
Hadronic shower response in the AHCAL
O. Wendt for the CALICE collaboration

This note contains preliminary CALICE results, and is for the use of
members of the CALICE collaboration and others to whom permission

has been given

CALICE Analysis Note 011 (Addendum B)
November 2008

1 Introduction
This note provides an update of the analysis of hadron data described in [1] sec-
tion 3. The linearity and resolution of the Analog Hadronic Calorimeter (AHCAL)
response is measured for hadron induced showers using the up-to-date cali-
bration and temperature correction procedure. The results are compared with
different Monte Carlo simulations based on GEANT4 including the simulation of
detector effects. Additionally, the longitudinal development of hadron showers
is investigated and compared with the Monte Carlo prediction.

2 Data Sample and Event Selection
The data presented in this note have been taken during the combined ECAL,
AHCAL and TCMT data taking period in October 2006 at CERN. At that time
23 out of 38 modules of the AHCAL have been assembled. To cover a sufficient
fraction of the longitudinal shower development, without sacrificing too much of
the information obtainable from a high longitudinal segmentation, two different
samplings were used. The first 17 layers, in which 75% of the shower energy
is deposited, are fully equipped. The following 13 layers are equipped with the
remaining 6 modules, one every second layer. This configuration covers the part
with statistically the highest activity whilst still providing a total calorimeter
depth of 3.5λ0. The ECAL and the TCMT have been fully instrumented. For
more details on the experimental setup see [1] and [2].
The set of data runs studied in this work is shown in table 1. The reconstruc-
tion of this data set contains the most recent SiPM saturation treatment and a
temperature correction based on the average temperature per layer of the AH-
CAL [3, 4]. In order to achieve a pure sample of pions showering in the combined
system of AHCAL and TCMT a cut based selection is applied. The details of this
selection are described in [1]. The overall efficiency of the selection is approxi-
mately 30%. The reason for this low efficiency is the fact that events with show-
ers starting already in the ECAL are neglected. In the analysis only calorimeter
tiles with a reconstructed signal above 0.5 Mip are considered.
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run number particle type energy [GeV]
300630 π− 6.0
300648 π− 8.0
300660 π− 10.0
300653 π− 12.0
300659 π− 15.0
300650 π− 18.0
300620 π− 20.0
300696 π+ 30.0
300697 π+ 40.0
300698 π+ 50.0
300702 π+ 80.0

Table 1: Summary of the data studied in this analysis

3 Monte Carlo Simulation
Monte Carlo simulations are performed to compare the predictions of different
hadron physics models of GEANT4 with the data. In this note, only the physics
lists LHEP and QGSP BERT [5], which show the largest discrepancy among the
investigated physics lists [1], are studied. The Monte Carlo simulation is based
on Mokka v06-05-p02 [6] using GEANT4 version 9.2.beta01 [7, 8, 9]. This version
of GEANT4 provides a basic implementation of Birks Law [10, 11] which is used
for all Monte Carlo simulations shown in this note. The value of the light at-
tenuating factor in the implementation of Birks Law has been taken from [12].
Deviations from the real material composition in the scintillators installed in the
calorimeter systems lead to a systematic uncertainty which cannot be quantified
at the moment. It is not considered in the analysis presented here. For each en-
ergy and physics model a sample of 100000 events has been simulated. Detector
effects are taken into account for all the calorimeters during a subsequent digi-
tisation step. The same event selection as for the test beam data is applied to
the Monte Carlo data.

4 Detector Response and Resolution
The response of the combined AHCAL-TCMT system to contained hadron show-
ers is summarised in table 2. The numbers shown in this table are the re-
sult of a Gaussian fit performed on the sum of the deposited energy in the
AHCAL-TCMT system. A conversion factor of 916 keV/mip has been applied
to convert the response measured on the mip scale to the GeV scale [13]. Ad-
ditionally, a mip/π ratio of 1.42 has been assumed [14]. The uncertainty stated
in the table is the error on the mean of the Gaussian fit and the uncertainty
emerging from a systematic variation of the fit range from 1.0 to 2.5σ combined
in quadrature.
In figure 1 the response to contained hadron showers is shown graphically. The
same uncorrelated uncertainties as reported in table 2 are displayed as error
bars of the markers. Additionally, the shaded area indicates the correlated sys-
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Figure 1: Linearity of the AHCAL and TCMT combined response to pions. The
data are compared with digitised Monte Carlo. Statistical and uncorrelated sys-
tematic errors are included in the markers. Correlated systematic uncertainties
for the data are displayed as shaded area.

beam energy [GeV] fit results [GeV]
data LHEP QGSP BERT

6.0 6.18±0.09 6.01±0.10 6.53±0.07
8.0 8.16±0.10 7.85±0.06 8.57±0.05

10.0 10.18±0.12 9.55±0.07 10.62±0.08
12.0 12.17±0.16 11.46±0.16 12.43±0.02
15.0 15.35±0.10 14.37±0.08 15.78±0.03
18.0 18.38±0.03 17.22±0.19 19.27±0.07
20.0 20.52±0.05 19.26±0.18 21.65±0.06
30.0 30.37±0.07 28.82±0.23 33.25±0.16
40.0 40.66±0.11 38.95±0.25 44.50±0.20
50.0 51.06±0.47 49.23±0.43 55.89±0.20
80.0 82.49±0.50 79.78±0.20 90.46±0.30

Table 2: Results of the Gaussian fits applied on the combined energy sum of the
AHCAL-TCMT system. The table shows the mean value of the Gaussian fit for
data and the two different digitised Monte Carlo simulations. The uncertainty
stated here contains the error of the mean of the Gaussian fit and the uncer-
tainty emerging from a systematic variation of the fit range from 1.0 to 2.5σ
combined in quadrature.

tematic uncertainty on the energy scale caused by a 3% uncertainty on the mip
calibration. Within the current state of the Monte Carlo simulation and digiti-
sation the QGSP BERT based prediction shows the largest disagreement with
the data. It should be stressed that this is not a final result. In particular,
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slope offset (GeV)
data 1.013±0.003 0.12±0.06

Monte Carlo (LHEP) 0.959±0.006 0.09±0.07
Monte Carlo (QGSP BERT) 1.099±0.004 -0.61±0.01

Table 3: Results of the linear fits to the detector reconstructed energy for the
data and for the two different Monte Carlo models used in this analysis. The fit
is performed in the energy range 6 to 40 GeV.

the analysis of electromagnetic showers in the AHCAL, which is using the same
calibration and correction procedures for data and Monte Carlo, still shows a
significant disagreement compared to the Monte Carlo prediction [4, 15]. Addi-
tionally, the coefficient used in the Birks Law implementation might change in
the future due to a better understanding of the scintillator material composition.
The energy response of the data and of the two Monte Carlo models shown in
figure 1 has been fitted with a linear function in the range of 6 to 40 GeV. The
solid black line illustrates the result of this fit for the data. The dashed line
shows the extrapolation of the fitted function to smaller and larger energies. All
fit results are summarised in table 3.
The residuals from the linear fit for different beam energies are shown in figure 2
for the data and in the figures 3 and 4 for the two Monte Carlo models. The
detector energy response for the data is found to be linear within an uncertainty
±2.5%. The two Monte Carlo models show larger deviation from linearity. In
particular, at small beam energies the deviation increases up to 8.3% for the
QGSP BERT model in the given fitting range. Currently, studies are ongoing to
explain this behaviour.
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Figure 2: The residuals from a linear fit to the combined AHCAL and TCMT
response are shown for the data of different beam energies.
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Figure 3: The residuals from a linear fit to the simulated combined AHCAL and
TCMT response are shown for different incident particle energies. The simula-
tion has been performed using the LHEP physics model and including detector
effects.
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Figure 4: The residuals from a linear fit to the simulated combined AHCAL and
TCMT response are shown for different incident particle energies. The simu-
lation has been performed using the QGSP BERT physics model and including
detector effects.
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Figure 5: Energy resolution (σE/E) of pion showers measured in the
AHCAL-TCMT system as a function of the beam energy. The data are com-
pared with digitised Monte Carlo in this plot. The black line indicates the fit to
the data.

The energy resolution of pion-induced hadron showers in the AHCAL-TCMT
system is displayed in figure 5 and compared with Monte Carlo simulations.
The data and the Monte Carlo have been fitted using the functional form

σE

E
=

α
√

E/GeV
⊕

β

E
⊕ γ (1)

in the range of 6 to 50 GeV. The results from the fit are reported in table 4. The
size of the error bars is not constant for different energies because the efficiency
of the data selection varies for different energies.

α β (GeV) γ

data 0.507±0.013 0.00±0.20 0.095±0.004
Monte Carlo (LHEP) 0.530±0.020 0.00±0.36 0.113±0.006

Monte Carlo (QGSP BERT) 0.539±0.010 0.00±0.38 0.055±0.004

Table 4: Results of the fit to the energy resolution for the data and the two
different Monte Carlo models.

5 Hadron Shower Profiles
Using the up-to-date data reconstruction and Monte Carlo digitisation proce-
dure, the longitudinal profile of pion induced showers in the HCAL has been
investigated. All profiles shown in this section are displayed with respect to the
HCAL front face. Differently from the analyses shown above, here the cut used
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Figure 6: Correction factor per layer calculated by the ration of the digitised and
the pure energy sum per layer for the LHEPMonte Carlo.
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Figure 7: Longitudinal shower profile of 10 GeV pions. Pure Monte Carlo simu-
lations are compared with the corrected data.

to reject events with late starting showers is removed (see [1] section 3). There-
fore, the hadron showers are not necessarily contained in the AHCAL-TCMT
system anymore. The longitudinal profile has been extracted for the 10 GeV

π−run and the two Monte Carlo simulations. Using the Monte Carlo simu-
lation a layer-wise correction factor ci (i indicates the layer number), defined
as the quotient of the energy deposition per layer for pure Monte Carlo and
Monte Carlo including detector effects, is calculated (see figure 6). The last layer
of the HCAL is known to have a low efficiency and a high noise level. This is not
fully reflected in the digitisation step and therefore the correction factor of the
last layer is very small. This is also visible in the last layer of the longitudinal
profile (see figure 7).
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The correction factor is applied to the data layer by layer to correct for detector
effects. Carrying out this procedure results in a smooth shape of the longitu-
dinal profile which is more easy to compare with the pure (i.e. non-digitised)
Monte Carlo simulation. Figure 7 shows the result for a 10 GeV pion shower in
the AHCAL. Systematic uncertainties are not included in figure 7 yet. Within
the current Monte Carlo and detector understanding the simulation utilising
the LHEP physics model shows a faster raise and smaller tail compared to the
test beam data. The longitudinal profile of the QGSP BERT Monte Carlo shows
the opposite characteristics. But, similarly to the analysis on the calorimeter
response, no definite constraint can be drawn yet.
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