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https://github.com/acts-project/acts/pull/1323


● Current ACTS energy loss shows a huge difference when compared to the 
PDG truth value

● Mostly detected while I was working on detray material interactions and 
writing their unit tests

● Its impact is not negligible not only for physics but also for statistics (pull 
value distributions)

Motivation
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Mean Energy Loss (Bethe-Bloch)

● Comparison with PDG table for a muon in silicon: 
https://pdg.lbl.gov/2022/AtomicNuclearProperties/MUE/muE_silicon_Si.pdf
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Most Probable Energy Loss (Landau)

● Quite tricky to validate because the most probable 
energy loss is not provided by the PDG table

● But at least one figure is provided in PDG review
○ 1.7 mm silicon slab
○ Muon
○ 10 GeV
○ Most probable energy loss ~ 0.525 MeV

● Landau function of Acts main gives 0.69 MeV (??)
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https://pdg.lbl.gov/2022/reviews/rpp2022-rev-passage-particles-matter.pdf


1. A factor of two is missing in the calculation of the mean energy loss from Bethe-Bloch 
equation

○ Just a silly mistake

2. Incident particle mass is used in the calculation of the most probable energy loss from 
Landau distribution 

○ It should be fixed to the electron mass

3. A factor of 1000 is missing in the log term of density effect correction
○ Should be from mm^3 -> cm^3 conversion

List of Bugs
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➢ Mean energy loss and most probable energy loss are not independent to each other 
because they are from the same Landau distribution - These bugs can badly affect both 
physics and statistics 
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Electron Mass input for the Most Probable Energy Loss

● PDG review definitely has an error in the mass notation

Original paper: Straggling in thin silicon detectors PDG review

https://journals.aps.org/rmp/abstract/10.1103/RevModPhys.60.663
https://pdg.lbl.gov/2022/reviews/rpp2022-rev-passage-particles-matter.pdf
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Where the factor of 1000 comes from

● In density effect correction, there is an unit-less density term in g/cm^3 
○ ACTS sets mm unit as 1 so we need to multiply 1000 here..

PDG review

https://pdg.lbl.gov/2022/reviews/rpp2022-rev-passage-particles-matter.pdf


Before (reference) & After (monitored) the Fix

● Alas…
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Outlook

● The impact is not small after the fix
○ I recommend to update the Acts version that will include the 

changes especially in case using Acts as an external library

● There is still a negative shift in qop pull value for low pT particles
○ Have some plans to improve it later
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Backups



Pure Impact of Mass in the Most Probable Energy Loss

● Reference: electron mass

● Monitored: Incident particle mass (muon as in physmon.py)
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