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Overview

● Comprehensive Particle Identification (CPID) Processor
● Target: provide platform for future collider detectors to evaluate PID
● Approach: central book-keeping, modules for PID observables as well as training & 

inference
● Use Particle Flow Objects (PFOs), 
● Currently Marlin processor using LCIO, usable in Gaudi via MarlinWrapper, goal is to 

have native implementation
● CPID (beta version) is part of the current iLCSoft release

● Today: structure, how to use, module overview, PID performance

https://github.com/iLCSoft/MarlinReco/tree/master/Analysis/PIDTools
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Structure of the CPID workflow

● I: set up and observable extraction
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Structure of the CPID workflow

● II: training and intermediate storage
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Structure of the CPID workflow

● III: inference and output

CPIDProcessor::processEvent

Steering file

InputAlgorithms ROOT file
TrainingModels:

inference
TrainingModels:

training

Reference file,
weight files

CPIDProcessor::end

P
FO

P
ID

 o
bs

er
v.

P
ID

P
ID

 o
bs

er
v.

slcio file

    PFO
- track
- cluster
- MCPDG processor parameters,

module parameters

TT
re

e 
w

ith
P

ID
 o

bs
er

v.

Plots

P
ID

 o
bs

er
v.

slcio file

PID



Uli Einhaus  |  SW & Ana Meeting  |  05.07.2023  |  Page 6

Structure of the CPID workflow

● for regular users
● for module developers
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Structure of the CPID workflow

● for regular users
● for module developers
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Dynamic loading of modules means module 
developers don’t need to touch the actual processor 
(analogous to Marlin processors and actual Marlin)
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How To Use

● Example steering file

collections

mode selection

momentum bins → separate
model run per bin

PFO cuts, not used
for training

miscellaneous

https://github.com/iLCSoft/MarlinReco/blob/master/Analysis/PIDTools/steer/steer_CPID.xml
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How To Use

● Example steering file

specify InputAlgorithms
[type]:[name]

give module parameters
[name].S, [name].F
-
these depend on the
individual modules

specify TrainingModel(s)
[type]:[name]

give module parameters
[name].S, [name].F

https://github.com/iLCSoft/MarlinReco/blob/master/Analysis/PIDTools/steer/steer_CPID.xml
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TrainingModels: TMVA_BDT & TMVA_BDT_MC

● Direct connection with observables TTree, run ‘standard’ ROOT TMVA BDT
● Take 4 string inputs, corresponding to TMVA loader and factory options

● TMVA_BDT uses simple sig/bkg BDT, trains _signalPDGs vs. _backgroundPDGs
● TMVA_BDT_MC uses multiclass BDT, trains all _signalPDGs against each other  

→  used for performance plots on following slides
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InputAlgorithm: dE/dx_RCD

● RCD = reference curve distance, i.e. distance to Bethe-Bloch curves,
removes momentum dependence compared to using dE/dx value directly

● Takes (fully reconstructed) dE/dx value from Compute_dEdxProcessor, and reference
curves from dEdxAnalyser as float parameter input

● Optional: adjustment of dE/dx value by scaling of distance to true curve, emulates 
better/worse dE/dx resolution

● Gives 5 observables: el_dis, mu_dis, pi_dis, ka_dis, pr_dis
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InputAlgorithms: Pandora

● Takes the PID assigned by PandoraPFA (based on cluster shapes) to the PFO
● Either e, µ, π or photon, returns PDG (11, 13, 211 or 22)

● Plot: combination of
dE/dx_RCD and Pandora
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InputAlgorithms: TOF and TOF223

● TOF:
– time of flight, using initial implementation
– various issues leasding to limited purity
– available in last large MC production
– returns track beta (v/c)

● TOF223:
– time of flight (in iLCSoft v02-02-03), using B. Dudar’s new TOF implementation including 

track length estimation
– only available in newest simulation
– runs on REC files, i.e. can’t be done retroactively 
– returns reconstructed PFO mass

● Both use output of TOFEstimator, only need corresponding estimator name to find in 
PFO PIDHandler
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InputAlgorithm: LeptonID

● L. Reichenbach’s new LeptonID (e vs. µ vs. hadrons, target: semileptonic b/c decays)
● Use LeptonID’s BDT scores (based on ~20 inputs) as input for CPID
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InputAlgorithm: dN/dx

● Request by IDEA DC people
● Using parametrisation of cluster counting dN/dx(βγ) from Delphes
● Take first track in PFO, calculate track length in TPC or parametrised cylinder, get 

Poisson(average #clusters), get distance to reference curves
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π/K Separation with Combined Observables

● dE/dx, TOF10 and Pandora
● TMVA_BDT with sig = K, bkg = π

train & eval per 12 mom bins and per used observable(s)
● TOF works at low momenta, dE/dx at moderate

 ones, Pandora not at all (as expected)
● Combination corresponds to independent

observables

π
/K
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Performance Comparison

● Here: multiclass BDT; confusion matrix with      /pur on diagonal
● Simple BDT already generates similar performance to current LikelihoodPID
● Using dE/dx and Pandora (based on cluster shapes)

Current LikelihoodPID CPID framework

eff
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Performance Comparison

● Here: multiclass BDT; confusion matrix with      /pur on diagonal
● Simple BDT already generates similar performance to current LikelihoodPID
● Addition of TOF gives immediately better result – previously hard, easy in CPID

CPID framework; + TOFCurrent LikelihoodPID

eff
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Conclusion and Outlook

● First CPID version online – beta version, no warranty!
● Please test and send feedback & feature requests!

● More features
– (abstract) RICH algorithm?
– neural network training, possible interface with pyTorch
– more performance assessment output
– more documentation…

● Intention: add CPID to standard high level reco and add PID estimator to the PFO, 
possibly a conservative and an ambitious one

● Make this available in native Key4HEP / Gaudi
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