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Abstract: The ARGO-YBJ experiment has been in stable data taking since November 2007 till February 2013

at the YangBaJing Cosmic Ray Laboratory (Tibet, P.R. China, 4300 m a.s.l.). Its main fields of research include

gamma-ray astronomy with an energy threshold of a few hundreds GeV and Cosmic Ray physics up to PeV

energies. The ARGO-YBJ detector consists of a single layer of RPCs operated in streamer mode, housed in a

large building of about 11,000 m2. The signals from each RPC are picked up by 80 readout strips 61.8 cm long

and 6.75 cm wide (23 strips/m2) that allow the shower front reconstruction with a high space-time resolution.

In order to fully investigate the PeV region, where the readout by strips saturates, an analog readout has been

implemented by instrumenting each RPC with two large size electrodes of dimensions 1.23 × 1.39 m2. Since

December 2009 the RPC charge readout has been in operation on the entire central carpet (about 5800 m2). The

ARGO-YBJ detector equipped with the analog readout is able to measure the particle density from tens to many

thousands of particles per m2. Here we describe in detail the analog readout of RPCs in ARGO-YBJ and discuss

the performance of the system that implements it.
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1 Introduction

The ARGO-YBJ detector, hosted in the YangBaJing Cos-
mic Ray Laboratory (Tibet, P.R. China, 4300 m a.s.l., 606
g/cm2) has been in stable data taking since November 2007
till February 2013. The detector is composed of a central
carpet ∼74×78 m2 large, made of a single layer of Re-
sistive Plate Chambers (RPCs) with ∼93% of active area,
enclosed by a guard ring partially (∼20%) instrumented
with RPCs up to ∼100×110 m2. Each chamber is read by
80 external strips of 6.75×61.8 cm2 (the spatial pixels),
logically organized in 10 independent pads of 55.6×61.8
cm2 which represent the time pixels of the detector[1]. The
shower events are validated by the trigger logic[2] on the
basis of the time distribution of the fired pads and their
multiplicity on the carpet. The trigger set-up enabled just
the low multiplicity selection with a threshold of 20 pads
producing an average trigger rate of 3.5 kHz with a dead
time of 4%.
The digital pick-up of the RPC, which has a density of 23
strips/m2, can be used to study the primary spectrum up to
energies of a few hundred TeV; above these energies its re-
sponse saturates [3]. In order to extend the measurable en-
ergy range and fully investigate PeV energies, where par-
ticle densities are larger than 103/m2, each RPC has also
been equipped with two large size electrodes of dimension-
s 1.23× 1.39 m2. These pick-up electrodes, called Big Pad-
s (BP), face the other side of the RPC gas volume and pro-
vide a signal whose amplitude is expected to be proportion-
al to the number of charged particles impinging on the de-
tector.
The analog signal of the RPCs, the architecture of the
charge readout system, the data collection and the main
operations of the DAQ control system concerning the ana-
log readout are described in [4, 5, 6, 7]. In this paper the
calibration chain of the analog information is presented
and the stability of the detector is discussed in this respec-

t; some checks of consistency and the final performance of
the detector are shown.

2 Calibration and Stability of the Detector

The system allows the operation with full scale (f.s.) set
by a 3-bit programmable register, namely 0.29 (G7), 0.58
(G6), 1.16 (G5), 2.13 (G4), 4.26 (G3), 8.52 (G2), 16.2 (G1)
and 32.4 (G0) V. The system has been operated at f.s. 0.29
V till June 2010. At this scale the sampled particle density
overlaps with the particle density measured by the digital
readout system. These data have been used both to study
the detector behavior and for calibration purposes. From
July to middle August 2010, the system was operated at
the intermediate scale corresponding to f.s. 2.13 V; since
middle August 2010 the f.s. 16.2 V has been set set. The
number of BP in the central carpet is 3120, apart from dead
channels or channels with some problems which are in the
order of 3%.
In order to translate ADC counts to particle number two
steps are needed, namely first converting the ADC coun-
t to amplitude, then the amplitude to the number of parti-
cles. The first step is referred to as electronic calibration,
the second one as gain calibration. Calibration runs [6, 7]
have been performed at the different f.s. the electronics has
been operated; the relation between ADC count and input
amplitude, provided by a DAC, has been fitted with a suit-
ed functional form. The coefficient of the linear term (P1),
which is the dominant one, comes out to have a spread in
1.5-2.5% depending on the board production, which in fac-
t was achieved in three different bunches. In Fig.1 the per-
centage error of the calibration is reported versus the ADC
count for the 3 scales of operation. At the f.s. 16.2 V and
2.13 V, the error is well below 1% for ADC count greater
than 100 while it is less than 2-3% below 100; at the f.s.
0.29 V the error is well below 1% for ADC count greater
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Fig. 1: The percentage difference of the functional form

with respect to the calibration points is reported versus the

ADC count for the 3 scales of operation.

Fig. 2: Relation between fired strips and detected particles,

with (blue squares) and without (red squares) induction on

adjacent strips. Blue squares refer to strip multiplicity 1.1,

the band between dashed lines corresponds to a variation

of the strip multiplicity between 1.08 and 1.12.

than 400 and becomes 5-6% below 100, in between it is
2-3%. To check the long term stability of the electronics,
calibration runs have been issued several times after week-
s and months; the results showed a stability within about
1%.
The gain calibration has been performed by using the da-

ta taken with f.s. 0.29 V, which is the most sensitive one
and allows a direct comparison between analog and digi-
tal measurements of the same quantity, that is the number
of particles hitting the RPC. Vertical showers (θ ≤ 15◦)
have been selected. The adopted calibration procedure re-
lies on the number of fired strips as a good estimate of the
particle number crossing the detector. In this respect, ac-
cording to simple simulations, we have verified a good lin-
earity between fired strips and number of detected parti-
cles. Fig.2 shows this relation in the range of interest to the
gain calibration (see later on for this choice); in the calcula-
tion a probability of 10% (that means strip multiplicity 1.1)
has been assumed for signal induction on adjacent strips
in case of particle passing nearby the strip edge. The band
in the figure corresponds to a variation of the strip multi-
plicity between 1.08 and 1.12, in fact the measurement of
this parameter at the experiment site, has provided a val-
ue of 1.10±0.02. The typical plot of BP amplitude versus
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Fig. 3: BP amplitude versus number of fired strips. To ob-

tain the gain a linear fit has been performed in the range 8-

15 strips (heavy line). The slope of the fitting line defines

the gain (mV/strip).
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Fig. 4: Gain (mV/strip), or amplitude of the BP signal cor-

responding to one fired strip. Gain distribution for the 1.st

(BP0, red) and the 4.th (BP3, blue) BP along the gas line.

number of fired strips looks like in Fig. 3, it shows a good
linearity up to 15-18 fired strips, while a deviation can be
seen even below 7-8 fired strips. Accordingly a linear fit
was performed in the range 8 to 15 strips, so defining the
BP gain as the slope of the fitting line (mV/strip); in case
of dead strips in the BP area the fit range has been suit-
ably re-scaled. The statistics of each plot has been taken
so to have an uncertainty lower than 2% in the gain deter-
mination, which roughly corresponds to 1 hour data. Cor-
recting the gain (mV/strip) by the strip/particle multiplici-
ty shown in Fig.2, the gain (G) is redefined and expressed
in mV/particle:

G (mV/particle) =
∆A(mV )

∆nstrip

× ∆nstrip

∆nparticle

(1)

where ∆A and ∆nparticle are respectively the variations of
amplitude and number of particles corresponding to the
considered interval of strip number (∆nstrip). About 95%
of the BP have been calibrated with this procedure.
In what follows the gain is typically reported in mV/strip.
A systematic effect related to the gas flow has been ob-
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Fig. 5: BP3 gain (versus the T/P parameter. A linear rela-

tion fits the data quite well, it is used to correct the data for

changes of the environmental parameters T and P.

served, namely the amplitude decreasing of the BP signal
along the gas line. The gas distribution is accomplished by
feeding parallel lines (’gas channels’), each one made of
a pair of RPCs serially connected. The 4 BPs along the
gas line are labeled with BP0, BP1, BP2 and BP3. This
effect, which is particularly strong between BP0 and BP1,
is shown in Fig.4 where the amplitude distributions are re-
ported separately for the BP0 and BP3. An attenuation of
about 17% is observed for BP3 with respect to BP0. More-
over, while the mean amplitudes of BP1, BP2 and BP3 are
tightly correlated to the environmental parameters, specifi-
cally pressure and temperature, the amplitude of BP0 span-
s in a band wider than the environmental parameters allow.
This effect was unexpected and is still matter of investiga-
tion.
The gain values have been monitored over a long period
and the dependence on atmospheric pressure (P) and tem-
perature (T) has been investigated. As expected the gain
is correlated to the atmospheric pressure and gas tempera-
ture as shown in Fig. 5 for BP3 signal. The same degree
of correlation has been observed for BP1 and BP2, while
BP0 appears to suffer of wider variations. By correcting
the gain of each BP for the found dependence on P and T,
the spread of the gain distribution clearly reduces and we
are left with a spread of about 2%. The gain behavior has
been used to evaluate the stability of the detector. In Fig.6
the BP3 gain is reported versus time. The horizontal scale
has a break corresponding to about 2 years. The points be-
fore the break refer to about three months of data, while
the last two point refer to about 3 days of data taken af-
ter 2 years. The variation corresponds to a gain increase of
+2.5%/year; if all BP channels are considered then we have
a +4.4%/year due to the higher variation of BP0.

As seen, at the most sensitive scale (f.s. 0.29 V) this
procedure guarantees a direct way to calibrate the analog
system providing to each BP channel its own gain, on a
run by run base, owing to the overlap between analog and
digital information.

At higher f.s., the procedure is quite similar: first the
electronic calibration is performed, then the gain measured
by the 0.29 V scale is used to extract the number of par-
ticles. The gain is taken at P0 and T0 which correspond
to the mean values of the environmental parameters in the
specific run and the correction for P and T variations is ap-

Fig. 6: BP3: gain (mV/strip) behavior versus time. Starting

time is January 1st, 2010. The horizontal scale has a break

corresponding to about 2 years.

❳
❳

❳
❳

❳
❳

❳
❳

source
error(%)

stat. sys.

mV/strip 2.0 2.5

strip/part 0.9 1.3

electronic 0.5 1.5

P/T 2.0

total 2.3 3.8

Table 1: Error sources to the determination of 〈G〉

plied. This procedure relies on detector stability, which is
certainly true on a single run base, while for merging data
we take into account also the gain derivative with time.

All information, say electronic calibration parameters
and gain of each channel, along with the correction for
pressure and temperature, are managed through a Data
Base. They are used to extract the number of particles (n)
hitting the specific BP, that is n = A/〈G〉, where A is the
measured Amplitude and 〈G〉 is the mean gain, with an
error that can be written as:

σ
2
n

n2
=

σ
2
A

A2
+

σ
2
〈G〉

〈G〉2
(2)

According to the described procedure and to the equation
1, many sources contribute to the error of 〈G〉, namely the
error in the fitting procedure for the mV/strip determina-
tion, the error coming from the relation strip versus par-
ticle, the electronic calibration and finally the P/T correc-
tion. The specific errors for each source, both statistical
and systematic, are shown in Tab.1. Therefore σ〈G〉/〈G〉 =
(2.3%)stat +(3.8%)sys. Being small the error on 〈G〉 , the
error on the reconstructed n is essentially due to the ampli-
tude fluctuation. Provided the measurement error on the A
is small, like in our case, the amplitude fluctuations can be
thought as

σ
2
A

A2
=

1

ntrue

+
σ

2
G

〈G〉2
(3)

where ntrue is the true number of particles and σG is the
intrinsic fluctuation of the gain, which results to be ∼ 20%
as measured at YBJ. The first terms dominates until

1√
ntrue

≃ σG

〈G〉 . (4)

which happens for ntrue ≃ 30. In Fig.7 the experimental
(σA/A)2 is reported versus the number of particles, it has



33RD INTERNATIONAL COSMIC RAY CONFERENCE, RIO DE JANEIRO 2013

Fig. 7: Percentage error on the number of particles.

been obtained by measuring the r.m.s. of the amplitude
distribution at fixed number of strips then converting the
strip number to particle number by the relation shown in
Fig.2 and calculated in a wider range of particles; the curve
shows the best fit for

σ
2
A

A2
=

a

n
+ c (5)

performed between 5 and 30 particles, although it is drawn
to the all range. It can be seen that above 30 particles the
experimental points start to deviate from the curve and
show a flattening of (σA/A)2, which can be interpreted as
the dominance of σG/〈G〉. This breaking point is almost
independent of run duration and BP selection.

The dependence of the gain on the zenith angle of the
detected air showers has also been investigated, showing
that there is no dependence on the incidence angle. Actu-
ally, given the width of the gas gap, 2 mm, and the typical
size of the streamer (∼3 mm), one can expect almost no
dependence at least up to 50-60 degrees.

3 Checks and Performance Evaluation.

After calibration, any spread in the BP behavior represents
a residual of un-calibration. In order to estimate the good-
ness of the calibration procedure, the data of the BPs have
been analyzed at the different steps of the procedure, in
terms of the ADC count, amplitude and the number of par-
ticles. The distribution of each of these quantities, in a s-
ingle BP, follows a power law as a consequence of the pri-
mary CR spectrum. Therefore, by fitting the distribution
the power index is measured, which has been actually done
for each of the mentioned quantities in each BP. If the cal-
ibration procedure operates correctly, then the index distri-
bution gets tighter and tighter as going from ADC coun-
t to particles. This check has been done for both f.s. 0.29
V and 16.2 V, the results are summarized in Tab.2. Look-
ing at values in the table a few considerations can be done,
namely: a) the spread of the slope distributions in case of
the ADC count are almost independent of f.s. (ADC coun-
t row); b) the electronic calibration (Ampl row) seems to
perform better at higher f.s. but this is due just to the cal-
ibration procedure, in fact more points are used at higher
f.s.; c) in case of strips (particles) the slopes and their r.m.s.
values are quite independent of the scale. Finally, accord-

<> ±rms f.s. .29 V f.s. 16.2 V

(rms/ <>)

ADCcou 2.39±0.19 (8.2%) 1.90±0.18 (9.4%)

Ampl 2.55±0.18 (7.1%) 2.56±0.13 (5.1%)

Part 2.51±0.11 (4.4%) 2.51±0.11 (4.2%)

Table 2: Slope in log-log scale of ADC count (ADCcou), Am-
plitude (Ampl) and number of particles (Part) in a BP. Mean val-
ue and r.m.s. of the slope distributions (see text for details), for
all BPs, in case of lowest and highest f.s..

ing to the last row, 4.3% is a good estimate of the homo-
geneity among BPs after calibration.

4 Conclusion

In this paper the analog detector of the ARGO-YBJ exper-
iment is presented. The features of the RPC signals are dis-
cussed within the framework of the experiment DAQ. The
analog detector is able to operate at different f.s., that is
maximum reachable energies, owing to the flexibility of
the readout electronics. At the most sensitive scale, the dig-
ital readout (range of fired strips of a BP) and the analog
readout (range of reconstructed particles on the BP) per-
fectly overlap so providing a powerful instrument of cal-
ibration. The calibration procedure is described in all de-
tails; it is a self consistent one because relies on two inde-
pendent measurements of the same quantity, in fact the R-
PC signal is independently readout by the strips and by the
analog pickup electrode (BP), then the two measured val-
ues are compared. No external information is needed. The
error on the number of particles passing through the BP is
essentially determined by the intrinsic fluctuation of the R-
PC signal, which is about 20% at the operative conditions
of the experiment. The contribution to the error of the elec-
tronic calibration is less than 0.5%, while the electronics it-
self shows a quite good stability, that means a seasonal vari-
ation of the response which is less than 1%. The mean sig-
nal of the single particle, the gain, is determined with an un-
certainty of about (2.3%)stat +(3.5%)sys on the single run
base, or a few hours; its time derivative is +(2.5%)/year
which also represents the detector stability. After calibra-
tion the residual spread of the BP response has been eval-
uated in 4.3%. More than 95% of the 3120 BP in the cen-
tral carpet of ARGO-YBJ have been calibrated with the de-
scribed procedure.
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