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Content Access and general options

Customize styles plot, download results, external input.

Optical Model (FRESCO) and Classical
Potential generator / SPP2.
e Inelastic Scattering - FRESCO
Rotational Model / Deformations.

Transfer reactions - FRESCO

Q-value, prior and post interaction.

Coulomb break up - EPM

Discrete and continuous distribution.
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I Reaction information
“He + 13C at Elab = 72 MeV

* Projectile and target data
» Potentials

 Integration parameters

Nucleus A J Parity
Projectile | He Y | g | 0 N
Target | c “J | " | 0 N
D) O O o
E (MeV) | 72 | s




 Projectile and target data

Reaction information - Potentials

 Integration parameters

POte ntia I O ptionS: Ap and A for radii conversion
Ry = rg(a, 2441 Al s oAl om |
« Fresco format R | . .
] In most nucleon-nucleus reactions, ap in the radius conversion formula is typically zero. In nucleus-nucleus reactions, ap and af represents
. G IObaI potent|a| the mass numbers (A) of the involved elements.
g e n e rato rl ane - - o . @
« Only available in elastic
reactions (SPPZ, Coulomb potential
. ( ] Switch off
external potential) e [ o | Svehol ]
Nuclear potential
Type Shape Vo(MeV) ro(fm) ag(fm) Wo(MeV) r;(fm) a;(fm)
: Volume, central poten v| ‘ Woods-Saxon “‘ | 150 | | 03 ‘ | 0,86 | | 3.8 | | 1,66 | | 0,469

Y



FRESCO Potential

- Radii conversion
Ap and A for radii conversion

« Coulomb potential

* Nuclear potential
e Vo Wy Real and imaginary widths. In most nucleon-nucleus reactions, ap in the radius conversion formula is
(negative signs are automatically applied) typically zero. In nucleus-nucleus reactions, ap and af represents the mass

_ _ _ numbers (A) of the involved elements.
* 710, 7;: real and imaginary reduced radius.

* ay,a;: Real and imaginary diffuseness. Coulomb potential

Switch off

I. (fm) 0,65 Coulomb



FRESCO Potential

« Radii conversion

« Coulomb potential

* Nuclear potential

Vo, Wo: Real and imaginary widths.
(negative signs are automatically applied)

T, 7;: real and imaginary reduced radius.

ay, a;: Real and imaginary diffuseness.

Nuclear potential
Type Shape Vi(MeV

| Volume, central poten "‘| | Woods-Saxon "| | 150

Surface, central potential WS squared
Potential pai Spin-orbit for projectile Gaussian
- A Spin-orbit for target Yukawa
Exponential

Reid soft core for T=0, central parthe
. Reid soft core for T=1, central part

{ Read Complex



FRESCO Potential

« Radii conversion
« Coulomb potential

* Nuclear potential
« Vy, Wy: Real and imaginary widths. (negative signs are automatically applied)
* 1, 7;: real and imaginary reduced radius.

* ag, a;: Real and imaginary diffuseness.
0, Y

Nuclear potential

Type Shape Vi(MeV) 1'0(fm] ap( fm) “ID{MEV] Iyl fm) al fm)

Volume, central poten ¥ Woods-Saxon v 150 0,3 0,86 3,8 1,66 0,469



* Projectile and target data
I Reaction information + Potentials
AHe + 13C at Elab = 72 MeV - Integration parameters

Matching |

Radial grid (fm): step (b) | 0,07 ) radius | 20 |
Total angular momentum: min | 0 | max | 40 |
Angular range (degrees): min ‘ 1 ‘ max ‘ 180 | step 1

Integration parameters
« Radial step (h) It has to be chosen smaller than the diffuseness of the potentials and than the characteristic wavelength of the projectile. A simple criterion is to set
hk = 0.2, where k is the wave numbers associated with the kinetic energy (k= m /).
¢ Matching radius (for R > RMATCH asymptotic behaviour is assumed)

CALCULATE




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

 Projectile and target data

« Potentials

* Integration parameters

Warning! Reduce h,
the integration step
must be hk < 0.2

Useful
information

=)

Radial grid (fm):

step (h) | 0,07 | Matching |

. 20 |
k=3.34 fml radius | :
Total angular momentum: min | 0 | max | 40 |
Angular range (degrees): min | 1 | max | 180 | step 1

‘Warning! Reduce h, the integration step has to be hk < 0.2

Integration parameters

+ Radial step (h) It has to be chosen smaller than the diffuseness of the potentials and than the characteristic wavelength of the projectile. A simple criterion is to set
hk < 0.2, where k is the wave numbers associated with the kinetic energy (k =2 Ecm p /f).
* Matching radius (for R = RMATCH asymptotic behaviour is assumed)

CALCULA




Results

* Plot visualization
« Datain 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.

Optical Model Calculation By FRESCO

3He + 14C Elastic scattering, Elab= 72 MeV

OM Elastic scattering angular distribution (FORT.201)

Fusion(absorption), reaction and inelastic cross section (FORT.56)

Potentials (FORT.34)

- e n—
:*i;'\l. - ,if_ i g

Elastic S-matrix (FORT.7)




Results

* Plot visualization
« Datain 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.

Projectile | He v 3 | | 0 |
Target | C "'| | 14 ‘ | 0 | ‘
@L:b (e
E (MeV) | 72 | 59,794

Reactions parameters
» Elab: Incident laboratory energy.

» I: projectile and target angular momentum.

Upload input from external file

You can upload a previously generated input file to automatically fill in|the form fields.

Upload input| Elegir archivo Elastic_3He+14C_72MeV.in




EEnOQ

6/6:

0.01

3He + 14C elastic scattering Elab=72 MeV

- Elastic scattering angular distribution

0 20 40 60 80 100 120 140 160 180

Oc.m. (deg)

Show/Quit Farside Show/Quit Nearside

Plot Options

Customize plot appearance
(axes, labels, colors)

Compare with experimental
data

Download plot as image (.png)
Download underlying data (.txt)

Aditional options (e.qg.:
farside/nearside components)



Download

EEERN —

underlying data

\ + 14C elastic scattering Elab=72 MeV I PIOt OptiOnS
Upload

experimental data

Customize plot _
Customize plot appearance

(axes, labels, colors)

Compare with experimental
data

Download plot as image (.png)

Water mark Download underlying data (.txt)
Aditional options (e.g.:

farside/nearside components)
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3He + 14C elastic scattering Elab=72 MeV
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‘ Legend ‘ Axis ‘ Plot
Text [3He + 14C elastic scattering Elab=72 rv@ ( Position Size Color .
JHe + 14C elastic scattering Elab=72 MeV
I Elastic scattering angular distribution
1
3
v 01
0.01
0 20 40 60 80 100 120 140 160 180

Oc.m. (deg)

Customize plot
appearence

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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Text [ Elastic scattering angular distribution ] ( [ 18
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JHe + 14C elastic scattering Elab=72 MeV
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I Elastic scattering

0.01

/

0 20 40 60 80 100 120 140 160 180
Oc.m. (deg)

Customize plot
appearence

1. Title: show/hide , position,
font size, color.

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.



Title ‘ Legend m‘ Plot

Min Max Grid Scale
X axis: [ 0,00 ] [ 100 ] Logaritmic X
Y axis: [ 0,00 ] [ 7 ] Logaritmic Y

JHe + 14C elastic scattering Elab=72 MeV

6/6,
en (= B |

o = e W

0 10 20 30 40 0 60 70 8 90 100
Oc.m. (deg)

I Elastic scattering angular distribution

th

Customize plot
appearence

1. Title: show/hide , position,
font size, color.

2. Legend: show/hide
position, size.

min/max (XY), grid
display, logarithmic scale.

4. Style settings: axis title
size, ticks size, line
thickness, line color.
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Titles Axis Size Ticks
X | em@og | [ 15 || 14 | Linethickness: ( ® ) 4
Y | olor | [ s [ 2 | Absolute value
3He + 14C elastic scattering Elab=72 MeV
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- Elastic scattering angular distribution

100

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.

: axis title
size, ticks size, line
thickness, line color.



Optical
Model and
Classical

Potential generator / SPP2

Elastic Scattering
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ELASTIC SCATTERING

Optical Mode { Classical Model

Nucleus A J Parity
Projectile | Select "‘ | ‘ ‘ ‘ ‘ * v|
Target | Select v‘ | ‘ ‘ ‘ ‘ * v|

https://reaction4exp.us.es/elastic



Optical potential

“He + 13C at Elab = 72 MeV
Reaction data Potentials

Optical Model ‘ Classical Model ‘

ELASTIC SCATTERING
Optical Modell ‘ Classical Model J A, and A, for radi conversion

Ro=roap+al®  Ap 3 A |

Potentials Integration Parameters
In most nucleon-nucleus reactions, ap in the radius conversion formula is typically zero. In nucleus-

nucleus reactions, ap and af represents the mass numbers (A) of the mvolved elements.

Nucleus A 7 Parity
=
Projectile [ He V] [ 3 ] [ 0 ] [ T v]

— [ = v] [ i ] [ 5 ] [ s v] Coulomb potential i

r (fm) : o
@® L O oM 065 Coul‘fmb L]
E (Mev) = Jss

Nuclear potential
Type Shape Vo(MeV) 1o(fim) ag(fm) Wo(MeV) ry(fim) a;(fm)
[ Volume. centr "] [ Woods-Saxo "] [ 150 ] [ 03 ] [ 0,86 ] [ 38 ] [ 1,66 ] [ 0,469 ]

ﬂﬂﬂ_




Global potential generator

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

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.

W

il 4+ 4 i

Generate potential

1

Name of potential [ CGP08

@ Target range 7Z=20-82, A=40-209, Elab=30-217

{ Generate }




Global potential generator

Particle Potential Name
Becchetti Greenless Phys. Rev. 182,1190 (1969) 0 20-92 4-238 10-50
Neutron 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
Becchetti Greenless  Phys. Rev. 182,1190 (1969) 0] 20-92  40-238 10-50
Proton 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
Perey Perey Phys. Rev. 132,755 (1963) 0 20-82 40-208 11-27
Deuteron 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 CGPO8 PHYS.REV.C79,024615(2009) 0] 20-82  40-209 30-217
SHe CGPO8 PHYS.REV.C79,024615(2009) 0] 20-82  40-209 30-217
He 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 ? ? ?




SPP2 Sao Paulo potential and Brazilian
nuclear potential

=
COMPUTER PHYSICS
COMMUNICATIONS

REACTION4EXP CARLA TATIANA MUNOZ CHIMBO B

VIRTUAL ACCESS INFRAESTRUCTURE - UNIVERSITY OF SEVILLE

Computer Physics Communications
Volume 267, October 2021, 108061

Theo4Exp Home Services ~ Contact us

Sao Paulo Potential And Brazilian Nuclear Potential - REGINA Sao Paulo potential version 2 (SPP2) and
Brazilian nuclear potential (BNP) +, s+

L.C. Chamon® A &, B.V. Carlson °, L.R. Gasques °

The REGINA code calculates the Sao Paulo potential version 2 (SPP2) and the Brazilian nuclear potential (BNP), using nuclear densities

and distributions for a large variety of nuclei. With theorical and experimental densities for the calculations.
Show more v

+ Add to Mendeley (ig Share 99 Cite

Density
Nucleus Mass . ) . Parameters
Theorical Experimental https://doi.org/10.1016/j.cpc.2021.108061 2 Get rights and content 2
Rauex steps L
Projectile [ Select "] [ ] :3 O ® Full text access

Escalar factor for real and imaginary part

Target [ Select V] [ ] ,S O
& O e X Abstract

E (Me¥) [ ] [ ] Select potential: m BNP The REGINA code calculates the Sdo Paulo potential version 2 (SPP2) and the Brazilian
nuclear potential (BNP). The code also provides nuclear densities obtained from the
Dirac-Hartree-Bogoliubov model, which are used to calculate the nuclear potentials.

Elastic scattering cross sections are obtained within the context of the optical model,
with different options for the real and imaginary parts of the optical potential. In this

manuscript, we provide a summary of the theoretical framework and information about

the use of the code.



SPP2 Sao Paulo potential and Brazilian nuclear

potential
‘He + 13C at Elab = 72 MeV

Volume, cent V| ‘

Read Com ¥

‘ Elegir archivo

\2

Mo se ha selecci...o ningun archivo

VAN

Density

Theorical Experimental Rmax | 25 | Steps | 0,05

3 No data
He )
available

14 No data
C .
available

Parameters

| Lmax

Escalar factor for real and imaginary part

N, |1 | Ny | 1

Select potential: m

Generate and upload

BNP

Plot visualization
Download data as .txt
Download regina output

BOC

(AN




Plot visualization

B00

Data as .txt

Regina output

Potential SPP2 *He + “C Ecm = 59.294 MeV

V,W (MeV)
)

-100

-120

- Real part :l Imaginary part

4 6 8
r(fm)

10

@ ReactiondExpus.es
A ¥

12

sPP2 potential

582 @.6850 6.85e

-0.1131475E403
-0.1130701E+03
-0.1129412E+03
-8.1127607E+03
-8.1125289E+@3
-0.1122459E483
-0.1119118E+03
-0.1115268E+03
-0.1110912E+03
-8.1106053E+03
-8.1100692E+03
-0.1094835E+4083
-0.1088484E+03
-0.1081645E+03
-0.1074321E+03
-@.1066518E+083
-8.1@58241E+@3
-0.1049497E403

O AOASTAOT ST

-0.1131475E403
-0.1130701E+03
-0.1129412E+03
-9.1127607E+03
-9.1125289E+03
-0.1122459E4+03
-0.1119118E+03
-0.1115268E+03
-9.1110912E+03
-9.1106053E+03
-9.1100692E+03
-0.1094835E4+03
-0.108848AE+03
-0.1081645E4+03
-0.1074321E+03
-9.1066518E+03
-9.1058241E+03
-0.1049497E4+03

O A AOOT « ST

Calculation of the energy independent Brazilian nuclear potential (BNP) and
the velocity-dependent Sac Paulo potential version 2 (SPP2).

Theoretical distributions or charge densities are used
instead of those from the original SPP systematics.

Projectile: A = 3 Z = 2
Target: A= 147 = 6
Ecm = 59.29 MeV

Projectile densities from the density.dat file
Target distributions from the distributien.dat file

Deformation lengths

Neutron: delta2 = -8.003 deltad = -@.003
Proton: delta2 = -©.0806 deltada = -0.004
Nucleon: delta2 = -8.005 deltada = -©.@03

Parameter values for the deformed Fermi function

Neutron: rho@ = ©.1009 R@ = 2.369 a = 0.490 beta2 = -0.001 beta4 = -0.000
Proton: rho@ = 8.8739 R@ = 2.472 a = 0.418 beta2 = -9.003 betasd = 0©.e00
Nucleon: rho@ = ©.1817 R@ = 2.368 a = 0.467 beta2 = -0.001 beta4 = -0.001

Parameter values for the spherical Fermi function
Neutron: rho® = ©.1019 R®@ = 2.358 a = 0.491
Proton: rhoe = ©.8755 R@ = 2.450 a = ©.420
Nucleon: rho@ = ©.1841 R®@ = 2.354 a = 0.469
Proton and neutron distributions, and charge and matter densities:
projectile targe
r rop ron roc rom rop r

©.00 ©.2659E+00 ©.80@78E-01 ©.1391E+0@ 0.2064E+00 ©.8820E-01 ©.98




External potential

Nuclear potential
Type Shape Vg( MEV) l‘.'@( fﬂl} EIO( fIJ.l) “’ro[MEV) :l{fm] ai( fm}

Volume. central notent ¥ Read Comnblex . . . . )
Elegir archivo No se ha selecci...o ningan archivo

Read external potential
The file must have the following format:

1. First line: a comment

b

. Second line: three values - NPOINTS, RSTEP and RFIRST - which define the radial grid.

3. Next NPOINTS lines: each line contains two columns, the real and imaginary parts of the potential, sampled at intervals of RSTEP starting from r=RFIRST.



Optical Model Calculation By FRESCO
3He + 14C Elastic scattering, Elab= 72 MeV
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)

« Fusion (absorption), reaction
and inelastic cross section
(fort.506)

« Potentials (fort.34)
« Elastic S-matrix (Fort.7)



/6,

3He + 14C elastic scattering Elab=72 MeV

B Elastic scattering angular distribution

0.1

0.01

0.001

Far side [l Near side

/ |

20

40 60

80 100
Oc.m. (deg)

Show/Quit Farside

120 140 160 180

Show/Quit Nearside

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)



3He + 14C elastic scattering Elab=72 MeV

1000000
10000
100

1

do/d€2 (mb/sr)

0.01
0.0001

I Elastic scattering angular distribution [JJij Exp data

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)



Optical Model

Reaction cross sections for ELAB= 72.000, ECM= 59.294 Results

= I Reaction cross sections for ELAB= 72.000, ECM= 59.294

=

= 80 . OM elastic scattering angular
2 distribution (fort.201)

9 60

i « Fusion (absorption), reaction
S 40 and inelastic cross section
o

= 20 (fort.56)

E « Potentials (fort.34)

a 0

2 0 5 10 15 20 25 30 35 40 - Elastic S-matrix (Fort.7)



W (MeV)

7
2

‘.

-100
-120

Optical Potential

B Real part [l Imaginary part

10

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)
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3He + 14C elastic scattering Elab=72 MeV
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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

Reaction data

Potentials

ELASTIC SCATTERING

Optical Model J

Classical Mod

Nucleus A J Parity
Projectile [ He *’] [ 3 J [ 0 ] { " VJ
Taget (e v w [ 0 4 v

QL (Oem
F (MeV) e

A, and A for radii conversion
Ro=ra, Al A | 2 | oA 14|

In most nucleon-nucleus reactions, ap in the radius conversion formula is typically zero. In
nucleus-nucleus reactions, ap and af represents the mass numbers (A) of the involved

elements.
Coulomb potential
., Switch
(m) | 085 | off [ ]
Coulomb
Nuclear potential
Type Shape Vo(MeV)  rg(fm)  ap(fm)  Wo(MeV)  ri(fim)  ay(fim)
| Volume, ¢ v| | Woods-S: v| | 150 | | 03 | | 086 | | 38 | \ 1,66 | | 0,469 \




Classical potential

« Coulomb potential
* Nuclear potential
« Global Potential generator

Nuclear potential

Type Shape Vo(MeV)  rp(fm)  ap(fm)  Wo(MeV)  rj(fm)  a;(fm)
| Volume, central poten ‘*| | Woods-Saxon V| | 150 | | 0,3 | | 0,86 | | 3.8 | | 1,66 | | 0,469 |
Surface, central potential WS squared
Gaussian
Yukawa

Exponential



Classical Model Calculation
SHe + 14C Elastic scattering, Elab= 72 MeV

3 3
o 3

o3 3

Deflection function

Survival probability

Trajectories

Bumin 010 | Bunax 1550 |

154 plots

I Classical Results

Turning points

Deflection function

Survival probability

Trajectories (select range B)



rturn (fm)

10

[y

0.1

Turning points for 3He+14C at 72MeV
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Classical Results

Turning points

Deflection function

Survival probability

Trajectories (select range B)
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Deflection function for 3He+14C at 72MeV
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Classical Results

Turning points

Deflection function
« Sommerfeld parameter
« Coulomb and nuclear rainbow

Survival probability

Trajectories (select range B)



O (deg)

10

Deflection function for 3He+14C at 72MeV

Sommerfeld 0.386
parameter
Coulomb Rainbows
semiclassical
b (fm) angle (degrees) correction
7.600 1.940 -2.654
2 4
Nuclear Rainbhows
semiclassical
b (fm) angle (degrees) correction
2.200 -55.336 -27.085

Classical Results

Turning points

Deflection function
« Sommerfeld parameter
« Coulomb and nuclear rainbow

Survival probability

Trajectories (select range B)



Survival probability
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Classical Results

Turning points

Deflection function

Survival probability

Trajectories (select range B)
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I Classical Results

Trajectories for 3He+14C at 72MeV
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Rotational model
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scattering

Deformations
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Rotational Model For Inelastic Scattering - Coupled Channels And

Projectile Target
Nucleus A Nucleus A
Select ~ Select ~
Spin Paritv E(MeV) Spin Paritv E(MeV)

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



Inelastic scattering
647n(160,160)64Zn*(2%) at Elab = 44 MeV

Defined excited states for
projectile and target.

Choose calculation method:

Coupled-Channels (CC)
DWBA (1st order
approximation)

* Projectile and target data

Projectile
Nucleus A
0 v\| | 16 |
Spin Parity E(MeV)
U N R B
Elab (MeV) |: a4

Select the calculation model:

 Potentials

 Integration parameters

Target
Nucleus A
Zn v\| | 64 |
Spin Parity E(MeV)
oo [ e[ e
B 2 [ om

] E




| Inelastic scattering: coupling potential

 Coulomb excitation -> electric reduced matrix elements
4t Ze

C _
Vig(R) = 21 + 1 RA+1
A>0

(I[IMEDI|K) = \/(211- + DB(EL I; > )

* Nuclear excitation -> deformation lengths

(f; I:Me| M(EA, w)i; 1;M;) Y, (R)

dv, . _
Vir (R) = —d—RO (f3 1 Mg | 62|65 ;M) Y (R)
A

Rotor model

J2I; + 1 (f LKAO|I:K)

(K It|IMEDI|K I;)

(K Ie||183,|IK 1) = 21 + 1 (f L,KAO|I¢K)




Projectile and target data

Inelastic scattering + Potentials
* Integration parameters
647n(160,160)64Zn*(2%) at Elab = 44 MeV 9 P
Ap and A, for radii conversion Within the rOtationaI mOdeI eXCitationS are
Ro = ro(A,3+A") interpreted in terms of the deformation of the
Y charge or mass distribution of the nucleus.
n most nucleon-nucleus reactions, ap in the radius conversion formula is typically zero. In . . .
' nuclfeus—;ucleus réactions,t;p angparret;reseitsﬂlemass numbers (A) otggle inz.:olvec:lI L4 COUIOmb deformatlon: IntrlnS|C reduced
elements. . . .
matrix elements in units of e. fm*
Coulomb potential \/ B(E/L Ii - If )
Mn(E/l) ==
g eormaion JR (f iKAO|I;K)
* Nuclear deformation: lengths in units of fm
Nuclear potential
Type Shape VoMeV)  r(fm)  ag(fm)  Wo(MeV)  ri(fm) ay(fin) 5A = '[g)L R
| Volume, ¢ v| | Woods-s;i v [ o || 125 || oes |[ o || 125 |[ oes |




» Projectile and target data

Inelastic scattering . Potentials
64Zn(160, 160)64Zn*(2+) at Elab = 44 MeV » Integration parameters

Coulomb potential

Within the rotational model excitations are
peformation  a, M My interpreted in terms of the deformation of the
charge or mass distribution of the nucleus.

Projectile | 0 | [ o |[ o |
Taget | 4098 | [ o |[ o | « Coulomb deformation: Intrinsic reduced
matrix elements in units of e. fm*
Nuclear potential
\/B(E/l; I; > If)
Type Shape VoMeV)  rplfim)  ap(fin)  WpMeV)  ri(fm) a;(fm) M, ( E/l) =+
[otume | ((Woods +] [ ssss | (15 | [Casse |[ e | [ ras | [om | {f 1iKA011;K)
== s s s * Nuclear deformation: lengths in units of fm
prjecte [0 )0 ][ 0|
Taget | 126 [ o4 [[ 0 0y = PaR

Real + img deformation separately (J

There is one deformation for all nuclear potentials. O



 Projectile and target data

Inelastic scattering . Potentials

64Zn(160, 160)64Zn*(2+) at Elab = 44 MeV ' Integration parameters

on
eters
Radial grid (fm): SEI; 00 maﬁ?ﬁ | >0 |
Total angular min ‘f‘ max ‘T|
momentum: -
Angular range min ‘f‘ max ‘T| step | 0.1

(degrees):

Integration parameters
* Radial step (h) It has to be chosen smaller than the diffuseness of the potentials and than the characteristic
wavelength of the projectile. A simple criterion is to set hk < 0.2, where k 15 the wave numbers associated with
the kinetic energy (k = V2 Ecm p /%) -
* Matching radius (for R > RMATCH asymptotic behaviour 1s assumed)




Coupled Chanels Calculation - FRESCO
160 + 647 Inelastic scattering, Elab= 44 MeV

OM Elastic angular distribution (FORT.201) m

Inelastic angular distribution (FORT.16) m
Absorption, reaction and inelastic cross section m
(FORT.56)

Total cross section for all states (FORT.13) m

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)



/6,

0.1

160 + 64Zn Coupled Channel Elab=44 MeV

Il Elastic scattering angular distribution [JJij Exp data

20 40 60 80 100 120 140 160 180
GC.I‘I]. (deg) @ Reacli -

Rotational model for
nelastic 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)



Gine {mb/ Sl')

Rotational model for
160 + 64Zn Coupled Channel Elab=44 MeV nelastic Scattering
B Excit=1 [l Exp data qesu ItS

« 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)

0 20 40 60 80 100 120 140 160 180
0c.m. (deg)



= 2 2
n = n

Reaction cross section (mb)
[y
th =

=

Reaction cross sections for ELAB= 44.000, ECM= 35.200
I o reac [ o _ine [l o abs
10 20 30 40 S0 60 70 80 920 100

@ ReactiondExpaus.es
Y f

Rotational model for
nelastic 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)



Integrated cross section 160 + 647Zn Coupled Channels, Elab= 44 MeV

Reaction cross section (mb) 262.16

Absorbtion cross section (mb) 105.60659

Projectile Target
Integrated cross

E E section (mb)

J J

Parity (MeV) Parity (MeV)

0 1 0 2 1 0.992 156.56

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

I Q-value, post and prior interaction

REACTION4EXP ~

UNIVERSITY OF SEVILLF

EUR®:LABS UNIVERSIDAD
o %&SSIWLL/\

Transfer Reactions -
FRESCO

Transfer >°Fe (d, p) >’Fe




REACTION4EXP CARLA TATIANA MUNOZ CHIMBO [

VIRTUAL ACCESS INFRAESTRUCTURE - UNIVERSITY OF SEVILLE

TheodExp Home Services ~ Contact us

EUR®:LABS UNIVERSIDAD
J i gGSSEVI LLA

Transfer Reactions - FRESCO

Integration Parameters

Incoming (initial) Outgoing (final)
Nucleus A Spin Parity E(MeV) Nucleus A Spin Parity E(MeV)
) e
A A

y

Projectile | Select | | ] |[[ o v o ] Projectile | Select v| |
01 A 01 A 01

- LR
- "

i ! r'

https://reaction4exp.us.es/transfer



Initial and final partition

%Fe (d, p) >’Fe at Elab = 12MeV

Reaction Potentials Integration
Parameters

Incoming (initial) Outgoing (final)

Nucleus A Spin Parity E(MeV) Nucleus A Spin Parity E(MeV)

L2 Jo oo ] projectte [ _#_vJ[noore [ o5 J[ 1 vJ[ o |

)
Target [ ][55934][ ][+1 v][ 0 ] Target [Fe v][56,935][ 05 ][1 v][ 0 ]

Projectile [

Elab Q-value _ Aumatic calculation of

(MeV) Q-value




Potentials

Entrance Channel
Exit channel
Core-core

Bound state: Entrance channel

Bound State: Exit channel

a +A4A >b+x+A

| S
b+x B

(Xr®Pxa | Vox + Upa — Upp | q’b@

Bound State:

Entrance Channel Exit Channel Core-Core

Bound State: Exit

Entrance Channel Channel
d + OFe

Radii conversion and Coulomb potential Ry = ro(Ap”3+A11’{ 3)

In most nucleon-nucleus reactions, ap in the radius conversion formula is

typically zero. In nucleus-nucleus reactions, ap and af represents the mass

numbers (A) of the involved elements.
Nuclear potential

Type Shape V(MeV) ro(fm) ag(fm)  Wy(MeV) r;(fm) a;(fm)

(vatam ) (oot ) (w0 ) (T ) (o )]

| Surfact v| [ Woods ~|| il il

aa




Potentials

Entrance Channel
Exit channel
Core-core

Bound state: Entrance channel

Bound State: Exit channel

a +A4A >b+x+A

| S
b+x B

@)xA | Vox + Upa — Upp | @py Xi)

Entrance Channel Exit Channel Core-Core Bound State:
Entrance Channel

Bound State: Exit

Channel
57
p+°~'Fe
Radii conversion and Coulomb potentil Ry= 1'[,(Apl‘r 3+At1"3)
In most nucleon-nucleus reactions, ap in the radius conversion formula is
typically zero. In nucleus-nucleus reactions, ap and af represents the mass
numbers (A) of the involved elements.
Nuclear potential

Type Shape VO[MEV) ['U.(fIJJ} ao(fm) Wo(MBV) I'i(fﬂ_“l) ai(fm)

[ Volum ~J( Wood: ~J[ 4re J[ 125 J[ oes || )

. [ Surfac V] [ Wood:s V][ ][ ][ ][ 11,5 ][ 1,25 ][ 0,47 ]




Potentials

Entrance Channel
Exit channel
Core-core

Bound state: Entrance channel

Bound State: Exit channel

a +A->b+

b+x

x+ A

———
B

(XfCDxA | Vox + @_ Upp | @py Xi)

Entrance Channel

p+ S6pe

D Use same entrance channel potential.

D Use same exit channel potential.

A

Radii conversion and Coulomb potentil

Ao ]

Exit Channel Core-Core Bound State:
Entrance Channel

Bound State: Exit
Channel

Ry = ro( Ap]f3 +A 3

1,15

In most nucleon-nucleus reactions, ap in the radius conversion formula is
typically zero. In nucleus-nucleus reactions, ap and af represents the mass
numbers (A) of the involved elements.

Nuclear potential

Type

Shape Vo(MeV)

ro(fm)

ap(fm)  Wp(MeV)

r,(fin) a;(fm)

[ Volum v][ Woods v][ 479 ][ 1,25 ][

os_[ I

. [ Surfac

v| [ woods ~||

)

I




Potentials

Entrance Channel
Exit channel
Core-core

Bound state: Entrance channel

Bound State: Exit channel

a +A4A >b+x+A

| S
b+x B

(X Pxa |@+ Upa — Upg | Ppyx Xi)

Entrance Channel Exit Channel Core-Core R state: Bound State: Exit
Entrance Channel Channel

p+n

Radii conversion and Coulomb potentil Ry = 1'0(Ap]"r 3+Athf 3)
AWl s "

In most nucleon-nucleus reactions, ap in the radius conversion formula is
typically zero. In nucleus-nucleus reactions, ap and af represents the mass
numbers (A) of the involved elements.

Nuclear potential

Type Shape Vo(MeV) rp(fm) ag(fm)

[ Volume, ce: "] [ Gaussian "] [ 72,15 J [ J [ 1,484 J

Transferred particle bound state

Spectroscopic
amplitude




a +A4A >b+x+A

Potentials —5

(X Pxa |@+ Upa — Upg | Ppyx Xi)

Entrance Channel Exit Channel Core-Core Bound State: R eate: Exit
Entrance Channel Channel

Entrance Channel

Exit channel

Core-core no+*re

B d t t E t h | Radii conversion and Coulomb potentil Ry= ro(Apl‘B"'AtlB)
ound state: Entrance channe w( ) NCE "

B o u n d s t a t e : E x i t c h a n n e I In most nucleon-nucleus reactions, ap in the radius conversion formula is

typically zero. In nucleus-nucleus reactions, ap and af represents the mass
numbers (A) of the involved elements.

Nuclear potential

Type Shape Vp(MeV) ro(fm) ag(fm)

[ Volume, ce: V] [ Woods-Sax v][ 65 ] [ 1,25 ] [ 0,65 J

Transferred particle bound state

W Tl
I Spectroscopic

amplitude



Integration
parameters

* Non local kernels: Describe the
spatial overlap between
channels. Kernel width, center
and mesh settings

 Post and Prior interaction

Vpost = Vp—n + Up—56Fe - Up—57Fe

remnant

Vprior = Vh-s6Fe T Up—56Fe — Ug—s6Fe
remnant

%Fe (d, p) *Fe at E, = 12MeV

Reaction Potentials Integration
Parameters

Radial grid (fm):

step

(h)

0,1

rmatch

3

25,000

Non-local kernels

rintp 0,20 hnl

rnl

centre

0,45

Total angular
momentum:

Angular range
(degrees):

—
wn

40k

min max

min 1,00 max

Select interaction:

Stop at
absend

180,00 step 1,00

PRIOR

Post ~ V1




Transfer Calculation - FRESCO

SoFe(2H,1H)"Fe Elab=12 MeV

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)

Recommendations
NON-LOCAL WIDTH IS GREATER THAN 2.70 FM., CENTRATION -0.15, after 0.01 secs.
RNL: non-local width > 2.70 cf> 4.00 fm: OK
CENTRE: centration ~ -0.15 ¢f: -0.40 fm

tilﬂ

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.



Transfer DWBA

Entrance channel 2H + 56Fe Elab=12 MeV
Results

I Elastic scattering angular distribution [JJij Exp data

« OM elastic angular
distribution (fort.201)

« Transfer angular distribution
(fort.202)

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

6/ G,

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

« Potentials (fort.34)

0 20 40 60 80 100 120 140 160 180
0c.m. (deg) e



¢ (mb/sr)

10

[a—

0.1

Exit channel 1H + 57Fe Elab=12 MeV

Transfer scattering angular distribution

20

40

60

80 100
Oc.m. (deg)

120

140

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)



Reaction cross section (mb)

Transfer DWBA

Reaction cross sections for ELAB= 12.000, ECM= 11.583 Results

B ¢ reac ] ¢ ine ] c abs

300

« OM elastic angular distribution
(fort.201)

(o]
h
=

« Transfer angular distribution

200 (fort.202)

ok
h
=

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

100  Total cross section for all states

(fort.13)
« Potentials (fort.34)

hn
(=]




Transfer DWBA

o s 1ensT Results
Integrated cross section “"Fe(“H,"H)”'Fe Elab=12 MeV

« OM elastic angular distribution
Reaction cross section (mb) 1460.8 (fort.201)

« Transfer angular distribution
(fort.202)

Absorbtion cross section (mb) 1450.22275

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

Projectile Target

Integrated cross » Total cross section for all

E . E section (mb) states (fort.13)

J  Parity MeV) Parity (MeV)
« Potentials (fort.34)

0.5 1 0 0.5 -1 0 10.621




ﬁ_% Potentials

Entrance
d + Fe
Exit
p +Fe
Core-core
p + *Fe
Bound state -

Entrance
n+p

Bound state -
Exit
n+ *Fe

V,W (MeV)

Transfer DWBA

Optical potential d + *Fe Elab = 12 MeV Results

0 I Real part i} Imaginary part

0 « OM elastic angular distribution

(fort.201)
-10
« Transfer angular distribution
-20 (fort.202)
-0 « Absorption, reaction and
-40 inelastic cross section (fort.56)
-50 « Total cross section for all states
60 (fort.13)
70 « Potentials (fort.34)
-80
0 = 10 15 20 25 30

r(fm)



Coulomb Breakup

Semiclassical equivalent
photon method (EPM)

I Discrete and continuous distribution
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COULOMB BREAKUP

Equivalent Photon Model (EPM)

This program calculate differential Coulomb break up cross sections from external transition probabilities, both in angle and energy. Multipolarities
included are dipole and quadrupole for electric transitions and only dipole for magnetic transitions. The results are presented in .dat format and
graphically displayed. As output, it provides: the angular distribution of cross section, the energy distribution of cross section and the probability
distribution.

Projectile and target

Projectile Select v l A ] Energy (MeV) Separation Energy

I https://reaction4exp.us.es/epm



I Coulomb breakup EPM: Discrete distribution

Projectile and target

Transition: E1, E2 and M1
pitoe

Projectile e~ | Ex: Excitation energy of the final
state (MeV)

Target Au vl 197 l
(T Transition B v B(Ex; i — f): Transition probability
Grid

thmin | 001 thmax | 180 nth ther
Ex |03z B(Ex:i—f)

Upload input from external file

You can upload a previously generated input file to automatically fill in the form fields.

Upload input| Elegir archivo Discrete 11Be+197Au_29_7MeV.in




I 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.

Projectile and target

pae

Projectile Li v l 11 ] Sep ar?;;;\gnergy 0,38
Target Zn v l 64 l
Lab Energy ..
225 E1 v
(MeV) . Transition l l
Grid

bmin (03] e [0 ] o (90 ] wr [0 ]

Electric transition probability

Elegir archivo Experimental dat

crmin crmax ner | 1000




Coulomb Break Up By EPM

pe + 197 Ay Elab= 31.9 MeV

Angular {.listribution of m
Cross section:
Energy dl.Stl‘lbutl()ll of m
Cross section:
distribution:

EPM Results

« Angular distribution of cross

section

« Energy distribution of cross

section and total cross section

» Probability distribution



do/d€2 (mb/sr)

1400

1200

1000

800

600

400

200

0

Angular distribution of differential cross section

0 20 40 60 80 100 120 140 160 180
Oc.m. (deg) b ResctondBxpue

EPM Results

Angular distribution of
cross section

Probability distribution

Energy distribution of cross
section and total cross section



EPM Results

Probability distribution

0.1
0.01
g 0001 « Angular distribution of cross
% 0.0001 section
E 0.00001 - Probability distribution
0.000001 « Energy distribution of cross
section and total cross section
le-7
le-8

0 20 40 60 80 100 120 140 160 180
BC.m. (deg} P ReactiondExp.us.



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

Energy cross section 11Be + 197 Ay Elab = 31.9 MeV

El 0.32 2344.678

I 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: 'Li + %Zn at Elab = 22,5 MeV EPM Results

Energy distribution of cross section

50000
45000
40000 « Angular distribution of cross
35000 section
E 30000 » Probability distribution
=
§ 23000 - Energy distribution of cross
S 20000 section and total cross section
15000
10000
5000
0[).1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 ! 1

E (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:

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

k How do you cite reaction4exp results?

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

The results obtained should be cited as follows:

This work has made use of the Virtual Access facility Theo4Exp funded by the
European Union's Horizon Europe Research and Innovation programme under
Grant Agreement No 101057511.
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Thanks!

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