ndividual Particle
Reconstruction

The PFA Approach to Detector
. Developmenitfer, the ILC

Steve Magill (ANL) _
Norman Graf, Ron Cassell (SLAC)




The PFA Approach

PFA Godal : 1 to 1 correspondence between measured
detector objects and particle 4-vectors -> best jet (parton)
reconstruction (energy and momentum of parton)

-> combines tracking and 3-D imaging calorimetry .

= good fracking for charged particles (~60% of jet E)
-> 0, (fracking) <<< o for photons or hadrons in CAL

= good EM Calorimetry for photon measurement (~25% of jet E)
-> o for photons < o for neutral hadrons
-> dense absorber for optimal longitudinal separation of
photon/hadron showers

= good separation of neutral and charged showers in E/HCAL
-> CAL objects == particles
-> |1 particle : 1 object -> small CAL cells -> Digital HCAL?

= adequate E resolution for neutrals in HCAL (~10% of jet E)
-> o < minimum mass difference, e.g. M; — M,
-> still largest conftribution o jet E resolution




Irack=nrsh EXirApOIGHOEEA AN SEAC Kansas
15t step — Track-linked mip segments (ANL)

-> find mip hits on extrapolated tracks, determine layer of first interaction
based solely on cell hit density (no clustering of hits, no energy
measurement)

2hd step - Photon Finder (SLAC, Kansas)
-> yse analytic longitudinal H-maifrix fit to layer E profile with ECAL
clusters as input (any cluster algorithm)

3'd step — Track-linked EM and HAD clusters (ANL, SLAC)

-> substitute for Cal objects (mips + ECAL shower clusters + HCAL
shower clusters), reconstruct linked mip segments + clusters loose
NN clusterer) iterated in E/p

-> Analog or digital techniques in HCAL

4™ step — Neutral Finder algorithm (SLAC, ANL)
-> cluster (tighter NN clusterer) remaining CAL cells, merge, cut
fragments

5thstep — Jet algorithm
-> tracks + photons + neutral clusters used as input to jet
algorithm




Modular PFA — a Collaborative Effort

Flexible, modular structure for PFA development based on input Hit
Collections, Cluster algorithms, and Parficle ID algorithms (ANL, SLAC,
lowa, NIU, Kansas)

Simulated EMCAL, HCAL Hits (SLAC)
EMCAL, HCAL Hit Collections

Modified EMCAL, HCAL Hit Collections

MST Cluster Algorithm (lowa)

-> Photons

Modifled EMCAL, HCAL Hit Collections

Nearest-Neighbor Cluster Algorithm (SLAC, NIU)

-> Tracks

Modified EMCAL, HCAL Hit Collections

Nearest-Neighbor Cluster Algorithm (SLAC, NIU)

-> Neutral hadrons

Modified EMCAL, HCAL Hit Collections

Post Hit/Cluster ID (leftover hitse)

Tracks, Photons, Neutrals 1o jet algorithm




Track Extrapolation -> Shower reconstruction

LY

Mip reconstruction :
Extrapolate track through CAL
layer-by-layer

Search for "Interaction Layer”

Mips ;= /Shower reconstruction :
one cell widel ' Cluster hits using nearest-
neighbor algorithm
Optimize matching, iterating in
BE E.HCAL separately (E/p test)
Hits in next layer

Shower clusters




Comparison of Charged/Neutral Hadron Hits

neutron-sf - proton-sf neutron-sflin - proton-sflin KOL-sf - K+-sf - K--sf KOL-sflin - K+-sflin - K--sflin
300T 100T 320T 10T O KOL:#hits per GeV vs Egen
280+ ot 300+ A KOL:#hits vs Egen . 108+ u] K+:#h.its per GeV vs Egen
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Mips before showering — charged hadrons lose ~25 MeV per
layer in SSRPC isolated detector. (Normal incidence)

Try to correct by weighting N hits (N = # of layers traversed
before interacting) by .25




Charged(Mip correction)/Neutral Hadron Hits

280T
260T
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20T
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R. Cassell, SLAC

8.0
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10 15 20 25 30

In PFA, find mips first attached to extrapolated tracks, then can
cluster remaining hits with same calibration (#hits/GeV) for
charged and neufral hadrons*

* remember, this is simulation!



Photon Finding - Clusfering

Energy efficiency vs generated energy

gamma: Fraction of particle E in Primary cluster gamma: Fraction of particle E in Primary cluster

G DTdefEM.aida X FCplOOEM.aida
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Photon Finding - Clusfering

Energy purity vs generated energy

gamma: Fraction of Primary cluster E from particle gamma: Fraction of Primary cluster E from particle
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Photon Clusters - (longitudinal) H-Matrix

100 MeV

c I
BET; rarios 1

an =3.8141
a0t s 34170
75T
7.01
E5T
6.0 T
65
51 niras
45 an -4 6043
2 250 Mev 5 26944
a5
3o
25
2.0 T
15
1.0
0s 2
o | 1

10 ] 8 7 & 5 4 3 2 1 0 :
30 [ T
25

Average number of hit cells in photons passing H-Matrix cut

i [ o [ | 2 [ o | 1

500 MeV

1000 Photons - W/Si ECAL (4mm X 4mm)
Nearest-Neighbor Cluster Algorithm candidates

= wev)
o0 | 2 [ & | 9t [ s | % |




Neutral Hadron Post-processor

Use total CAL energy estimate to reduce neutral contribution by

comparing track P + photon E to total CAL E (estimate)
-> further reduces double counting of tfrack fragments
-> no cheating, but uses total energy, not jets — a sanity check

Post-processor

M Delta TPCAL vs MeuESum
M Delta TPCAL vs MeuESum sfter eval

Delta TPCAL vs MeuESum

Entries : 2314
XMean : -5.8374
XEms : 12.295
YMean : 11.551
YRmMs 9.9695

Celta TPCAL vs MeuESum sfter eval
Entries : 2314

XMean : -5.8374
XEms : 12.295
YMean : 10,417
YRms : 10.590
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PFA Module Comparisons

Comparison PFA Photons Comparlson PFA Neutral Hadrons

Perfect PFA Photon ESurr Perfect PFA Neutral ESurr

® PFA Photon ESum ® PFA Neutral ESum

Perfect PFA Photon ESum Perfect PFA Neutral ESum
Entries 23186 Entries 2318
Mean 22607 Mean 10902
Rms : 12108 Rms : 10.864

PFA Photon ESum PFA Neutral ESum
Entries 2318 Entries 2318
Mean 22557 Mean 11405
Rms : 12586 Rms 10471

Photon E Sum Neutral Hadron E Sum

LIS ]
-, )
”}I 3
; ‘ L UL P S
50 55 B0 65 7

0 75

E (GeV)

Neutral Hadron Response

Photon Response
220T Perfect PFA Photon — MG Photon 1207 Perfect PFA Neutrals — MC Neutral E neuEpc
210+ —_ gauss / —_ O 20 — gauss
=1 g/mean = 0.05 . o/mean = 0. ]

A N Perfect PFA Neutrals — MG Neutral E neuEpos
190+ 0 0 Entries 1939
1801 _> 24 /O/VE Pertect PFA Photon — MG Photon £ el -> 67 (0] E [ Mea”_ =]
] Entries : 2316 Ams 32897
) Mean : —0.62340 90T pauss
1eoT r Ams : 3.1604 . I amplitude 79.750+2 609
150+ T uss 1 M t h | —0.057963£0.053035
rdl « ’ Fampituce 121,61 o atches single ' 2.2144£0.0501
mean : —0.037242 . . 1.8580
= G4 “feature” (fixed) T
Bms 1 particie Tits o
120 bauss_1 —
110 amplitude 16816 60t .
it S 0 n. n mix
1007 sigma : 36776 L '
] 50T
90 [sum
801 amplitude 141.61+5.172
1 mean —0.03724240.036497 401
7o sigma 1.1177£0.04464
60 amplitude_1 : 16.816£2.670 1
- mean_1 : —1.2803+0.1909 30
sigma_1 3.6776+0.2539
40 P 1.1449 SO
30
20 / o o
Cal calibration -
B
-6 -4 -2 10 12 14

v’ Perfect PFA validation



Calibration Check

2KL, 1n, inbar in SiD

Difference CAL Neutral E — MC Neutral E — Kl

~gauss SFs :

Ditference CAL Neutral E — MC Neutral E - K
Entries : 2055

Eiasnf _5 5033E-3 ECAL =0.0120

1.7681

gauss HCAL = 8.81 hits/Ge

amplitude : 110.85+3 39

mean : —-0.033466+0.036933 OffseT e 4 hITS

sigma : 1.5031+0.0309

¥2 2 6061 (4+ﬂhITS)/88] — E

e/neuh=1.11 ECAL
~67%/\E




PFA Results

Perfect PFA Results - SID B5S PFA Results - SID BS

12.61 GeV 86.5GeV 59% 1 3.20 GeV 87.0 GeV 59%

—gauss —gauss
—gauss_1 —gauss_1
—sum

\ —sum

-> 28%/E _T

-> 34%/\E

Perfect PFA Results | i PFA Results
Entries 2003 4 | \ Entries 2003
Mean 85716 AT Mean 86.146
Rms : 46363 T Rms : 73679

gauss T I gauss
amplitude : 153 48 M amplitude : 121.44
mean 86.485 T mean 87.004
sigma : 26141 1 sigma : 32030

gauss_1 1 gauss_1
amplitude : 48530 amplitude : 28434
mean 85.098 + mean 84735
sigma : 55666 I sigma : 9.8506

sum sum
amplitude ©  153.48412.05 T amplitude © 1214445 895
mean 86.485+0.13 il mean 87.004+0.13
sigma:  2.6141+0.1841 T sigma:  3.2030+0.1780
amplitude_1 :48 530412 .30 1 T amplitude_1 :28 43443 868
mean_1: 8509840303 mean_1: 84 73540.481
sigma_1: 55666103822 T T sigma_1: 9.8506+0.5240
12 0.95865 | Ve 081382

65 70 ?‘5 80 85 90 9I5 1[;10 1;;_: 140 1:5 - r r I : ‘ I 1[;10 1E'15 1%0 _115
SiD Detector Model

Si Strip Tracker
W/Si ECAL, IR = 125 cm Average confusion confribution = 1.9 GeV

4mm X 4mm cells < Neutral hadron resolution contribution of 2.2 GeV

SS/RPC Digital HCAL
Ilcm X 1em cells
5T B field (CAL inside)




Detector Comparisons with PFAS  vary B-field

Perfect PFA Results - SID B4 PFA Results - SID B4

2.25 GeV 86.9 GeV.52% rerect P et 3.26 GeV 87.2 GeV 56% i

—gauss —gauss
—gauss_1 — gauss_1
—sum —sum

-> 24%/NE - -> 35%/E
Perfect PFA Results . PFA Results

Entrigs 2000 f Entries 2000
Mean 86.123 . Mean : 85607
Rms : 47800 | Rms : 78362

gauss gauss
amplitude : 154 47 amplitude 111.84
mean 86.924 mean : 87.175
sigma : 2.2487 sigma : 32633

gauss_1 gauss_1
amplitude : 57.329 amplitude 29.130
mean 85.256 mean : 84.201

sigma : 55827 sigma : 10,034

sum sum
amplitude © 1544747 588 | amplitude ©  111.8445 802
mean 86.924+0.11 mean : 87.175+0.14
sigma:  2.2487£0.09790 sigma : 3.2633£0.2221

amplitude_1 :57 32942 275 amplitude_1:29.130+4 464
mean_1 : 85.256+0.21 mean_1: 8420140533

sigma_1 55827+0.111 sigma_1: 10.03410.6034
12 1.0913 T 22 1.3049

SiD SS/RPC - 5T field SiD SS/RPC - 4T field
Perfect PFA 6 =2.6 GeV

PFA ¢ = 3.3 GeV
Average confusion = 2.4 GeV




Detector Optimized for PFA<¢

PFA Results - SID BS

PFA Results

-> 34%/\E

| SiD Model

1 3.20 GeV 87.0 GeV 59%

PFA Results
—gauss
—gauss_1
—sum

PFA Results
Entrigs
Mean
Rms :

2003
86.148
73679

gauss
amplitude :
mean
sigma :

121.44
87.004
3.2030

gauss_1
amplitude :
mean
sigma :

28434
84735
9.8506

sum
amplitude :
mean
sigma :
amplitude_
mean_1 :
sigma_1

12

1214445895
87.004+0.13
3.203040.1780
1:28.43443.868
84.735+0.481
9.850610.5240
0.81982

95

100 105

110 115

13.03 GeV 87.3

-> 33%/\E

'CDC Model

GeV 53%

J

PFA Results
—gauss
—gauss_1
—sum

PFA Results
Entries : 2785
Mean 86544
Rms 81212

auss
amplitude : 188.33
mean 87.298
sigma : 3.0262

auss_1
amplitude : 4g222
mean 85729
sigma : 10.280

lsum
amplitude ©  188.3347.961
mean 87.20840.11
sigma : 3.026240.1391
amplitude_1 : 48.222+4 290
mean_1 : B5.720+0.318
sigma_1: 10.280+0.3741

bl 14767

95

100

T
105

110 115 120 125

SiD->CDC 150

ECAL IR increased from 125 cm to 150 cm
6 layers of Si Strip tracking
HCAL reduced by 22 cm (SS/RPC -> W/Scinfillator)

Magnet IR only 1 inch bigger!




Detector models

Calorimeters drive the whole detector design!

Using SI-W as default electromagnetic calorimeter.

Investigating several hadronic calorimeter designs
Absorbers Readouts
Sdeel RPC

Tungsten Nellalililelfe]g
Lead GEM

Varying inner radius of barrel, aspect ratio to endcap,
strength of B Field, readout segmentation.

For each detector model, set of generated events
includes :

— Single particles for calibration, testing algorithms (pions,
photons, neutrons, Kaons, muons)

— Physics events for testing PFAs (ZPole, 500 GeV CM dijet, multi-
jet)




Summary

A modular approach 1o PFA development has been
chosen which attempts to optimize the choice of cluster

algorithms and analysis algorithms at each stage of the
PFA :

Common input (Hit Collection) at each stage of PFA
Opftimized analysis of hits including :

Individual hit associations

Cluster algorithms

Cluster ID algorithms
Performance evaluation at each stage of PFA

Common output (modified Hit Collection) at each stage of PFA

The present implementation is approaching PFA
performance goal




