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Abstract: The new setup is aimed to independent estimation of the energy of extensive air showers registered
in the NEVOD-DECOR experiment and will be used to determine the energy range in which the characteristics
of the muon component of EAS are changed. The registering system of the shower array is being created on the
basis of clusters of scintillation detectors placed on the roofs of laboratory buildings of MEPhI (Moscow) and
will detect electromagnetic (for near-vertical showers) and muon (for large zenith angles) components of EAS.
The features of the detection system, data acquisition system, algorithm of event selection according to the data
separate clusters, as well as results of the study of characteristics of the cluster are discussed.
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1 Introduction
Studies of muon bundles in a wide range of zenith an-
gles and multiplicities carried out at the NEVOD–DECOR
experimental complex [1, 2] during 2001–2007 showed
that the multiplicity of muons in the energy range of pri-
mary particles 1015

− 1019 eV increases faster than their
estimated amount even for pure iron composition of pri-
mary cosmic rays [3]. However, the contribution to the
events with fixed local muon density is given by the show-
ers with different energies, registered at different (random)
distances from the axis. The deployment of the shower ar-
ray around the NEVOD-DECOR complex for detection of
EAS in the energy range 1015

−1017 eV will allow to de-
termine the shower size, the position of its axis and there-
fore to define the energy range, in which the changes of the
behavior of the muon component are observed.

In this paper, the features of registering system of the
NEVOD-EAS setup ensuring detection, data acquisition,
time synchronization and event selection, as well as the re-
sults of the study of characteristics of the cluster prototype
are discussed.

2 NEVOD-EAS setup
NEVOD-EAS setup is an array of 192 scintillation de-
tectors placed on the roofs of laboratory buildings of
MEPhI (Moscow). Scintillation detectors of electron-
photon component were previously used in EAS-TOP [4]
and KASCADE-Grande [5] experiments. The detector
consists of plastic scintillator NE102A with dimensions
80×80×4 cm3 placed in the pyramidal stainless steel hous-
ing (figure 1). The inner surface of the box is painted with
diffusely reflecting primer to ensure a good uniformity of
light collection from any place of scintillator area. The
photomultiplier (XP3462B) is mounted under the scintil-
lator at a distance of 30 cm. This photomultiplier has a
high gain and is used for time and particle density mea-
surements. Besides this, an additional low-gain photomul-

tiplier optimized to provide a wide linear range of the mea-
sured signals at high densities of particles is installed in
part of the detectors.

The registering system is organized on a cluster prin-
ciple. Separate clusters consist of four detecting stations,
each of which is formed by four scintillation detectors
(three are equipped with a single PMT, and one - with two
PMTs). The typical distances between the stations of a sin-
gle cluster are∼ 30 m, station area∼ 2.5 m2. Detectors of
the station are placed in special housings that provide pro-
tection from moisture and smooth daily temperature fluc-
tuations. In addition, inside the housings the high-voltage
power supply units for photomultipliers are placed. Dis-
tances between the clusters are also∼ 30 m. First stage of
the setup will contain 12 clusters. The total NEVOD-EAS
setup area will be∼ 5×104 m2.

3 DAQ system of the NEVOD-EAS array
The cluster is served by a local post (LP) of preliminary
data acquisition. The main elements of the electronics of
the LP are: 4-channel analog mixer-multiplexer (MM), two
boards of amplitude analysis (BAA) and master designed
on the standard VME, which are placed in the 6U crate [6].
The schemes of the NEVOD-EAS registering system and
electronics of the cluster local post are shown in figure 2.

The channel of MM has 4 inputs and 1 output. The sig-
nals from 4 high-gain photomultiplier tubes of the detect-
ing station come to the inputs of the corresponding chan-
nels. The MM performs the summation of amplitudes of
the signals from these PMTs. MM allows to switch be-
tween the detectors of the station, that enables registering
of amplitude distributions of the selected detector and its
calibration.

Board of amplitude analysis has 2 channels, each chan-
nel has two inputs - active and passive. The signals from
MM output come on the active input of each BAA chan-
nel and the signals from low-gain photomultiplier of the
corresponding station - on the passive input. The signal on
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Figure 1: Detecting station and detector of the NEVOD-EAS setup.

 

 

Figure 2: Schemes of the NEVOD-EAS registering system
(top) and electronics of the cluster local post (bottom).

the input of the channel is digitized using 11-bit flash ADC
with a sampling frequency of 0.2 GSa/s. On the active in-
put for the detection threshold setup, the 11-bit DAC is
used.

Master performs the event selection on a given multi-
plicity of triggered detector, thereby ensuring intra-cluster
trigger and transfer of amplitude information. During the
data transfer each event is time-stamped with the accuracy
up to∼ 10 ns.

Data are transferred to a special “host” board via the
optical link. Up to 4 LP of 4 clusters of the NEVOD-EAS
setup can be connected to the “host”. “Host” receives the
amplitude information from local posts and provides its
further transmission through a network hub to the server
via Ethernet. To ensure the coordinated work of all clusters
of the setup, hosts are combined into groups in which one

of the hosts is declared as a main one.
On a central server, data are stored in separate files

for each cluster. The problem of association of data of
separate events that are located in packages of different
clusters is assigned to a special program, which analyzes
packages of separate clusters and place the event data on
the basis of the time labels sequentially on a single time
axis in a special file. Further processing will involve the
sequential movement of a time gate with the width that
is determined by the distance between the outer clusters
along the time axis. According to the data of the events
falling within the time gate, the parameters of the EAS will
be reconstructed. According to the hit times of the stations
of each of 12 clusters the arrival direction of the EAS
front is reconstructed. Then on the basis of the obtained
data the optimal values of the azimuth and zenith angles
are determined. Amplitude information from the clusters
allows to restore the position of the shower axis and shower
size.

Each cluster is an autonomous part of the setup. Inde-
pendence of the functioning of individual clusters simpli-
fies the organization of operation of the setup but the ab-
sence of system-wide trigger imposes higher requirements
to the labeling of data and the subsequent data processing.
Time synchronization of the clusters is performed with the
global positioning system (GPS/GLONASS). GPS-sensor
connected to the server generates the PPS-signal at 1 Hz
rate. Upon receipt of the PPS-signal, the server sends a syn-
chronization signal on the main “host” of the group, which
synchronizes the connected hosts using the clock. Then
“hosts” send synchronization signals to LP masters, that
provide the synchronization of BAA using the clock gen-
erator. Thus, the entire registering system operates in syn-
chronous mode.

4 Characteristics of the cluster of the
NEVOD-EAS setup

Study of characteristics of the prototype of the cluster was
performed in 2 configurations. Figure 3 (top) shows the di-
agrams of these configurations. On the roof of the experi-
mental complex NEVOD-DECOR building 4 scintillation
detectors of the NEVOD-EAS setup (testing technique and
characteristics of the detectors are described in [7]) were
placed in a following way: first, detectors were placed in
the corners of a square of 9 m× 9 m for the reconstruction
of the arrival directions of EAS, then the detector No 3 was
placed near the detector No 2 to estimate the hit time deter-
mination accuracy of the detectors.

The signals from the detectors came to the active chan-
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Figure 3: Scheme of test configurations of the NEVOD-
EAS cluster prototype (top) and distribution of hit time
differences for detectors 2 and 3 (bottom).

nels of the BAA of the local post. The condition of 4-fold
coincidence of the detectors was used as the cluster inter-
nal trigger. Amplitude information was transmitted by the
LP master to the cluster server via Ethernet. Trigger count-
ing rate was∼ 0.008 s−1.

During the estimation of the hit time determination ac-
curacy, the detectors located close to each other must be
triggered almost simultaneously. Hit time difference of the
detectors No 3 and No 2 was measured. Figure 3 (bottom)
shows the distribution of hit time difference of these detec-
tors. The error in determining of the time of the detector
response to the passage of the front of EAS according to
the distribution is∼ 1.7 ns.

Arrival direction of EAS (zenithθ and azimuthϕ an-
gles) was determined by the hit time differences of the de-
tectors of the cluster in the approximation of a plane front
of the shower. The distributions of the cosine of the zenith
angle (top) and azimuthal angle (bottom) are shown in fig-
ure 4. Distributions of the cosine of the zenith angle was
fitted by the functionI(θ ) = I0 · cosn θ with a cosine ex-
ponentn≈ 8. The azimuthal-angular distribution is practi-
cally uniform.

5 Conclusion
Cluster organization of the detecting system of the
NEVOD-EAS setup allows to determine the arrival direc-
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Figure 4: Distributions of the cosine of the zenith angle
(top) and azimuthal angle (bottom) of registered air show-
ers.

tion of the front of EAS according to the data of separate
clusters. Analysis of the performance of the prototype of
the NEVOD-EAS cluster has demonstrated the possibility
of creating a full-scale setup operating jointly with the ex-
perimental complex NEVOD-DECOR.
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