PROCEEDINGS

OF SCIENCE

Hadronic interactions and Cosmic Ray mass
composition studied by ARGO-YBJ

Antonio SURDO *
INFN - Sezione di Lecce, Italy
E-mail: surdo@e.infn.it

on behalf of the ARGO-YBJ Collaboration

The ARGO-YBJ detector layout, features and location at kiljttude (~606g/cn? of atmo-
spheric depth) offer a unique chance for a detailed studg\wa#ral characteristics of the hadronic
component of the Cosmic Rays in the!910'° eV energy range. Indeed, the analog readout of
the RPC (Resistive Plate Chamber) signals provides a polted to study, with unprecedented
resolution, the distribution of the charged particles deaesive air showers (EAS) down to few
meters from the axis, thus allowing to describe its shapetaidand to estimate the shower age
at the detection level.

These features make feasible, for the first time, mass catigostudies with an EAS detector
in an energy region where the comparison with direct measemés is now possible. Moreover,
new inputs to the hadronic interaction models, currentldu®r the analysis of the cosmic ray
flux and origin up to the highest energies, can be obtained.
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Figure 1: Left panel: Average primary energy for p, He, Fe initiated Btiwers and severblg intervals.
Central panel: Reconstructed average LDF for MC p and Fe eteoplyg=10*7-10°0), fitted by Eq.2.1.
Right panel: Age parametarfrom fits of LDF of MC p, He and Fe samples (in edss bin) vs <Xyax>.

1. The ARGO-YBJ experiment

The ARGO-YBJ detector [1] is a full coverage extensive air show&S)Earray made by a
single layer of Resistive Plate Chambers (RPCsyfastronomy and cosmic ray (CR) studies. The
array was installed in the Cosmic Ray Laboratory of YanBalding (Tibet, Ghithaan altitude of
4300m above sea level (vertical atmospheric degd6 g/cn?). The detector layout and features
(full-coverage, space pixel size, time resolution) provided a detailed d&ient imaging and
reconstruction, while the RPC analog charge readout allowed to extegéinating range up to
~PeV primary proton energies and measure the ground particle densitjedage to the shower
core. This implies a unique chance for the measurement of the p-air egmsin the 0.1-1 PeV
range and for the study of several characteristics of the primary CRhiaccomponent.

2. Data analysisand results

An EAS array by itself cannot measure directly the shower developmeye,shait simply
the particle density distribution at ground as a function of the core distdizie) ( Anyway, the
detailed LDF study is expected to provide information useful to select inteofaiax (depth of
the cascade maximum size), important for measuring p-air cross sectior liiyxhattenuation
method [2]. In turn, the shower development stage as observed aticletievel, depends on the
energyE of the interacting primary, while, for fixeH, it depends on the primary type. Then, the
combined use of show& and age estimations ensures a sensitivity to the primary nature.

To perform this analysis, several samples of simulated showers byeditfprimaries (p, He
and Fe nuclei) were generated and submitted to a full detector simulation. ani@ (MC)
events triggering the analog RPC readout (with reconstructed core i 8647 detector internal
area an@.enith < 15°) were then analyzed to find a suitable estimator of the primary CR eiiergy
The number of particles detected within 8 m from the shower &kig) (resulted well correlated to
E, not biased by the finite detector size and lightly affected by shower toeshitwetuations. In
Fig.1 (left panel), such correlation is shown for p, He and Fe initiated show
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Figure 2: Left panel: Average LDF for real ARGO-YBJ events witlys=10*7-10°0. The fit with the
NKG-like function is also shown. Central panel: Age paramset from the fits of average LDFs of real
ARGO-YBJ data and MC p and Fe induced showers, in fdugrbins. Right panel: Age parametgrfrom
event-by-event LDF fits for real ARGO-YBJ data and MC p andrfeeiced showers, in one of thgg bins.

The reconstructed LDFs (up t010 m from the core), for differerliyg (i.e. energy) intervals
and shower initiating primaries, have been fitted with the following NKG-like figmc

p(r) = Ax (rr)“<1+ L)H's 2.1)

0 lo
beingA ands free parameters. Fig.1 (central panel) shows such fits for p and Fedddhowers.

Itis found thats' plays the role of the 'lateral age’ parameter, thus reflecting the showel-de
opment stage. This implies thsitcan help to constrain the showéfa.x position, as demonstrated
by Fig.1 (right panel), where th& values from the LDF fit, for each primary amdjg interval,
vs the average value & distribution from MC simulation, are shown. That plot expresses an
important universality of the LDF of detected EAS particles in terms of the last@aver age,
since the shape paramegdepends only on the development stage of the shower, independently
from the nature of the primary particle and energy. Moreawdrom the LDF fit very close to the
shower axis, together with the measurement of the truncatedséizean give information on the
primary particle nature, thus making possible the study of primary mass compdsiie [3]).

Also for experimental data, the ARGO-YBJ LDF distributions appear pipmgescribed by
the function 2.1, as shown in Fig.2 (left panel) in the case of an exemplifypgdnterval. Thes
values from experimental data are reported in Fig.2 (central panel) evgeith the corresponding
fit results from MC simulations for different primaries. In spite of the preliminaature of this
result, we observe that the data points lie between the expectations freamexiure compositions.

The effects of intrinsic shower-to-shower fluctuations on the sensitivityass composition
can be avaluated from the single event LDF fits. The result in terrdsdigtributions is shown in
Fig.2 (right panel) for ARGO-YBJ data and simulated p and Fe initiated stsoweoneNyg bin.
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