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Numerical Preheating
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There are many (many) codes
…many of which are open-source or available

• LatticeEasy, Gary Elder 2000 (https://www.felderbooks.com/latticeeasy/index.html)


• CLUSTEREasy, arXiv:0712.0813 (https://www.felderbooks.com/latticeeasy/index.html)


• DEFrost, Andrei Frolov, 2008, arXiv:0809.4904, (https://www.sfu.ca/physics/cosmology/defrost/)


• CUDAEasy, Jani Sanio, 2009, arXiv:0911.5692 


• PSpectRe, Richard Easther, Hal Finkle, Nathaniel Roth, arXiv:1005.1921


• HLATTICE, Zhiqi Huang, arXiv: 1102.0227 (https://www.cita.utoronto.ca/~zqhuang/hlat/)


• GABE, JTG, Hillary Child, J. Tate Deskins, arXiv:1305.0561, (https://cosmo.kenyon.edu/gabe.html)


• PyCOOL, Jani Sainio, arXiv:1201.5029


• CosmoLattice, 2020, Daniel G. Figueroa, Adrien Florio, Francisco Torrenti, Wessel Valkenburg, 
arXiv:2006.15122, (https://cosmolattice.net/)



Why GABE?
…why now?

• GABE does much of what (most of) these codes can do.  


• The user has control over the model (potential) and the ability to change most of 
the numerical parameters


• The code has been shown to be applicable to many scenarios


• GABE uses an RK-2 (or for BSSN RK-4) integration scheme


• Possibly, uniquely, GABE was written to be flexible with non-canonical fields and 
kinetic structures


• GABE has extensions for Gravitational Waves, linearized gravity and Numerical 
Relativity (not widely distributed)



Using GABE
…for the practicals

• If you’re running a MAC, hopefully you’ve had a chance to follow the 
“upgrade instructions” to get an open-mp compatible compiler and FFTW.


• If you’re running LINUX, and you have FFTW-3 installed, you should be able 
to run GABE by modifying the makefile


• Otherwise, you can use a remote version


• $ssh ithems@ann.kenyon.edu


• Password: Il0veGABE!  (Upper-case I then lower-case l then number 0)

mailto:ithems@ann.kenyon.edu


The Software Files
Files we’re not going to look at 
today


• g2functions.cpp: functions 
required for field and spacetime 
evolution 


• g2header.h: common header file


• g2init.cpp: initialization routines


• g2main.cpp: the main function


• g2outoput.cpp and 
g2spectra.cpp: output routines 



The Software Files

On top of this there are two files 
that we will modify:


• g2model.cpp: the file which 
contains the specific potential of 
interest as well as other model-
specific functions


• g2parameters.h: most frequently 
changed, contains the physical 
and numerical parameters of the 
model



The model file

• GABE comes pre-loaded with the ‘vanilla preheating’ model:


• Where the only part that we really need is 

<latexit sha1_base64="Ogp/annDDeoXhec0dUd3JM7t3y0="></latexit>
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<latexit sha1_base64="QtuduelLjk+EcxK6mSungZC8MIA="></latexit>
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Notes on dimensionless variables
…this is often the most difficult part for new 

<latexit sha1_base64="YlqcBOZnZFEms1tqjimzp6fPh5c="></latexit>
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g2model.cpp

• The model appears in three important functions.  These are what need to be 
changed when the potential is changed.
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g2parameters.cpp



g2parameters.cpp



g2parameters.cpp



On to the challenge!



Challenge 1
Part A

• When I calculate , I get:


• Which has two new dimensionless couplings.

Vpr
<latexit sha1_base64="AKtLfbpVAeWtDseN9kXZI9lneac="></latexit>
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Challenge 1
Part B
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Challenge 1
Part D

<latexit sha1_base64="kEo5YlhjImrHTUVmq8Bw9Ou9qpA="></latexit>

k→ = a
√
→2ω↑ε↓ = 2↔

√
→2↔

(ωmpl

m2

)
↔ ↑εmin,prmpl↓m = 2↔

√
2↔ 500↔ (0.05)m

<latexit sha1_base64="eUkKwL8js/NIzqFldvuXcVpViJY=">AAACE3icbVDLSsNAFJ34rPVVdelmsAhSpCRSqhuh6MZlBfuAJoTJdNIOmUmGmYlYQv7Bjb/ixoUibt2482+cPhbaeuDC4Zx7ufeeQDCqtG1/W0vLK6tr64WN4ubW9s5uaW+/rZJUYtLCCUtkN0CKMBqTlqaaka6QBPGAkU4QXY/9zj2RiibxnR4J4nE0iGlIMdJG8kuVyM8q7mnmSg6FzHN4Cd1QIpxFfiXPeA5dJIRMHqBT80tlu2pPABeJMyNlMEPTL325/QSnnMQaM6RUz7GF9jIkNcWM5EU3VUQgHKEB6RkaI06Ul01+yuGxUfowTKSpWMOJ+nsiQ1ypEQ9MJ0d6qOa9sfif10t1eOFlNBapJjGeLgpTBnUCxwHBPpUEazYyBGFJza0QD5GJRJsYiyYEZ/7lRdI+qzr1av22Vm5czeIogENwBE6AA85BA9yAJmgBDB7BM3gFb9aT9WK9Wx/T1iVrNnMA/sD6/AGhiZ1k</latexit>

k→ pr =
k→
m

→ 14



Challenge 1
Part E

<latexit sha1_base64="vHsyvT4atGaFh83pPvpf90cTZE4="></latexit>
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]
↑ 0.5

<latexit sha1_base64="NlhcaUWe8v6h3Vya6+aJQbcQig4=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoNgFe5Uoo0QtLGwiGA+IHeEvc1esmRvb9ndE8KRv2FjoYitf8bOf+MmuUITHww83pthZl4oOdPGdb+dwsrq2vpGcbO0tb2zu1feP2jpJFWENknCE9UJsaacCdo0zHDakYriOOS0HY5up377iSrNEvFoxpIGMR4IFjGCjZX8+17mqxhJNbk+75UrbtWdAS0TLycVyNHolb/8fkLSmApDONa667nSBBlWhhFOJyU/1VRiMsID2rVU4JjqIJvdPEEnVumjKFG2hEEz9fdEhmOtx3FoO2NshnrRm4r/ed3URFdBxoRMDRVkvihKOTIJmgaA+kxRYvjYEkwUs7ciMsQKE2NjKtkQvMWXl0nrrOrVqrWHi0r9Jo+jCEdwDKfgwSXU4Q4a0AQCEp7hFd6c1Hlx3p2PeWvByWcO4Q+czx9so5FN</latexit>

Lpr = 3

<latexit sha1_base64="ptZjH+A/7alSdQBhgeIumgL19L0=">AAACG3icbVDLSsNAFJ3UV62vqEs3g0VwVZIi1WXRTRcuKtgHNKFMppN26EwyzEzEEvIfbvwVNy4UcSW48G+ctkG09cCFwzn3cu89gWBUacf5sgorq2vrG8XN0tb2zu6evX/QVnEiMWnhmMWyGyBFGI1IS1PNSFdIgnjASCcYX039zh2RisbRrZ4I4nM0jGhIMdJG6tvV637qSQ6FzDxFOfRCiXBa9QTN0saPlUEPCSHje2iMvl12Ks4McJm4OSmDHM2+/eENYpxwEmnMkFI91xHaT5HUFDOSlbxEEYHwGA1Jz9AIcaL8dPZbBk+MMoBhLE1FGs7U3xMp4kpNeGA6OdIjtehNxf+8XqLDCz+lkUg0ifB8UZgwqGM4DQoOqCRYs4khCEtqboV4hEw62sRZMiG4iy8vk3a14tYqtZuzcv0yj6MIjsAxOAUuOAd10ABN0AIYPIAn8AJerUfr2Xqz3uetBSufOQR/YH1+A8ZsoeU=</latexit>

Lpr →
2ω

Hpr
↑ ω



Challenge 1
Part E

When  and L ≈ 3 N = 64

<latexit sha1_base64="sTnBSbcqbHJ+Iromn9c30ltZBGY="></latexit>
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2
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Challenge 1
Part F



Challenge 1
Part F

Yup… don’t let it get you down!



Just so it’s easier to plot



The Spectra!
Δ2(k)

k/mN3 = 643

Δ2(k)

k/m
N3 = 2563



See if you can make some oscillons?


