
32ND INTERNATIONAL COSMIC RAY CONFERENCE, BEIJING 2011

The light component spectrum measured by the ARGO-YBJ experiment in the energy region
1–300 TeV.
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Abstract: The ARGO-YBJ experiment is taking data at the Yangbajing International Cosmic Rays Observatory located
at an altitude of about 4300 m a.s.l. (Tibet, P.R. China). The detector consists of an EAS array made of a full coverage
RPCs carpet. In this paper the light component cosmic ray spectrum in theenergy region 1–300 TeV is presented, these
results allow the comparison between satellite and balloon–borne data with ground based measurements. The measured
intensities obtained in this work are in good agreement with the recent CREAMmeasurements and show a spectrum
flatter than the low energy measurements.
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1 Introduction

The cosmic ray spectrum spans a huge energy interval, up
to 1020 eV or more. Taking into account the very low in-
tensity of the cosmic ray flux at energies≥ 1014 eV, only
ground–based experiments can provide the necessary large
collecting area. Ground–based experiments detect showers
of secondary particles (EASs) produced in the interaction
between cosmic rays and atmospheric nuclei. Measure-
ments made with ground–based experiments rely on the
Monte Carlo simulations necessary to unfold the primary
energy spectrum and composition from the EASs data. Di-
rect measurements with balloon–borne and satellite detec-
tors can provide informations about the spectrum and com-
position. Due to small detector size and reduced exposure
time this kind of experiments are not suitable to investigate
cosmic rays with energy> 1015 eV. The extension of the
ground–based measurements in the low energy region can
provide a better understanding of the comparison between
direct and indirect data.
Cosmic ray physics in the energy range1− 300 TeV is one
of the main goals of the ARGO–YBJ experiment [1, 2, 3].
The experiment is located in the Yangbajing International
Cosmic Ray Observatory (Tibet, P.R. China) at an altitude
of about 4300 m a.s.l., corresponding to an atmospheric
depth of about 606 g cm2. The experiment consist on a sin-
gle layer of RPC detectors arranged in a full coverage con-
figuration. The detector is logically divided into 130 clus-
ters (5.72 × 7.64 m2) each made by 12 RPCs. Additional
23 clusters forms a guard ring surrounding the central full
coverage carpet in order to improve the core reconstruc-

tion for external events. Each RPC is read out by using 10
pads (55.6× 61.8 cm2) divided into 8 strips (6.75× 61.80
cm2). This system can provide a single hit time resolution
of about 1.8 ns [4], allowing a complete and high resolu-
tion reconstruction of the shower front. In order to extend
the detector operating range up to energies of about 1 PeV,
a system for the analog charge readout of RPCs has been
implemented.
In this work the previous measurement [5] of the light com-
ponent spectrum has been extended to the energy range 1–
300 TeV.

2 Data analysis

Since atmospheric showers present large fluctuations in
their development, the energy distribution of cosmic rays
must be evaluated by using an unfolding procedure that can
be dealt with the Bayesian method [6, 7].
The Monte Carlo data sample used in this analysis was pro-
duced by the CORSIKA (v 6.9) code including QGSJETII
and FLUKA hadronic interaction models. The electromag-
netic component was treated by EGS4 routines. The sam-
ple was produced in the energy range (0.1 ÷ 104) TeV
with an energy distribution given by a power law. Show-
ers were sampled at an atmospheric depth of 606 g cm2,
the same of the ARGO-YBJ experiment site. A full detec-
tors simulation was applied. The detector simulation code,
based on GEANT3, takes into account backgrounds, cal-
ibrations, trigger and RPC’s efficiency. Monte Carlo data
were processed, reconstructed and analyzed with the same
code used for data. The Monte Carlo data sample contains
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Figure 1: Ratioρin/ρout as a function of the radiusR from
the detector center for Monte Carlo (filled squares) and
data (filled dots). The values ofρin/ρout for Monte Carlo
(empty squares) and data (empty circles)surviving the se-
lection cuts used in this analysis.

only showers produced by protons and helium nuclei be-
cause the contribution of the heavier nuclei can be consid-
ered negligible [8, 9, 10] and is strongly suppressed by the
selection cuts used in this analysis. The data sample used
in this analysis was collected by the detector in its full con-
figuration, requiring an inclusive trigger of 20 fired pads in
the full coverage area within a time window of 420 ns. The
sample was collected in the first 2011 months. A first se-
lection based on the data quality was applied. In order to
estimate with good accuracy the probabilities needed in the
bayesian unfolding procedure, both data and Monte Carlo
events were selected by the following selection criteria.
The events were required to have a reconstructed zenith an-
gle ϑ between0◦ and30◦, the Monte Carlo data sample
was generated in the range0◦ − 45◦. A selection criteria
based on the shower size requires that the strip multiplic-
ity M of each event is in the range300 6 M 6 65000.
This cut allows the selection of events in an energy range
internal to the range (0.1 ÷ 104) TeV used in the Monte
Carlo simulations. The rejection of events with core lo-
calized far away from the detector center was obtained
by using the following criteria. In the multiplicity range
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Figure 2: The conditioned probabilityP (M |E) used in the
bayesian unfolding procedure.

300 6 M < 500 a constraint on the particle number mea-
sured in the outermost clusters of the detector was required.
In the multiplicity range500 6 M < 50000 the rejec-
tion of external events is achieved by comparing the parti-
cle number measured in the outermost clusters (ρout) with
the one measured in the innermost ones (ρin) and requiring
that ρin > K · ρout with K ∼ 1.65. In the multiplicity
range50000 6 M 6 65000 the reconstructed core posi-
tion (xcore, ycore) must be located within a circle of radius
R = 28 m measured from the detector center. These cuts
allow the selection of events with core localized in the cen-
tral area of the detector. In figure 1 the values of the ratio
ρin/ρout as a function of the radiusR from the detector
center are reported for both data and Monte Carlo samples.
The selected events are located in a circle of radiusR ≈ 30
m. The plots are obtained with the events selected by using
all the cuts described previously.

2.1 The unfolding procedure

According to the bayesian unfolding scheme the selected
Monte Carlo data sample was used to compute the con-
ditioned probability. This probability was used in the
bayesian unfolding scheme through an iterative proce-
dure. Details on the unfolding procedure can be found in
[7, 11]. In figure 2 the values of the conditioned probability
P (M |E) are reported. The plot shows a regular behavior
of the conditioned probability as expected. In order to un-
fold the light component spectrum the Monte Carlo events
were sorted in 23 multiplicity bins and 10 energy bins. The
same multiplicity bins were used to analyze the data. The
unfolding procedure was performed on the multiplicity dis-
tribution extracted from the data.
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Figure 3: The differential energy spectrum of the light-component (proton and helium) measured by ARGO-YBJ (filled
triangles) compared with the proton spectrum (open circles) and helium spectrum (filled circles) measured by the CREAM
experiment [12]. The open crosses represent our sum of the proton and helium data measured by CREAM. The dashed
line represents the best fit to proton and helium data performed by Ḧorandel [13]. The spectra measured by AMS (stars),
BESS (squares), CAPRICE (inverted triangles) are shown.

3 Results

The results are shown in figure 3. Statistical uncertainties
turns out to be less than 1%. The sources of systematical
uncertainties considered in this analysis are: effects dueto
the variation of the selection criteria, reliability of thede-
tector simulation. The uncertainty due to the selection cuts
is about 5% for the eight internal bins. An estimate of the
uncertainty due to the reliability of the detector response
has been estimated by analyzing several runs taken in dif-
ferent detector conditions, it not exceed 4%. The whole re-
sult is affected by a systematical uncertainties not exceed-
ing 10%. The measured fluxes at the first energy bin (3,7
TeV) and at the last one (211 TeV) are affected by a sys-
tematic uncertainty of about 15% because of the variation
of the selection cuts.

4 Conclusions

The ARGO-YBJ experiment is able to sample the front of
showers produced by primaries of energy down to a few
TeV. In this paper the previous measurement [5] of the in-
tensity of the light component energy spectrum is extended
to the energy range(1 ÷ 300) TeV. A bayesian unfolding
technique was applied to the observed multiplicity distri-

bution in order to obtain the values of the spectrum. The
whole result is affected by a systematical uncertainties of
about 10%. The ARGO-YBJ data are in agreement with
recent results from the balloon-borne CREAM experiment.
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