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from Vishnu Zutshi’s talk at Bangalore :

L. Xia (ANL)
V. Zutshi (NIU)




General Comments

* Both are calorimeter first approaches
clustering - track match - fragment....
e SiID geometry
SI-W ECAL, RPC or Scintillator HCAL

‘Cheating’ involved
In some steps

llll

; i I I | I I | I I

amplitude:  42.603:5.116
91.807:0.319

sigma: 3024804575
amplitude_1 : 65161430086
_ 877811230
sigma_ 10.110£2.367

1.0048
]

‘ -
it .
il M'WP'W"ML I R NS (R T

T T T T T T T ¥ T 1
10 120 130 140 150 160 170 180 180 200




Density-Weighted Clustering

29,000
28,000
27,000
26,000
25,000

- Cell Density in ECAL
= ZH Events

19,000
cellY vs cellX

18,000 ]
Mo Statistics

17,000

16,000

Cell X vs. Cell Y in ECAL
ZH Event

I y y I I I {
+ t t + t + + t
-1,200 -1,000 -300 -G00 1,000 1.200 1,400




Cell Y vs Cell X in ECAL - Cell'Y vs Cell X in ECAL
Only cells with Dens.<5 - - 5<cellD <25

One-time clustering? [ Cell Y vs Cell X in ECAL

cellD > 25 8 Optimal multi-pass
- clustering is better




Grad-based Z-pole Events WW Events

Z-inputél-em1-hd1.aida - emcal WW-inputd 2-em1-hd1 .aida - emcal

. I_rfrg . I_mfregt

. h_rfrg2 h_rfrg2

_rifrg _rfrg 1
Enrtries : 4658 2 7 9 0 8 Ertries : 2202
2 7 9 O 5 Mean : 26663 - " Mean : 26308
" - Rms : 25167 Rms : 26113
C h a rg ed Out Of Range : 556 Ot OfRange : 562

_rfrg2 2 _rfrg2
h ad ro n S Ertries : 5214 Ertries : 2759
Mean : 051151 Mean : 078797

Rms : 0.81612 E : Rms : 1.2408
. OutfRange : 5

]
T
3 4 5 6 7 g 10

Z-inputé1-em1-hd1 aida - emecal WAN-inputd 2-em1-hd1 aida - emeal

. h_rfrgs h_rfrgs
h_rfros h_rifrgs

_rfrgS _rfrgS
Ertries : 5513 Entries : 2598

Mean : 0.47205 Mean @ 1.1047
O O nS Rms : 0.82539 Rms : 1.5165

OutCfRange @ 1 outOfRange : 12

h_frgs _rfrogs

Ertries . 5514 Ertries : 2610
Mean : 0.054770 hean : 0.26705
Rms : 025103 Rms : 068169

|
T
k|

Z-inputé1-em1-hd1 .aida - emcal WAN-inputd2-em1-hd1 .aida - emcal

h_rfrg T . h_rfrgT
a9
h_rfrgg . h_rfrgg

h_nfrg7 h_nfrg?

Enrtries : 539 Entries : 252
2 9 9 O 5 Mean : 28951 Mean : 29285
- - - Rms : 28768 Rms: 29444
N e u t ra I Out Of Range : 103 Out Of Range @ 83
_rfrog _rfro2
Ertries : 642 Ertries : 334

h ad ro n S Mean : 046885 hean : 092216

Rms : 0.86095 Rms : 1.6740

%ﬁnge s

No. of fragments w/ and w/o cut on fragment size




Grad-based Z-pole Events WW Events

Z-inputé1-em1-hd1 .aida - hdcal WW-inputd 2-em1-hd1.aida - hdcal

. i_rfrg el . I_rfreg el
. b _rfrg2hel T h_rfrgg2inel

_rifrg el _rifrig el
Enrtries : 366D Ertries : 1618
Mean : 7.7428 Mean : 8.1644

Rms : 54624 566895
a rg e Out Of Range : 703 Out CfRange : 895
_rifrg2hel _rfrg2hel

h ad ro n S Ertries : 4372 k Ertries : 2468
Mean : 1.0558 + Mean : 27607
Rms : 17703 = L Rms : 2.7681

OutCfRange @ 47
i e |

Z-inputé1-em1-hd1 aida - hdeal WW-inputd 2-em1-hd1 .aida - hdecal

. h_rfrgSh I _rfrg Sl
h_rfrgEhel 1_rfrggGhel

_rifrigShel _rifrgShed
Enrtries : 262 Ertries : 392

Mean : 0.22201 Mean : 0.88520
O O nS F | Rms : 066038 Rms : 1.9218

[ _rifrgg Bl 1 _rifrgg Bl
Entries : 262 Entries : 382

Mean : 0.015267 Mean : 0.14286
Rms : 012261 Rms : 067386

Z-inputé1-em1-hd1.aida WW-inputd 2-em1-hd1 aida - hdcal

h_rfrgThe . h_rfrg7he
h_rfrg@hel . F_rfrgg8hel

[ _rfrgThel _frgg T

Ertries : G41 Ertries : 242
fdean : G.EE92 Mean : 5.4421
Rms : 5.7960 Rms : 5.8180

25
Neutral

_rifrgShel _rfrgBh

Ertries : 787 Ertries : 399
h a d ro n S Mean : 1.1804 Mean : 34488
Rms : 1.9994 Rms : 43977
OutfRange @ 17

No. of fragments w/ and w/o cut on fragment size




cellY vs cellX

o statisties

cellY vs cellX

[Ho_Statisties

24007

¢
t t t ) t t t
-2,400 -2,200 -2000 -1,800 -1,600 -1400 -1200 -1,000 -800 -G0O -400 -200 800 1,000 1200 1,400 1,600 1,800 2000 220

t t
-2400 -2,200 -2000 -1,800 -1,600 -1,400 -1,200 -1,000 -800 -GOO -400 -200 GO0 800 1,000 1200 1400 1,600 1800 2000 2200 2400




Dist-based

After track-cluster matching™

Energy of clusters not
matched to any track:
neutral candidate

Energy of matched clusters

From charged

particles From neutral

_ From charged
particles

particles
(fragments)

| From neutral
1 particles

On average Energy from charged particles

—39% came from neutral Is more than real neutral
-- need to work on it!

* Perfect Photon ID — hits removed




Dist-based

i
From neutral
particles

Fragment identification

Energy of clusters not
matched to any track:
neutral candidate

From charged
particles
(fragments)

After removing
Identified fragments

nominal NH after cut: real id foomr2)

From neutral
particles

From charged
particles
(fragments)

1:1.24

1:0.40

>
Eff(neu) — 88%

Use the three variables to identify fragments:

1. 72% of the energy from fragments is removed
2. Only lose 12% of real neutral energy




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
00T 10.0T 320T 10T O KOL:#hits per GeV vs Egen
280+ ot 300+ A KOL:#hits vs Egen . 108+ O K+:#h.its per GeV vs Egen
©® neutron:#hits vs Egen : : B K+:#hits vs Egen A ® K-:#hits per GeV vs Egen
260 B proton:#hits vs Egen 96T 280 A K-:#hits vs Egen A 10'6“[13
4 260T 104T
240 - o
940 u o 1 T
2201 H " o o 240 A 10.2T o
92T T 4
200T o ® o 220 100 o o .
1 is [} 1
180+ - 9.0 ® 200 A 9.8T¢ ® R :
* 180T 06+ o
160 T 8.8 ] .
140+ 86T O neutron:#hits per GeV vs Egen 160 ! 94T ¢}
0 = ] O proton:#hits per GeV vs Egen 140T 92T e
0 84 120 90T °
100 82T 1007 ' 88T
4 u A
80 g 80T 80T 8T,
60T + 4
78T 0Ty 84 R. Cassell, SLAC
40Tm $ 40--‘ 8.2+
L 76T
20+ f f f f { f f f f f i 20+ f f f f f 8.0+ f f f f f
5 10 15 20 25 30 5 10 15 20 25 30 5 10 15 20 25 30 5 10 15 20 25 30

-> linearity of response
-> charged hadrons generate slightly more hits than neutral
-> calibration (#hits/GeV) different, especially at low energy

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

neutron-sf - proton-sf neutron-sflin - proton-sflin KOL-sf - K+-sf - K--sf KOL-sflin - K+-sflin - K--sflin
280 T 100T 300T 10T
260 T #‘ 08+ A neutron:#hits per GeV vs Egen 280T % KOL:#hits vs Egen § 10.8T A KOL:#hits per GeV vs Egen
X neutron:#hits vs Egen 4 proton:#hits per GeV vs Egen + K+:#hits vs Egen 4 K+:#hits per GeV vs Egen
240+ 260 T ) 10.6T )
+ proton:#hits vs Egen 96T O K-:#hits vs Egen X K-:#hits per GeV vs Egen
20+ * 240T ¢ 1047
94T 1
220T 10.2
200T
927 t ¢ 2007 0T
180+ « 1 s A % 9.8 ¥
- 90 N 180T .
T 96T X
88T . 1601 A
140T + 140 ® 94T
86T B X
120 ¥ A 0k 927
84T 41
100T ol 90 H
8274 ¥ 88T
80T * 80T ¢
86T
80T ¥
60T 60T 84+
78+
ot 8 ‘ par g2t R. Cassell, SLAC
20— f f f f f 761 f f f f { 20+ f f f f f 8.0+ f f f f f
5 10 15 20 25 30 5 10 15 20 25 30 5 10 15 20 25 30 5 10 15 20 25 30

-> account for mip trace properly
-> after weighting, #hits charged ~ #hits neutral
-> shower calibration (#hits/GeV) now very similar

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

* remember, this is simulation!



Nearest-Neighbor Clustering for Charged/Neutral
Separm‘ion - SLAC/ANL

Pion

\ :




Photon Finding

Energy efficiency vs generated energy

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

O DTdefEM.aida X FCpl100EM.aida

1.04 . 1.04 1T :
O DTdefEMZZ.aida + FCplOOEMZZ.aida

1.02 1.02T
1.00 €] 1.00 T KoKk oK * KKK NN +4

9 Gagoeugeﬂuegaaaunﬂnﬂﬂ **f**f*f*f$+** +$* f*f fﬁ** ++ RRPELTHE
0.98 T 0°% o @ o 0.98 - + 7y .

+ + +

0.96 0.96 T +
0.94 0.94T
0.92 0.92
0.90 0.90
0.88 0.88
0.86 0.86

0 0

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

A MSTdefEM.aida ® NN2255EM.aida

1.04 _ 1.04 ] ,
¢ MSTdefEMZZ.aida B NN2255EMZZ.aida

1.02 1.02
100 atgeatasatassst  Atpfeagppeatycees 1007 . i}
0.987 g‘x ¢ 0.98 am .'-.--=. Eg®m mEm =

o2
L™ .' [ X ]
0.96 1 0.96 g paz®e= "=

e ¥
.l ]

0.94 0941 a

0.92 0.92+"

0.90 0.907
0.88 0.88

0.86 0.86 7

0 0




R. Cassell, SLAC

Energy purity vs generated energy

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

A DTdefEM.aida ® FCplOOEM.aida
1'0_“A“AA R ¢ DTdefEMZZ.aida 1.07 B FCplOOEMZZ.aida
0“ *

0.97 A 0.97
0.8 0.8
0.7 0.7
0.6 0.6
0.57 0.57]

0.4 0.4

0.3 0.3
0 0

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

G MSTdefEM.aida —LK XK NN2255EM.aida
1.0

1.07 [0 MSTdefEMZZ.aida **ﬂff;ﬁ* + NN2255EMZZ.aida
+
0.9 0.9 *2!§+

0.8 0.8
0.7 0.7
0.6 0.6
0.5 oM 0.5

0.4 0.4

0.3 0.3
0




Track Extrapolation PFA ANL SLAC, Kansas

It step - Track-linked mip segments (ANL)

-> find mip hits on extrapolated tracks, determine layer of first
interaction based solely on cell density (ho clustering of hits)

2rd step - Photon Finder (SLAC, Kansas)
-> use analytic longitudinal H-matrix fit to layer E profile with
ECAL clusters as input

39 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
iterated in E/p
-> Analog or digital techniques in HCAL

4th step - Neutral Finder algorithm (SLAC, ANL)
-> cluster remaining CAL cells, merge, cut fragments

Bth step - Jet algorithm
-> tracks + photons + neutral clusters used as input to jet algorithm




Shower reconstruction by track extrapolation

oA

M\p reconstruction :
Extrapolate track through CAL
: layer-by-layer

Search for "Interaction Layer”
-> Clean region for photons

: (ECAL)

N @ -> "special” mip clusters matched
/ to tracks

hower reconstruction :
Cluster hits using nearest-
neighbor algorithm
Optimize matching, iterating in
IL E.HCAL separately (E/p test)
Hits in next layer

Mips

one cell widel

Shower clusters




Photon Cluster Evaluation with (longitudinal) H-Matrix

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

---

F— * min of 8 cells required
250 MeV b

ChisqD Prababllity

500 MeV

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

ey
[eo.o | 2 [ o [ o [ oo | o0




PFA Demonstration
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Overall Performance : PFA ~33%/VE central fit




PFA Module Comparisons

Comparison PFA Photons Comparlson PFA Neutral Hadrons

Perfect PFA Neutral ESurr

Perfect PFA Photon ESurr
® PFA Neutral ESum

® PFA Photon ESum

Perfect PFA Neutral ESum
Entries 2318
Mean 10902
Rms : 10864

Perfect PFA Photon ESum
Entries 23186
Mean 22607
Rms : 12108

PFA Neutral ESum
Entries 2316

11405

10471

PFA Photon ESum
Entries 2318
Mean 22557 \Vean
Rms : 12596 Rms

Photon E Sum Neutral Hadron E Sum

Neutral Hadron Response

Photon Response

Perfect PFA Photon — MC Photon Perfect PFA Neutrals — MC Neutral E neuEpc
— gauss

; G/mean = O -05 :gz:zz—1 G/mean = O '20 T Perfect PFA Neutrals — MG Neutral E neuEpos
- > 24%NE -> 67%/NE ”

[ Entries 23186
Mean : —0.62340 bauss
B Rms : 31604 amplitude 79.750+2 609
mean : -0.057963+0.053035

l Matches single e iy ty

amplitude 141.61
1.8580

:G4 “feature” (fixed) H& . it rparticle fits of

| amplitude 71‘522‘053 -KLO, n, n le

[ . . sigma : 3.6776
rNo H-Matrix (#hits)
T amplitude 141 61£5172
mean —0.037242+0.036497
sigma : 1.1177£0.04464
amplitude_1 16.816£2.670
mean_1 : —1.2803+0.1909
sigma_1 3.6776+0 2539
X 1.1449

& WTTII’ T‘Vl I.TL Il =
-14 -1z -10 -8 -6 -4




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

-> 34%/\E

Perfect PFA Results T PFA Results
Entries 2003 4 | Entries 2003

-> 28%/NE ;

Mean 85.716 Mean 86.146
Rms : 46363 Rms : 73679

gauss T M gauss
amplitude : 153 48 mif amplitude : 121 .44
mean 86.485 T I mean 87.004
sigma ; 26141 1 i \ sigma ; 32030

gauss_1 1 .‘II | gauss_1

amplitude : 48530 [ ".‘ amplitude : 28434
mean : 85.098 T [ | \ mean : 84.735
sigma 55666 / ‘ sigma 9.8506

/
sum [ ".I sum
amplitude ©  153.48412.05 T | | amplitude © 1214445 895
mean 86.485+0.13 ."I | mean 87.004+0.13
sigma: 2614101841 T [ \ sigma:  3.2030+0.1780
amplitude_1 :48 530412 .30 1 | 1T amplitude_1 :28 43443 868
mean_1: 8509840303 ] ;" I\ mean_1: 84 73540.481
sigma_1: 55666403822 T T ANNNNAY \ sigma_1: 9.8506+05240
e 0.95865 / a e 081982

90 95 100 1056 10 115 100 1056 10 115

SiD Detector Model

Si Strip Tracker Average confusion contribution = 1.9 GeV

W/Si ECAL, IR=125cm < Neutral hadron resolution contribution of 2.2 GeV
4mm X 4mm cells -> PFA goal!*

SS/RPC Digital HCAL
1cm X 1cm cells

5 T B field (CAL inside)

* other 40% of events!




Detector Comparisons with PFAs Vary B-field

Perfect PFA Results - SID B4 PFA Results - SID B4

1 2.25 GeV 86.9 GeV 52% 13.26 GeV 87.2 GeV 56%

— gauss

—sum

-> 24%NE ‘ | > 35%NE k

PFA Results

Perfect PFA Results
Entrigs 2000 1 T Entries 2000
Mean 86.123 '\ Mean : 85607

Rms : 47800 T M Rms : 78362

gauss T Ui gauss
amplitude 154 47 I amplitude 111.84
mean 86.924 T AN mean : 87175
sigma 22487 1 | \ sigma : 32633

gauss_1 1 / | gauss 1
amplitude : 57.329 f s amplitude 29.130
mean 85.256 1 [ i1 mean : 34201
sigma 55827 ' u sigma : 10,034

sum f \ 'sum
amplitude © 1544747 588 T il | amplitude ©  111.8445 802
mean 86.924+0.11 ill \ mean : 87.1750.14
sigma:  2.2487+0.09790 T I (X . sigma:  3.2633:0.2221
amplitude_1 :57 32942 275 1 i 1 amplitude_1:29.130+4 464
mean_1: 85.256+0.21 . ."I I". mean_1: 8420140 533
sigma_1 55827+0.111 T T \ | sigma_1: 10.034£0.6034
e 1.0913 T 1] | ; \ 12 13049

95 100 105 110 115

SiD SS/RPC -5 T field SiD SS/RPC - 4 T field
Perfect PFA 6 = 2.6 GeV Perfect PFA 6 = 2.3 GeV
PFA 6 = 3.2 GeV PFA 6 = 3.3 GeV

Average confusion = 1.9 GeV Average confusion = 2.4 GeV

-> Better performance in larger B-field




Detector Optimized for PFA?

PFA Results - SID BS PFA Results

1 3.20 GeV 87.0 GeV 59% 13.03 GeV 87.3 GeV 53%

— gauss gauss

— gauss_1
—sum

PFA Results
Entries : 2785
Mean 86544
Rms 81212

PFA Results
Entrigs 2003
Mean 86.146
Rms : 73679

> 34%/NE - [ ->33%NE k}

auss

) . s amplitude : 188.33
amplitude : 121.44 . 87208

mean 87.004 T sigma : 3.0262
sigma : 3.2030

gauss

auss_1
gauss_1 T amplitude : 48222
amplitude : 28434 + | mean 85729
mean 84735 _ - sigma : 10.280
sum

sigma 98506
amplitude ©  188.3347.961

| siD Model i CDC Model || _ ren s

amplitude © 1214445895 sigma:  3.0262+0.1391

mean 87.004+0.13 | amplituce_1 © 48,222+4.290
sigma:  3.2030£0.1780 mean_1:  85720+0.318
amplitude_1:28 43443 868 T sigma_1:  10.280+0.3741
mean_1: 84 73540.481 T i 14767
sigma_1: 9.850610.5240
12 081982

T T U T T T T T
100 1056 10 115 90 95 100 108 110 115 120 125

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/Scintillator)

Magnet IR only 1 inch bigger!

Moves CAL out to improve PFA performance w/o increasing magnet bore




Optimized PFA Construction - a Collaborative Effort

Flexible structure for PFA development based on "Hit Collections”
(ANL, SLAC, Towa)

Simulated EMCAL, HCAL Hits (SLAC)
DigiSim (NIU) X-talk, Noise, Thresholds, Timing, etc.
EMCAL, HCAL Hit Collections
Track-Mip Match Algorithm (ANL)
Modified EMCAL, HCAL Hit Collections
MST Cluster Algorithm (Iowa)
H-Matrix algorithm (SLAC, Kansas) -> Photons
Modified EMCAL, HCAL Hit Collections
Nearest-Neighbor Cluster Algorithm (SLAC, NIUV)
Track-Shower Match Algorithm (ANL) -> Tracks
Modified EMCAL, HCAL Hit Collections
Nearest-Neighbor Cluster Algorithm (SLAC, NIU)
Neutral ID Algorithm (SLAC, ANL) -> Neutral hadrons
Modified EMCAL, HCAL Hit Collections
Post Hit/Cluster ID (leftover hits?)

Tracks, Photons, Neutrals to jet algorithm




Summary

PFA goal is to use the LC detector optimally -> best

measurement of final-state particle properties :
LC detector becomes a precision instrument - even for jets
Key part is separation of charged and neutral hadron showers in
the calorimeter - strong influence on calorimeter design

R&D priorities are :
PFA development and optimization
Detector design using PFAs to optimize the calorimeter and its
parameters - in particular, the design of the HCAL

Approaching PFA performance goal

=2 O <O

confusion neutral hadrons

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




