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Abstract: The Telescope Array (TA) surface detector (SD) stations record the temporal development of the
signal from the extensive air shower front which carries information about the type of the primary particle. We
develop methods for studies of the primary mass composition of ultra-high-energy cosmic rays with the TA SD
data and report preliminary results of these studies.
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1 Introduction
The Telescope Array (TA) experiment [1, 2] is a hybrid de-
tector operating in Utah, USA. The TA consists of a surface
detector array of 507 plastic scintillators with 1.2 km spac-
ing covering 700 km2 area and three fluorescence detectors.
This Poster presents a new technique for the primary mass
composition study of ultra-high-energy cosmic rays (UHE-
CR) based on the time-resolved data from surface detec-
tor. The sensitivity of the method for energies higher than
1019 eV is confirmed with Monte-Carlo modeling.

Primary mass composition is one of the main research
targets for large scale extensive air shower detectors. The
highest accuracy is achieved in Xmax measurements with
air fluorescence detectors such as HiRes, Pierre Auger
and TA [3, 4, 5]. The results of different experiments
lead to different interpretations - Hires and TA data are
compatible with pure proton composition, while Pierre
Auger Observatory suggests a transition to heavier elements
at high energies. The primary mass composition play a
primary role in the identification of cosmic ray sources [6, 7]
and interpretation of the observed cut-off of the spectrum [8,
9, 10, 11, 12].

The surface detector is capable of measuring chemical
composition independently of the fluorescence telescopes.
Moreover, the SD provides more statictics at the puzzling
highest energy range due to it’s 95% duty cycle. One of
the SD techniques is based on independent measurement
of muon component. The Yakutsk array has shown that
the muon density for E > 1019 eV showers is a factor 1.5
higher than the SIBYLL 2.1 [13] model prediction for iron
primaries and may be interpreted using EPOS model [14] as
mixed proton and iron composition [15]. Yakutsk muon data
suggest that the composition become heavier at energies
E & 1019 eV [16]. Pierre Auger uses two observables for
composition study with SD: asymmetry of signal risetime
and muon production depth profile [17]. Both agree with the
composition becoming heavier at the highest energies. Note,
that the mass sensitivity of all of the listed SD observables
is determined by their sensitivity to the muon component
of the shower. One may not neglect the muon component
for SD composition study as the electon-photon shower
component is much less sensitive to primary particle type

and shower depth due to the universality of electromagnetic
shower [18, 19].

2 Method
Each of 507 TA surface detectors records time-resolved
signals with a time step of 20 ns. For each detector we
define Area-over-Peak (AoP) as the ratio of the integral
of the FADC trace to it’s peak value. The AoP therefore
is measured in time units (ns). The muons arrive close
in time to the shower front making AoP smaller, while
electron-photon cascade shift AoP towards larger values.
The AoP observable was previously introduced by Pierre
Auger collaboration for neutrino identification [20]. We fit
AoP as a linear function of the core distance:

AoP(r) = α−β (r−1200m) ,

where α has a meaning of AoP value at 1200 meters and β

is the AoP slope.
Following [21, 22] we define percentile ranks of α and

β parameters for proton primaries Cα ,Cβ :

C i
α =

α i∫
−∞

f i
MC,p(α)dα ,

C i
β

=

β i∫
−∞

f i
MC,p(β )dβ ,

where f i
MC,p(α) is an α distribution function for proton

QGSJETII-03 Monte-Carlo events compatible by zenith
angle with the real event “i”.

3 Data and Monte-Carlo sets
We use Telescope Array surface detector data set covering
five years of observation from 2008-05-11 to 2013-05-04.
Surface detector has been collecting data for more than
95% of time during that period [10]. The following cuts are
applied to both data and MC events:
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1. Quality cuts used for spectral analysis [10];

2. Zenith angle cut: 0◦ < θ < 45◦;

3. The number of detectors triggered is 7 or more.

For AoP(r) fit we require that the detector is not saturated
and has a core distance larger than 600 m.

We use CORSIKA [23] with both QGSJET II-03 [24]
and SIBYLL [13] models to generate hadronic showers
induced by primary protons and iron. The showers are
simulated with thinning and the dethinning procedure is
adopted [25] to simulate realistic shower fluctuations. The
detector response is accounted for by using look-up tables
generated by GEANT4 [26] simulations. Real-time array
status and detector calibration information are used for
each Monte Carlo (MC) simulated event. The Monte-Carlo
events are produced in the same format as real events and
the analysis procedures are applied in the same way to
both [27].

4 Results
The histograms of Cα and Cβ for data and QGSJET-II-
03 and SIBYLL Monte-Carlo are shown in Figures 1,2.
One may see that the parameter Cβ corresponding to AoP
slope points to systematically heavier composition than
Cα corresponding to AoP at 1200 meters. The difference
between Cα and Cβ results shows up in both QGSJET-II
and SIBYLL Monte-Carlo sets. Up to statistical uncertanties
the results are compatible with mostly proton composition
for energies higher than 1019 eV.
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Fig. 1: Cα (left) and Cβ (right) distributions for data and
QGSJET-II Monte-Carlo (blue - protons, magenta - iron).
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Fig. 2: Cα (left) and Cβ (right) distributions for data and
SIBYLL Monte-Carlo (blue - protons, magenta - iron).
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