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print snapshots of the

energy distributions
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Consider the potential:
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CosmoLattice uses the HDF5 library to save snapshots of the 
three dimensional distributions of the different energy 
components of the simulated system. 

      Hierarchical Data Format (HDF5)



      Hierarchical Data Format (HDF5)

If you open an HDF5 file in e.g. a text editor, you’ll find weird stuff: 


To read .h5 files use: Mathematica, Matlab, python, gnuplot, etc.



      Structure of HDF5 files in CosmoLattice

Snapshots of the different energy distributions are taken by:


	 	 	 energysnapshotmeasurer.h


The basic folder tree structure of CosmoLattice is the following:

cosmolattice :

8
>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>><

>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>:

CMakeLists.txt [+ other files]

dependencies

docs

src :

8
>>>>>>>>>>>>>>>>>>>>>>>>>>>>>><

>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>:

cosmolattice.cpp [+ other files]

cmake

models

tests

include :

8
>>>>>>>>>>>>>>>>>>><

>>>>>>>>>>>>>>>>>>>:

TempLat :

8
>>>>>>>><

>>>>>>>>:

cosmolattice.h
fft

lattice

parallel

parameters

session

util

CosmoInterface :

8
>>>><

>>>>:

CosmoInterface.h [+ other files]
definitions

evolvers

initializers

measurements

with the content of each folder summarized as:

folder name(s) brief description of each folder

dependencies scripts to install external libraries
docs documentation files
src source code (contains cmake, models, tests, include)

cmake files for compilation
models model files
tests files for testing purposes

include libraries for lattice operations (TempLat) and field dynamics (CosmoInterface)

TempLat library for lattice operations (contains fft, lattice, parallel, parameters, session, util)

CosmoInterface library for field dynamics (contains definitions, evolvers, initializers, measurements)

fft library to handle Fourier transformations
lattice library for basic lattice definitions and field operations

parallel library for parallelization routines
parameters library for parsing parameters from the command-line/files.

session library for taking care of initialization and destruction of external libraries
util library for basic useful operations

definitions library for basic field definitions (EOM terms, energy terms, etc)
evolvers library for evolution algorithms

initializers library for initialization algorithms
measurements library for observables (energy densities, field spectra, etc)
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      Structure of HDF5 files in CosmoLattice

Snapshots of the different energy distributions are taken by:


	 	 	 energysnapshotmeasurer.h


Snapshots of e.g. the kinetic energy density of a scalar field is 
‘taken‘ by:




      Structure of HDF5 files in CosmoLattice

CL saves the different energy components in .h5 files with the name 
structure:


	 	 type_energy_snapshot_fieldtype.h5


	 	 


The potential energy is saved in:	 potential_energy_snapshot.h5


type fieldtype

Scalars kinetic, gradient scalar, 
complex_scalar,

SU2_doublet

Gauge fields electric, 
magnetic

U1, SU2



      Structure of HDF5 files in CosmoLattice

HDF5 files are structured in Groups and Datasets. 




      Structure of HDF5 files in CosmoLattice

  E_S_K_0

2015

10

0

5 20

1510

0

5

HDF5 files are structured in Groups and Datasets. 


Example: The kinetic_energy_snapshot_scalar.h5 file of a 
simulation with two real scalar fields is structured as follows

 E_S_K_1



      Structure of HDF5 files in CosmoLattice

  E_S_K_0

2015

10

0

5 20

1510

0

5

HDF5 files are structured in Groups and Datasets. 


Example: The kinetic_energy_snapshot_scalar.h5 file of a 
simulation with two real scalar fields is structured as follows

 E_S_K_1

In Mathematica:



      Structure of HDF5 files in CosmoLattice

The Groups of the different fields are named as follows:

Gauge fields: electric magnetic

U(1) E_A_K_# E_A_G_#

SU(2) E_B_K_# E_B_G_#

Scalar fields: kinetic gradient

Scalar singlet E_S_K_# E_S_G_#

Complex scalar E_CS_K_# E_CS_G_#

SU(2) doublet E_SU2D_K_# E_SU2D_G_#



      Structure of HDF5 files in CosmoLattice

We consider a simulation with                 . Snapshots can be imported into e.g. 
Mathematica by:

������ Import["kinetic_energy_snapshot_scalar.h5", {"Data"}]



      Structure of HDF5 files in CosmoLattice

We consider a simulation with                 . Snapshots can be imported into e.g. 
Mathematica by:


The first kinetic energy snapshot of the first scalar field is structured as 
follows: 

������ Import["kinetic_energy_snapshot_scalar.h5", {"Data"}]



      Structure of HDF5 files in CosmoLattice

We consider a simulation with                 . The slices can be imported in 
Mathematica with:


The first kinetic energy snapshot of the first scalar field is structured as 
follows: 
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      Structure of HDF5 files in CosmoLattice

We consider a simulation with                 . The slices can be imported in 
Mathematica with:


The first kinetic energy snapshot of the first scalar field is structured as 
follows: 



      Structure of HDF5 files in CosmoLattice

A word of caution:


one slice of a simulation of  

one field with

requires                  !


For a simulation with                      

                        you need       

       more storage, etc.



      Structure of h5 files in CosmoLattice

A word of caution:


If your interested in other quantities, e.g. the total energy density of 
a scalar singlet, you can add it in the energysnapshotmeasurer.h to 
save storage:



 	 Examples



      Preparation: HDF5

First, we have to make our computers fit for snapshot printing. To 

do so, open your Terminal and go to the cosmolattice folder. Then, 

install the HDF5 library by:
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First, we have to make our computers fit for snapshot printing. To 

do so, open your Terminal and go to the cosmolattice folder. Then, 

install the HDF5 library by:


Then, in CMakeLists.txt we have to set HDF5 from ’OFF’ to ‘ON’ (line 15):

(Also, you might need to include the MYHDF5_PATH (line 56) in CMakeLists.txt) 
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      Preparation: HDF5

First, we have to make our computers fit for snapshot printing. To 

do so, open your Terminal and go to the cosmolattice folder. Then, 

install the HDF5 library by:


Then, in CMakeLists.txt we have to set HDF5 from ’OFF’ to ‘ON’ (line 15):

(Also, you might need to include the MYHDF5_PATH (line 56) in CMakeLists.txt) 

For more explanations you can consult Appendix A.3 of the CL manual.




 	 Example 	 	 	 	 	



      	 Example: Tachyonic Preheating

Potential we consider:

with



      	 Example: Tachyonic Preheating

Inflection point:


Potential we consider:

with



      	 Example 1: Tachyonic Preheating



 	 Example: Preparation

You can download from the CosmoLattice ‘25 School web page 
under Lecture 10 the following files:


	 model file: 	 	 tanh2hdf5.h

	 input file:	 	 tanh2hdf5.in

	 	 	 	 

	 Mathematica notebook:	 SnapshotPrinter.nb

	



 	 Example 1: Preparation

You can download from the CosmoLattice ’25 School web page 
under Lecture 8 the following files:


	 model file: 	 	 tanh2hdf5.h

	 input file:	 	 tanh2hdf5.in


	 

   Put the model file into 

   the models folder and 

   the input file into the 

   parameter-files folder. 




 	 Example: Compilation and Start Simulation

You can download from the CosmoLattice ’25 School web page 
under Lecture 8 the following files:


	 model file: 	 	 tanh2hdf5.h

	 input file:	 	 tanh2hdf5.in

compile the model:

Start the simulation with:




 	 Example: Compilation and Run Simulation

And then run the simulation with the following command:


Once the model and input files are placed correctly, we can 
open the terminal and compile the model by:



      	 Example: Input file

What have we simulated? The 

input file tanh2hdf5.in contains 

the following simulation:



      	 Example: Output

The following energy 

snapshots are taken:	 

	 

   kinetic:

	 

   gradient:


   potential:


By setting tOutputRareFreq = 1 

at each timestep one snapshot 

is taken.



      	 Example: Output

The following energy 

snapshots are taken:	 


   kinetic_energy_snapshot_scalar.h5


   gradient_energy_snapshot_scalar.h5


   potential_energy_snapshot.h5


By setting tOutputRareFreq = 1 

at each time step one snapshot 

is taken.



      	 Example 1: Plot Energy Density Snapshots

With the Mathematica notebook SnapshotPrinter.nb you can plot the 
different energy density snapshots: 



	 Example 1: Making a Movie

	 With the Mathematica notebook SnapshotPrinter.nb you can also make 

a movie of the evolution of the distribution of energy. For that purpose, 

we save all energy snapshots in a film reel (simply a list of plots):
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	 Example: Making a Movie

	 With the Mathematica notebook SnapshotPrinter.nb you can also make 

a movie of the evolution of the distribution of energy. For that purpose, 

we save all energy snapshots in a film reel (simply a list of plots):


	 Which you can export as a movie:


reel =  , , , ... , , , 


