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A Strategy of Jet Reconstruction

with Compensating Calorimeters

Assume the jet made of 2 non-overlapping regions
o (Core: region of the calorimeter with overlapping showers

e Qutliers: hit cells separated from the core

Measure the Core energy

using information from the calorimeter

Reconstruct Outliers individually
using tracking and/or calorimetry

for charged or neutral particle
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Plans for Jet Studies

e Use Compensating Calorimetry for ILC
Present

and Durham jet finder algorithm
e Study performance study

of the calorimeter and jet algorithm

e Improve Resolution

with proper treatment of “outliers” In
e Delicate interplay among tracking, progress

calorimetry, and muon detector
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A Starting Point for this Strategy

e UuUse compensating calorimeter
to reduce fluctuation

which dominate calorimeter resolution

1. Fluctuation in the em shower fraction, f,,

(fluctuations in the ™ content of the cascade)

2. Fluctuation in the

(fluctuations in the nuclear binding energy losses)
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2 examples of Compensating Calorimeters

based on Dual Readout

e Sampling Fiber Calorimeter (HCAL)
+ crystals (ECAL)
in 4" Concept Detector for ILC
e Total absorption segmented crystals (HCAL &

ECAL)

Dual-Readout: Measure every shower twice —using Scintillation light and Cerenkovslight.




Dual Readout Fiber Hadronic Calorimeter

4th Concept Hadronic Calorimeter (first version*)

® Cu + scintillating fibers + Cerenkov fibers
® ~1.5°aperture angle

® ~ 10 A, depth

® Azimuth coverage down to 3.8°

® Barrel: 13924 cells

® Endcaps: 3164 x 2 cells

Fully projecﬁve geometry




4" Concept Hadronic Calorimeter Cells

. i . 2
Prospective Top cell size:~ 8.8 x 8.8 cm

Bottom view of single cell
view of

clipped cell

0.3 mm radius

Plastic/Quartz fibers

Cell length: 150 cm

Number of fibers inside each cell: ~1980

equally subdivided between Scintillating

and Cerenkov Bottom cell size: ~ 4.8 x 4.8 cm?
10

Fiber stepping ~2 mm




Simulation
e |ILCroot framework

e Pandora-Pythia to generate
1. ete—qQ (g=uds) @ 60, 100, 140, 200, 300, 500 GeV
2. efee—>Z->q9q (g=uds) @ 91 GeV
Fluka to track particles in the detectors
Full Digitization/Clusterization for VXD, central tracker, and HCAL
Full pattern recognition

e Clusterization collection of nearby “digits”

e Unfolding of overlapping showers through Minuit fit to shower shape

Fast rec-points (gaussian smearing of hits) for Muon detector




Simulation Reconstruction Analysis
In ILCroot Framework

il CERN architecture (based on Alice’s Aliroot)
M Uses ROOT as infrastructure
— All ROOT tools (I/O, graphics, PROOF, data structure, etc)
— Extremely large community of users/developers
@ Six MDCs: robustness, reliability, portability
g | generation, simulation, reconstruction, analysis
M Available from Fermilab
llc.fnal.gov/detector/rd/physics/detsim/ilcroot.shtml

www.fisica.unile.it/~danieleb/licRoot




Calibration

Energy of HCAL calibrated In 2 steps:

1. Calibrate with single 40 GeV e-

—
C —_—

—
~
J

2. Calibrate with single 40 GeV 1T

MNe

Ms
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Reconstructed Energy

Once HCAL calibrated, Calorimeter Energy:

_ s Es [(’70 _1)_I7C LE, [(’78 _1)
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Jet Reconstruction Performance | Jet Reconstruction Performance
Calorimeter performance

for di-jet events at Z Pole (91 GeV)
eTotal Reconstructed Energy | eJet Reconstructed Energy eNumber of jets found
e Energy Response eJet Energy Resolution oZ Mass

eTotal Energy Resolution




Calorimeter Performance

¢ Total reconstructed energy
e Energy response

e Energy resolution




(g=uds)

@ 60, 100, 140, 200, 300, 500 GeV

\/S - 60 GeV Entries 570
Mean 59.13
0 RMS 3.439
35 ;— X2/ ndf 48.75/ 36
30 Constant 36.68 + 2.02
»e = Mean 59.27 + 0.13
- Sigma  2.895+0.100
20—
15F-
10
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Total Reconstructed Energy (GeV)
\s = 140 GeV Entries 731
C Mean 139.2
40— RMS 5.584
35 E x2 [ ndf 50.65 /51
- Constant 40.12+ 1.96
0E Mean 139.7+0.2
25 Sigma  4.404 + 0.136
20
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] \s = 100 GeV
| Entries 976
80H
E| Mean 99.1
0K RMS 5.229
60H X2/ ndf 45.69 / 42
50 F| Constant 75.75+3.13
405 Mean 99.45 + 0.13
- Sigma  3.973+0.101
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\s = 200 GeV

50— Entries 953

B Mean 198

- | RMS 8.136
40

| X%/ ndf 81.94/73

" | Constant 38.69+ 1.73
30 Mean 198.8+ 0.2

- | Sigma 5.53+0.16
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(g=uds) @ 60, 100, 140, 200, 300, 500 GeV

\s = 300 GeV

45 Entries 489 (rmsg, : rms of central 90% of events)
40F Mean 297.3 e
asf| RMS 10.58 0O rf“bgo
30§ X2 / ndf 41.73/35

F| Constant 37.14 +2.20 ‘L
25 H

| Mean 2982204 olE = aNE | o/E=aNE
201 Sigma  7.387+0.267
15;—
10p- 60 37.5% 32.1 %
5
OEn.I.n..In.nnl.H P R N T e I

220 240 260 280 300 320
Total Reconstructed Energy (GeV) 100 401 %0 340 %
\s = 500 GeV

405_ Entries 362 0 0

- | RMS 17.35
30—

C | X2/ ndf 44.33/33 1
251 | Constant  33.61+ 2.35 200 39.6 % 34.9 %
203_ Mean 498.7+ 0.6

- | Sigma 9.994 + 0.420
15—
105_ 300 42.1 % 36.7 %

S I . . nnrn 0 o 0 0
0355 700 750 500 550 45.0 % 40.6 %

Total Reconstructed Energy (GeV)



Energy Response

HCAL Total Energy Response

po -0.4395 + 3.071
pl 0.9975 + 0.01922

AN
o
o

= Mean from Gaussian fit on the Total Energy Distribution
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Total Energy Resolution (Gaussian fit)

HCAL Total Energy Resolution X2 / ndf 3.456 / 4
po 0.3694 + 0.01098

pl 0.01104 + 0.001941
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Total Energy Resolution (rmsy,)

HCAL Total Energy Resolution (rms90) (x?/ ndf 1.869/ 4
pOo 0.3118+ 0.01058
pl 0.0112+ 0.001592

RMS,/ E =312%/+/E 01%

gaussian fit

o. | E=36.9%/E 01%

100 150 200 250 300 350 400 450 500
CM Energy (GeV)
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Jets Reconstruction Performance
for di-jet events

e Jet Energy reconstruction

e Energy Resolution
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Di-jet events

e*e"— qq

@ 60, 100, 140, 200, 300, 500 GeV

Dijet @ 60 GeV Entries 962
C ’ Mean 29.57
SE RMS 2.812
30 X? / ndf 86.09/ 76
- Constant 295+14
251" Mean 29.66 + 0.09
20:_ Sigma 2.473 + 0.084
15—
10 2 entries/event
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Dijet @ 100 GeV

Entries 1748
Mean 49.57
RMS 4.215
x2 / ndf 91.53/83
Constant 60.54 + 1.96
Mean 49.75 £+ 0.09
Sigma 3.497 + 0.075

2 entries/event
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10 20 30 40 50 60 70
Jet Reconstructed Energy (GeV)

Dijet @ 200 GeV

Entries 1720
Mean 98.98
RMS 7.015
X2/ ndf 137.8 /86
Constant 62.64+2.17
Mean 99.31+0.14
Sigma 5.445 + 0.131

2 entries/event
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Jet Reconstructed Energy (GeV)



Di-jet events e*e-— qq (g=uds) @ 60, 100, 140, 200, 300, 500 GeV

di-jet @ 300 GeV o rincC . 0
i | Di-jet @ 300 GeV (rms90 : rms of central 90% of events)
70
-| Entries 904 C rrn e
sof| Mean 148.6 9) MMSgqg
C| RMS 9.215
S0 X2/ ndf 64.39 /51
JoF| Constant  49.73:+ 2.30 o/E = a/NE | o/E = a/NE
-| Mean 149.1+ 0.3
30F{ Sigma  7.552 + 0.235
2oF- 30 43.0 % 39.9 %
L 2 entries/event
E , 0 0
0“5 00 “120 140 160 50 S0 45.0 % 39.8 %
Jet Reconstructed Energy (GeV)
| di-jet @ 500 GeV |
T Entries 508 Dijet @ 500 Gev 70 42.3 % 38.0 %
30; Mean 247.9
,s[| RMS 15.43
| x2/ ndf 112.4/81 100 42.6 % 37.1%
20H Constant ~ 23.9+1.6
-| Mean 249.2+ 0.4
“HlSigma o385+ 0550 150 49.4 % 41.3 %
10—
5t 2 entries/event
- 45.2 % 41.0 %
O“_._I_I],...I..ﬂlﬂ...l]]].ﬂﬂ. R R [
120 140 160 180 200 220 240 260 280 300
Jet Reconstructed Energy (GeV)




Jet Energy Resolution (gaussian fit)

Jet Energy Resolution x2 I ndf 17.38/4
pOo 0.4217 + 0.009865
pl 0.01289 + 0.00317

0. | E =42.2%/~E 01.3%

No jet finder
0. | E=36.9%/E 01%
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Jet Energy Resolution (rmsg,)

Jet Energy Resolution (rms90)

X2 / ndf 5.926 / 4
pO 0.3852 + 0.01098

1IIII|IIII|IIII|IIII|IIII|IIII|

pl 0.006922 + 0.005842

RMS,/ E =385%/+/E (1%

No jet finder

0. E=312%/E 01%

20 40 60 80 100 120 140 160 180 200 220 240 260
Jet Energy (GeV)
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Jet Reconstruction Performance
at Z Pole (91 GeV)
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Number of Jets found

hnpartJets
Entries 1244

Jet-finder on MC particles

TIZO0U0 Mean 2.068
- RMS 0.2523
— Jet-finder on cells hncellJets
B Entries 1244
- = Mean 2.079
B B RMS 0.2694
- 1000
B 800
B 600|—
B 400
200|—
L 1 1 1 1 l 1 1 1 1 1 1

OO
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Z,Mass (with Gaussian fit)
39.7 %/sqrt(E)

Entries 1244

Mean 90.54
RMS 4.542
x2 / ndf 38.68 / 34
Constant 91.13 +3.33
Mean 90.77 + 0.11
Sigma 3.784 + 0.086

E

80 90 100 110
mass invariant (GeV/c?)

(21
o
D
o
-‘J
o

All events, no cuts
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Z, Mass (with RMS,,)

(rms,,: rms of central 90% of events) 32 g 04/ sqrt(E)

Z-pole->allj(uds) all events htemp
Entries 1244

Mean 90.54
RMS 4.542

80 90 100 110
mass invariant (GeV/c?)

All events, no cuts
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Summary

® Resolution with a fiber Hadronic Calorimeter
Total reconstructed Energy (clustering based on Calorimeter alone)
o/E = 36.9%/NE (0) 31.2 %/VE (rmsy,)
Jet reconstructed Energy (Calorimeter + Jet Finder)
O/E = 42.2%NE (0) 38.5%/VE (rmsy,) Al the detectors

are in the simulation:

® |mproving Resolution : VXD.DCH,HCAL MUD

Optimize Performance of the Calorimeter

e.g. measure neutrons to correct

(nuclear binding energy losses)

Use information from Tracking and Calorimetry

* Leftover muons leaving the calorimeter




Backup slides
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Total Absorption Dual Readout

Calorimeter

Uniform, integrated (EM+HAD) calorimeter

High density (~8g/cm3) €= 6-7 A in a typical ILC calorimeter gap
Linear response to hadrons and electrons (e/h=1)

Excellent single particle and jet energy resolution

Excellent electron/photon energy resolution

Decoupled energy and spatial measurements of EM showers: three silicon pixel

EVEIS
Total absorption calorimeter: minimal reliance on Monte Carlo modeling

e Longitudinal segmentation
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Possible Calorimeter Design

e Heavy crystals (PbWO4, PbF2 doped with scintillator) or

scintillating glass transparent to Cherenkov

e Crystal sizes of the order of 2.5x5x5 cm in the EM

‘section’ to 10x5x5 cm in the HAD section

e All crystals read-out via silicon photodetectors
(hermeticity)

e Crystals glued into full-depth towers
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Dual REAdout Module
http://www.phys.ttu.edu/dreéDREAM)

Back end of
2-meter deep
module

—2.5 mm-i

~— 4 mm-—-—-

Physicd
channel
structure

Unit call
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Pid Identification

(S-C)/(S+C)
1400

1200

1000

800

600

400

200
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E.=200 GeV

Calorimetric Energy only Calorimetric Energy + Muon Spctrometer

 EnDiffPartCell | e 0| EnDiffPartCell2 | e
Mean 1.298 Mean 1.01
RMS 6.182 = RMS 5.985
80 - ;((:o,nl;ct‘: nt 534374{621 ;Z; 80 L 7é2;"';¢:;nt 65. 5762le ;g
r Mean 1,013+ 0188 C Mean 0.9866.+ 0.1764
- Sigma 5.594 + 0.159 B Sigma 5.152+0.137
70— A 70—
60 0. | E=39.6%/E 60 0. | E =36.4%/E
50 50 —
40— 40—
30— 30
20— 20—
10— 10—
0: - S| 0:\ ! | R
-20 -10 0 10 20 30 -20 -10 0 10 20 30
EnDiffPartCell EnDiffPartCell2
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