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Abstract6

The CALICE Analog Hadron Calorimeter (AHCAL) is segmented in the central7

part into 3×3 cm2 plastic scintillator tiles. The uniformity of the calorimeter response8

to pions (π+) across the surface of the tiles was studied with test beam data obtained9

in 2007 at the CERN H6 beamline in the energy range from 30 to 80 GeV.10

The relative deviation of the response as function of the impact position of the11

incoming pion (1 mm steps) was used to determine the homogeneity of the signal.12

The response of the test beam calorimeter was found to be independent of the13

impact position of the pion to better than 0.8%.14

This note contains preliminary CALICE results, and is for the use of members of the15

CALICE Collaboration and others to whom permission has been given.16
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1 Introduction17

The energy resolution is often regarded as the most important attribute of a calorimeter.18

However, for a particle flow [1–3] optimised calorimeter, such as the CALICE Analog19

Hadron Calorimeter (AHCAL [4]), the energy resolution is not the only relevant param-20

eter. A central role for the jet energy resolution is played by the segmentation of the21

calorimeter. A high segmentation enables better cluster separation and improves the22

position resolution of each cluster. Therefore the AHCAL is segmented in the central23

region in 3×3 cm2 plastic scintillator tiles, with an individual silicon photomultiplier24

readout. The response of every tile and especially across multiple tiles should be uni-25

form to guarantee a homogeneous detector response.26

This note presents preliminary results of the homogeneity of the calorimeter response27

to pions (π+) as a function of the beam impact position across tiles. The selected runs28

are from the CERN 2007 test beam period without the ECAL, covering an energy range29

from 30 to 80 GeV, as indicated in table 1.30

A dedicated Monte Carlo study on gaps and non-uniformities [5] showed that these31

type of effects are expected not to have a significant influence on the measurement of32

hadron showers.33

2 Test beam setup34

The test beam setup at CERN 2007, at the SPS beamline H6, is shown in figure 1. The35

impact positions of the incoming pions into the HCAL are determined by means of36

three delay wire chambers, which exhibit a spatial resolution of approximately 0.2 mm37

in x-direction and of 0.4 mm in y-direction. More details can be found in [6] and [7]. All38

runs analysed in this study were taken without the ECAL in front of the HCAL (run39

numbers 350 XXX).40

size11000 10 8 444444 16 29 8 203 1222 1473 10

Cherenkov Mc1 Sc3Sc2Sc1 DC1DC2DC3

z

z = 0

all values in mm

Mc2ECAL TCMTHCAL

position-33135
-2631

-2572
-2418

-2273
-847

-699 -29 1588 2327 4007 4808

veto

Figure 1: Sketch of the CERN 2007 test beam installation at the CERN SPS H6 beamline
including calorimeters and trigger components. Scintillator counters are denoted as
SC, MC, and Veto, DC stands for drift chamber (delay wire chambers). The beam
enters from the left, all dimensions are in millimetres. This figure is not to scale [8].
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In order to change the impact position of the beam on the surface, the HCAL was41

mounted on a moveable xy-stage. The beam profile of the analysed runs cover approxi-42

mately 2 to 3 tiles in x and in y-direction. For particle identification a Cherenkov counter43

is installed in the beamline. The calibration and equalization of the individual tiles of44

AHCAL is described in [4] and in more detail in [9].45

3 Event selection46

The data were reconstructed using the CALICE software2. During the reconstruction a47

noise cut of 0.5 MIP was applied for each tile. Due to the nature of the beam selection,48

the contamination with muons is substantial. Since muons deposit a small amount49

of energy in the AHCAL (approximately 65 MIPs), these can easily be removed by a50

corresponding cut on the total energy at 200 MIPs. The total energy (sum over all tiles)51

for the 40 GeV π+ run 350165 is shown in figure 2(a). The applied muon veto area is52

marked in green.53
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Figure 2: (a) Total energy distribution for a 40 GeV π+ run in the AHCAL. (b) A beam profile
for a pion run (both are from run 350165).

Figure 2(b) shows the beam profile on the AHCAL front face for a 40 GeV π+ run, as54

determined from the delay wire chambers. The black lines represent the edge and the55

gray lines connect to the center of the tiles. The used coordinate system has the origin56

in the lower left corner of the AHCAL front face.57

The beam profile is wider in the x-direction than in the y-direction, which yields a larger58

horizontal coverage of the tiles. The covered area in the y-direction is insufficient for59

this uniformity study, hence only the dependence of the signal height in the horizontal60

position is considered.61

2Calice software Version v04-06, IlcSoft v01-13-02
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4 Analysis62

For each incoming particle in a run, the track position projected on the AHCAL front63

face is measured using the wire chamber information. The measured total energy (in64

units of MIPs) as a function of the track position in x is shown in figure 3(a). In order65

to determine the relative deviation (∆E/E) from the most probable deposited energy66

with sufficient statistical significance, vertical slices of 1 mm width are used to study67

the uniformity of the response. The 1 mm wide bins were used for statistical reasons. In68

each bin the energy distribution of the corresponding events is fitted3 with a Gaussian69

in order to determine the most probable value of the energy deposition (see figure 3(b)).70

The obtained relative response as function of the slice position is shown in figure 3(c).71
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Figure 3: Distributions for the 40 GeV π+ run 350165:
(a) Total energy vs. the track position in x. (b) A slice at 500 mm of the distribution
from figure (a). (c) Relative deviations of the total energy vs. the track position in x,
for values in range of average track position in x ± 1 · RMS. (d) Residual ∆E/E-
distribution, which are in the mean x-track position ± one RMS of the x-track position.

3In the range: mean of the histogram - 0.5 · RMS to mean of the histogram + 1.5 · RMS.
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The x-range is limited to the area defined by average track position in x ± 1 · RMS of the72

average track position. Values in this area are used to calculate the most probable total73

energy E. Plotting the residual of all slices yields figure 3(d). The RMS of the residual74

distribution (fig. 3(d)) is utilized as a measure of the uniformity of the response across75

the covered tiles.76

The RMS values for all considered runs are listed in table 1. The observed homogeneity77

is in the range of 0.3 – 0.75%. As expected the observed homogeneity scales with the78

square root of the entries per bin compared to the error of the overall most probable of79

the measured energy. Hence the results are statistically limited and no systematic effect80

hast been observed.81

In order to cover multiple tiles, different runs with the same nominal energy, but with82

different horizontal positions of the AHCAL, were combined. This combination is83

complicated by the fact that the observed total energy for the same nominal energy84

differs by 1 – 2.8%. As an example the total energy distribution for two 40 GeV runs is85

shown in figure 4(a). The vertical black lines mark the most probable energy for each run.86

Later runs (higher run number) exhibit a higher energy response (see table 1). This effect87

is observed for most energies. A modification of the beamline settings after the first set88

of runs (with fixed x-position) could be the reason for this effect. Another explanation89

could be a contamination of the beam with protons. This could not be checked because90

no proper particle identification from the Cherenkov counters is available. Finally,91

there could be other dependencies in the detector response that are not completely92

understood yet.93

Due to this effect, no direct combination of runs with the same nominal energy was94

possible. In order to compensate for the energy difference, each run is normalized to95
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Figure 4: (a) Total energy of two different 40 GeV runs. The most probable energy is
determined with a Gaussian fit in the region defined by mean - 0.5 · RMS and
mean + 1.5 · RMS. The vertical back lines correspond to the most probable en-
ergy of the two runs. (b) ∆E/E vs. track position in x for same runs. The vertical black
lines indicate the edge of a tile, the gray lines the center of tiles.
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its own average response and only the relative response is compared between different96

runs with the same nominal energy (see figure 4(b) for the two 40 GeV runs). The97

corresponding plots for the other energies are available in appendix A.98

99

The RMS of the residual distribution for all considered energies is given in table 2.100

The observed uniformity of the response is better than 0.6%. No distinct features are101

observed at tile transitions. The distributions for all energies are given in appendix A.102

Combining all runs with all energies, allows to determine a homogeneity value over103

multiple tiles. In figure 5 such a combination is shown. The shown ∆E/E-values are104

the weighted mean of all runs. For this distribution the RMS value is 0.0041±0.0003,105

the corresponding histogram can be seen in appendix B. Again, there is no evidence for106

an inhomogeneous response of the detector.107

position in x [mm]
480 500 520 540 560

 E
 / 

E
∆

-0.1

-0.05

0

0.05

0.1
edge of a tile

zero line
weighted mean of all runs

CALICE preliminary

Figure 5: A combined weighted mean of all runs. Three tile crossings are covered. The
resulting RMS value for this combination is 0.0041±0.0003.

5 Uniformity in the center of the tile108

Up to now, all events within a vertical slice were accepted. This leads to an integration109

in vertical direction over multiple tiles, as shown in figure 2(b). As a cross-check, only110

events in the horizontal central part of the tiles were used (band of the central 2 cm of111

the 3 cm tiles). A resulting beam profile for a 40 GeV run (run number 350165) is shown112

in figure 6(a).113

The resulting uniformity measurement for this run is shown in figure 6(b). Values of the114

uniformity measurement of all runs are also listed in table 1 (RMS of residual for the115

central part).116

Since the RMS value is directly proportional to the statistics per bin and not to the117

square root of the statistics per bin as one might expect (details in appendix C). The118

statistics are reduced by a factor of 2 – 4 between integration and non integration in119

vertical direction (central RMS), the RMS values are reasonable.120
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Table 1: List of selected π+ runs. The central part corresponds to a 2 cm band (in y-
direction) of a tile, as indicated in figure 6(a), avoiding tile edges in the y-direction.

run number energy mean energy RMS of residual RMS of residual
[GeV] [MIPs] (central part)

350107 30 1028.38 ± 1.71 0.0056 ± 0.0008 0.0361 ± 0.0031

350106 40 1361.45 ± 1.41 0.0045 ± 0.0007 0.0158 ± 0.0015
350165 40 1400.67 ± 1.18 0.0029 ± 0.0004 0.0209 ± 0.0020

350104 50 1711.83 ± 1.91 0.0035 ± 0.0006 0.0146 ± 0.0019
350105 50 1711.44 ± 2.26 0.0076 ± 0.0012 0.0171 ± 0.0024
350164 50 1761.04 ± 1.44 0.0033 ± 0.0005 0.0126 ± 0.0015

350101 60 2059.58 ± 1.67 0.0031 ± 0.0005 0.0127 ± 0.0016
350159 60 2108.66 ± 2.41 0.0054 ± 0.0009 0.0189 ± 0.0019
350163 60 2108.35 ± 1.71 0.0030 ± 0.0005 0.0141 ± 0.0013

350096 80 2718.72 ± 2.70 0.0042 ± 0.0007 0.0137 ± 0.0022
350098 80 2760.23 ± 3.06 0.0033 ± 0.0006 0.0119 ± 0.0020
350158 80 2765.05 ± 1.80 0.0032 ± 0.0006 0.0063 ± 0.0009

Table 2: Results of the uniformity measurements at different energies for a combination of
multiple runs.

energy [GeV] uniformity measure (RMS of residual)

30 0.0056 ± 0.0008
40 0.0038 ± 0.0004
50 0.0052 ± 0.0005
60 0.0040 ± 0.0004
80 0.0040 ± 0.0004
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Figure 6: (a) A beam profile from the central part of a tile (using only the central 2 cm). (b)
An example of a uniformity measure in terms of the beam profile (a).

6 Conclusion121

Data taken with the CALICE Fe-AHCAL at the CERN SPS in 2007 were analysed. The122

uniformity of the calorimeter response to π+ with energies from 30 to 80 GeV was123

studied.124

The analysis shows that the response is uniform across the tiles within 0.8%. No125

deviations are observed in the transition area between two tiles. All RMS values agree126

within errors with no response variations (only statistical fluctuations).127
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A Additional distributions for all runs151
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Figure 7: Additional distributions for 30 – 50 GeV π+ runs.
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(b) 60 GeV, residual
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Figure 8: Additional distributions for 60 and 80 GeV π+ runs.

B Combination of all runs152
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Figure 9: The residual distribution of ∆E/E-values for a combination of all runs
(of figure 5).
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C Scaling of the RMS value with the slice statistics153

The RMS value is defined as:154

RMS =

√
1

NB
∑ (µi − µ)2. (1)

where µi = xi/Ni is the ∆E/E-bin value and µ is the mean of all values, which in155

our case should be zero (equally distributed around zero). The RMS formula can be156

rewritten as157

RMS =

√
1

NB
∑ (µi)

2 (2)

=

√
1

NB
∑
(

xi

Ni

)2

. (3)

With this equation one sees that the RMS value scales with 1/Ni.158
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