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Introduction

  Computational tools are essential for advancing research in nuclear physics.

 THEO4EXP serves as a gateway to advanced computational resources for 

nuclear physicists.

  Focuses on user-friendliness, easy navigation, and accessibility to bridge the 

gap between theory and experiment.

The infrastructure consists of three key installations:
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Theo4Exp Virtual Access 
Infrastructure

Installation3: 
Structure4Exp 
(Uni. Milano)

Installation2: 
Reaction4Exp 
(Univ. Sevilla)

Installation1: 
MeanField4exp 

(IFJ PAN Krakow)

 [1]  The skyrme_rpa code 
      [2]  The hfbcs-qrpa (v1) code 

[3]  K shell model code 

Introduction
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Introduction

 Hosted at the University of Milano.

  The platform is available online at:  https://ns4exp.mi.infn.it

 Integrates three specialised codes adapted to various nuclear structure models:

Skyrme HF-RPA                         Talk by G.Còlo

HFBCS-QRPA                             Talk by E.Vigezzi

KSHELL (Shell Model)              Talk by A. Gargano 

Structure4Exp Overview:
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Introduction

Structure4Exp Overview:

Codes are designed to address key aspects of nuclear structure:

From closed-shell to open-shell nuclei

From mean-field to shell-model approaches

Provide access to nuclear observables such as: energy spectra, excited states, 

transition probabilities.

Offer a unified framework for nuclear structure studies.
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Based on Hartree-Fock + Random Phase Approximation (RPA).

Applicable to even-even, spherical nuclei, typically closed shells or sub-shells.

Uses Skyrme effective interaction for fully self-consistent calculations.

Provides:

Ground state properties.

Excitation spectra for natural parity states.

Transition strengths for isoscalar, isovector, and electromagnetic modes. 

1* Hartree Fock (HF) plus Random Phase Approximation (RPA)

HF-RPA
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Example: 
132Sn(1−)

Can be modified if 
needed for specific 

cases

 Input Interface
1* Hartree Fock (HF) plus Random Phase Approximation (RPA)
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Adjusting the Box Radius

1* Hartree Fock (HF) plus Random Phase Approximation (RPA)
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Adjusting the Box Radius

1* Hartree Fock (HF) plus Random Phase Approximation (RPA)
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Review the 
input 

parameters 

EM, IS and IV 
strength functions

The main 
output file

Send results 
via email

Density 
distribution

Results page
1* Hartree Fock (HF) plus Random Phase Approximation (RPA)

10



Neutron Density
Proton Density

Results page: Density Distribution
1* Hartree Fock (HF) plus Random Phase Approximation (RPA)

132Sn
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Results page: Density Distribution
1* Hartree Fock (HF) plus Random Phase Approximation (RPA)

132Sn

Total Density
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Computed 
Strength Functions

Results page: Strength Functions
1* Hartree Fock (HF) plus Random Phase Approximation (RPA)

132Sn(1−) GDR
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2* HF_Bardeen_Cooper_Schrieffer-Quasiparticle RPA (HFBCS-QRPA)

Combines HF-BCS for ground state + QRPA for excited states.

Designed for even-even, spherical nuclei,  open-shell nuclei.

Accounts for pairing correlations.

Inputs and interface similar to HF-RPA, with additional pairing parameters.

HFBCS-QRPA
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 Input Interface

2* HF_Bardeen_Cooper_Schrieffer-Quasiparticle RPA (HFBCS-QRPA)

Example: 
120Sn(2+)

Can be modified if 
needed for specific 

cases

BCS Pairing
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Results page

Review the 
input 

parameters 

EM, IS and IV 
strength functions

The main 
output file

Density 
distribution

2* HF_Bardeen_Cooper_Schrieffer-Quasiparticle RPA (HFBCS-QRPA)
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Results page: Density Distribution 120Sn

2* HF_Bardeen_Cooper_Schrieffer-Quasiparticle RPA (HFBCS-QRPA)
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Results page: Strength Functions 120Sn(2+)

2* HF_Bardeen_Cooper_Schrieffer-Quasiparticle RPA (HFBCS-QRPA)
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HF-RPA HFBCS-QRPA

Effect of Pairing: RPA vs QRPA Strength Functions 120Sn(2+)
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3* KSHELL code

Kshell Code

Developed by N. Shimizu and collaborators at the University of Tsukuba.

Performs nuclear shell model calculations using two-body interaction.

Captures detailed nuclear structure:

Energy levels.

E2/M1 transitions probabilities.

 Magnetic/Quadrupole moments.
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 Input Interface
3* KSHELL code

Example: 
28Si
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 Input Interface
3* KSHELL code
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Use this when you want specific angular momentum/parity combinations

 Input Interface:  Spin & Parity
3* KSHELL code

Option 1: Automatic selection of lowest-energy states 

• Specify the total number of states to compute.

• Example inputs:


 +10 → First 10 positive-parity states

-10 → First 10 negative-parity states

  10 → First 10 states of any parity

Use this when you're interested in the lowest states, regardless of spin

Option 2: Manual selection 

• Angular momenta list ( )

• Number of states for each     (2,3,6) 

0+,2+,4+

Jπ
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 Input Interface
3* KSHELL code

By default, electromagnetic 
transitions  

are not calculated  
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3* KSHELL code
Results page

Main Output
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 KSHELL Output Comparison: Option 1 vs.  Option 2 (Energy levels+Transitions)

3* KSHELL code

Option 1: Lowest-energy states 
(6)

Option 2: Fixed   
( ,8)

Jπ

2+

28Si
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Conclusion

Structure4Exp provides access to three specialized codes for nuclear structure studies:

HF-RPA for closed-shell systems

HFBCS-QRPA for open-shell nuclei with pairing

KSHELL for full shell-model calculations

The platform is user-friendly and designed to support experimental and theoretical work.

Structure4Exp bridges the gap between nuclear theory and experimental applications.
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Thank you for your attention


