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PFA Status : Progress since Snowmass

Some Meetings :

Simulation : weekly Tuesday 1:30 PT phone/shared screen

->

SiD Calorimetry : ~weekly Wednesday 2:00 PT phone/web agenda page

->

ANL-FNAL-NIU : bi-weekly focused on PFA development

->

ALCPG Calorimetry : scheduled as needed - next 12/19/05

->

Linear Collider Simulation Workshops : next 1/9-11/06 U of Colorado,

Boulder
->


http://confluence.slac.stanford.edu/display/ilc/LCDWeekly
http://www.slac.stanford.edu/xorg/lcd/SiD-Cal/
http://docdb.fnal.gov/ILC-public/DocDB/DocumentDatabase
http://www.slac.stanford.edu/xorg/lcd/calorimeter/
http://www-hep.colorado.edu/cuilc/sim-workshop.html

15 GeV KOL

Tools for PFA Development |l

Angular corrections in SiD

#hits vs SQRTsintheta
Entries : 5.0000

- R. Cassell SLAC )

136 T

p1
p0: 2.7353+2.8016

134+ p1:  143.64+2.99

ot p:; 0.47908

wor " s

. . 128T X 0.59761
Similar response for each neutral -
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~ 16% effect at 45 degrees

Combined neutrals

Sqrt(sin theta)

Response should be related to
additional path length through
absorber

Plot response vs 1/sqrt(pathlength) =
sqrt(sin theta)

O combined45

O combined90 =
270 .

260 00
250 — a5t

ntries :

pO: -5.2361£0.132
p1: 8.16470.011
Xt 33.192

Can determine response at 90
degrees and then correct for angle

90
p0: -6.3911+0.131
p1: 9.5362+0.0094

bt X 139.44

70 42:1 . -6.391 Fixed

60 p1 : 8.25060.0060

50 X2 41.934 .

p -> Implemented for SiD
30+F

20+

| |
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Energy



Tools for PFA DevelopmenT Package to compare cluster algorithms

Cluster Analysis - R. Cassell SLAC ~ —> Available for use (in cvs)

Efficiency Purity

Clusters - Primary - gamma - Primary cluster ener... Clusters - Primary - gamma - Primary cluster ener...
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+
0.97 0.9

0.8 0.8

tree-1 - N

0-77 tree-1 - NN2255 0.7 + tree-2 - Hi
O tree-0 - N
|

+ treer2 - FixedCone 06 | + ! l
T 1 . T
(€] tregé)-NN111§0 0

0.6




300

250

200

150

100

50

300

250

200

150

100

50

Tools for PFA Development

HCAL Studies - R. Cassell SLAC

For each detector model, remove all
elements except the HCAL barrel,
extend it o 1000 layers and 30m

in Z. (keep the B field)

Uses scaled energy = max available ->
combine Ky, n and nbar for study

Single particle studies can compare
different detector designs

Useful for calibrating detectors?

SSRPCRescaled.aida

A KOL-vi

s sf

SSScintRescaled.aida

® KOL-vis sf
* nbar-vis sf 450 . o
KA 400 H nbar-vis sf
% neutron-vis sf A neutron-vis sf
% 350
300
* 250
A
* 200
%A 150
N 100 am
¥ 50 of
x % : : :
T T T o T T T T T T
0] 5 10 15 20 25 30 5 10 15 20 25 30
WRPCR; led.aid WScintRescaled.aida
© KoL-vis of 700 X KoL-vis sf .
O nb sf o] 600 + nbar-vis sf %
® neutron-vis sf o 500 O neutro f G*+
e0
N 400 Oxt
oxt
el 300 *
oX
] 200
X+
e 100 2+
02® 2
[ ] Il Il Il Il
t t t t t t t t t t
o] 5 10 15 20 25 30 5 10 15 20 25 30

500 T

450 T

350 T

300

250

200

150T

(Emeas-E)neutral - sidaug05_np : isolated detector calibration

Event/Neutral dE3
Entries : 2285

Mean : -1.3444
Rms : 3.7288

auss
amplitude : 350.88
mean : -0.39069
sigma : 1.9733

jauss_
amplitude : 72.392
mean : -2.6950
sigma: 4.3305

amplitude :  350.88%17.66

mean:  -0.39069£0.09114
sigma : 1.9733+0.1211
amplitude_1: 72.392+18.88
mean_1:  -2.6950%0.4011
sigma_1:  4.3305%0.3129
X 2.0491

Calibrations applied to full detector

simulation data give reasonable
results

-> calibrations for SiD, CDC



Cluster-based PFAs

Cluster Association Algorithms
- D. Chakraborty, G. Lima, V. Zutshi NIU

Ongoing Work on 2 different cluster algorithms - different applications?

. The Basic Algorithm
- Density-weighted Clustering in Calorimeter
+ Calorimeter-only (no track-seeding)
- Same for ECal (e, y), and HCal (h+, ho).

- Replace cal clusters with matching (MC) tracks, if any.

. The Directed Tree Algorithm

- Association of isolated “fragment”s or “satellite’s.




Using density-weighted clustering in PFA

DHCal: Particle-flow algorithm (NIU)

T

+ Nominal SD 1
geometry. Rakd : .
. Density-weightad DHCal: Particle-flow algorithm (NIU)
clustering. 1 Reconstructed jet resolution
+ Track momentum - .
for charged, N | e
. Calorimeter Efor " | i }
neutral particles. ZZ"{{-*‘“’““ !
ILCWD05, Snowmass PFA Development at NIU 6 | Cal only = ‘ Dlgltal PFA
Dhiman Chakraborty ||

0 p[ T
1 T
1
i i
. r11"'nfrr 'r.Tr!'IilJI |+ H‘llﬂhillﬁl Rl
ILCWO5, Snowmass PFA Development at NIU 8

Dhiman Chakraborty




Using Directed Tree clustering

Single hadrons in the ECal

Generated clusters Reconstructed clusters

auss
sigma : 4.Z556E0.1663

-Scint, 1 cm x Tam.

« Density-weighted clustering, but
analog E calculation in both ECal & HCal.
«Min 5 cells for cluster.

«Cell threshold = 0.5 MIP.

«Satellite attachment not used.

+No cut on theta.

iy

Clusters from single hadrons are reconstructed well.
Some “fragment’s or “satellite”s remain unassociated.

Cluster Matching and Merging

. Stage 1: one-to-one gen-reco matching based With Perfect PFA (no confusion term), o(E) = 3.1 GeV

on d i S ta nces (3 D or an g U | a r) ILCW05, Snowmass PFShli::‘?:ﬁlgphr:srr;ibitnfjiU 19

— unassociated clusters (“satellites”)

+ Stage 2: attach satellites to reco clusters based
on angular distances: possible cuts on
angular separation, satellite energies,
number of hits,...




Cluster-based PFAs

Cluster Association Algorithm with MST
- M. Charles, U. Mallik, N. Meyer U of Iowa

General approach List of likelihood variables
. . . e Clump-Clump:
® Need to separate and identify hadronic clusters. . Doca
® Hadl‘onic Clusters have SUbStrUCture (unlike e Smallest distance from a hit in one cluster to a hit in the other
typical EM clusters) o Track-Clump:
® Approach is to break down MST clusters into * POcA
Pieces ChECk Whether they ShOUId rea”y be Ilnked ® Smallest distance from a hit in one cluster to a hit in the other
then reassemble them. o Track-Track:
e DOCA

® Parts of the skeleton:

® Smallest distance from track hit to POCA

L4 C|ump5 - dense CO"eCtionS Of h|ts ® Whether POCA is inside calorimeter

® Extrapolating track to POCA (or joint CoE for parallel & disjoint tracks)...

® Track segments

® # Layers where a hit is not found

® . plus halo/fragments/satellites

® Fraction of layers where a hit is not found (ignoring layers with a hit from cluster itself)4

Entries per 2 GeV bin
80 T

O T

b1 Mean 97.8 GeV

0 u + + + + T T T T t u d
80 B85 70 75 &0 85 o0 a5 100 105 110 115 120
Energy (GeV)

Call it a fragment if no associated charged track
AND doca = 125 cm AND nHits < 25




Likelihood distributions

Structual algorithm package Ttk Track elhoods e
— hTiackTrackSckgnd
0.30
0.25
0.20
® Package “structural” contains drivers to: o
0.05
® Find clumps & track segments in calorimeter 000 -+ f } f : { f f f t 1
0.0 01 02 03 04 05 06 07 08 0.9 10
® Extrapolate charged MC particles to the ECAL (derived froem Steve McGill's code)
Track-Clump likelihcods
e Obtain likelihood PDFs for linking components 03 TUCs WL
® Use likelihood selector to link components 04
03
® Break up & reassemble clusters 02
0.1 |: ’,:|
e |dentify fragments & assign them to clusters (crude) e 1 I ! : : ! : T T ]
0.0 01 032 03 04 05 06 07 08 0g 10
* Report total event energy
No Statistics Clump-Clump likelinoods
® __.and a driver to tie it all together (ExamplePFA) 03
04
03
'3 02
(]
0.0 f f t f i t T
0.0 0.1 02 03 04 05 06 07
Results
L J

...are not ready yet.

® |I’'m at the stage where | can plot the total raw
energy in Z-pole events and trust that:

Raw energy sum in Z-pole events
Entries per 2 GaV bin

o5

o1 Energy calibration from Ron Cassell
85

Bniz Require 20% of energy in cos(9)<0.8

75

0T
85T
601
55T
50+
45
pral B
‘T
30+
25
20+
el
w4t

51

=

RMS: 6.0 GeV

Promising approach to separate
charged and neutral showers
AFTER photons are found and
track mip segments are

discarded
-> part of full PFA

' ' '
85 70 75 10 115 120

80

a5 a0

Energy (GsV)

But | do not yet have the full algorithm properly
debugged and producing useful results.

a5 100 105

-> available in cvs

|
130




Cluster-based PFAs Cluster Association Algorithm with Hit
Density-driven Clusterer
- L. Xia ANL

e What'sin it
— Calibration of calorimeter
< including Ron’s angular correction
— Clustering algorithm
= hit density driven
— Track-cluster matching
= based on track-cluster distance, no E/p check

— Charge fragment cleanup: < new!
» After track-cluster matching

e use geometrical variables to distinguish and remove charge fragments
from real neutral clusters

e What'’s still needed (currently using MC information)

— ‘cluster ID’
e Tells me whether a cluster is from an EM or a HAD shower

— Track finding algorithm
— Jet algorithm
* Detector mode
— SiDaug05 np
« Sitracker, Si/W EM calorimeter, RPC/SS DHCAL non-projective




sidalig0s_np_1.5var_4kaida - rominal NH(=1)

. Nhit = 1

D100 150 A0 20 0 X0 A0 40 S0 550 60 60 700 70 80) 850

sidaug05_np_1.5var_4k.aida - neminal NH(<=35)

000 150 W0 20 30

5 < Nhit <=

B0 40 450 N0 550 600 G0 700 70 60 80 %0 9 100

Cluster Distance to Track

sidaug05_np_1.5var_dk.aida - nominal NH(<=5)

G C o d
Ees: 710!
ean 258

55

SumOfWeigts: 10129

fesl Wi C_ovg.0.
[ e
Moan "
Rms: s
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N0 90 1000
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e =
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i ¢ d
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i G ¢ d
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W

Nhit > 3¢

wy

SumOfights: 65219

fesl W ¢_avg 0

SumONighs: 2158

Use distances, ratio of distances to
associate clusters with tracks,

heutrals
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Using cuts on Distance to Neutral variable

0.50

= 1:-0.46
Eff(neu) — 88%
uts:

C

1. For Nhits = 1, cluster-neutral distance = 1000mm
2. For 1<Nhits<=5, 1200mm

3. For 5<Nhits<=10, 1400mm
4

5

For 10<Nhits<=15, 1600mm Similar results using ratio
. For 15<Nhits<=20, no cut variable
6. For Nhits>20, no cut
Neutral:

Any cluster with Nhits > max (10, Nhits,current)



_Perfect PFA All evéiits:

B Perfect PFA (31l events)

5
gauss
filealy o geuss 1
sum
7501
2.27 GeV @91.1GeV perea PR e
00T Entrins :
Mean : 90704
e — 0 Rms : 40640
o > 24%/sqrt(E)
gouss
&0 amplituge ; 662.41
5.52 GeV 21% o
550+ = 0 sigma : 22103
Qouss 1
500+ amplitute ; 74057
maan < 80.058
: 5.5248
isa+ sigma
Ppum
e I amplitude 669.41213.8
mean : 1.139£0.034
sigma : 2.270320.0569
50T amplituge_1: 7406721200
8995840, 20
a0+ 5.524820.3210
10089
50T
200T
150
T
so+
o t t
&0 65 o 75 a0 as o0 95 100 105 "o
gauss
-
«, Barrel events: 60% e s
gauss
380 gauss 1
360+ sum
340+ ftrue PFA: event energy barrel 4
3.12 GeV @88.0GeV| 57%
32071 - - ™1 Mean 86.393
Rms : 7.2280
-1 9.13 GeV 43%
280+ - amplitude : 295.36
mean : 88.021
2601 sigma : 31197
lgauss_1
240 amplitude : 74.738
mean : 84.318
220 sigma : 9.1207
200 T | pum
amplitude : 295.36+8.10
180+ mean : 88.021:0.087
sigma : 3.1197:0.0807
1601 T amplitude_1: 74.736:4.910
mean_1: 84.318:0.23
140+ sigma 9.1297:0.227
x*: 1.7752
120
100
801
601
40T
201
0 y i
50 20 95 100 105 110 115 120

S0+

aso+

Ideal PFA (cluster ID

3.16 GeV @86.9G,
-=> 34%/sqrt(E)
8.82 GeV 42%

gauss

; Endcap events: 40%

0 55 60 65 70 75 80 B85 90

Results using both distance and ratio

58%

62%

95 100

I true PFA: svent energy (Perfect <leanup w sngular corr
gauss.
— gauss_1

e PTA: ovorfl energy (porioct cloanisp w angulor cor
ntries : s834
Maan sa941
Rms 2.4804
e
amplitude - 0021
moan e
sigma 31630
‘ampiitude e
80,358
sigma - Ba168
ampitude - 0021701
mean 5685410075
igma 3163810075
amplitude_1 1282126 302
mean_1 80.350:0.24
sigma_1 8816620154
2 2

M rrue PFA: event energy endcap 4

gauss
gauss_1
sum
firue PFA: event energy endcap 4
Entries : 3945
Mean : 84.262
Rms : 8.8062
lgauss
amplitude : 169.26
mean : 87.049
sigma : 3.0047
lgauss_1
amplitude : 38.124
mean : 80.165
sigma : 10.716
sum
amplitude : 169.26+5.29
mean : 87.049:0.12
3.904710.1300
38.124+3.032
80.165:0.461
10.716=0.332
%2 1.2524

120




Track-first algorithm with optimized hit
Multiple-algorithm PFA clustering and modular analysis

- S. Kuhimann, S. Magill ANL
- R. Cassell, N. Graf SLAC
- C. Hensel, E. Benavidez, 6. Wilson, Kansas

PFA Construction :

EM Hit Map (<100 ns)
HAD Hit Map (<100 ns, Ethr>0.5 Mips

Track/CAL Mip Match -> IL for charged hadron showers
Modify EM, HAD Hit Maps
Nearest Neighbor Clusterer on EM Hits (2.2/5-8

Ingredients :

Hit Maps

H-Matrix Photon Finder Algorithms

Modify EM Hit Map

Nearest Neighbor Clusterer on E
Nearest Neighbor Clusterer opHAD Hits

Track + Mip/CAL Shower Ma#th (E/P tesin
Modify EM ,HAD Hit Maps
Nearest Neighbor Clusterer on HAD Hits (4,4,10,20)

Clusterers

hiteration)

Neural Net Cluster ID* All modular construction
Modify EM,HAD Hit Maps
Tracks, Photons, Neutrals to Jet Algorithm*




Full event reconstruction with PFA

Calorimeters :
e+e- -> Z -> qqbar event ECAL - W/Si

HCAL - W/Scintillator

R Top, CW

66 MeV y
6 GeV n-

5 GeV n-
131 MeV vy
12 GeV vy
12 GeV K ©
5 GeV n+
2 GeV n
400 MeV y
2 GeV n+
40 MeV y




Shower reconstruction by track extrapolation

L]

|\

V Mips
/% one cell wide!

|

Mip reconstruction :
Extrapolate track through CAL

: layer-by-layer

T Search for "Interaction Layer'
- -> Clean region for photons
""" - (ECAL)
f e -> "special” mip clusters matched

to tracks

Shower reconstruction :
Cluster hits using nearest-
neighbor algorithm
Optimize matching, iterating in

I

—

Hits in next layer

E,HCAL separately (E/p test)

track

Shower clusters




Nearest-Neighbor Clustering for Charged/Neutral
Separation - SLAC/ANL

K. ° .:._.' Pion
- Piece of K ° cluster that
= = wraps around pion - found
P by nearest-neighbor
4 clusterer and correctly
. associated

Photon ..
¢ 4..-—-"1."'\ ! ——




1. Mips on Track extrapolation

2. Photons

Top, CW

66 MeV y
6 GeV n-
5 GeV n-
131 MeV vy
12 GeV vy
/ 12 GeV KLO

5 GeV n+
2 GeV n
J 400 MeV y
2 GeV n+
/ 40 MeV y




3. Track/mip matches to EM, HAD showers

4. Neutral Showers

12 GeV vy
12 GeV K ©
5 GeV n+
2 GeV n
400 MeV vy
2 GeV n+
40 MeV y

Sum ~45 GeV



Perfect PFA SiD Augo5s PFA Results on SiD Aug0s

_ . [ Periect FFA Results _ . PFA Results
280 170
Perfect PFA - SiD Aug05 o PFA Results - SiD Aug05 S,
1 — gauss_1 1601 _ :
260 o/ / I —cum o/ l gauss_
| 23%/sqrt cengra st 397%/sqrt centra —
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2004 660/ | I R 4200 640/ 1 I 7} k EEEH 383532
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mean_1: -3.0855+0.4283 30T mean_1 : 0.11444:0.30931
sigma_1 6.9300+0 6035 sigma_1 8 642540 6492
2 1.1839 207 2 1.38562
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Detector Comparisons with PFAs

Vary B-field

SiD B4 Aug05

180T

135T

307

SiD Aug0s
0 PFA Results
3.63 GeV 89.3 GeV 63% — g
—gauss_1
-> 38%/sqrt(E —an
PFA Results
Entries 1502
™ Mean 88.273
Rms : 74077
auss
amplitude : 99.350
. mean £3.312
/"\ sigma : 36208
\ gauss_1
amplituda : 23.037
mean 86.595
sigma 9.3030
um
amplitude ;9935015925
mean £9.31240.20
sigma : 3.629810.3025
amplitude_1 : 23.03745.765
mean_1 £5.59540.573
sigma_1: 9.303040.7763
1 1.0800
&5 a0 a5 100 105 110 15 120

130T 0 W PFA Results
= 3.78 GeV 89.2 GeV 54% ~ g
— gauss_1
ol > 40%/sqrt(E T
15T - 0 S q r
10T PFA Results
| Entries 1501
1057 Wean 57.431
100t - Rms : &.0131
95T auss
1 amplitude : &2.134
- maan 25,206
a5T sigma : 37780
an—+ gauss_1
1 amplitude : 28,140
e mean £5.954
0T sigma 9.3492
a5+ um
ok ampliude . 82.13446.481
mean £9.20640.301
55T sigma : 3.7750140.3801
ik amplitude_1 ; 28.14047.147
mean_1 £5.95440.556
45 sigma_1: 9.349240.8312
0+ e 1.1432

357
304

100

105 110

15

SiD SS/RPC - 5 T field

SiD SS/RPC - 4 T field




Detector Comparisons with PFAs

Vary CAL inner radius

CDC Aug05 CDC Aug05 ECAL150

- 3.66 GeV 89.7 G%V 52% | |21 4.12 GeV 93.9 GeV 60% =i

— gauss_1

— gauss_1
ol %l/sqrt il il 43%/sqrt(E il
-> 39%/sqr -> o/sqr _
10 _ PFA Results 1o+ PFA Results
Entries 1502 | Entries 1501
i) Wean 7494 1057 Mean : 94,253
100+ Rms : 7.5881 100+ / Rms : £.5830
95T auss 95T gauss
1 amplitude : &1.382 1 i amplitude : £3.052
& mean £9.654 & mean : 93.946
25T sigma : 3.6577 25T E sigma: 41188
o+ "\ lauss 1 o+ N hauss 1
1 / : amplitude : 31386 1 / \ M amplitude : 21.551
i mean £5.317 mean : 34.097
sigma 89506 + i sigma: 10.497
um T um
[| ampltude :  &1.38215.624 1 T amplitude:  £3.05246.380
/ mean £ 65410.25 mean : 93 94610.22
sigma : 3.657740.2773 sigma ; 4.118840 3868
amplitude_1 : 31.38634.720 amplitude_1 : 21.55146.8272
mean_1 £5.31740.546 mean_1 : 94.09740.543
sigma_1: 89506404387 T sigma_1: 10.49741.168
1 1.0394 = 1.3029

CDC W/Scin - CAL IR ~ 125 cm CDC W/Scin - CAL IR ~ 150 cm

-> better performance at larger R (more events in central peak)



PFA Building Blocks

SLAC SLIC package is ideally suited for PFA development and
detector optimization

-> Physics process and single particle generation
-> Compact description of detector geometries
=> Analysis package including event display

Tools for detector characterization, comparison analyses, etc.
-> sampling fractions for calorimeters
-> angular corrections to sfs
-> cluster algorithm comparison code
-> perfect PFA calculators
-> track extrapolation codes
-> DigiSim package - detector response, thresholds, timing,
hoise, etc.



PFA Building Blocks (cont.)

Cluster Algorithms :
-> Fixed Cone
-> Nearest-Neighbor (proj and non-proj)
-> Cheater
-> Minimal Spanning Tree
-> Density-Weighted (2 varieties)
-> Directed Tree
-> others?

Usefullness measures :
-> org.lcsim + LCIO

-> fits into PFA template (later)?
-> documented studies of performances



PFA Building Blocks (cont.)

Analysis Algorithms :
-> Mip Finders (several varieties)
-> H-Matrix
-> Cluster IDs (several varieties including Neural Net)
-> Track/CAL object association
-> Distance-based analyses

Usefullness measures :
-> org.lcsim + LCIO
-> comparison to other algorithms where applicable
-> fits into PFA template (later)?
-> documented studies of performances



/ Hit Maps

Optimized PFA using PFA Template
f Analysis Algorithms
Simulated EMCAL, HCAL Hits / :
DigiSim (NIU) X-talk, Thresholds, Timing, etc. Cluster Algorithms
EMCAL, HCAL HitMaps / Reco. Particles
Track-Mip Match Algorithm (ANL)
Modified EMCAL, HCAL HitMaps

MST Cluster Algorithm (Towa)
H-Matrix algorithm (SLAC, Kansas) -> Photons
Modified EMCAL, HCAL HitMaps
Nearest-Neighbor Cluster Algorithm (SLAC, NIU)
Track-Shower Match Algorithm (ANL) -> Charged Hadrons
Modified EMCAL, HCAL HitMaps
Density-weighted Cluster Algorithm (NIU, ANL)
Neutral ID Algorithm (SLAC) -> Neutral hadrons
Modified EMCAL, HCAL HitMaps

Tracks, Photons, Neutrals to jet algorithm



Summary

In their present state, PFAs can be :
Made modular to incorporate multiple cluster/analysis algorithms
Used to optimize detector models
Tuned to optimize detector performance

At this workshop :

1) Agree on standard PFA template in JAS3 analysis
-> release template to CVS
-> provides shell for PFA development/construction
2) Adapt existing software to standard template
-> Nearest-Neighbor clusterer only one so far?
-> modify others here?
3) Document existing tools and algorithms that can be used in this
form for analysis
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