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Motivation
● runtime ~ primary energy / energy cut
● track fewer particles
● assign stat. weights, avoid bias
● downside: artificial fluctuations (vs. Shower-to-

shower fluctuations)
● belongs to Russian roulette methods

García-Pareja, Lallena, Salvat 2021

https://doi.org/10.3389/fphy.2021.718873


  

Hillas thinning
● original description ICRC 1981
● threshold energy Eth = ε E0 (ε ~ 10-5, 10-6, 

…)
● in vertices below Eth, select one out of all 

secondaries with
pi = Ei / ∑kEk

wi = w0 / pi

● (weighted) energy conserved exactly
● improved further by Hillas (1997),

Heck & Knapp (1998)

Hillas 1981; Hillas 1997; Heck, Knapp 1998

https://ui.adsabs.harvard.edu/abs/1981ICRC....8..193H/abstract
https://doi.org/10.1016/S0920-5632(96)00847-X
https://doi.org/10.5445/IR/270043705


  

Artificial fluctuations
● related to weight distribution (narrower = better)

● width can be controlled with weight limitation
● "optimum weight" wmax = Eth / 1 GeV
● cumbersome with Hillas thinning

(C7 implementation obscure...)

Hansen, Alvarez-Muñiz, Vázquez 2011; Kobal 2001

https://doi.org/10.1016/j.astropartphys.2010.11.001
https://doi.org/10.1016/S0927-6505(00)00158-4


  

Statistical thinning
● keep/discard-test for each secondary 

independently
● no. of kept particles not fixed
● energy conserved on average
● bigger fluctuations (according to Hillas)
● acceptance factor arbitrary

Kobal 2001

https://doi.org/10.1016/S0927-6505(00)00158-4


  

C8 implementation
● only EM vertices (1→2 splitting)
● Hillas thinning while no secondary

can reach wmax

● otherwise stat. thinning for both secondaries 
with

pi = max( pi /∑k Ek , w0/wmax)



  

Unthinned



  

"real" thinning

does not correspond to unthinned shower!



  



  

"fake" thinning

● true pruning of shower
● direct comparison with unthinned

shower possible

w = 0

w > 1

bin/corsika --multithin 



  

Weight distribution
vertical 1016 eV gamma
ε = 10-5



  

Backport to C7
● MR 11, THIN and MULTITHIN
● new coconut option?

https://gitlab.iap.kit.edu/AirShowerPhysics/corsika-legacy/corsika7/-/merge_requests/11


  

(Artificial) fluctuations
● here: azimuthal (bin-to-bin) fluctuations



  

With thinning



  

Performance comparison

impact on runtime
not checked yet!



  

Conclusions
● Thinning works
● unbiased, check with --multithin
● narrow weight distribution possible
● Performance? New optimum weight prescription?
● Paper?
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