆 = 𝛽𝜆𝑅
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Inelastic scattering
• Projectile and target data

• Potentials
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Rotational model for 
Inelastic scattering  
Results

• OM elastic scattering angular 

distribution (fort.201)

• Inelastic scattering angular 

distribution (fort.16)

• Absorption, reaction and 

inelastic cross section (fort.56)

• Total cross section for all 

states (fort.13)
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Rotational model for 
Inelastic scattering  
Results

• OM elastic scattering angular 

distribution (fort.201)

• Inelastic scattering angular 

distribution (fort.16)

• Absorption, reaction and 

inelastic cross section (fort.56)

• Total cross section for all 

states (fort.13)



Transfer 
Reactions
DWBA 

Q-value, post and prior interaction

4

56Fe

d

57Fe

p

Transfer 56Fe (d, p) 57Fe



https://reaction4exp.us.es/transfer



Initial and final partition

56Fe

d

57Fe

p

56Fe (d, p) 57Fe at Elab = 12MeV

Aumatic calculation of 
Q-value 



Potentials

• Entrance Channel

• Exit channel

• Core-core

• Bound state: Entrance channel

• Bound State: Exit channel

ณ𝑎
𝑏+𝑥

+ 𝐴 → 𝑏 + 𝑥 + 𝐴
𝐵

𝜒𝑓Φ𝑥𝐴 𝑉𝑏𝑥 + 𝑈𝑏𝐴 − 𝑈𝑏𝐵 Φ𝑏𝑥 𝜒𝑖

56Fe

d

57Fe

p



Potentials
𝜒𝑓Φ𝑥𝐴 𝑉𝑏𝑥 + 𝑈𝑏𝐴 − 𝑈𝑏𝐵 Φ𝑏𝑥 𝜒𝑖

ณ𝑎
𝑏+𝑥

+ 𝐴 → 𝑏 + 𝑥 + 𝐴
𝐵

• Entrance Channel

• Exit channel

• Core-core

• Bound state: Entrance channel

• Bound State: Exit channel

56Fe

d

57Fe

p



Potentials
𝜒𝑓Φ𝑥𝐴 𝑉𝑏𝑥 + 𝑈𝑏𝐴 − 𝑈𝑏𝐵 Φ𝑏𝑥 𝜒𝑖
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+ 𝐴 → 𝑏 + 𝑥 + 𝐴
𝐵

• Entrance Channel

• Exit channel

• Core-core

• Bound state: Entrance channel

• Bound State: Exit channel

56Fe

d

57Fe

p



Potentials
𝜒𝑓Φ𝑥𝐴 𝑉𝑏𝑥 + 𝑈𝑏𝐴 − 𝑈𝑏𝐵 Φ𝑏𝑥 𝜒𝑖

ณ𝑎
𝑏+𝑥

+ 𝐴 → 𝑏 + 𝑥 + 𝐴
𝐵

• Entrance Channel

• Exit channel

• Core-core

• Bound state: Entrance channel

• Bound State: Exit channel

56Fe

d

57Fe

p

Spectroscopic 
amplitude



Potentials
𝜒𝑓Φ𝑥𝐴 𝑉𝑏𝑥 + 𝑈𝑏𝐴 − 𝑈𝑏𝐵 Φ𝑏𝑥 𝜒𝑖

ณ𝑎
𝑏+𝑥

+ 𝐴 → 𝑏 + 𝑥 + 𝐴
𝐵

• Entrance Channel

• Exit channel

• Core-core

• Bound state: Entrance channel

• Bound State: Exit channel

56Fe

d

57Fe

p

Spectroscopic 
amplitude



Integration 
parameters

• Non local kernels: Describe the 

spatial overlap between 

channels. Kernel width, center 

and mesh settings

• Post and Prior interaction

56Fe (d, p) 57Fe at Elab = 12MeV

Vpost = Vp−n + 𝑈𝑝−56𝐹𝑒 − 𝑈𝑝−57𝐹𝑒
𝑟𝑒𝑚𝑛𝑎𝑛𝑡

Vprior = Vn−56Fe + 𝑈𝑝−56𝐹𝑒 − 𝑈𝑑−56𝐹𝑒
𝑟𝑒𝑚𝑛𝑎𝑛𝑡



Transfer DWBA 
Results

• OM elastic angular distribution 
(fort.201)

• Transfer angular distribution 
(fort.202)

• Absorption, reaction and 
inelastic cross section (fort.56)

• Total cross section for all states 
(fort.13)

• Potentials (fort.34)

FRESCO verifies that the non-local 
kernel is wide and centered to obtain 

numerically reliable results.  
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Transfer DWBA 
Results

• OM elastic angular distribution 
(fort.201)

• Transfer angular distribution 
(fort.202)

• Absorption, reaction and 
inelastic cross section (fort.56)

• Total cross section for all states 
(fort.13)

• Potentials (fort.34)



Coulomb Breakup 
Semiclassical equivalent 

photon method (EPM)

Discrete and continuous distribution

5



https://reaction4exp.us.es/epm



Coulomb breakup EPM: Discrete distribution

• Transition: E1, E2 and M1

• 𝑬𝒙: Excitation energy of the final 
state (MeV)

• 𝑩 𝑬𝒙; 𝒊 → 𝒇 : Transition probability



Coulomb breakup EPM: Continuous distribution

• Transition: E1, E2 and M1

• Electric transition probability: File 
with two columns – energy grid 
from ermin to ermax (relative to 
neutron separation threshold) and 
d𝑩/𝒅𝑬. 



EPM Results

• Angular distribution of cross 

section 

• Energy distribution of cross 

section and total cross section 

• Probability distribution



EPM Results
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EPM Results

• Angular distribution of cross 

section 

• Probability distribution

• Energy distribution of cross 

section and total cross section 



EPM Results

• Angular distribution of cross 

section 

• Probability distribution

• Energy distribution of cross 

section and total cross 

section 

Discrete -> Total cross section
Continuous -> Energy distribution of cross section 



EPM Results

• Angular distribution of cross 

section 

• Probability distribution

• Energy distribution of cross 

section and total cross section 

Continuous -> Energy distribution of cross section:

Example: 𝟏𝟏𝑳𝒊 + 𝟔𝟒𝒁𝒏 𝒂𝒕 𝑬𝒍𝒂𝒃 = 𝟐𝟐, 𝟓 𝑴𝒆𝑽



Additional information

More information about the programs:

At the bottom of each program’s web page, you will find a description, user manuals and 

additional resources. You can also visit the main page: 

How do you cite reaction4exp results?

You can find the citation on the results page of each program.

https://institucional.us.es/theo4exp/reaction4exp.html

https://institucional.us.es/theo4exp/reaction4exp.html


Surprise:
CDCC in 

development 



Thanks! 
May Reaction4Exp be your 
trusted sidekick in all your nuclear 
reaction calculations.
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