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Highly granular calorimeters: motivations

Å Highly granular calorimeters

ï Motivated by requirements from precision 

physics programs at future lepton colliders

ï Prerequisite for Particle Flow reconstruction

Å Particle Flow

ï Separate energy depositions from close-by 

particles: high granularity is essential

ï Connecting information from all sub-

detectors

Å Charged particles measured in Tracker

Å Photons measured in Electromagnetic 

Calorimeter (ECAL)

Å Neutral hadrons measured in Hadronic 

Calorimeter (HCAL)

Å To achieve excellent jet energy resolution

ï Goal at ILC: ṂσπϷȾὉὋὩὠfor di-jet 

energies in the order of ~100 GeV
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M.A. Thomson: Nuclear Instruments and 

Methods A 611 (2009) 25-40



Scintillator-based Hadronic Calorimeter
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Magnet

Cabling

AHCAL

AHCAL inside magnet:

compact design

Technological Prototype: 

fully scalable

Å Sandwich calorimeter based on scintillator tiles (3×3cm²) 

read out by Silicon Photomultipliers (SiPMs)

Å Electronics fully integrated into active layers

Å HCAL Base Unit (HBU): 144 channels (4 ASICs)
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Magnet

Cabling

AHCAL

216cm

AHCAL inside magnet:

compact design

Technological Prototype: 

fully scalable

SMD-SiPM

Scintillator Tile

30×30×3 mm³

Å Sandwich calorimeter based on scintillator tiles (3×3cm²) 

read out by Silicon Photomultipliers (SiPMs)

Å Electronics fully integrated into active layers

Å HCAL Base Unit (HBU): 144 channels (4 ASICs)

Å High granularity: 8M channels in total

ï Challenges for mass assembly and data concentration

Readout electronics

with scintillator tiles 

beneath



AHCAL: 2015 beam tests at CERN SPS
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Å AHCAL prototype (in Fe and W absorbers)

ï 14 layers (3744 channels) in total

ï 10 layers (shower start finder) + 4 large layers
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AHCAL prototype in steel stack AHCAL prototype in tungsten stack

Å AHCAL prototype (in Fe and W absorbers)

ï 14 layers (3744 channels) in total

ï 10 layers (shower start finder) + 4 large layers

Å Data sets
ï Muons (180 GeV): calibration

ï Electrons (10-50 GeV): cross check

ï Pions (10-90 GeV): detailed shower studies



Commissioning: LED calibration and MIP response
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Timing analysis

Å Time reference: T0

ï Signal from trigger scintillator

ï Obtained from muon data

Å Muon: time resolution

ï Time of hits relative to T0
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Timing analysis

Å Time reference: T0

ï Signal from trigger scintillator

ï Obtained from muon data

Å Muon: time resolution

ï Time of hits relative to T0

ï MC tuned to describe the data

ï Similar results in steel and tungsten
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Timing analysis
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Å Time calibration procedure established

ï Based on muon data/MC

Å Ongoing analysis of electrons and pions

Timing behavior of shower components 

(Reminder of T3B results)

JINST 9 P07022 (2014)
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Å Time calibration procedure established

ï Based on muon data/MC

Å Ongoing analysis of electrons and pions

Teaser: comparison of absorbers in MC
Timing behavior of shower components 

(Reminder of T3B results)

JINST 9 P07022 (2014)Ongoing efforts: same can be done for data



Detector layers: tiles and SiPMs
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Å Experience from beam tests is essential

ï To choose an option for construction of a 

fully equipped prototype (40 layers)

Å Active layers with different designs

ï Tiles with wavelength shifting fiber (WLS):

Å 5 layers, CPTA SiPMs (800 pixels)
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Å Experience from beam tests is essential

ï To choose an option for construction of a 

fully equipped prototype (40 layers)

Å Active layers with different designs

ï Tiles with wavelength shifting fiber (WLS):

Å 5 layers, CPTA SiPMs (800 pixels)

ï Tiles without WLS, side coupling

Å 2 layers, KETEK SiPMs (12k pixels)

ï Tiles wrapped with foil, side coupling

Å 4 large layers (16 HBUs), KETEK SiPMs 

(2.3k pixels); SenL SiPMs (1.3k pixels)

ï Tiles wrapped with foil, bottom coupling 

with surface-mounted SiPMs

Å 1 layer, HPK SMD-MPPCs (1.6k pixels)

The surface-mounted design has been adopted as a 

baseline design for the large AHCAL demonstrator

Only the surface-mounted design is suitable for mass 

assembly, which is crucial to demonstrate the scalability 

to build the final HCAL detector (~8M channels)



AHCAL mass assembly: from design to reality
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Scintillator Tile

SiPMReflective foil

PCB

1st SMD-HBU: before assembly (2014)

Å Surface-mount tile design
ï Electronics for surface-mounted SiPMs 

established (SMD-HBU)

ï 1st prototype board (144 channels) 

successfully built in 2014

ï Scintillator tiles individually wrapped 

Reflective foil cut by laser

Achieved excellent uniformity 

arXiv:1512.05900
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mass assembly with a 

pick-and-place machine

Scintillator Tile
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PCB

1st SMD-HBU: before assembly (2014)

SMD-HBU: Bottom View SMD-HBU: Top View
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