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Criteria for an Optimized Hadronic Calorimeter

For low energy hadrons:
• A high fraction of  incident 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  incident 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

Behavior of  a Neutral Hadron :

300 MeV neutron 1 GeV neutron 2 GeV neutron

Simulated Particles: Charged and Neutral Hadrons
Energy Range:  100 MeV to 2 GeV



Behavior of  a Charged Hadron:

100 MeV pi- 500 MeV pi 1 GeV pi-

Ionization energy loss 
dominates

Both nuclear absorption
and ionization energy loss 

occurs

Nuclear absorption dominated



Low Energy Neutron (300 MeV) 
Secondary Particles   

Secondary particles produced inside the detector:

Secondary proton energies and how much they travelled 
before their disappearance:



High Energy Neutron (2 GeV) Secondary Particles 

Secondary particles produced 
inside the detector:

Secondary proton and pion energies 
and how much they travelled before 
their disappearance:



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  300 MeV:  𝜆 ≈ 112 mm

% 75 of  the low energy neutrons will be 
absorbed: ln(4) x 112 mm ≈ 160 mm

% 90 of  the low energy neutrons will be 
absorbed:  ln(10) x 112 mm ≈ 260 mm

% 95 of  the low energy neutrons will be 
absorbed:  ln(20) x 112 mm ≈ 360 mm

First  Region
Thickness 

Second Region
Thickness 

60  mm 100 mm

100 mm

120 mm

160 mm

240 mm

𝑁 𝑥 = 𝑁!𝑒" ⁄$ %

Absorption length of  high energy neutrons:  𝜆 ≈ 160 
mm
Minimum required total absorber thickness needed for 
%99,8 absorption:  6-7𝜆 ≈ 1000 mm

Third Region
Thickness 

900 mm

800 mm

720 mm

Rest of  the 
neutrons will be 

absorbed in 
third region  



120-240-720 
HCAL 

Separation 

1st Region 2nd Region 3rd Region

%95 of  the low energy hadrons 
will be absorbed and detected

Rest of  the low and high energy hadrons 
will be absorbed and detected



First Region Simulations: 
First  Region
Thickness 

60  mm

100 mm

120 mm

Best-Performing Configurations

(3 mm, 20 layer), (4 mm, 15 layer)

(4 mm, 30 layer), (5 mm, 24 layer), (6 mm, 20 layer) 
(3 mm, 33 layer), (4 mm, 25 layer), (5 mm, 20 layer) 

Good Configuration

Bad Configuration



First Two Regions Simulations: 
Layer 

Interval Best-Performing Configurations

(3, 8) mm with (33, 10) layers50-60

40-50

30-40

20-30

(4, 10) mm with (25, 16) layers  + (5, 10) mm with (24, 20) layers

(3, 10) mm with (20, 10) layers   +  (4, 16) mm with (25, 10) layers  +  (5, 20) mm with (24, 12) layers 
(4, 10) mm with (15, 10) layers 

Bad Configuration

Good Configuration



All Three Regions 
Simulations: 
Layer Interval:  55 – 65

Best Configuration: 
(4, 10, 30) mm with (15, 10, 30) layers 

Bad Configuration



Layer Interval:  45 – 55

Best Configuration: 
(3, 10, 60) mm with (20, 10, 15) layers 

Bad Configuration


