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Abstract: The EEE Project Multi-gap Resistive Plate Chambers (MRPCs), developed at CERN, are
a large and cheap version of the detector designed for the time of flight measurements in the ALICE
experiment. Exploiting the concept of the multiple small gas gaps combined with the use of high gain
(α largeλ small) and fast gas mixture (Freon and SF6 based), the MRPCs show a time resolution better
than 100 ps [4, 5].
The particle tracking is performed equipping MRPCs with 24 copper strips (3 cm pitch), glued on a
vetronite panel and then on a honeycomb one, acting also as main support of the glass detector. The
longitudinal coordinate is obtained in terms of the time difference between the two signals collected at
the two edges of the fired strip by the front-end electronics based on the fast NINO Asic. A spatial
point resolution of∼ 1cm

2 is obtained using high-resolution (100 ps) commercial multi-hit TDCs. The
MRPCs for EEE experiment are built at CERN by Italian High School students and teachers under the
supervision of INFN and Centro E. Fermi experts. After preliminary local tests they are shipped to Italy
where in the different INFN sites (at present Turin, Bologna, Laboratori Nazionali di Frascati, Laboratori
Nazionali del Gran Sasso, Lecce, Catania, Cagliari) are equipped for the final tests, debug and fine tuning,
before the installation of the complete telescope in the schools. Here we present the status and first
results of the already functioning stations, including spatial and angular resolution, statistics and candidate
coincidences.

Introduction

The detection of extensive air shower (EAS)
through an array of muons detectors installed in
many Italian high school is one of the main pur-
poses of theExtreme Energy Events(EEE) Project

which has started its data-taking stage [1, 3]. The
good timing resolution allowed by Multigap Resis-
tive Plate Chambers (MRPCs), together with the
possibility of segmentation are one of the most
promising features in order to recosntruct EAS on
ground.
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Each detector in a school is made of a tower of
three MRPCs, to detect the direction of muons
tracks with an absolute time stamp given by GPS
timing.
We present some of the preliminary tests per-
formed in the first stations running and initial data-
taking and analysis. For more details on the up-to-
date report on the EEE Project see also [2, 3].

Experimental outlook

Each MRPC, assembled as in figure 1, is made of
six gaps spaced 300µm in a stack of glass sheets
(for more details, see [2, 3]), filled with a mix-
ture of gas working in avalanche mode (98% of
C2F4H2 and 2% of SF6). Through EMCO DC-
DC converters, the low voltage supplied (0-5 V) a
high voltage (0 ± 10 kV) is generated on top and
bottom glass sheets. The signal that forms on the
24 copper strips along the chambers (see figure 2)
is sent to front end electronics based on ultra-fast
24 channel amplifier/discriminator cards based on
NINO-ASIC cards.
The Data Aquisition system is based on a LabView
Program running on PC platform, connected to a
VME crate via a CAEN USM-VME bridge.

Distribution of the L-R time measure-
ments

The temporal-to-spatial distributions have been an-
alyzed in order to properly reconstruct the particles
traversing the telescope.
The coordinates of the particle impact point are
given by the strip number in the direction along
the short side of the MRPC, while on the long side
are obtained by the time difference of the signals
arriving to the left edge with those on the right.
We have studied in details the distributions of such
signals, chamber by chamber and strip per strip and
from such slightly de-centerd distributions we have
quantitatively corrected those measurements, gain-
ing at the end a higher spatial resolution.

In Figure 3 the cumulative distribution of the dif-
ference between the time measurement on the left
side and the corresponding measurement on the
right side on each strip is reported, in particular for
chamber 1: this is what is atime measurement.

Figure 1: Set up of the MRPC telescope in the LNF
Labs with evidence of the three scintillators used
for the efficiency tests.

The time measurements are reported toposition
measurementsusing the following consideration:
takeL as the chamber length, set the0 of the hori-
zontal axis atL/2, i.e. in the middle of a chamber.
Then let us relate the measurements on the left and
on the right side of the chambers with the chamber
length as

vtl =
L

2
+ x , vtr =

L

2
− x (1)

Thus, we findx as

x =
1

2

tl − tr
v

. (2)

We performed a MonteCarlo simulation of the ac-
ceptance of our telescope and using the dimensions
of the MRPCs effective area, i.e. length 158.0 cm,
width 82.0 cm, vertical distance between single de-
tectors 80.0 cm (the influence of this value in the
spatial resolution will be discussed elsewhere) we
obtained a total of 16.6 %.

We have two important informations:

1. we measurehow muchthe single signals are
de-centered and far from exact symmetry
around the middle of the chamber;
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Figure 2: Schematic representation of the inner
part of a MRPC: the signals form in the gas gaps
between thin glass layers and travel on the longitu-
dinal copper strips along both ends.
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Figure 3: Inclusive distribution of the time differ-
ences as the signal forms inside the chamber, in
units of ns.

2. we measure the velocity of the signal along
the stripsdirectly from the data.

We have fit the temporal distribution of the signals
using for top and bottom chambers a distribution
as the convolution of a flat with a Gaussian one as

T (x) =
1

N

∫ b

a

exp

(

−
(x − x0)

2

2σ2

)

dx0 . (3)

Using the MINUIT package we could fit the vary-
ing parametersN, a, b, σ The final speed value is
therefore straightforwardly obtained by averaging
over the single values obtainingvs = 6.1 ± 0.1
ns/m. This can be subsequently used for the
time-to-position conversion, according to equation
(1).

Spatial resolution of the signals

The telescope running with gas flow and at high
voltage have been operating in the schools for sev-
eral months, from May 2006 As a first step we se-
lected events having only one hit per chamber per
strip, i.e. the cleanest possible ones (about13% of
the total).

The spatial resolution has been measured studying
the distribution of the quantity∆z2 defined as

∆z2 =
z1 + z3

2
− z2 , (4)

being z the coordinate of the impact point along
the strip, indexes 1,2,3 referring to bottom, middle
and top chambers, respectively. Thus

σz(cm) =

√

2

3
σ∆z2

(cm) . (5)

When applying the asymmetry corrections ob-
tained from fitting the temporal distributions on the
single strips, and subsequently compensating again
has allowed to obtain an histogram centered and
with a width of1.4 cm.

In figure 4 one can see the comparison of spatial
resolution with and without the centering proce-
dure. The errors in the vertical rates are expressed
in

√
counts.

From figure 5 we evaluated the spatial resolution
in the horizontal direction transverse to the strips,
gaining directly a centered signal and a spatial res-
olution of 0.25 in units of strips, corresponding to
0.63 cm.

Reconstruction of the vertical angle vs
MC simulation

Finally we evaluated the angleθp of the incoming
particles with respect to the vertical direction,
projected in the vertical plane. We have thus
performed a MonteCarlo simulation to check this
quantity, given the detailed geometry of our tele-
scope. Preliminary results involving such angular
distribution are plotted in figure 6: the origin of
θp is in the vertical direction and positive/negative
angles refer to the positivity or negativity of the
angular coefficient of the reconstructed track, as
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Figure 4:∆z2 expressed in TDC digits, before and
after centering signals. Data before centering pro-
cedure have a resolution of 2.4 cm, after correction
it is 1.4 cm.
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Figure 5: Distribution tracks points alignment as
seen on the short side of the telescope. The hori-
zontal axis is in units of strips (each strip is2.5 cm
wide), thus the spatial resolution in the strip direc-
tion is0.25 in units of strips, corresponding to0.63
cm.
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Figure 6: Vertical angle distribution: the origin
corresponds to the vertical while positive and neg-
ative values refer to positive or negative values of
angular coefficients of the track interpolated, as
seen from the front of the telescope.

view from the front of the telescope, i.e. left/right
of the zenith.

Conclusions

The MRPCs used as particle detectors for the EEE
Project devoted to the detection of EAS are running
properly and the first data show a very accurate
precision in the position of muons when traversing
the telescope. The detailed analysis of the temporal
distribution of the signals has provided a tecnique
to measure the effective speed of the signal along
the copper strips and a reliable correction prescrip-
tion to improve the spatial resolution in the recon-
structed tracks.
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