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Hadron measurement
•H interaction length ~10cm 
>> X0 ~1cm radiation 
length for EM interaction 

•once a pi-zero produced  
EM shower emerges

•nuclear interactions 
•photons and neutrons 

EM shower

evaporation  / spallation 
e- 

localized

EEM>>Epi+-

proton 
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Figure 9. Mean longitudinal shower profiles from shower starting point for 8 GeV (left column), 18GeV
(center column) and 80GeV (right column) pions. First row: for data (circles) and for the FTFP BERT physics
list (histogram). Second to fourth rows: ratio between Monte Carlo and data for several physics lists. All
profiles are normalized to unity. The grey area indicates the systematic uncertainty on data. 〈Erec〉/"!I is the
average deposited energy in a "!I thick transverse section of the calorimeter. z is the longitudinal coordinate,
expressed in units of !I.
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CALICE AHCAL
•(Fe20mm+sc.5mm) x 40layers
•pions incident: 8 & 18GeV
•longitudinal shower profile : z
•(1) electrons from π0 
•(2) protons  
• (3) charged pions ~ MIP

experimental data

• JINST 8,2013, P07005

FTFP_Bert model Geant4
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Figure 9. Mean longitudinal shower profiles from shower starting point for 8 GeV (left column), 18GeV
(center column) and 80GeV (right column) pions. First row: for data (circles) and for the FTFP BERT physics
list (histogram). Second to fourth rows: ratio between Monte Carlo and data for several physics lists. All
profiles are normalized to unity. The grey area indicates the systematic uncertainty on data. 〈Erec〉/"!I is the
average deposited energy in a "!I thick transverse section of the calorimeter. z is the longitudinal coordinate,
expressed in units of !I.
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event data
•CALICE AHCAL events
•without selection
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Figure 2. Left: segmentation of a sensitive layer of the AHCAL. The size of the scintillator tiles increases
towards the outer region. Right: schematic view of the active layers of the AHCAL.

Temperature sensors placed inside the detector in correspondence to each module monitor
temperature changes with an accuracy better than 0.6 ◦C .

2.3 The TCMT

The TCMT is positioned downstream with respect to the AHCAL in order to absorb the tails of the
showers leaking out of the AHCAL. The TCMT has a lateral size of 109× 109 cm2 and is 142 cm
in depth, corresponding to 5.8 !I. It consists of two sections, a fine one and a coarse one. Each
section has 8 sensitive layers, alternating with steel absorbers. The absorber plates are 2 cm thick in
the fine section and 10 cm thick in the coarse section. The sensitive layers are 0.5 cm thick and are
segmented into 5 cm wide and 1m long scintillator strips, with alternating horizontal and vertical
orientation in adjacent layers. The scintillation light is collected by WLS fibers and detected by
SiPMs, as for the AHCAL prototype.

3 Calibration

As typical of semiconductor devices, SiPMs are sensitive to temperature and bias voltage changes
that affect most of their performance parameters [7]. Moreover, SiPMs show saturation effects, due
to the finite number of pixels and the finite pixel recovery time. One of the main technical aims of
the AHCAL prototype is to show that these effects can be handled over a large number of channels.

The calibration chain is described in [9]. It proceeds through the following steps:

• inter-cell equalization of the response;

• calibration of the SiPM signal and correction for the non-linear response;

• conversion of the calibrated signal to the GeV scale.
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spike spike



event by event
•simulation : longitudinally fine 
segmented calorimeter

•QGSP_BERT
•found spikes
•high dE in a layer
•due to protons

5GeV π-

layer num.

3 green ; proton
7 air-blue: heavy ion
2 red ; electrons
4 blue : pi+-

dE/layer
(MIP)

a proton

lead20mm+sci5mm



a spike in H-int.
•an event
•positive charged recoil
•proton from np>pn 
•spallation neutron 
•timing ~0
•Tn~Tp~50MeV

green tracks are neutrals

Fe sci.
blue track is positively charged

spallation neutron



dE vs layer
•simulation dE/
layer 

•QGSP_BERT
•proton 
contribution

•makes spikes

energy deposit / 
layer 
1 color code
3 green ; proton
7 air-blue: heavy 
ion
2 red ; electrons
4 blue : pi+-

dE/layer 
(MeV)k

3 green ; proton
7 air-blue: heavy ion
2 red ; electron
4 blue : pi+-

5GeV π-
lead20mm+sci5mm



proton energies
•Eproton cut applied
•most of spikes are low E from spallation

Eproton>1125MeV

energy deposit / layer 
1 total 
3 green ; proton
7 air-blue: heavy ion
2 red ; electrons
4 blue : pi+-

Esum in a event for particles

Esum (MeV~MIP) Esum (MeV)

5GeV π-
lead20mm+sci5mm

Tp>200MeV



spikes in liq./gas
•liq. Ar has spikes: spallation protons
•no spikes in gas detector
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how to avoid spikes
•a 5GeV pion event : 3 spikes 
from proton Pb10+sc5mm 

1 total
3 green ; proton
7 air-blue: heavy ion
2 red ; electrons
4 blue : pi+-

layer num.

EMshower at 
layer=30

scintillator layer

an event

red~Nphotons in abs. layer
EM shower indicator

~mips



Cerenkov light
•EM shower 
detection in 
absorber

•utilizing 
Cerenkov 
light  det.

•good 
correlation 

5GeV pi- into Pb10+sc5 HCAL

~num. Cerenkov photon

 dE in scintillatorprob. low



summary & outlook
•hadrons make spikes in the 
sampling calorimeter 

•by low energy protons
•makes large fluctuation in 
energy measurement

•to avoid them, Cerenkov in 
absorber can help

•need to develop technique 
to measure in sampling CAL.

Nlayer

an event
~mips

due to Bragg peak



spike rejection
•spikes could be avoided by 
•fine lateral segmentation
• localized in a small unit
•find & remove a spike hit
• little effect to total energy 
measurement  


