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Content
• Introduction on ILC & ILD and the hadronic 

calorimeter engineering prototype
• Method of measurement
• Results
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Introduction
• The International Linear Collider

– Center-of-mass energy of 500GeV e+e- linear collider
– To be build in Japan 
– Precision measurement mainly Higgs, “LHC successor”
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Introduction
• The International Linear Collider

– Center-of-mass energy of 500GeV e+e- linear collider
– To be build in Japan
– Precision measurement mainly Higgs, “LHC successor”

• The Internation Large Detector (ILD):
– Particle detector being develop for the ILC
– Excellent tracking and high granularity calorimetry systems.(In the order of 106 channels for hadron 

calorimeter) 
– Reconstruct the energy of individual particles using the Particle Flow approach.

• Analogue hadron calorimeter (AHCAL)
– Scintillator tiles and silicon photomultipliers (SiPM)
– Scintillation: light produced by the passage of particle
– SiPM: avalanche photodiode array to generate analog signal from light

From ILC Technical Design Report

SiD

ILD
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Introduction
• The AHCAL engineering prototype:

– Base board: 36 channels x 4 ASIC (Application 
specific integrated circuit)

Base board for prototype

Size of a channel

Part of the barrel in the ILC HCAL

36cm

36cm
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Introduction

3cm

3cm

Base board for prototype

Size of a channel

Bottom view (channels are wrapped in reflector foil)

• The AHCAL engineering prototype:
– Base board: 36 channels x 4 ASIC (Application 

specific integrated circuit)

• The AHCAL engineering prototype:
– Base board: 36 channels x 4 ASIC (Application 

specific integrated circuit)
– The LED system:

• Direct inject light into scintillator tile
• Every channel has an LED
• LED light amplitude can be controlled via 

voltage setting.
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Introduction
• The AHCAL engineering prototype:

– next testbeam at CERN in October till 
December:

– 24 layers, ~3450 channels
– Trigger thresholds are everything!

Testbeam arrangement (Image by Mathias Reinecke)

Part of the barrel structure 
(Image by Karsten Gadow)
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Introduction
• The AHCAL engineering prototype:

– next testbeam at CERN in October till 
December:

– 24 layers, ~3450 channels
– Trigger thresholds are everything!

No trigger threshold “Good” trigger threshold
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Introduction
• Triggering system (2 modes):

– Auto trigger (AT) :
• Triggers when the signal pulse exceeds a threshold value automatically.
• The threshold values are set in the configuration files of the readout system.

– Reference system :
• Triggers everything regardless of the signal pulse strength, we call it the external trigger (ET).

• Set thresholds with acceptable noise rates
• Goal: Verify threshold.

No trigger threshold “Good” trigger threshold



10

Introduction
• Current status:

– Trigger threshold behavior varies for each 
channel.

– Previously, these measurement can only be 
done for 1 channel at 1 time 

– Need a relatively fast method to measure 
trigger threshold for each channel. (ILC 
HCAL: millions of channel).
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Introduction
• Current status:

– Trigger threshold behavior varies for each 
channel.

– Previously, these measurement can only be 
done for 1 channel at 1 time 

– Need a relatively fast method to measure 
trigger threshold for each channel. (ILC 
HCAL: millions of channel).

Solution: LED System + Trigger in two modes + Oskar (my acting supervisor)
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Method of measurement
• Take runs using LED with a wide range of LED amplitude .
• The runs are added together to produce a spectra for each channel.
• Runs are taken with external trigger(ET) and auto trigger(AT) mode.

Spectra of a typical channel for AT 
& ET(sum of all LED amp.)

Runs in for different LED amplitude

ADC count
ADC count

*Before subtracting noise offsets
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Method of measurement
• Take the division of AT/ET plots for each threshold values to see the trigger efficiency.
• From this ratio plot, extract the trigger position where trigger efficiency 50%.
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Method of measurement
• Take the division of AT/ET plots for each threshold values to see the trigger efficiency.
• From this ratio plot, extract the trigger position where trigger efficiency 50%.
• For each AT trigger setting, the trigger positions are plotted into a signal vs threshold 

graph. 
• From this graph, we can calculated the values of signal from different threshold 

values.
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Results and discussion
• The prototype used for the CERN testbeam was studied.

• The method works, as boards with 100% channels of good data was 
achieved.

• The time taken to do this measurement is roughly ~2 hours. 
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Summary
• A new method to define the trigger threshold using LED system has 

been established. (by my acting supervisor, Oskar Hartbrich)

• Safe and fast method, developed by using existing systems which 
was not originally designed for it.

• This method works well. More improvements can be achieved (eg. 
faster measurement time)



Thank you for your attention. 
Join the ILC group to work in many 

countries especially Japan!
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Introduction
• The International Linear Collider

– Center-of-mass energy of 500GeV e+e- linear collider
– To be build in Japan
– Higgs precision measurement, “LHC successor”

• The Internation Large Detector (ILD):
– Particle detector being develop for the ILC
– Excellent tracking and high granularity calorimetry systems 

to reconstruct the energy of individual particles using the 
Particle Flow approach.

– Onion-like structure
• Analogue hadron calorimeter (AHCAL)

– Sampling calorimeter with sandwich structure of absorbing 
and detecting layers for the ILD.

– Scintillator tiles and silicon photomultipliers (SiPM)

From ILC Technical Design Report
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Introduction
• The AHCAL engineering prototype:

– Base board: 36 channels x 4 ASIC (Application 
specific integrated circuit)

– The LED system:
• Direct inject light into scintillator tile
• Every channel has an LED
• LED light amplitude can be controlled via 

voltage setting.
• LED pulses are synchronize for all channels.

3cm

3cm

Base board for prototype

Size of a channel

LED system (Taken from Oskar Hartbrich master thesis)

LED



24

Method of measurement
• Take runs using LED with a wide range of LED amplitude.
• Runs are taken with auto trigger and the reference mode.

Typical single run with ET at a 
single LED amplitude

Runs in ET for different LED 
amplitude

ADC
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Method of measurement
• Take runs using LED with a wide range of LED amplitude .
• Runs are taken with external trigger and auto trigger mode.
• The runs are added together to produce a spectra for each channel.

ET spectra of a typical channel 
(sum of all LED amp.)

Runs in ET for different LED 
amplitude

ADC
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Method of measurement
• In auto trigger mode, trigger threshold values are set to 300, 350 

and 400 DAC counts.
• Need to get the position in ADC count where the trigger threshold 

starts.

ADC
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Method of measurement
• From the ADC counts for 0.5MIP data, the corresponding trigger 

threshold in DAC can be calculated.

DAC for 0.5MIP for 1 typical SPIROC2b
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