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Mixture tower configurations

Fibers distributed inside one tower

• W/ScFi structure: 24 x 24 towers of 2.5 cm*2.5cm 
• 796 Fibers placed in each tower, r = 0.235 mm. 

• Mixture structure: 24 x 24 towers of 2.5 cm*2.5cm 
• Mixture material at same composition as W/ScFi 

• Total material density to be 10.15 g/cm3  (from experiment)

mass fraction
Tungsten 94.8%

Polystyrene 5.2%

• Next step: reconstructed the 
energy from this mixture tower 
configuration

geometry 
fraction

material mass 
fraction

Absorber 78% 97% Tungsten+ 
3% polystyrene

Fiber 22% 100% 
polystyrene
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Sampling fraction for fibers

Beam Energy (MeV) Energy in fibers(mean) fraction

500 14.86 0.02972

1000 30.0 0.03000

2000 60.36 0.03018

5000 151.2 0.03024

10000 302.6 0.03026

20000 604.1 0.03021
0.0296

0.0298

0.0300

0.0301

0.0303

0 5000 10000 15000 20000
Beam Energy (MeV)

• Get the mean value of energy 
deposition for W/ScFi, and plot it out 
with respect to 6 beam energies. 

• We have roughly 0.03 (at a 1% 
difference)
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• Smearing process is required to help get the 
correct energy resolution 

• Code on the right
check
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fiber structure

e @ 500 MeV

emcal_tower_hist

• Mean 
• Sigma 
• a = 0.1, b = 0.0015
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• The parameter a and b is determined 
by fiber structure study

Purpose: 
• Reproduce the fluctuation 

from Gaussian random 
• keeps the mean ~ 0.03 E0
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Fiber energy 
resolution

Reconstruc
ted 1 Ratio Reconstru

cted 2 Ratio

a = 0.1, b = 0.0015 a = 0.1, b = 0.0014

500 MeV 0.1503 0.1560 1.0379 0.1557 1.0360

1 GeV 0.1163 0.1113 0.9569 0.1112 0.9564

2 GeV 0.0851 0.0812 0.9539 0.0797 0.9363

5 GeV 0.0570 0.0574 1.0068 0.0562 0.9855

10 GeV 0.0473 0.0452 0.9568 0.0441 0.9332

20 GeV 0.0391 0.0382 0.9772 0.0367 0.9399

30 GeV 0.0323 0.0352 1.0896 0.0335 1.0390

40 GeV 0.0313 0.0332 1.0599 0.0315 1.0075

50 GeV 0.0283 0.0323 1.1381 0.0306 1.0783
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Reconstructed Energy from mixture structure
electrons @ 0.5, 1, 2, 5, 10, 20, 30, 50 GeV

• The combination of a = 0.1, b = 
0.0015 has a better performance 
at lower energy, which is of main 
concern 

• We will choose this set of 
parameter for reconstruction4
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Comparison at lower energy (electron @ 20 degree)
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• Both mean, sigma and resolution matches wella = 0.1, b = 0.0015
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Comparison at lower energy (electron @ 20 degree)
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• Both mean, sigma and resolution matches well 
• extra tails on the left fiber: might related to electrons in SiFi

a = 0.1, b = 0.0015
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0.03910.0570 0.0473




edep_ec_hc1
Entries  10000
Mean    14.22
Std Dev     2.257

 / ndf 2χ  166.8 / 182
Constant  1.9± 147.6 
Mean      0.02± 14.22 
Sigma     0.017± 2.218 

5 10 15 20 25 30 35 40 45 500

20

40

60

80

100

120

140

160

edep_ec_hc1
Entries  10000
Mean    14.22
Std Dev     2.257

 / ndf 2χ  166.8 / 182
Constant  1.9± 147.6 
Mean      0.02± 14.22 
Sigma     0.017± 2.218 

edep_ec_hc1
edep_ec_hc1

Entries  10000
Mean    28.87
Std Dev      3.29

 / ndf 2χ  163.7 / 134
Constant  2.5± 203.5 
Mean      0.03± 28.89 
Sigma     0.024± 3.215 

10 20 30 40 50 60 70 80 90 1000

20

40

60

80

100

120

140

160

180

200

220

240
edep_ec_hc1

Entries  10000
Mean    28.87
Std Dev      3.29

 / ndf 2χ  163.7 / 134
Constant  2.5± 203.5 
Mean      0.03± 28.89 
Sigma     0.024± 3.215 

edep_ec_hc1
edep_ec_hc1

Entries  10000
Mean    58.39
Std Dev     4.791

 / ndf 2χ  101.2 / 99
Constant  3.4± 277.8 
Mean      0.05± 58.41 
Sigma     0.035± 4.743 

20 40 60 80 100 120 140 160 180 2000

50

100

150

200

250

300
edep_ec_hc1

Entries  10000
Mean    58.39
Std Dev     4.791

 / ndf 2χ  101.2 / 99
Constant  3.4± 277.8 
Mean      0.05± 58.41 
Sigma     0.035± 4.743 

edep_ec_hc1

edep_ec_hc1
Entries  10000
Mean    147.5
Std Dev     8.552

 / ndf 2χ  88.02 / 76
Constant  4.8± 389.5 
Mean      0.1± 147.5 
Sigma     0.062± 8.465 

50 100 150 200 250 300 350 400 450 5000

50

100

150

200

250

300

350

400
edep_ec_hc1

Entries  10000
Mean    147.5
Std Dev     8.552

 / ndf 2χ  88.02 / 76
Constant  4.8± 389.5 
Mean      0.1± 147.5 
Sigma     0.062± 8.465 

edep_ec_hc1
edep_ec_hc1

Entries  10000
Mean    296.3
Std Dev     13.57

 / ndf 2χ  72.38 / 59
Constant  6.0± 492.8 
Mean      0.1± 296.3 
Sigma     0.1±  13.4 

100 200 300 400 500 600 700 800 900 10000

100

200

300

400

500
edep_ec_hc1

Entries  10000
Mean    296.3
Std Dev     13.57

 / ndf 2χ  72.38 / 59
Constant  6.0± 492.8 
Mean      0.1± 296.3 
Sigma     0.1±  13.4 

edep_ec_hc1
edep_ec_hc1

Entries  10000
Mean    593.4
Std Dev     22.84

 / ndf 2χ  67.66 / 50
Constant  7.2± 583.1 
Mean      0.2± 593.4 
Sigma     0.16± 22.66 

200 400 600 800 1000 1200 1400 1600 1800 20000

100

200

300

400

500

600
edep_ec_hc1

Entries  10000
Mean    593.4
Std Dev     22.84

 / ndf 2χ  67.66 / 50
Constant  7.2± 583.1 
Mean      0.2± 593.4 
Sigma     0.16± 22.66 

edep_ec_hc1

edep_ec_hc1
Entries  10000
Mean      892
Std Dev     31.64

 / ndf 2χ  56.37 / 46
Constant  7.8± 632.7 
Mean      0.3± 892.2 
Sigma     0.23± 31.37 

500 1000 1500 2000 2500 30000

100

200

300

400

500

600

edep_ec_hc1
Entries  10000
Mean      892
Std Dev     31.64

 / ndf 2χ  56.37 / 46
Constant  7.8± 632.7 
Mean      0.3± 892.2 
Sigma     0.23± 31.37 

edep_ec_hc1
edep_ec_hc1

Entries  10000
Mean     1190
Std Dev     39.77

 / ndf 2χ  28.62 / 44
Constant  8.4± 672.5 
Mean      0.4±  1190 
Sigma     0.29± 39.45 

500 1000 1500 2000 2500 3000 3500 40000

100

200

300

400

500

600

700
edep_ec_hc1

Entries  10000
Mean     1190
Std Dev     39.77

 / ndf 2χ  28.62 / 44
Constant  8.4± 672.5 
Mean      0.4±  1190 
Sigma     0.29± 39.45 

edep_ec_hc1
edep_ec_hc1

Entries  10000
Mean     1488
Std Dev     48.27

 / ndf 2χ  34.09 / 43
Constant  8.5± 690.7 
Mean      0.5±  1487 
Sigma     0.34± 47.98 

500 1000 1500 2000 2500 3000 3500 4000 4500 50000

100

200

300

400

500

600

700

edep_ec_hc1
Entries  10000
Mean     1488
Std Dev     48.27

 / ndf 2χ  34.09 / 43
Constant  8.5± 690.7 
Mean      0.5±  1487 
Sigma     0.34± 47.98 

edep_ec_hc1

a = 0.1, b = 0.0015

MeV

MeV

MeV

MeV

MeV

MeV

MeV

MeV

MeV

500 MeV 1 GeV 2 GeV

5 GeV 10 GeV 20 GeV

50 GeV40 GeV30 GeV

electrons @ 
0.5, 1, 2, 5, 
10, 20, 30, 
40, 50 GeV

Reconstructed 
energy 
deposition from 
fiber structure

7



a = 0.1, b = 0.0015, we check the performance of mixture structure with pion+ at 20 degree

Fiber energy 
resolution

Optimal 
weighting 

w0

Reconstruc
ted Energy 
Resolution

Optimal 
weighting 

w1

Energy 
resolution 

Ratio

a = 0.1, b = 0.0015

500 MeV 0.2744 0.95 0.2887 0.8 1.0520

1 GeV 0.2678 1.1 0.2667 0.85 0.9961

2 GeV 0.2329 1.3 0.2268 1.2 0.9737

5 GeV 0.1991 1.35 0.1946 1.3 0.9775

10 GeV 0.1552 1.45 0.1630 1.35 1.0500

20 GeV 0.1303 1.45 0.1352 1.4 1.0376

• Optimal weighting is applied to get 
the total energy, w is constant: 

• The combination of a = 0.1, b = 
0.0015 works well for hardron
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pion+ @ 20 degree
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• Both mean, sigma and resolution matches wella = 0.1, b = 0.0015

Comparison at lower energy (pion @ 20 degree)
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Fiber Structure

Reconstructed energy from mixture structure
MeV MeVMeV

MeV MeVMeV

5 GeV 20 GeV10 GeV

5 GeV 20 GeV10 GeV

• Both mean, sigma and resolution matches well 
• tail is also reconstructed.

Comparison at lower energy (pion @ 20 degree)
a = 0.1, b = 0.0015
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2D plot for E{HCal} vs E{EM} (pion @ 20 degree)
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• Event by event 2D distribution of energy between EMCal and HCal is nearly same for both structure
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