PFA Development - Definitions and Preparation

0) Generate some events w/G4 in proper format
1) Check Sampling Fractions ECAL, HCAL separately
How?
Photons, electrons in ECAL
Neutral hadrons in HCAL (no ECAL int.)
Charged Pions in HCAL (don't forget ECAL mips)

Total CAL ESum

Detector - SDFeb0b Sci HCAL

EM CAL ESum - Photons, SDFeb05

Photons in ECAL
->sf =0.012




Hadron Comparisons

Total CAL ESum Total CAL ESum

Entries : 3007 . Entries : 5026
Mean :10.720 Mean :6.9581
Rms : 7.6559 Rms : 7.0513
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Total CAL ESum

Entries : 5021
Mean :7.6724
Rms : 7.1243

Entries : 3000
Mean :10 662
Rms : 7.6795

G4 Physics List? - under inves’riga‘rion2




PFA Development - Definitions and Preparation

2a) Single Particle Response -> Analytic Perfect PFA

Expected values for E resolution?
Why not!? -> G4 problem? Go Back To 0)

2b) Analog/Digital Readout!?
2a) Calibration
How?
With/without threshold cut?
Realistic methods?
2b) Choice of threshold cut
Necessary?
Realistic?



Analytic Perfect PFA - SDFeb05 Detector Model

ECAL ESum, 5 GeV Photons, SDFebos HCAL ESum, no EM E, SDFeb05 Scintillator
HCAL ESum, no EME|

I PhOTOﬂS EMCALES?:USS 1 Hadr‘ons (Plo!_’] ) HG;LESum‘nuEME

Entries : 5000 ”
Mean 50219 Mean : 96431
Rms 045353 Rms 22193

gauss gauss
amplitude : 220.52+3.90 amplitude ‘32 73112 808
mean:  5.020140.0066 mean:  9.7849:0.100
sigma -0 44626+0 00476 sigma ; 1.5099+0.09275
® 13276

o 1.3234

Track PSum - alltracks True Photon E - all photons True Neutral E - all neutrals
Entries : 2234 Entries : 2234 Entries : 2234
Mean :10.668

Mean :56.819 Mean :22.494
Rms : 10382

] No neutral E!
P

57 GeV
22 GeV

Photon resolution = ¥22.5 x .199 = 0.94 GeV
Neutral H resolution = V10.7 x .48 = 1.57 GeV

-> PPFA = 19%/~E \




PFA Development - Definitions and Preparation

3) Perfect PFA with Detector Effects

Equal to 2a)?
Better than 30%//E?
4) Now ready for PFA development

Perfect PFlow Neutrals - SDFeb05

Perfect PFlow Photons — SDFeb05
AAA The Neutral Test — True Neutral — Perfect PFlow CAL thr E

AAA The Photon Test — True Photon ESum - Perfect PFlow Photg

131 GeV e 1.95 GeV

e
A - Froton Test — True Photon ESum — Perfect PFlow Photd IAAAIThe Neutral Test — True Neutral — Perfect PFlow CAL thr EY
.. Entries 3753
M" L Mean -0.16024
Ring\. Ams 24544

ay gfuss

an 431714107 mplitude 535.42+154

meaf | 7.5338E-310.022568 jean -0.056911+0.035387
1.949240.0446

si 1.3111+0.0241 K Bk
Pal 8 9651 14,635

Perfect PFlow - SDFeb05

AAA The Goal — Total E - Tracks + Perfect ID photon +Perfect ID neutr:
gauss

IAAA The Goal — Total E - Tracks + Perfect ID photon +Perfect 1D neutr
Entries 3753
Mean 90.025
Rms 29653

alss

amplitude : 54525112 4
mean 89.99620.044
sigma 2 656310.0416
b 48873




PFA Development - Definitions and Preparation

4) Document and archive all of the above for each

Detector Model
Web site for archived plots and detector documentation
Also needs to include special cuts, etc.
5) Now ready for PFA development
Examples of PFA use in detector optimization/evaluation ->



Calorimeter Absorber Optimization - PFA Application

1) PFA optimization - beginning of hadron showers separated
(longitudinally) from beginning of EM showers . . .

Pey)=1-C,, ex/xO

P(h)=1-C, eI

C.,=(17/9)

Ch:]'

So, in first layers of calorimeter, want P (e,y) >»> P (h)
-> X/ Xo >> |/ h;
-> A1/ X, should be as large as possible

Dense, Non-magnetic

Less Dense, Non-magnetic

Material | A, (cm) | X, (cm) | A/X, Material | A, (cm) | X, (cm) | A/X,

W 959, | 035 27.40 Fe(SS) | 1676 | 1.76 9.52

Au 074 \| 034 | 2865 ||Cu 1506 | 143 | 1053

x
Pt 884 || 0305 | 2898
} ... Use these for ECAL

Pb 170 | 056 | 3052
* Note ~X2 difference in A; for W/Pb
- important for HCAL later
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2) Once P(e,y) -> 1 and y's are fully contained (end of ECAL),
want P(h) -> 1 as fast as possible . . .

4

3 2
RAN

|
40

5|3 1
U

Leng’rh (cm)
... W performs better than SS and Pb for HCAL |




Z jets in SS/W HCAL - Absorber Comparison

)
8D ssHC
P

h W HCA
N /J/f

_r"'-'
-

\\ i 1 5%/6"5 -
N 2 cm 8S (1 Xy) N\ =< 0.7 g W (2 Xo)

14 1 cm-Scintillator * lem-Scintillator

N A N Ay

Same event - different shower shape in W compared to SS?
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3) And, hadron showers should be as compact as possible . . .
SS Single 5 GeV 7t W Single 5 GeV 7t

mean (GeV) c/mean mean (GeV) c/mean
2.07 79 . 1.92 /8
2.96 51 . 2.94 41
3.63 .38 . 3.59 31
4.08 31 . 401 .25
476 .25 . 4.64 .23
4.85 .25 : 477 .23
486 .25 . 479 .23
487 .25 4.80 .23

Energy in fixed cone size :
-> means ~same for SS/W
-> rms ~10% smaller in W

... W looks like the best
choice for HCAL 11




4) Energy resolution comparisons for SS, W . ..

Single 5 GeV Pion
SS W
Threshold CAL EMAnalog + HDIgltal ESum Threshold CAL EMAnalog + HDIgltal ESum

[Miveshold CAL EMAnalog + HOghal ESwn = [Miveshold CAL EMAnalog + HOghal ESwn
1500.0 anies ; 2000.0

e ©
mhn 13918 N i mhn 1%

max : 1274 max : 1344
mean ; 45457 mean ; 50696

fm 12765 fm 12041
Wiausdan -+ I Wiausdan

ampliude : 179.75:5.995 AN ampliude : M8 THTH
mean ; 4431 2400202 mean ; 4950 240,027

s 1250 0222 T TH s 0.93500:0 1165
il 204957 —~ il 2 heS

cg/mean ~ 24% | Gg/mean ~ 20%

ol
ol
|
|
M
|
|

..
i
.

T T T T 1 T T
2] 10 n 12 13 L] 1% 2] 10 n 12 13 L] 1%

Energy measurement in calorimeter - Analog ECAL, Digital HCAL
-> o/mean smaller in W HCAL
-> same behavior for analog HCAL W - 2 X, sampling

SS -1 X, sampling?




Single 5 GeV Pion - Number of hits (1/3 mip thresh)
SS vy,

Toral CAL Nhiks trachad i [l Tl AL M —

Thrashold hitsin HCAL ot [ Theachol itein HOAL

Total CAL Miite thvesheld 1T Total CAL hhite veshod
—— 15000 ol eniies : 2000.0

Ly
160+
150
130+
13
12
11
100
o0
#0-
-
-
0
e
e
2
1
[

=

More hits in W HCAL than in SS

-> 30% more hits in the HCAL for W W - 2 X, sampling
-> better digital resolution for W! SS -1 X, samplings




Single 5 GeV Pion - Visible Energy in HCAL

HAD CAL Vis ESum HAD CAL Vis ESum

W‘HM - : : : |
2 {3 [iF] 133 1133 7 i} i3} 1.6

More visible energy in W HCAL

-> better analog resolution in W W -2 X, sampling
SS -1 X, samplings




_ : W - 2 X, samplin
-->Z (jets) - PFA Ts 0 ST
ete (jets) - PFA performance Fi SS - 1 X, sampling

SS W

Total Esum « Tracks+photong+neutral Esum Total Esum - Tracks+photons+heutral Esum

Tetal Exum - Trackstphetonsshautal Exim T [Tetal Exum « Trackephotansnautral Esum

Tr'ue PFA arfrias 14220 Tr‘ue PFA erties 12820

47 585 min: FIAE

-> SS 33"/0/\/ ’:: 126,18 T => W 280/0/\/5H max 1"

84586 e 8480
6281 e #3047

Gaueian
#1361 T amyitue : 164
#6104 ean: 88508

4 ohab 1 L 1245
| Gaussian
40144 1 | ampitude : 19802

#1146 rean:
61961 L : il

%+
Bt
70+
w0t
5+
0+
0t
BT

—
[—2

:Mer&hml Wéﬂ

60

[—2

Better PFA performance with the W HCAL for conical showers . . .
however, simple iterative cone reconstructs smaller fraction of events™ 15




W - 2 X, sampling
SS -1 X, sampling

Single particle, PFA resolution comparison results . . .

O/mean

0.35 0.35
0.3 0.3
0.25

y
02 — o 0.2 ——
B Single pion B Single pion
bl PFA 0.05 PFA
0.1 0.1
0.05 0.05
[ 4= y - [ A -

1X0 2X0 0.07 A 0.12A
SS W W SS
og/mean |, X, 1! Coarser X, sampling gives better cgl?

og/mean |, A; |  Finer A; sampling gives better o

... W looks like the best choice for HCAL
-> hadron E resolution depends on A1, not X, .

0.25

O¢/mean
)




HCAL Readout Optimization - PFA Application

Dense HCALs (W absorber) - 4 A; in ~82.5 cm IR -> OR
SDFeb05 RPC HCAL

SDFeb05 SCI HCAL 55 layers of 0.7 cm W/0.8 cm RPC
55 layers of 0.7 cm W/0.8 cm Scin. 1.2 mm gas gap
Sampling fraction ~6% Sampling Fraction

/ I\




First - Calorimeter Performances
Scin. - Analog Readout RPC - Digital Readout

gauss - Total CAL ESum, Hthreshold gauss - AA - CAL EMAnalog +HDigital ESum

[Total CAL ESum, Hthreshold - A — CAL EMAnalog +HDigital ESuy
Entries : 3962 Entries : 4“0
Mean: 89.263 1 Mean : 8341
Rms: 6.3523 Rms 6.84%9

gauss 1 gauss

amplitude :  268.9746.09 amplitude : 262044566
mean: 881961013 mean: 84.335¢0.14
signa:  57423t0.107 HE sigma: 664740 112
i 1.7306 L 089779

Not a great start, but lets continue anyway ER



Track/CAL Cell Association Algorithm
Scin. - Analog Readout RPC - Digital Readout

Track PSum - Perfect ID CAL Track E == Track PSum - PFlow ESum Track PSum - Perfact ID CAL Track E == Track PSum - PFlow ESum

m- Perfect ID Cal Track I

m - Perfect ID Cal Track |
m- PFlow ESum

m- PFlow ESum

m- Perfect ID Cal Track
i)

171

57744

m- Perfect ID Cal Track §
303

-0.60308

55072

m- PFlow ESum
353
04871
6.0083

Resolution still better in scintillator, but algorithm
reproduces perfect ID in both cases




Neutral Finding Algorithm

Scin. - Analog Readout

True Neutral - Perfect ID CAL thr ESum == True Neutral - PFlow Neutral ESum

RPC - Digital Readout

True Neutral - Perfect ID CAL Neutral E -- True Neutral - PFlow Neutral ESum

¥ True Neutral - Pesfect ID CAL thr ESu
# True Neutral - PFlow neutral Esum

[True Neutral - Perfect ID CAL thr ESum)
Entries : KIEY]
Mean: -0.23943
Rms: 24813

[True Neutral - PFlow neutral Esum

1B True Neutral - Pertect ID Cal neutral |
# True Neutral - PFlow Neutral Esum

True Neutral - Perfect ID Cal neulral B
Entries : 49
Mean : 1.0108
Ams : 2.7900

(True Neutral - PFlow Neulral Esum

Entries : KIEY]
Mean: 0.92266
Rms: 5.9457

Entries : 0%
Mean : 18975
Rms : 6.7

Once again, very similar performance
20




PFA Results
Scin. - Analog Readout RPC - Digital Readout

Perfact PFlow == Tracks + Parfect ID photon + Perfect ID neutral thr - PFLow Algorithm == Tracks + Perfact ID photon + neutral Esum Perfect PFlow —= Tracks + Perfact ID Photon + Perfact ID neutral thr - PFlow Algorithm -= Tracks + Perfact ID Photon + Neutral ESum

[N Perfect PFlow — Tracks + Perfect ID photon +Perfect ID neutal f

¥ Perlect PFlow — Tracks + Perfect ID Photon + Pertect ID neutral 1]
® PRlow Algorithm - Tracks + Perfect ID photon + neutral Esum

® PFow Algorithm - Tracks + Perfect ID Photon + Neutral Esum

Perfect PFlow — Tracks + Perfect ID photon +Perect ID neutral thy Perfect PFlow — Tracks + Perfect ID Phaton + Perfect ID neutral thy
Entries : 3753

Entries : 4099
Mean: 012 T Hean: 83861
Rms : %2 Rms: 32708

PFlow Algorhm — Tacks + Perfct 1D photon-+ nviral Esun 1 PFow Algorthn — Tiacks + Perect 1D Pholon  NeutalEsum

Entries : kiks] ‘ Entries - L]

gean-: 88 950 [ Hean: 87974
ms: 6.0607 T Rms: 64193

9““95_ gauss

?n':::nm ' gﬂﬂiﬁ]}ﬁ T ampliude : 531904121
sigma : 26715t00589 mean 89.004+0 065
e 45605 4 sigma : 2 9800400642
- - fib [Riye]

PFA performance is very similar (with same cuts) but reflects
underlying CAL resolution




Confusion - Leftover Hitsl!
Scin. - Analog Readout RPC - Digital Readout

Clustering of Unused Hits Clustering of Unused Hits

N Total E of unused s before clustering B Total E of all unused hits before clustering
® Tolal E of clustered unused hits ® Tolal E of clustered unused hits
1 Tolal Eof unclustered unused hits ¥ Total E of unclustered unused hits

[otal Eof unused his before clusering + MTotal E of all unused hits before clustering
Enbies Entries - 40
Mean: i Mean: 11867
Rms: - + Rms : 8.3580

[Total E of clustered unused hits
Entries : 362
Mean: 100%
Rms : 8.5343

[Total E of clustered unused hits
Entries : o
Mean: 9.0742
Rms : 7944

[Total E of unclustered unused hits
Entries : o
Mean: 281%
Rms : 2.8965

(Total E of unclustered unused hits
Entries :
Mean:

Better use of hits in RPC? - good since aren't that many

22




Summary

For LC Detector, HCAL should be as dense as possible
-> hadron showers more compact in W - smaller HCAL volume

-> more A; per cm - smaller Solenoid B-field volume

-> more layers for fixed total A; HCAL - better resolution since
more sampling

-> more hits - better digital resolution

-> more visible E - better analog resolution

PFA (incomplete) used to optimize HCAL absorber

First look at comparison of analog (scintillator) and

digital (RPC) readout modes for HCAL
-> very little visible E, number of hits in W/RPC showers - try
finer A; sampling?
-> compared analog and digital modes with same analysis
program

Once again, PFA used to evaluate detector performance

23



Particle Flow Algorithm - Horse or Cart?

PFA used for:

1) Detector Optimization - absorber type/thickness, longitudinal
segmentation and transverse granularity, B-field, fracking volume
(radius), etc. -> Detector Model(s)

2) Detector Model evaluation - comparisons, tradeoff evaluations, etc.

-> PFA is the Horsel 24



CUINNESS

FOR STRENGTH
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Physicists still have to do work!

25
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