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Abstract: Inclined air showers (i.e. showers with zenith angle abdvelégrees) are registered by the
KASCADE-Grande experiment, which is designed to addresgdmental questions about the origin,
composition and acceleration mechanisms of primary cosmyibetween0'* and10'® eV. Despite the
aggravate reconstruction due to the thin scintillatioreditrs used in KASCADE-Grande these inclined
events are valuable since they offer a good opportunity tb,lxtudy the penetrating component of the
air showers and cross-checks of hadronic interaction nsod&brking in this direction, a first analysis
of the KASCADE-Grande data from inclined events has beefopaed. In particular, the muon spectra
have been reconstructed for different zenith angle interaad features of the resulting spectra have been
studied and confronted with expectations from Monte Cartatations.

Introduction makes use of ab.5 km® array of37 x 10 m? plas-
tic scintillator detectors, which measures the
rival time and the density of charged particles
the shower front [1]. The advantage of the expe
ment is that it can directly measure the penetrat

The main objective of the KASCADE-Grande ex-
perimentis the search for a knee in the heavy com-
ponent of the cosmic ray spectrum. The presence

or not of this feat_ure will shed Iigh.t on thf origlig of component of the air shower by using the array
the cosmic raysin the energy r'eg|onmﬁ —10 192 x 3.2m? shielded scintillator detectors of th
e\_/. The experlmer_1t s_tudles this region of the cos- original KASCADE observatory [2].

mic ray spectrum indirectly, by observing the ex- . . .

tensive air showers produced by cosmic rays in the KASCADE-Grande is sensitive to air showers |

atmosphere. For this purpose, KASCADE-Grande [© 70° degrees of zenith angle, but only showe
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Figure 1: KASCADE-Grande triggering and re-
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Figure 2: Zenith angle dependence of the syste

construction efficiency as a function of primary en- atic error for the reconstructed muon number.
ergy for different zenith angle intervals.

He, C, Siand Fe. A power law cosmic ray flux wi

below40° have been used up to now in the general spectral indexy=—2 was used to generate the ¢
analyses. Before using the data on inclined show- showers. The cosmic ray events were isotropici
ers (i.e., on events above = 40°) a very good distributed and their core homogeneously scatte
understanding of the precision of the employed re- Over the entire Grande array. The same reconst
construction techniques in this zenith angle range tion procedure used for the experimental data v
is required. This task has recently begun, led by applied to the simulations.

the different opportunities that the study of in- The total muon numbety,,, in the air shower is
clined showers offers, e.g.: 1) to increase the statis- estimated from a log-likelihood fit to the measur
tics of the experiment, 2) to understand in more muon densities at the KASCADE muon detect(
detail the penetrating component of the shower, [5]. On the other hand, the arrival direction of tt
which is dominant in these kind of events, and shower is obtained fromg? fit to the arrival times
3) to cross-check hadronic interaction models, ta- of the shower front to the KASCADE-Grande st
king advantage of the close relation existing bet- tions [6]. In this fit, sampling effects, fluctuatior
ween the hadronic processes and the production ofand the curvature of the shower front are prope
muons in the shower. In the following, the results modeled based on Monte Carlo simulations f
of a first analysis of the penetrating component of lowing [6], but with the difference that for incline:
inclined showers measured with the KASCADE- showers also muons are taken into account w
Grande experiment will be discussed. parametrizing the shower front dependence on

zenith angle.

Several quality cuts were applied to the simula
data. A fiducial area of.4km? with octagonal
shape, centered at KASCADE-Grande, was ¢
sen for the analysis to avoid showers with mis
constructed cores. Additionally, only events tt
triggered more than 19 Grande stations and pa
successfully the charged particle reconstruct
were considered. Cuts on the electron numigr
and the electron age parameternwere also intro-
duced. For events with < 50°, the cutN, > 10°

was imposed. The same cut can not be applie:
showers with higher zenith angles, in other c:

Efficiency and systematics

To study the systematics and performance of the
KASCADE-Grande detector at different zenith an-
gles, both the air shower and the secondary particle
interaction with the detector were carefully simu-
lated. The air showers were generated with COR-
SIKA [3], employing the high-energy hadronic in-
teraction model QGSJET Il [4] for the range=

0° — 70°, the energy intervall = 10'° — 108 eV

and different primaries with equal abundances: H,
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Figure 3: Systematic error in the estimation of the Figure 4: Reconstructed muon number spec
muon number shown as a function of the recon- from KASCADE-Grande data on vertical and i
structedN,,. clined showers. The intersections between the (

ted line and the spectra give the respective mi

o numbers at which the expected primary energ
the Grande detector loses efficiency. Instead, the i ~, 1017 gV

cut N, > 10* was employed. A final condition
N, > 10°* was applied overall. With these cuts, . _ . o
it is found that the energy threshold at which the done by imposing the quality cuts described in 1

KASCADE-Grande detector achieves its full effi- Preceding section and discarding those experir
ciency increases front = 1073 GeV for verti- tal runs where one or more of the muon detec

cal showers up t@085 GeV for very inclined ones  clusters of KASCADE were not active. Aroun
(see Fig. 1). 22% from the set of quality events were classifir

Regarding the KASCADE-Grande pointing reso- as inclined showerts.
Before reconstructing the muon spectra, the mi

lution, the analysis of the simulated data showed :
that it is better thar).6° inside the whole zenith ~number of each event was corrected for its sy:
matic uncertainties through a correction functi

angle intervald = 0° — 70°. For the systema-
obtained from simulations. This function tak

tic error in the reconstruction of the muon num- ¢ .
ber, the result was log;,(V,) < 0.1 (with refe- into account the dependence of tNg systematic

rence to Figs. 2 and 3), which was estimated as uncertainty on the zenith angle (see Fig. 2), c
the difference between the triez,,(N,) and the ~ Position andog,,(N,,) (with reference to Fig. 3).
reconstructed one. The uncertainty in the shower The resulting muon number spectra from t
core position, on the other hand, was found to be KASCADE-Grande data analysis for differe
less thandOm. The achieved accuracy in the re- zenith angle intervals are shown in Fig. 4 mul
construction ofN,, and @ for inclined showers is  plied by Nﬁ. Clearly the threshold behavior fc
good enough to perform a more detailed analysis the different zenith angle ranges are seen. At
of these events. stage, the lack of statistics prevents us to perfor

detailed analysis on the shape of the muon nurr

. spectra forV,, > 1064,
Muon size spectra

For the present work, 81593 events were subject to Comparison with simulations

analysis. These events were selected from a vast

set of experimental data collected by KASCADE- In Figure 5, the observed muon number spec
Grande, from which it resulted an effective time of are confronted with expectations from simulatiol
observation of about 498 days. The selection was In both cases, the same reconstruction technic
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Conclusions

o 103 =
= F0°<0<20° .
- i . E=10"Gev It was shown that the KASCADE-Grande detec
o e 5 Sana i is sensitive to very high energy inclined air showe
£, 12| 407=0<50 :LM%% (40° < 6 < 70°), which can be well reconstructe:
Z L = SR o e mansn el ; Besides that the angular resolution of the detec
0 .= P 1 and the achieved accuracy reconstructiovpfare
5 50°<8<70 1 sufficient to allow detailed analyses with incline
§ 1oF air showers in KASCADE-Grande. From a fir

F TN corrheﬂc(t:ior_w fuTctt_ion(mxeg comn)) analysis of measured inclined showers the mi

B o simulation (mixed comp.

- o KG data P number spectra, corrected by the corresponc

S S R S N, systematic uncertainties, were reconstruct

=
)]

" P
52 54 56 58 6 |06;10(N$4 These_ ﬂuxe_s were compared with expectatic
from simulations based on CORSIKA/QGSJET
Figure 5: Comparison between the reconstructed after normalizing the simulatedV,, spectra with
muon spectrum from experimental data and simu- 5 common factor, which allowed us to match t
lations at different zenith angle ranges. measured and simulated fluxes ok 20°, a sys-
tematic difference between the experimental ¢
the simulated spectra was found, which increa
with the zenith angle. The origin of this discr
pancy has to be investigated.

were applied. The simulated data set here em-
ployed was similar to the one described in section
2, but multiplied with an appropriate weight func-
tion, according to the energy of the event, in order
to reproduce an energy power law spectrum with Acknowledgments
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