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Objectives

• To create a distributed-computation shell model code to study 
properties of nuclei in the gds shell (A=80-100):
– Excitation spectra
– Gamow-Teller resonances
– Lifetimes

• Gamow-Teller resonance is important for the lepton-nucleus reaction 
rates and spontaneous beta-decays of nuclei

• Nuclei close to 100Sn are interesting:
– These are the last experimentally observed N=Z nuclei 
– Nuclear input for fast proton capture process (rp-process) is insufficient
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Computational Nuclear Structure
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Spherical Shell Model
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Gamow-Teller Distribution in 46Pd97

Model space:
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VPSM Status

• First version was created last year

• Programming language C/C++; 21 module

• It is suited for both uniprocessor and multiprocessor (MPI 
layer) computations

• On September it was used to test MPI on clusters by 
K.Paulikas (KTU)

• It was used for a pilot study of Gamow-Teller resonances 
in A=84-87 nuclei (not on grid!)
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Computation diagram: Spectrum

To get excitation spectra

• Read input
• Prepare temporary tables
• Prepare matrices needed for computation
• Iterate Matrix-Vector multiplication, until desired convergence is 

achieved
• Obtain eigenvectors and eigenvalues and print output

• Some of the temporary tables can be reused for another nucleus
• The matrices can be reused for operations in the same nuclear system
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Computation diagram: GT distributions

To get Gamow-Teller distribution

• Get excitation spectrum (or at least the ground state) of the parent 
nucleus (Z,N)

• Act with GT operator and obtain the doorway state into the daughter 
nucleus (Z-1,N+1)

• Get excitation spectrum (or at least the ground state) of the daughter 
nucleus (Z-1,N+1)

• Use matrices of the daughter nucleus to obtain the GT strength 
distribution

• Use information about the daughter nucleus ground state energy to 
adjust distribution’s excitation spectrum
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Difficulties and Problems
• The matrix dimension grows exponentially as more nucleons or more 

orbits are active

• The program is very memory-intensive (both RAM and disk)

For example: 87Mo nuclear system modelled as 
2 active protons in g9/2d5/2s1/2 (18 orbits) and 
5 active neutrons in g9/2d5/2s1/2g7/2d3/2 (30 orbits)

D=1.5 106; The matrix was divided into 20 rows
Temporary files 9.9 Gb (the largest one – 429Mb)
Out of these 7.1 Gb are taken by files needed for the computation
Check-point file after 100 iterations – 1.2 Gb (this is the amount of RAM 
needed + 0.3 Gb for the largest table). 
This gave energies of 4 lowest states
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VPSM Outlook

• Identify the steps requiring most disk space and the largest amount of 
RAM. Try to amend the demands (maybe by doing more 
computations)

• Implement storage of the vectors on disk, instead of keeping them in 
memory (at the moment only the matrix can be split into pieces).
Maybe implement splitting of the vectors themselves

• Implement a multistep calculation where data would be sent and 
received from the storage elements
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Grid Experience

• The grid is not “MPI-friendly”

• The test problem: Gamow-Teller decay of the 44V ground state.
– Dimensions are small: D(44V) and D(44Ti) are less than 4000.
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Computations in the Grid I
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Computations in the Grid II

Note: Cluster Atomas is heterogeneous: 4CPU + 2x2CPU
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Computations in the Grid III

Note: last week I got an email from Zeus02 administrator that the file system for BalticGrid VO 
was changed to NTFS. The feasibility of calculation is not tested yet.
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Distributions of the Gamow-Teller Strength
Calculated using a PC with large RAM
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Beta-decay of 86Mo
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Conclusions

• The first version of a distributed-memory shell model code VPSM was 
created. It works both on a PC and on a computer cluster with MPI 
installed.

• Computations are resource-intensive, which limits possibilities to run 
on the grid clusters. Main problem, so far, is the demand of RAM. This 
should be targeted first.

• Using this code, the Gamow-Teller strength distributions in the gds
nuclei with the mass numbers A<=87were calculated. 


