


PFA Template Concept

Modular PFA composed of multiple individual particle
ID algorithms

Common IO throughout PFA for cluster, ID algorithms

- at each step, complete set of subdetector hitmaps
modified by the previous algorithm (allEM, allHAD, allHITS)

- allows interchangeability of algorithm order, cluster and 1D
algorithms

- for example, different optimized clustering can be used at
each step

- ease of algorithm import

Relies as much as possible on single particle tuning of
iIndividual algorithms (as opposed to process tuning)
- can test/tune individual algorithms in test beam(s)




Current PFA Template — PFAMain.java

DigiSim — hit digitization, timing, threshold cuts

Perfect PFA — standard Perfect RPs, cheated tracks
Cheated/Reconstructed Tracks

Track Extrapolation Maps — spacepoints along extrapolated trac

layer 0 ECAL/HCAL, ECAL shower max

Track-Mip Association — mip segment, interaction point of charge
particles

Cluster Pointing Algorithm — 3 cluster classes; points at charged  mm
particle interaction spacepoint, points at IP, non-pointing _
Photon Finder | — subset of IP-pointing clusters based on tra  PUrlty
distance Efficiency
Photon Finder Il (R. Cassell) — multi-variable evaluation of DT clusieLs
Track-Cal Cluster Matching — iterative matching of clusters to trac
using distance, E/p

Photon Finder Il — low energy photon clusters

Track Proximity Cleaner — photon candidates trimmed near trac
EM/HAD Cluster Merger — merges EM and HAD clusters in cone
Neutral Hadron Finder — leftover clusters

Reconstructed Particles -> Energy Sum, Jet Finding




PFA Template Performance - qqgbarl00

| rms = 5.9 GeV
RecoParticle ESum — qgbar ESum rms90 = 3.8 GeV

Entries 2500

o] alpha90 = 0.38

Rms 5.7911

aidad4345.aida

Diff Perfect Dijet Mass
¢ [iff PFA Dijet Mass

Diff Perfect Dijet Mass
Entries : 2500
MWean -0.51925
Rms 31289

Diff PFA Dijet Mass
Entries 2500
Iwlean -0.16491

Rms : 59464

35

ms =5.8GeV

rms90 = 3.7 GeV e S o e e e S e
alpha90 = 0.37 RecoParticle Dijet Mass — qgbar Mass




Associating Cal Showers with Tracks
Track/Mip and Track/Shower Algorithms for PFA Template

Tracks

- cheated, from Perfect PFA (ReconFSTracks)
- extrapolated using helical swimmer with MC p, MC origin, charge, Bz
- ready for real track extrapolation with measured p, origin, charge, Bz

Track Extrapolation Map Utility
-maps spacepoint to track extrapolated to EO, EM Shower Max, HO

Track Mip Cluster and Interaction Layer Finder

Cluster Pointing Algorithm

Track Shower Cluster Finder

- associates clusters to tracks starting from IL

- first, finds core clusters by searching in same region as mip finder

- uses cluster proximity (A9,A¢) and E/p measure based on CAL resolution for p
- iterates expanding cone until E/p window is met or max cone size is reached

- outputs are track shower clusters (includes mips, core, and shower)




Shower reconstruction by track extrapolation

Mip reconstruction :
Extrapolate track through CAL
layer-by-layer
Search for "Interaction Layer'
-> Clean region for photons
(ECAL)

-> mip clusters matched to tracks

(]

Cjuster Pointing :
Determine pointing vector
-> Match ILSP pointing clusters
to track

one cell widel Shower reconstruction :
Optimize matching, iterating in
‘ E.HCAL separately (E/p test)

IL

Hits in next layer

track Shower clusters




Track-Mip Algorithm — Interaction Layer

Interaction Layer all Tracks

Entries : 49209
Mean 124849
Fms: 14016

Interaction layer for all
tracks

-> exponential behavior for
each section of CAL -
20/10 layer ECAL sections
and 34 layer HCAL

Also some non-interacting
pions




Comparison of Mip Endpoint to MC Track Endpoint

MEF TrEF Diff in mm

Entries: 400
Mean  -75.691
Rims: 304.94

rms =30 cm
rms90 = 4.5 cm

-2,400 -2,200 -2,000 -1,800 -1,600 -1,400 -1,200 -1,000 -800 -60O0 -400 -200 0




MIP Finder Performance in qgbarl00 events

WC Paricle Purity per TrMipClus

Entries: 3214
hean: 099548
Rms: 0036112

M Paricle Purity Tridips per event

1000

Entries : 400
Mean : 0959536
Rms 0012074

Fho conf TriMips per event

Entries .

Frms :

400

llean : 3.6826E-3

0.010832

MeuH canf Triips per event

Entries . 400
llean : 9.59465E-4
Fims: 5.3429E-3




Track-Mip Algorithm Summary

The Track-Mip Algorithm associates hits to a track with
almost no loss in purity

In simulated physics events, values of the purity of the
found mip clusters are typically >99%

In addition, the interaction point of charged hadron
showers is also obtained — 90% occuring within 5 cm of
the MC track endpoint

As a standalone program, this algorithm can be
evaluated and tuned with test beam data

Plans are to produce a C++ version of the algorithm
that can be used in the MarlinReco framework




Cluster Pointing Algorithm

Cluster hits with DT clusterer — 4 hit minimum for

principal axes determination
- plan to test other cluster algorithms

Compare cluster pointing direction to IL spacepoint
direction and IP direction :
If IL spacepoint comparison < IP comparison -> [LSP Cluster
Else if IP direction comparison small enough -> |P Cluster
Else NP (non-pointing) Cluster

Do cluster fragments of charged hadrons point
to the interaction point?




Single pion cluster pointing results

Mumber of ILSPFPoint Clus Mumber of IPFPoint Clus MHumber of KoFoint Clus

Entries . 400 Entries : 400 Entries : 400
Mean : 1.0550 Mean : 040500 Mean : 241245
Frms : 0.94972 Fims @ 0.6539491 Fms: 2.7133

1.1 0.4 2.4

DT Clustering with 4 hit minimum, after mip finder, 1-10 GeV pions, 4-176 degrees




IP Cluster subdivision

Mumber of IPPoint Pho Clus Mumber of IPPoint Track Clus

Entries : 400 Entries : 400
Mean : 010000 Mean : 0.30500
Rims . 036056 Rims: 0.53570

25% “photons” 75% charged hadrons




Cluster pointing results in ggbarl00 events

Fumber of ILSPFPoint Clus Fumber of IPPoint Clus Mumber of MoPoint Clus

Entries : 400 . Entries : 400 Entries : 400
WMean : 62750 WMean : 67050 WMean : 23102
Rms: 27801 B Rms @ 31640 Rms @ 654549




IP Cluster subdivision

Fumber of IPPoint Pho Clus Mumber of IPPoint Track Clus

Entries . 400 Entries . 400
Mean : 4 6350 Mean : 2.0100
Frms: 289029 Fms: 1.5148

3 4




Purity of ILSP Clusters (assume charged hadron)

M Purity for ILSP Clusters

Entries: 2510
ean : 0.98056
Rms: 0105549

FPho contto ILSP

Entries :

Rims

2510

Mean : 7.¥393E-3

0063852

MH contto ILSP

Entries : 2510
Mean : 0.0116949
Rims : 0.0837490




IPPho Clusters (EM only)

iz Pho+RH Purity for IPPho Clusters ZhH caontto IPPho ClLusters

Entries : 1710 Entries : 1710
Mean 097059 fean : 0.0249413
Fms: 015773 Fms: 014773




Non-Pointing Clusters

M MH Purity for WP Clusters Fho contto MNP Clusters ChH contto MP Clusters

Entries: Q241 Entries: Q241 Entries: Q241
fean : 010061 fean : 0.28326 fean : 061613
Rms . 0.28355 Rms: 0.44480 Rms: 04787

100007




Track-CAL Performance in ggbarl00 events

MMumber of iterations per Track

Entries : 2205
Mean : 263145
Rims : 27854

Average size of
matched charged
hadron cluster — 0.030
(AD,Ad)




Track-CAL Performance in ggbarl00 events

Mz Pardicle Purity per TrcALCus Fho conf TrCALs per event MeuH conf TrCALs per event

10000 — Entries : 2205 _ Entries : 400 - Entries : 400
T Mean : 0.87593 - Mean : 0.029318 C Mean : 0.01 0876

Rims: 011554 I Rims: 0.060742 I Rims: 0.032328

PhOtOﬂS 1 Neutral
Hadrons

97.6% purity 2.9% contr. 1.1% contr.




Cluster Pointing Algorithm Summary

A cluster pointing algorithm has been developed which, at
present, forms 3 classes of clusters, with one being further
subdivided into 2 pieces

As tested so far with the DT clusterer, high charged particle
purities are obtained for clusters pointing at the interaction layer
spacepoint (>98%) — other clusterers will be tested

Also, high photon purities are obtained for clusters which point at
the IP and which are not too close to a track — (>95%)

This algorithm, used in conjunction with the Track-Mip Algorithm,
can be evaluated and tuned with test beam data

Plans are to produce a C++ version of this algorithm which can
run in the MarlinReco framework.




summary

The PFA Template approach lends itself to the
development of modular cluster and particle ID
algorithms which and be tested as standalone
programs in test beam. The cluster pointing algorithm
Is probably sensitive to the choice of hadron shower
models in the simulation, so it is important to test it with
real data. Plans are to produce C++ versions of the
algorithms discussed In this talk, and also for any other
algorithms use in the Template for which test beam
data is now or will become available.




