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Università dell’Insubria , Como, Italy

M. ANELLI, S. BERTOLUCCI, M. CORDELLI, S. MISCETTI
I.N.F.N. Laboratori Nazionali di Frascati, Frascati, Italy

M. BETTINI, E. BORSATO, P. CHECCHIA, C. FANIN, M. MARGONI, V.
MORGUNOV b ,M. NICOLETTO, R. PEGHIN, L. RAMINA, F. SIMONETTO

I.N.F.N. sezione di Padova, Padova, Italy

B. NADALUT, M. PREST c., E. VALLAZZA
I.N.F.N. sezione di Trieste, Trieste, Italy

J. MARCZEWSKI
Institute of Electron Tecnology, Warsaw, Poland

An R&D project for the construction of a new Electromagnetic Calorimeter proto-
type is described. The prototype is an absorber-scintillator sandwich with lateral
W.L.S. fiber read-out with the addition of three Si-pad planes. Results from test-
beam runs are given.

1 Introduction

Energy Flow optimisation requires to design calorimeters with the highest
granularity compatible with costs and a reasonable number of channels. The
proposed technique consists of a sampling calorimeter made by absorber and
scintillator layers with wavelength shifting fibers and by 3 planes of Si pads to
obtain very precise information on the transversal shower profile at different
positions in the shower development.

2 The prototype

The produced prototype has 45 layers of lead absorber 25×25×0.3 cm3 (∼ 24
X0 in total) coupled to 45 layers of scintillator subdivided in cells of 5×5×0.3
cm3 with a green WLS fiber inserted in circular grooves. The WLS fibers are
connected to clean fibers with long attenuation length in order to transport
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the light signal at large distance. In the region of the 3× 3 central scintillator
cells, the fibers corresponding to the cells placed at the same lateral position
are grouped into 4 bundles each connected to a Photo-Multiplier (PM), thus
obtaining a 4-fold longitudinal segmentation. All the longitudinal sectors of
the 16 border cells are grouped into a single bundle since they are used to
recover the lateral energy released by particles impinging in the central cells.

Three planes of 252 Silicon diode pads (0.9 × 0.9 cm2) are inserted at a
depth of 2, 6 and 12 X0 from the calorimeter front face [1]. The planes consist
of 3×2 detectors of 6×7 pads each which are connected through a conductive
glue to a PCB where the front-end ASIC VAHDR9c from Ideas is mounted.

3 Test beam results

After a test of a segment of the calorimeter (4 layers, 2 X0) and of a single Si
detector in summer 2002 at CERN giving a first indication on the light yield
(>5.1 ph.e./m.i.p./scintillator tile) [2], the complete prototype (except for the
third Si layer as described before) was exposed twice to the Frascati Beam Test
Facility (BTF) in December 2002 and April 2003. BTF is a low energy electron
beam (50 to 750 MeV) where the multiplicity of particles arriving almost at the
same time can be tuned. A high-energy run with the fully equipped detector
was done in August 2003 at the CERN SPS H6 test beam.

3.1 Energy resolution and linearity

The PM response calibration could be obtained by comparing the signals of
non-interacting particles (muons or pions) in the four longitudinal segments.
The signal amplitude is expected to scale with the number of scintillator layers
of each segment. This procedure has shown a fair agreement with the MC
expectations in the electromagnetic shower development. After the calibration,
the linearity is good below 30 GeV (unfortunately at very high energies the
PMs with largest gain were showing clear evidence of saturation) and the
energy resolution is as expected (11.1%/

√
E with a constant term compatible

with the beam momentum spread) (Figure 1).

3.2 Electron-hadron separation

The detector has a high redundancy in the measurements of the longitudinal
and lateral shower development. This is given by the four calorimetric longi-
tudinal samples and by the three planes of high granularity Si pads. Therefore
the electron-hadron separation is excellent. Examples of the quantities used
for the identification are shown in Figures 2.
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Figure 1: Left: detector energy response to electrons of different energy. Right: energy
resolution as a function of the input energy in GeV. The full line corresponds to the fitted

function σE/E = 11.1%/
√

E. The point at 30 GeV was excluded from the fit.

Figure 2: Left: the energy on the first Si pad plane vs. total energy on the calorimeter
for electrons of 30 GeV (boxes) and pions of 75 GeV (dots). Right: energy response to 30
GeV electrons (histogram) and 30 GeV pions (dots) on the first longitudinal segmentation
of the calorimeter. The peak at low energy on the histogram is due to a contamination of

the electron beam.

The evaluation of the overall rejection factor is limited by the contamina-
tion of electrons in the pion beams and is smaller than 10−3.

3.3 Shower reconstruction

The shower position is determined through the centre of gravity of the energy
released on the pads. The position resolution is obtained by comparing the
reconstructed position with the particle impact point as given by the microstrip
telescope with a resolution of 50 µm. A plot with the difference between the
reconstructed and the predicted positions for 10 GeV electrons is shown in
Figure 3.

Given the good position resolution, it is possible to compare the energy
dependence on the impact point on the calorimeter as determined both by
the external telescope and by the internal pad information. This is shown in
Figure 3: the dependence is small (< 2%) and there is almost no difference
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between the two position determinations. It is therefore possible to use the
pads to apply a correction to the energy value depending on the reconstructed
particle impact.

Figure 3: Left: the difference y reconstructed-y telescope for the vertical (y) coordinate
on the first Si pad plane for 10 GeV electrons. Right: energy dependence on the horizon-
tal (x) impact coordinate for 30 GeV electrons: predicted by the telescope (open circles),

reconstructed by the first plane of Si pads (black dots).

4 Particle-particle separation

The capability of this detector to separate the contributions of two near par-
ticles is a complex pattern recognition problem which is still under study.
At present the indications coming from the impact resolution and the shower
width on the first Si pad plane (∼ 2.5 cm in average for 50 GeV electrons) are
very promising.

5 Conclusions

The preliminary results obtained with the calorimeter built following the pro-
posed technique are in agreement with the expectations. In particular the
energy resolution is in the range 11 ÷ 11.5%/

√
E with a negligible constant

term, the energy uniformity is at the level of few %, the position reconstruc-
tion is ∼ 2 mm at 30 GeV and the electron hadron separation is better than
per mille level. An analysis on the particle-particle separation is ongoing.
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