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Flowchart
• Remote access a cluster center via SSH

• A simple Python code with MPI

• Process data with Mathematica















Discussion

• Limitations

• How to improve?



Virtual discrete universe

• Solving EOMs on discrete space

• Required computer resources   VS   Advancing technology



Lattice simulations

• LATTICEEASY, CLUSTEREASY, Defrost, CUDAEasy,
HLattice, PyCOOL, ...

• CosmoLattice (2021~)



CosmoLattice (2021~)
• Scalar and gauge field dynamics in an expanding

universe

• Developed by Daniel G. Figueroa, Adrien Florio,
Francisco Torrenti, and Wessel Valkenburg

• MPI-based, GW, 3-D visualization, etc.



Flowchart
• Write a model (V, dV, ...)

• Compile and execute
(set the simulation and initial parameters carefully)

• Refine output













Simulation output
• (Space-averaged) energy densities, field values, ...

• (K-binned) power spectra, frequency, occupation number

• The scale factor, Hubble paramter, energy conservation
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1 < k/aeHe < 27



1 < k/aeHe < 27
• k >> aH initially. Soon k ~ aH, tachyonic resonance expected

to prevail

• After inflation, production still goes on as R/H^2 oscillates
and adibaticity can be violated

• For t >> tend, turbulance over, fluctuations freeze



3D Visualization

• t0~0

• tend~6

• tmax~50
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