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Particle reconstruction at 𝒆!𝒆" Higgs factory

Ø Reconstruction in collider experiments
Ø Interpret detector hits into observables (type, E, P, vertex…) of final state particles.
ØUltimate goal: 1-1 correspondence between truth & reconstructed particles.
ØDifficulty of achieving this goal highly depends on collision environment.

Ø CEPC: 𝒆!𝒆" Higgs factory (240 GeV)
Ø~97% with hadronic/jet final states (ZH production)
Øparticle multiplicity up to ~100 (di-jet)
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Particle Flow reconstruction

Ø Basic idea
Øefficiently separate and identify different types of particles
Ømeasure their energy/momentum with the optimal sub-detector

Ø Significantly enhance jet energy measurement
Ø𝐸!"# = 𝐸$%&'( 65% + 𝐸)(25%) + 𝐸*!(10%)
ØTracker momentum resolution (~0.1%) << Calorimeter energy resolution (~60%/√E)

EJET = ETRACK + Eg + EnEJET = EECAL + EHCAL
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Particle Flow reconstruction

Ø Performance at CEPC CDR phase
ØQuantified by Boson Mass Resolution (BMR)

Ø di-jet final state (at 240 GeV)
Ø Baseline PFA: Arbor [arXiv: 1403.4784]
Ø Baseline BMR: ~3.7%

ØBottleneck (BMR decomposition pie-chart)
Ø 1st: Fake particles (fragments) from ℎ± (energy double counting)
Ø 2nd: HCAL resolution

Fake particles from single 𝜋 "

https://arxiv.org/abs/1403.4784
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Improve hadronic resolution with Glass-HCAL

Ø Glass Scintillator HCAL (GSHCAL) [NIMA 1059 (2024) 168944]
ØGlass advantages

Ø higher density→ higher sampling fraction
Ø doping with neutron-sensitive elements (Gd) : improve hadronic response
Ø low cost

ØSignificantly improvement in
Ø Hadronic energy resolution: traditional 60%/√E→ 30~40%/√E
Ø BMR: baseline 3.7%→ 3.3%
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Particle mapping & classification of reconstructed particles

Ø Build mapping between truth visible & reconstructed particles
ØReconstructed particles are composed of track/cluster hits
ØTruth link between hits and truth particles that generate the hits

𝑒±, 𝜇±, 𝜋±, 𝐾±, 𝑝/�̅�, 𝛾, 𝐾"#, 𝑛, /𝑛
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Charged particle without track/cluster

Ø Almost in forward and low Pt regions

CDR

TDR
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Particle reconstruction efficiency

CDR

TDR
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Particle reconstruction efficiency

CDR

TDR 𝑝/�̅�𝐾±𝜋±𝛾
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Particle identification using machine learning

Ø 1-1 correspondence problem→ supervised multiclass classification task
Ø ML model: Particle Transformer (ParT) [arXiv: 2202.03772]

Ø Inputs: ~55 particle features
Ø Reconstructed particles: E, P, (θ, φ)
Ø Track: #hits, P, endpoint, dE/dx
Ø Cluster: #hits, E, shape variables, time spectrum…

ØOutputs
Ø Likelihood (score) of each category

Ø~ 2.2M parameters

Ø Sample
ØFull simulation 𝜈𝜈𝐻,𝐻 → 𝑔𝑔 (240 GeV)
ØStatistics

Ø CDR: 10$ events
Ø TDR: 2×10% events

ØTraining : Validation : Test = 6:2:2

https://arxiv.org/abs/2202.03772
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Input feature variables

Ø Input features at particle, track, cluster level

some variables are not
yet implemented in
TDR…

TDR ECAL has no time info.



2025/05/28 CEPC Physics Performance Wednesday Meeting 12

Fake particle identification and BMR

Ø Optimal working point (wrt BMR)
ØScore > 0.85
ØCDR: eff. ~77%, purity ~97.5%
ØTDR: eff. ~56%, purity ~95%
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Fake particle identification and BMR

Ø Fake particle suppression
ØAverage number

Ø CDR: 75→ 10
Ø TDR: 17→ 6

ØDouble-counted energy
Ø CDR: 6→ 0.6 GeV
Ø TDR: 3.75→ 1.25 GeV

CDR

TDR

CDR

TDR
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Fake particle identification and BMR

Ø BMR improvement (CDR results only)
ØCDR Baseline ~3.7%
ØGlass-HCAL ~3.3% (relative 10%)
ØGlass-HCAL + fake particle suppression (relative 15%) ~2.75%

60 80 100 120 140 160
 (GeV)jjm

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

A.
U

. /
 0

.5
 (G

eV
)

(240 GeV)

CEPC Cleanedqqνν→ZZ
 Cleanedqqνµ→WW

gg Cleanedνν→ZH

 (GeV)jjm
60 80 100 120 140 160

A.
U

. /
 0

.5
 (G

eV
)

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07
 (ud) Cleanedqqνν →ZZ 

 (ud) Cleanedqqνµ →WW 
gg Cleanedνν →ZH 

CEPC

(240 GeV)

60 80 100 120 140 160
 [GeV]jjm

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

A.
U

. /
 0

.5
 G

eV

GSHCAL  = 240 GeVs

CEPC Cleanedqqνν→ZZ
 Cleanedqqνµ→WW

gg Cleanedνν→ZH



2025/05/28 CEPC Physics Performance Wednesday Meeting 15

Energy fraction

Ø Increased fractions in TDR
ØCharged w/o cluster
ØLost (mainly from particle merging due to ECAL long-bar configuration?)

CDR TDR
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Simultaneous identification of particles

CDR TDR (preliminary)
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Simultaneous identification of particles

Ø Differential efficiency
ØM6x6 (𝑒±, 𝜇±, 𝜋±, 𝐾±, 𝑝/�̅�, 𝛾)

Ø high eff. in wide range 1~10/20 GeV
ØM3x3 (𝐾,-, 𝑛, :𝑛)

Ø high eff. in low energy range ~ 1 GeV



2025/05/28 CEPC Physics Performance Wednesday Meeting 18

Future 3-stage particle mapping

Ø Lost decomposition
ØAcceptance
ØParticle merging

Ø Secondary particles
Øe.g. photon conversion
ØTo avoid E double-counting
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Summary

Ø 1-1 correspondence reconstruction = confusion-free PFA + efficient PID
(unified in a same model)

Ø Particle mapping (truth link)
Øespecially in jet environment (with high multiplicity)

Ø enable diagnosis on individual particles
Ø provide more dimensions (not only BMR) for performance quantification

Ø Standardization
ØKey performance

Ø BMR
Ø Energy fraction
Ø PID efficiency

ØFuture 3-stage particle mapping
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Thank you for your attention!
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Double-counted energy (ChFrag) distribution
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PID matrix using max score

CDR TDR
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Particle (PFO) multiplicity

CDR TDR



Reconstructed particle categories



Necessary Input

Ø Reconstructed samples with truth info
ØPFO -> Feature variables

Ø Track, Track hits
Ø Cluster, Cluster hits

ØTruth link -> Mapping & Truth label

Ø Physics process
Ø𝜈𝜈𝐻,𝐻 → 𝑔𝑔 (240 GeV)

Ø Statistic
Ø10. are expected for training ML model
Øbut we can start with ~100 to examine dataset first

Ø especially the truth link…



Detector geometry



Glass-HCAL


