
Energetic Pions, 
Differences For The

Hadronic Interaction Models



Motivation
“Effect of the uncertainty in the hadronic interaction models on the estimation of the sensitivity of the Cherenkov Telescope Array” by 
Michiko Ohishi et al.

Predicts “~30% differences in the estimated gamma-ray sensitivity in the 1 - 30 TeV region”

Goals:
-Recreate the plots and methods
-Propose accurate uncertainties for background 
events dependent on the models
-include updated/different models

Fig. 1. Page 10, pi0 energy spectra



Cosmic Ray Monte Carlo package (CRMC)

-dowload and documentation at https://web.ikp.kit.edu/rulrich/crmc.html

-simulates particle collisions

-many different starting configurations possible (momenta, particle types, etc.)

-many different models possible (qgsjetII.03/04,sibyll2.3,Epos1.99/LHC,pythia)

https://web.ikp.kit.edu/rulrich/crmc.html


The Output

-.hepmc3 format

-multitude of properties(for particles and 
“events”)

-main work is parsing through this data

-models at the moment:

eposlhc; qgsjetII04, sibyll2.3

-various bottlenecks are: simulating time, 
processing time, data storage

(~4-8 Gb for 2e+06 interaction events, dep. on 
model)



The Main Plots
How are they created and weighted? 

What regions are interesting?

“Multiplicity of an event”: The number of end product +ve pions created by an interaction 
event



Changing behaviour for minimal decay length

-High and Low E/E0 regions dominated by the decay of resonances (at least using Eposlhc)



The Multiplicity Plot

-Low multiplicity events dominate the high end (last decade) of E/E0

-Very different results for different models expected here



What is Still to Do?

-Rinse and repeat for the different hadronic interaction models (especially for 
pythia)

-How do the air showers differ for different hadronic interaction models?

-What uncertainties for gamma-ray like air showers arise from these differences? 
(and what are the corresponding uncertainties in the gamma-ray like backgrounds 
arising from these model differences?)



Question to the Audience

-How can I (crudely) model the detector? ie. which of the pions produced will have 
their momenta and energy measured by LHCf, and with what accuracy?

-How can data be stored to be most accessible/useful to others in the group?


