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Criteria for an Optimized Hadronic Calorimeter

For low energy hadrons:

* A high fraction of mcident particles should be detected.

* The detector should record multiple hits per event.

* A high fraction of events should contain at least two adjacent hits.

For moderately high energy hadrons:

* A high fraction of mcident particles should be detected.

* The detector should be sufficiently deep to contain most of the secondary particles.
* The detector should maximize the number of recorded hits.

General:
* The energy of individual hits should exceed a threshold determined by the active-layer
noise level.



Primary Particle Disappearance
Depths Inside Thick Iron Absorber

Simulated Particles:

Energy Range:

Behavior of a Neutral Hadron :

300 MeV neutron

Incident neutron 300 MeV particle absorption positions in z axis
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Charged and Neutral Hadrons
100 MeV to 2 GeV

1 GeV neutron

Incident neutron 1 GeV particle absorption positions in z axis
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2 GeV neutron

Incident neutron 2 GeV particle absorption positions in z axis
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Behavior of a Charged Hadron:
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100 MeV pi-

Incident 100 MeV pi- particle absorption positions in z axis
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500 MeV pi

Incident pi- 400 MeV particle disappearance positions in z axis
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1 GeV pi-

Incident pi- 1000 MeV particle disappearance positions in z axis
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Low Energy Neutron (300 MeV)

Secondary Particles

Secondary particles produced inside the detector:

neutron 300 MeV
Protons : 2732
Neutrons : 21583
30454
25773

Photons :
Electrons :
Nuclear Fragments :

2032

Secondary proton energies and how much they travelled

before their disappearance:
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High Energy Neutron (2 GeV) Secondary Particles

Secondary particles produced
inside the detector:

neutron 2 GeV
Protons :
Neutrons :
Charged Pions :

63764
187610
3576
Neutral Pions : 1640
Photons : 370577
Electrons : 365318

Nuclear Fragments : 30196

Secondary proton and pion energies
and how much they travelled before
their disappearance:
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Charged Pions Energy vs Travelled Distance
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HCAL Design

Calorimeter Properties:
* Absorber layer material : Iron
* Active layer: 2 cm Scintillator layer with 0.25 MeV energy threshold value

Design Idea:

* Divide the calorimeter into three regions (or four if necessary) with different absorber thicknesses.
* Design the first two layers to maximize the detection efficiency for lowest energy particles.

* Design the third layer to collect the remaining energy deposited by higher-energy particles.

Simulation Strategy:

* Determine the total absorber thickness required for each region.

* Simulate the first region using different absorber-layer thicknesses and select the best-performing
configurations.

* Simulate the first two regions together and select the best configurations for different ranges of total layer
counts.

* Simulate all three regions together and select the best configurations for different ranges of total layer counts.

About Simulation:
* Number of the events per simulation: 3000



What should be the thickness of the first two regions?

Absorption length of high energy neutrons: A =~ 160

mm
Minimum required total absorber thickness needed for

%399,8 absorption: 6-74 = 1000 mm
Absorption length of 300 MeV: A= 112 mm

Rest of the
N(x) = Nye™ x/A First Region Second Region neugron]; Vgﬂ_l be Third Region
Thickness Thickness absorbed h Thickness

third region
% 75 of the low energy neutrons will be
— 100 esss————) ()()
absorbed: In(4) x 112 mm =~ 160 mm 60 mm Jngtagl mm

% 90 of the low energy neutrons will be S0 e
100
absorbed: In(10)x 112 mm ~ 260 mm Y mm 60 mm ~ —

% 95 of the low energy neutrons will be 790 mm
120 —)
absorbed: In(20) x 112 mm = 360 mm — mim 240 mm
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First Region Simulations:

First Region Best-Performing Configurations

Thickness

60 mMm m—) (83 mm, 20 layer), (4 mm, 15 layer)
100 mm wesssdp (3 mm, 33 layer), (4 mm, 25 layer), (5 mm, 20 layer)
190 mm ™=y (4 mm, 30 layer), (5 mm, 24 layer), (6 mm, 20 layer)

neutron 300 MeV 20 mm active (5, @, @, @) mm absorbers (24, 0, 0, 0) layers

Number of Events With No Absorption: 326 .
Number of Missed Events With Ahsgrption: m—) Good Configuration
Number of Events With One Hit:

Number of Events With More Than One But No Consecutive Hits: 39

neutron 300 MeV 20 mm active (8, @, @, @) mm absorbers (15, @, @, @) layers

Number of Events With No Absorption: 524 .
Number of Missed Events With Ab - ption: . mm—) Bad Configuration
Number of Events With One Hit: 199

Number of Events With More Than One But No Consecutive Hits: 36



First Two Regions Simulations:

Iiﬁii;1 Best-Performing Configurations
50-60 wmmmmp (3 8) mm with (33, 10) layers
40-50 wmp (4 10) mm with (25, 16)layers + (5, 10) mm with (24, 20) layers
30-40 wemmmp (3 10)mm with (20, 10)layers + (4, 16) mm with (25, 10) layers + (5, 20) mm with (24, 12) layers
20-30 wm=mp (4 ]0) mm with (15, 10) layers

neutron 300 MeV 20 mm active (4, 8, @, @) mm absorbers (25, 20, 0, @) layers —> 45
Number of Events With No Absorption:

40 mms) B.d Conficuration
Number of Missed Events With Ation: S
105

Number of Events With One Hit:
Number of Events With More Than One But No Consecutive Hits: 38

neutron 300 MeV 20 mm active (4, 10, @, @) mm absorbers (25, 16, @0, @) layers —> 41

Number of Events With No Absorption: 44

Number of Missed Events With Apsg ption: mmmm) (Good Configuration
Number of Events With One Hit:

Number of Events With More Than One But No Consecutive Hits: 51



All Th Regoi
ree eglons Simulation: neutron 300 MeV 20 mm active (4, 10, 30, 0) mm absorbers (15, 10, 30, 0) layers ——

Number of Events With No Absorption: 9

Number of Missed Events With Absorption: 15

Simulations: lusber o7 Everts with tn it 31

onsecutive Hits: 41

Slmulatlon neutron 1 GeV 20 mm act1ve (4, 10, 30, 0) mm absorbers (15, 10, 30, 0) layers
c A2404937 +- 8.013601873744795

Number of Events With No Absorpt1on 2
Number of Missed Events With Absorption: 0
Number of Missed Secondary Neutrons: 8
Number of Missed Secondary Protons: 4
Number of Events With One Hit: @

Layer Interval: 55 — 65

Best Configuration:

(4) 10) 30> mm with (15’ 10) 30) layers Simulation: neutron 2 GeV 20 mm_active (4 363?-— g; ggagbgg;g%gsgs 10, 30, 0) layers

Number of Events Wlth No Absorptlon 0
Number of Missed Events With Absorption:
Number of Missed Secondary Neutrons:
Number of Missed Secondary Protons: 20
Number of Events With One Hit: @

Slmulatlon neutron 300 MeV 20 mm act1ve (5, 10, 30, 0) mm absorbers (24, 20, 20, 0) layers -->] 64 layer

1 8627 +- 2.940549954475301
Number of Events W1th No Absorptlon 14
Number of Missed Events With Absorption: 37
Number of Events W1th One Hit: 96

onsecutive Hits: 37

Slmulatlon neutron 1 Gev 20 mm active (5, 10, 30, @) mm absorbers (24, 20, 20, 0) layers
c 8933 +- 8.920622076694075

Number of Events W1th No Absorptlon 5

Number of Missed Events With Absorption: @ ‘ Bad Conﬁguration

Number of Missed Secondary Protons: 4
Number of Events With More Than One But No Consecutive Hits: 0

Slmulatlon neutron 2 Gev 20 mm actlve (5, 10, 30, 0) mm absorbers (24, 20, 20, 0) layers
< 9573 +- 15.015019909227526

Number of Events W1th No Absorptlon 3
Number of Mlssed Events W1th Absorptlon

Number of Mlssed Secondary Protons 30
Number of Events With More Than One But No Consecutive Hits: 0



10, 60, @) mm absorbers (20, 10, 15, @) layers ——> 45 Layer

Number of Events Wlth No Absorption: 18

Number of Missed Events Wlth Absorptlon

onsecutive Hits: 50

L I ]: Slmulatlon neutron 1000 MeV 20 mm actlve (3, 10, 60, 0) mm absorbers (20, 1@, 15, @) layers
ayer Interval: 45 — 55 Mean 5633 +— 8.906731704373499
Number of Events With No Absorptlon
Number of Missed Events With Absorption:
. Number ot Missed ondary Neutrons: 0
13(3st (]()Ilfig;11r21t1()r1: Number of Missed Secondary Protons: 2
Number of Events With One Hit: @
(3, 10) 60) mm Wlth <20) 10) 15) layers Number of Events With More Than One But No Consecutive Hits: 1

Slmulatlon neutron 2000 MeV 20 mm actlve (3, 10, 60, @) mm absorbers (20, 10, 15, @) layers|
88596 +— 17.352410813092366

dall
Number of Events Wlth No Absorptlon 1

Number of Missed Events With Absorotlon 0

Number of Missed Secondary Neutrons:

Number of Missed Secondary Protons: 26

Number of Events With One Hit: @

Number of Events With More Than One But No Consecutive Hits: @

Slmulatlon neutron 300 MeV 20 mm active (5 20, 80, 0) mm absorbers (24, 12, 9, @) layers —-—> 45 layer
: 3 81824 +- 2.8937376616581014

Number of Events With No Absorptlon

Number of Missed Events With Absorption: 16

Number of Events W1th One Hit: 109

onsecutive Hits: 40

Slmulatlon neutron 1 Gev 20 mm active (5, 20, 80, @) mm absorbers (24, 12, 9, @) layers
= 26858 +- 8.447267066407152

Number of Events W1th No Absorptlon 8
Number of Missed Events With Absorption: 2
Number of Missed Secondary Neutrons: g
Number of Missed Secondary Protons: 7 ‘ 0
Number of Events With One Hit: 2 Bad Conﬁguratlon

Number of Events With More Than One But No Consecutive Hits: 1

Slmulatlon neutron 2 GeV 20 mm actlve (5, 20, 80, @) mm absorbers (24, 12, 9, @) layers
+- 15.65277518969927

Mean
Number of Events With No Absorptlon 8
Number of Missed Events W1th Absorptlon
' DE U cU U U =

Number of Missed Secondary Protons 43
Number of Events With One Hit: @
Number of Events With More Than One But No Consecutive Hits: 0



