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Abstract. The baseline design of the GLD calorimeter is scintillator-strip arrays interleaved with absorber plates. We present preliminary performance studies of the hit
clustering with this calorimeter using a simulator. Also, simulation results of a ‘digital’
calorimeter, which is an option of the GLD calorimeter, are presented.
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1. Introduction
Calorimeter is expected to play a crucial role in performing precision measurements
at the international linear collider (ILC). In the GLD detector concept, both electromagnetic and hadronic calorimeters (ECAL and HCAL) utilize scintillator-strip
arrays for the active media, which are sandwiched between absorber plates. The
strip arrays are aligned such that the adjacent ones are orthogonal to each other. In
this configuration, the reconstruction algorithm would be important to draw excellent performance with the particle flow algorithm (PFA). We attempt to implement
a reconstruction code in a GEANT4-based simulator, and evaluate the performance
with single π 0 ’s.
In the GLD, an option for the hadron calorimeter, the so-called digital calorimeter, is still under consideration. It has a huge number of small active cells, signals
from which are read out as 1-bit digital value (or at most few bits) to reduce the
total cost and data size. The performance of the digital calorimeter has not been
proved yet by using real data, but simulation studies are being done extensively in
many groups. We show our first results of the digital calorimeter using the GLD
full simulator.
2. Clustering in the strip configuration
The baseline design of the GLD calorimeter is a sampling calorimeter. As the active
media, scintillator-strip arrays of the alternately orthogonal direction (figure 1)
are used to achieve fine granularity with inexpensive cost. Additional tile layers
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Figure 1. Baseline layer configuration of the GLD calorimeter.

might be inserted in order to help solve the ambiguity in reconstructing multi
particles. The clustering algorithm, however, is supposed to be difficult even in this
configuration, especially for collimated jets.
We develop an algorithm to reconstruct particles in the strip configuration. In
order to simplify the conditions, we set up a stand-alone calorimeter simulator
based on the GEANT4, and test the algorithm with single π 0 ’s. The calorimeter
consists of ECal (30 layers of 3 mm tungsten, 2 mm scintillator and 1 mm air) and
HCAL (50 layers of 20 mm lead, 5 mm scintillator and 1 mm air). The scintillator
layer is segmented into 1 cm-wide strips. The calorimeter is placed at 2.1 m from
the π 0 generation point.
The clustering is performed in the following way:
• Define hit strips; the threshold for a hit is set to 0.1 MIP equivalent.
• Search for a hit which has the largest energy deposit, and associate it with a
cluster.
• Search for consecutive hits around the cluster three-dimensionally, and associate them with the cluster.
• Do the same thing recursively until no consecutive hit is found around the
cluster.
• Do the same clustering procedure for any other hits.
In this naive method, two or more particles would be merged into one cluster
frequently, therefore we try additional algorithm to separate merged clusters. In
some cases, two clusters are well separated only in either orthogonal (x- or z-) layers
because of the strip size. We reconstruct shower axes by fitting strip positions which
have the largest responses in a x- or z-layer, and divide energy deposits of clusters
of another directional layer into two by comparing distances from the axes to the
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Figure 2. (a) Number of properly reconstructed events and (b) the reconstructed π 0 mass (in MeV) for π 0 → 2γ events as a function of the initial π 0
energy (in GeV). Number of generated π 0 ’s is 1000.

(a)

(b)

Figure 3. Number of hits with (a) 1-bit readout and (b) 2-bit readout vs.
energy sum with analog readout. Charged pions are generated at energies of
3, 10, 50 and 100 GeV.

strips. The cluster boundaries are limited to the strip boundaries; by dividing a
strip signal into two clusters we do not see significant improvement.
Figures 2a and 2b show resultant π 0 reconstruction efficiency and invariant mass
respectively, as a function of π 0 energy. We do see worse performance for 20 cm of
the strip length, while performance is almost stable for 10 cm and shorter lengths.
3. Digital calorimeter
One of the options for the GLD HCAL is digital calorimeter, which provides an excellent granularity at the cost of precision measurement of the cell signal. However,
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Figure 4. (a) Energy resolution vs. incident pion energy (in GeV−1/2 ). (b)
Jet energy resolution with perfect PFA vs. cell size (in cm).

its performance has not been demonstrated by using real data, and together more
simulation studies should be performed before making it a reality. We have carried
out simulations to evaluate the performance of the digital calorimeter by using a
modified version of the GEANT4-based full simulator for GLD concept study. In
this simulation, the calorimeter has a tower structure, and the lateral segmentation
size of the scintillator is 4 × 4 cm2 for ECAL, and down to 1 × 1 cm2 for HCAL.
We first check the response to the single charged pions. Figure 3a shows the
correlation between number of hit cells and analog sum of the hit signals. The
HCAL cell size is 1 cm × 1 cm, and the threshold for the digital readout is 0.5
MIP. We see characteristic kinks or tails for higher energy pions, and it turns out
that for those events large energies are deposited in very small regions in the HCAL
with the electromagnetic showers. This should lead to a performance degradation
for energetic jets at ILC.
To cope with this undesirable behavior, we change the readout scheme from 1 bit
to 2 bit (‘semi-digital’). There are three thresholds in this case, and we set them to
be 0.5, 10 and 100 MIPs by optimizing the energy resolution. To the corresponding
four regions (0–0.5, 0.5–10, 10–100 and >100 MIPs), numbers of hits assigned are
0, 1, 10 and 100, respectively. Figure 3b shows the results of the 2-bit readout.
Linearity is well recovered with this readout.
Figure 4a shows energy resolution’s dependences on the incident pion energy.
Comparison is made between analog, digital and semi-digital readouts, together
with an analog readout of real data at a test beam [1]. The digital readout shows a
considerable deterioration at high energies. The semi-digital readout shows similar
performance to the analog readout. Those two results are slightly worse than the
real data, probably because the hadron interactions are not well simulated in the
GEANT4.
Jet energy resolutions for digital and analog readouts are obtained with the perfect (i.e. cheated) PFA for e+ e− → q q̄ events (with ISR and FSR turned off), as
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shown in figure 4b. The cell size dependences are seen, in particular for high energy
jets, however 1 × 1 cm2 cell size is as good as the analog readout.
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