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Large-Scale Mass Table Calculations

• Calculations with existing energy density functionals
– Comparison with experimental data (filters etc.) to understand

what is missing

• Testing new terms/functionals to improve the agreement 
– Experimental data 
– Bench mark results

• Producing new fit for existing parameters
– Nuclear matter
– Experimental data
– Bench mark results 

• New physics when analyzing the global trends 
(drip lines, odd nuclei, …)
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Codes

• Fortran codes for control against exact integration
– HFBRAD – box, coordinate space, spherical symmetry
– 2Dspline – rectangular box, splines, axial/parity symmetry

• Official code for UNEDF calculations
– HFODD – 3D in HO basis, symmetry unrestricted, time-odd 

components, cranking, projections …
– Approximately 4 h 39 min CPU per nucleus (120Sn)

• Fast alternative for ground-state calculations
– HFBTHO – 2D in HO/THO basis, axial/parity symmetry
– Approximately 3 min CPU per nucleus (120Sn)
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HFODD/HFBTHO even-even nuclei
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HFODD/HFBTHO odd nuclei
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Scale of the ProblemScale of the Problem
Science scales with processors

�� The largest mass table map from The largest mass table map from SkMSkM* forces  * forces  
enlarged with 10 more nuclei beyond both drip enlarged with 10 more nuclei beyond both drip 
lines contains altogether 2525 evenlines contains altogether 2525 even--even nucleieven nuclei
�� A single processor calculates each nucleus 3 A single processor calculates each nucleus 3 
times (times (prolateprolate, oblate, spherical) and records all , oblate, spherical) and records all 
nuclear characteristics and blocking candidatesnuclear characteristics and blocking candidates
�� Using 2525 processors Using 2525 processors -- about 4 CPU hoursabout 4 CPU hours

�� The resulting evenThe resulting even--even mass table contains even mass table contains 
2731 nuclei which generate altogether 250754 2731 nuclei which generate altogether 250754 
oddodd--even and oddeven and odd--odd states/nuclei at 0.5 odd states/nuclei at 0.5 MeVMeV
threshold for the blocking candidatesthreshold for the blocking candidates
�� Using 10 000 processors Using 10 000 processors -- about 24 CPU hoursabout 24 CPU hours

EvenEven--Even NucleiEven Nuclei

Jaguar@Jaguar@ 17064 processors17064 processors
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At the end of the run:
2032 converge for up to 500 iterations 

404 converge up to    1000 iterations  
123 converge up to    2000 iterations
152 converge up to    6000 iterations
26 which still do not converge
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Neutron Number

Broyden Mixing

A typical run for the whole even-even mass chart contains about 2731 different bound 
nuclear states which identify the ground states for all 1527 even-even nuclei entering 
the mass chart between nuclear drip lines.
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To do list

• Complete mass tables with all major 
Skyrme functionals

• Interface HFODD/HFBTHO 
• Analysis of the global trends
• New terms/functionals
• Work on the fitting strategy 


