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Search for elongated spatial structures in hadronic shower cores
with KASCADE
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Abstract. 2001), Kanbala (Xue et al., 1999) or in the stratosphere,
In this analysis the structure of hadronic shower cores idike CONCORDE-ECHOS (Capdevielle, 1997, 2001) have
investigated with the KASCADE calorimeter. The energy, reported on gamma hadron families showing strong geomet-
position, and direction of incidence for individual hadrons rical alignment. Various interaction models have been tested
above 50 GeV are measured. In parallel, the spatial strucin order to reproduce the observed phenomena and possible
ture is studied using the simulation program CORSIKA with physics mechanisms were discussed (Mukhamedshin, 1994,
the hadronic interaction model QGSJET. First results are pre2001). The current status of these investigations is reflected

sented for the showers with primary energies above 5 PeMn the following conclusion: "The alignment of superfamilies
Elongated cores are observed more frequently than expectethnnot be explained by the QCD-jet production but results
from random coincidence. This proves that KASCADE is from some new physical mechanism of coplanar emissions
sensitive to hadronic interaction producing elongated struc-of particles in strong interactions” (Borisov et al., 2001). A
tures. Alignment can be found in both data sets - measuresearch for elongated hadronic cores in the data registered by
ments and simulation. No significant deviation between thenthe KASCADE calorimeter and a comparison with simulated
or hints for new physics have been found so far. results may give some additional hints towards an explana-
tion of the phenomena mentioned above.

1 Introduction 2 Experimental Set-up and Measurements

A finely segmgnted hadr'on calorimeter designed to study ai'tl'he KASCADE experiment, located at the Forschungszen-
shower cores is located in the center of the KASCADE EAStrum Karlsruhe (Germany), measures with high precision all

experiment (Klages et al. 1997). It is capable to measure e e components of an EAS. A large number of shower
ergy, positions and direction of individual hadrons and, there'parameters is provided on event-by-event basis. An array
fore, allows to search in hadronic cores for unusual struc- '

i Th Id be sianat f certai i fhi hof 252 scintillator stations, located on a 20000 n? field,
ures. They could be signatures ot certain properties ot nig gives information about the electromagnetic and muonjc (E
energy interactions of cosmic-ray particles with the air nu-

> 230 MeV) component. Three additional muon detectors

gleh and m'?ht allpvlv_to test hadrolnlc mte(;a;]:tlgn mOdeIS' with thresholds of 0.49, 0.8 and 2.4 GeV) are operated in the
tructures of special interest are elongated hadronic Coreqra| petector and the Muon Tunnel. The hadronic com-

Experiments.using X-ray em“'Sior? chamber techniques af)onent is measured by a £&0 n? iron calorimeter (Engler
mountain altitudes, such as Pamir (Borisov et al., 1984’et al., 1999), being the main part of the Central Detector sys-
Correspondence tdA. lwan (iwan@ik1.fzk.de) tem (Fig. 1). The detector is equipped with 11000 liquid
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ionization chambers, arranged in 9 layers above, betweerhadrons with an energ¥'y>500 GeV are required. The
and below the absorber. The latter consists of 4000 t ironmuon number corresponds to a primary energy-£.0'° eV.
concrete, and lead with a total thickness of 11.5 nuclear in-1417 events survived these cuts and are used for the follow-
teraction lengths for vertical protons, ensuring a reasonabléng analysis. The hadron positions are transformed into a
shower containment up to 25 TeV hadron energy. On averplane perpendicular to the shower direction.

age, 97.5 % of the energy is deposited in the calorimeter at

this energy. Each chamber is read out by foux 25 cn? 3.1 Asymmetry parameter

pads.

The hadron energy reconstruction accuracy Changes frorﬁeveral quantities may be used to characterize the geometri—
20% at 100 GeV to 1% at 10 TeV. The reconstruction effi- cal structure of high—energy hadronic shower cores. As an
ciency approaches unity for hadrons of 100 GeV. The accu&xample, we apply the parameterintroduced by the Pamir
racy in position determination for hadronslof GeV equals ~ Collaboration (Borisov et al., 1984):
to 14 cm and reaches 10 cm for 1 TeV, and the hadron
zenith angle accuracy improves from°1& £y = 100 GeV Ay =
to5° at By = 1 TeV. N(N -1)(N -2

N k
Yty COS205;

@)

where N is the number of hadrons, a@iq is the angle be-
3 Analysis tween straight lines connecting th& iand j* hadron with

the K. The parametek equals 1 in the case of complete
For the present analysis about 7.0 million showers with atajignment of N hadrons along one straight line and tends to
least one reconstructed hadron have been considered. Theyﬁ for an isotropic distribution of hadrons in a plane.
have been registered between January 1997 and March 2000.
The following cuts were applied to the data: The shower3.2 Aligned events
axis has been reconstructed in the center of the calorimeter
with a distance of at least 3 m from its boundaries. Addi- For our data sample the paramelgrwas calculated, taking
tionally, truncated muon numbers (Glasstetter et al., 1999) into account the 4 most energetic reconstructed hadrons. In
of Iog(N;f")>3.5, zenith angleg < 30° and at least four Fig. 2. the example of a typical shower core wkh=-0.11
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Fig. 2. Example of a measured, isotropic hadronic shower core withFig. 3. Example of a measured, elongated hadronic shower core
A4 = —0.11. Reconstructed primary energy is ab@ut10'¢ eV. with A4 =0.82. Reconstructed primary energy is ab®ut 0*® eV.

is shown. An example of an elongated event is given in Fig.reconstructed with the same software procedures as were
3with Ay = 0.82. used for the data. Finally, the parameigrwas calculated

The \4-distribution of the data together with results of two and is plotted in Fig. 5 together with the data. As it is seen
sets of random generated hadron positions are presented tAere, the simulations fully reproduce our data points.
Fig. 4. These tests show how the parameter is distributed Since KASCADE — in contrast to the emulsion cham-
for isotropic events. In the first test (RANDOM1), four po- per experiments — is located nearly at sea level, it has to be
sitions of hadrons within the fiducial area of the calorime- checked whether we would by sensitive to elongated struc-

ter are randomly chosen from a uniform distribution in X tures generated in the first interactions. For this purpose spe-
and y, then the parametay, is calculated. The second test

was done taking into account the real lateral distribution of
hadrons in a shower core. Starting from the measured config-
uration of the hadrons, their azimuthal angles are randomly

varied around the geometrical center-of-gravity and again AR . K ASCADE
is calculated (RANDOM?2). Both tests are consistent with § 20 F %H : RA,?%OMl
each other. The comparison with the KASCADE data shows, "g , 0O RANDOM2
that for A\,>0.6 the frequency of the data points exceeds by S 35 f
~ 60% the results of both tests. The measured distribution ’ jit
is significantly shifted towards larger values bf, i.e., to 0
non-isotropic events. Thus, we can conclude, that the ob- 25 | :
served alignment tendency in hadronic EAS cores is not a [
pure-chance phenomenon. 20 ,
: 4

15 ——
4 Simulations i

10 |- ¢
In order to check the physical relevance of the observed j —
alignment in the data, we compare them with simulations. St ]
Showers with a primary energy, > 5 PeV, initiated by pro- ob i T
tons and iron nuclei, with a spectral index of -2.7, have been 02 0 02 04 06 08 1

simulated. The CORSIKA version 5.644 (Heck et al., 1998)
with the hadronic interaction model QGSJET (Kalmykov
et al., 1997) was used. A full detector simulation using Fig. 4. Distribution of the parametek, for the KASCADE data
GEANT3 (CERN, 1993) was performed and the events wereand two random tests (see text).
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Fig. 5. Normalized distribution of a lambda parameter for KAS- Fig. 6. Normalized distribution of a lambda parameter for simulated

CADE data and simulated showers with proton and iron primariesshowers with a proton primary (E> 5 PeV) for a standard QGSJet

with Eg > 5 PeV. model and QGSJet where only events with jet production in the first
interaction have been considered.

cially flagged showers were selecte@rosso modo, show-
ers with a high(—pt> jet (above a few GeV) of high-energetic in the frame of the scientific technical cooperation between Ger-
hadrons in the first interaction are looked for. In Fig. 6 the Many and Romania (RUM 97/014), Poland (POL 99/005) and Ar-

. . menia (ARM 98/002). The Polish group (Soltan Institute and Uni-
f(;)gr;etﬁgsr&zlﬂg?ﬁep?ézmgegb?;it:ee dflfe:)?'gzilcj sei\r/neur}:;é(sj g\(/)étr?ti versity of Lodz) acknowledges the support by the Polish State Com-
3 S ‘mittee for Scientific Research (grant No. 5 PO3B 133 20).
A clear difference between those two distributions of the ] @ ] ] o )_
lambda parameter is seen. It signifies, that events with je(o" I |s_gratefulforthe support by a_Marle Curie Training Site Grant
production exhibit a larger degree of hadron alignment, and Physics at present and future colliders”.
that the method applied is sensitive to such interactions. This
gives a hinf[ towards further investigations of the role of QCD References
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