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Abstract: With the progresses in cosmic ray nuclei energy spectrum measurement from direct experiment, the
idea of energy scaler construction by overlapping the data between the satellite or balloon-borned experiments and
air shower arrays results turns more and more important. On the base of its high altitude and nearly full coverage,
the ARGO-YBJ experiment should play a important role in this aspect. In this work the light component (proton +
helium like) of cosmic rays can be selected from the shower lateral information and the energy of the cosmic
ray light component will be calculated event by event. Combining the westward displacement of moon shadow
position direction using the same set of data, the construction of an energy scaler is discussed.
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1 Introduction
The cosmic ray spectrum spans a wide energy interval up
to 1020 eV or more. And the energy spectrum of primary
cosmic rays can be simply described by a power law over
such a huge energy interval, dJ/dE ≈ Eγ . Although a huge
number of experiments have been proceeded and a lot
of detailed information about cosmic ray properties have
been accumulated, many topics around cosmic ray origin,
acceleration and propagation mechanism are still under
discussion [1]. For example the all-particle energy spectrum
of cosmic rays shows a distinctive feature around several
PeV, known as the ”knee”, where the spectral index of the
power-law dependence changes from -2.7 to approximately
-3.1 [2]. Existence of this feature has been well established
experimentally for more than 50 years, but there still remain
controversial arguments on its origin [3, 4]. The cosmic
ray detection methods can be grouped into two classes:
direct and indirect experiments. Due to primary cosmic ray
low flux, limited detector effective area and exposure time
the direct measurement was still restricted in the energy
region lower than few hundred TeV. On the other hand,
a lot of measurements about cosmic ray properties were
indirectly estimated from ground-based air showers data
in comparison with Monte Carlo simulations. However the
mass resolution of the latter one is general limited so that
there still existed serious disagreement between different
measurements.

Recently the idea about construction of ”energy anchor”
have been discussed a lot in the community, the idea is to
lower the threshold of air shower experiment and to overlap
with satellite or balloon experiments energy region which
has well calorimeters and charge-sensitive detectors. By
overlapping the data in the same energy region, a clear
energy anchor can be constructed. In recent years, a lot
of important progresses in cosmic ray experiments have
been achieved, particularly in the direct measurements
using satellite or balloon-borned detectors. One of the most
remarkable results is the hardening of cosmic ray spectra for
all species observed by ATIC, CREAM and PAMELA [5, 6,
7]. Those precise measurements set important parameters
such as normalizations, absolute energy calibrations and
references for cosmic ray composition for experiments at

higher energies which have to be done by exploiting indirect
detection techniques, air shower arrays.

Thus a ground based experiment that has a threshold so
low that allows an overlap with the direct measurements
plays an essential role from direct detection to indirect de-
tection, from space to the ground. ARGO-YBJ experiment
is the one to fulfill this target. The ARGO-YBJ experiment
utilizes a nearly full coverage detector (94% coverage) ar-
ray to detect air showers. Its high space granularity enable
it to get enough information on air showers, which can be
used to discriminate between different primaries and energy
determination. In addition at the observation level of this
experiment (4300 m a.s.l.), the threshold energy of ARGO
events induced by cosmic ray proton can be lower to TeV
region. Fig.1 is a true experiment events from ARGO-YBJ
experiment, a clear shower map including in the core region
was measured by ARGO detectors. Another important fac-
tor is that ARGO-YBJ possibly offers an chance to calibrate
the shower energy measurement using the moon shadow po-
sition measurement. The published works [8] showed that
below 30 TeV/Z, where Z is the number of charges of the
cosmic ray nuclei, the systematic error of the energy scale
was 13%. Thus based on the same set of light componen-
t (p+helium-like) events, a direct correlation between the
energy spectrum resolution and absoute energy scale error
from the westward displacement of moon shaodw position
could be established.

In this work based on Monte Carlo simulation, we study
the feasibility of selection proton+helium like air shower
events with ARGO-YBJ digital strip-pattern signal, the
energy spectrum from 10 TeV to 100 TeV will be measured
event by event. And even at higher energies, 100–1000 TeV,
the similar work was carried out with the unbiased triggered
samples using ARGO analog data. The proton+helium like
events could be separated on an event-by-event basis using
multiple parameters measured by the hybrid experiment
combining the ARGO-YBJ array and one wide field of
view Cherenkov telescope [9]. A energy scale through these
measures could be discussed and constructed.
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Fig. 1: Top panel is a event from ARGO-YBJ experiment
digital strip-pattern measurement, the color scale gives the
number of fired strips in RPC, bottom panel shows the
lateral distribution after analysis, the line is the fitted lateral
distribution function.

2 The ARGO-YBJ Detector
The ARGO-YBJ experiment [10] is located in Tibet(P.R.
China) at the YangBaJing Cosmic Ray Observatory
(30.11◦N, 90.53◦E) at an altitude of 4300 m a.s.l., corre-
sponding to a vertical atmospheric depth of 606gcm−2.
The detector consists of a full coverage array of dimension
78×74 m2, composed of a single layer of RPCs (Resistive
Plate Chambers) 285×122.5 cm2 each. The area surround-
ing this central carpet, up to ∼ 110× 100 m2, is partially
instrumented with RPCs (the guard ring). The RPCs are
grouped into clusters, each cluster consisting of 12 con-
tiguous RPCs. Each RPC is divided into 10 basic detection
units (called PADs, with dimensions 55.6×61.8 cm2, and
8 digital readout strips each). In order to extend the dy-
namic range, a charge read-out layer has been implement-
ed by instrumenting each RPC with two large size pads,
140×122.5 cm2 each (the so-called Big Pad).

Two independent DAQ system are implemented in the
detector: the scale mode and the shower mode. In shower
mode, the arrival time and location of each fired pad are
recorded for later geometry reconstruction. The trigger
threshold is number of fired pads higher than 20 within
420 ns triggering window, and the trigger rate is about
3.5 kHz. The ARGO-YBJ has taken data with its full layout
from November 2007 to February 2013.

3 Monte Carlo Simulation
An extensive Monte Carlo simulation had been carried
out to simulate the air shower cascade development in

the atmosphere and the response in the ARGO detector.
The CORSIKA package [11] has been used for air shower
events in the atmosphere simulation. QGSJET-II model has
been adopted to treat high energy interaction interaction
processes. All shower secondary particles have been traced
down to the energy threshold of 300 MeV for hadrons
and muons and 1 MeV for electron-magnetic particles.
The simulation of the detector response is based on a
GEANT4-based simulation program, named G4argo [12]
to reproduce the detector geometry and materials. And in
this simulation, the detector performances, such as trigger
logic, time resolution, electronic noises, relation between
strip and pad multiplicities based on the experimental data,
are taken into account.

In this work, the primary chemical composition was di-
vided into 5 groups: Proton (abbreviated as H and with mass
number=1), Helium (He, 4), light nuclei (CNO, 7), medi-
an nuclei (MgAlSi, 13) and iron nuclei (Iron, 56). And the
power index of energy spectrum was set as the value of 2.66,
2.58, 2.64, 2.66, 2.63 respectively measured by CREAM re-
sult [6, 13]. And the absolute flux of each composition was
fitting to that obtained by direct measurements in the energy
region around 1–100 TeV [6, 13]. As to the extrapolation to
higher energies, 1 PeV Poly-gonato model [14] was used to
set the bending points. In the work, the energy range of the
incident cosmic ray is from 100 GeV to 1 PeV for proton
and Helium, and for the rest 3 groups the energy range was
from 1 TeV to 1 PeV relatively. The incident zenith angles
of primary particles are isotropically sampled within 25◦.

For each simulated air shower event which reaches the
detector observation level, the shower core location is
randomly sampled within an area of 1000×1000 m2 around
the detector center. A total of 108 events had been generated
for each primary component.

4 Data Analysis
Both experimental data and Monte Cralo samples were
analyzed by the same analysis chain. In order to select good
reconstruction quality events with enough recorded shower
information, reduce the errors caused by the shower core
position and the direction reconstruction and to minimize
the barometric and other enviromental effects, only quasi-
vertical events with the core located inside the internal
detector were used for the analysis. These internal events
were selected by using the following criteria:

• The number of fired strips in the carpet, Nstrips, is
larger than 100;

• The reconstructed zenith angle is less than 15◦;

• The reconstructed core position is inside a fiducial
area of 40×40 m2 around the center of the detector
array.

• The module (consisting of 3 RPCs) with the largest
number of charged particles is in the internal detector;

At this moment just Aug.-Sep. in the year of 2012 ex-
perimental data were analyzed. Fig.2 is the comparison be-
tween MC samples and experimental data in the distribution
of zenith angle, azimuth angle, number of fired strips and
R70. R70 is a variable, which describes the radius including
70% total number of fired strips. One can see a good agree-
ment between data and MC simulations. From this figure,



The light-component energy spectrum
33RD INTERNATIONAL COSMIC RAY CONFERENCE, RIO DE JANEIRO 2013

one can see MC result from analysis chain did reproduce
the experiment data, another important factor is after above
selections, there existed 72%, 22% 3.8%, 1.7% and 0.6%
from 5 components integrally, more than 90% selection
events were produced by proton+helium-like events, this
is the reason why we can estimate the proton+helium flux
from this work.

4.1 Selection of light component showers
Comparing with iron showers, with the same energy the
proton induced showers develop deeper in the atmosphere,
one can expect that the proton induced showers show
up a steeper and more narrower lateral distribution. Two
parameters are calculated to selection light component
showers on the base of this aspect [15, 16, 17]. (1) a
quantity < R >, mean lateral radius, was used, where
< R >= ∑(NiRi)/∑Ni, Ni is the number of strips recorded
by the ith fired pad, and Ri is the distance from this pad
to the shower core. (2) lateral ratio,log10(Size3/Size10out)
, where Size3 and Size10out are measured number of strips
within 3 meter and the relative value between 10 m and
< R > respectively. Fig. 3 shows the correlation between
these two parameters, one can see the heavy component
contributions are around high < R > and low lateral ratio
region. Further analyses show that < R > is also related
with the shower longitudinal distribution. By Requiring
< R > with less value, the selection of showers with shower
maximum position deep in the atmosphere is achieved,
shown in Fig. 4, which means select the showers which
had been well measured inside the carpet. On the basis of
MC simulation, by requiring < R > less than 22 meter and
lateral ratio high than -1., the highest heavy component
contribution can be decreased to 6% according to MC
simulations in our interesting energy region in bin interval.

4.2 Estimation of the primary energy
For a typical air shower array, there existed many different
ways to reconstruct primary energy. One common method
is to use the relation between shower size and the primary
energy. As to shower size, Nsize, it can be estimated from
the lateral distribution function fitting, such as NKG ......
However ARGO is a carpet array, due to its full coverage
of central carpet, it is natural that total number of fired
strips, Nstrips, could be a better variable. On the base of MC
simulation, it was testified that better energy resolution can
be achieved from Nstrips than shower size Nsize from lateral
distribution. In this work, after correction noisy pads in the
carpet the total number of fired strips, Nstrips, were used to
estimate the primary energy of proton+helium like showers.
Fig. 5 shows the scatter plots of the primary energy E0
versus Nstrips. The relationship between Nhits and E0 can be
represented by the following equation:

log10(E0) = 0.98+0.89log10(Nstrips). (1)

5 Conclusion
The effective collecting area, Aeff, for events with core in-
side the internal area, can be obtained by using the same
cut criteria mentioned above from MC simulations. If Nrec
events survive the trigger conditions and the reconstruction
and the selection cuts, Aeff = Nrec/Ngen×Agen, where Ngen
is number of simulation events and Agen is the projection
area. Usually it is a function of the energy, incident zenith
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Fig. 2: The comparison between experimental data and MC
sample. From the top to the bottom, in turn, these plots are
the distribution of zenith angle, the distribution of azimuth
angle, the differential distribution of fired strips and the
distribution of Rp70. The black dot is experimental data,
the colored lines are MC results, red line is the summation
of different primaries, green, dark blue, yellow, pink, light
blue lines are the result from H, Helium, CNO, MgAlSi and
Iron respectively.
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Fig. 3: The scatter dots of the mean lateral spread radius,
< R > and the variable log10(Size3/Size10out) for the sim-
ulation samples from 5 different primaries, the different
colors keep the same code as in Fig.2.
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Fig. 4: The relationship between shower maximum position
and the mean lateral spread radius for proton induced air
shower events.

angle and primary components. Then combining the effi-
ciency on selecting proton+helium like showers, the energy
reconstruction and the effective collecting area, the prelimi-
nary result of spectrum of protons+helium like events could
be estimated.

On the base of Monte Carlo simulation study, the shower
lateral ratio around core (or density gradient) and the
mean lateral distance have been proved to be powerful
tools to infer the characteristics of the primary particles in
our interested region. The simulation shows ARGO-YBJ
detector has good ability to ‘pick up’ light component with
good efficiency. And the next work will be focused on
optimization selecting proton + helium from background
and to understand corresponding systematic uncertainties.
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Fig. 5: The relationship between primary energy and the
total number of fired strips after light component selection.
The black cross is the average value.
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