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Abstract. Main goal of the project CZELTA (CZEch Large- /
area Time coincidence Array) is to study global properties 4
of high-energetic cosmic rays. To present date, project con-

sists of 5 stations covering large area in the Czech republic
capable of detection of extensive air showers with energy ex-
ceeding 1&*eV. Such a network of distant stations can be Germany
an ideal tool for probing global structure of cosmic rays. We
present the design of the detection system and obtained re

sults.
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Fig. 1. Map of currently operating stations of the project CZELTA
1 Introduction in the Czech Republic.

Nowadays, most of the ground based experiments studying
the extensive air showers (EAS's) are realized as a relativelthe primary particle energy and composition and can exceed
dense arrays of detectors (see égg). Typically, in such  thousands of kilometerd &fébre et al.2008. For study of
experiments every EAS is observed by several detectors anglch large scale phenomena, a very large sparse network of
hence the size of the shower, energy and type of the primaryndividual detectors is needed.
particle can be in principle inferred.

A complementary approach to this can be realized by shift-
ing focus away from an isolated shower. For example, tem-
poral and angular distribution of high-energetic cosmic rays2 CZELTA

is believed to be purely random. However, one can imagine

various phenomena which can produce a small non-randon "€ Institute of Experimental and Applied Physics of the
fraction hidden in the total flux. Czech Technical University in Prague and the Faculty of Phi-

losophy and Science of the Silesian University in Opava re-
alize a project for the detection of high energy cosmic rays,

cess that can produce pair of EAS's correlated (both in timeC@/l€d CZELTA (CZEch Large-area Time coincidence Array)
and angle) on large distance. The Solar radiation field car{CZ_E)' In th_e eXPe”“?e”t' a_r(_alanvely sparse network of de-
break apart a high energy cosmic ray nuclei. The remnantf€Ction stations is being built in the Czech Republic (Fig.

of the nuclei will be deflected in the interplanetary magnetic | "€ Project CZELTA is related to the older project ALTA
field and, after hitting the Earth's atmosphere, two correlatedAIPerta Large-area Time coincidence Array)LlT) of the

EAS are produced. The distance of both EAS depends ofniversity of Alberta in Canada. Both experiments use the
same design and hardware of the detection stations.

The detection stations are placed mainly on the roofs of
Correspondence td. Blaschke high school buildings in Canada and the Czech Republic.
m (filip.blaschke @fpt.slu.cz) Students from those schools who are interested in research
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Such effects were indeed proposed. The effect of Gera
simova-ZatsepinGerasimoval960 is an example of a pro-
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Fig. 3. The probability of detection of a shower produced by a
primary proton with energy¥. The direction of the primary particle
is perpendicular to the surface and is oriented to the center of the

. . . . detector triangle.
participate in the project. Therefore, the experiment has not 9

only scientific, but pedagogical impact, too.

The same hardware, which is used in the CZELTA andgq cm, 60 cmx 1 cm and is connected to a photomultiplier,
ALTA detection stations in the Czech Republic and Canada,hich detects photons originating from the passage of an
is used also in the parallel starting projects in Great Britain, e, sansive air shower through the scintillator. The detectors

Slovakia, and Romania. For the purpose of easier manipuyory in a coincidence. A shower of secondary particles must
lation with measured data from the mentioned experimentsy; o) three scintillation detectors in order to be recorded.

we developed a special web-based interface. Regularly every, hose cases, the energy of the primary particle is at least
day, the system downloads new measured data from all conz, 514 o/

nected stations to our server and provides them in a simple oo purposes, extensive Monte-Carlo simulations have
way for further analysis. The web-interface provides on-line been provided using the CORSIKA packaditetk 2001)
pheck of running stations and information .abou_t rT]eteorOI‘)g'FigureS shows the dependence of the probability of detection
ical COﬂFthlonS in the place of the detection site, top. Theof an extended air shower produced by a primary proton with
system is broadly used b)_/ the stuc_ients of c_ollaboratlng highy, energyE. The showers were simulated with the perpen-
SCh(.)OI.S and r'esearchers mvolyed n the project. dicular direction aimed to the center of the detection triangle.
Similar projects, however with different design and hard- Primary particle with energy higher than2x 1014 eV can

ware, are in operatign in other countri_es, toq. 'I_'he net\’vorkproduce a shower whose probability of detection is higher
NALTA (North American Large-area Time coincidence Ar- than 50%

ray)_ (NALI) was esltablllszed W.'thm a CaEaQa—USA dCOOP' d Probability of a shower detection depends on the length
f’;gtb) gA (ZE‘?’XerSS AE'CI:'z (Sifﬁ;: t%&f_ﬁ:"é%jﬁ” g::?og aNCnd density of a penetrated atmospheric column. Therefore,
CHD. CROP ! RO. etc A similar ro'ect’ is runnin the minimal energy of a primary particle which can produce
i(n Ja)ﬁan (LA Ag Oc)r'ﬂ ot &)1I 20035 Ian dpde{ecticljn sutati;n% a deteptable shower strongly increases with the zenith angle
are being built on the roofs of European high schools, too(See Fig4). Measured flux of showers strongly depends on

—in Sweden (SEASASEA)), Germany (SkyViewky)) ¢ aimospheric pressure.

the Netherlands (HISPARGH(S)), Great Britain (Cosmic Bgsed on this fact the decision to add local meteorologlcal
: stations was accepted. Stored data are used for a correction of
School Co9) among other countries.

observed flux of cosmic rays on the influence of atmospheric
pressure variations.
3 Design of the project From the time differences among the measured signals, the
direction of the extensive air shower as well as primary par-
The hardware of the CZELTA station is identical with ticle flight can be determined. For the estimation of the error
the hardware of the ALTA network (seBrouweret al. of the direction measurement, data from two stations (rotated
2002 Brouwer et al. 2005 for more details). Each sta- by 6C°) located at the same place were analysed. The mean
tion is composed of three scintillation detectors, which areof the error of the reconstructed direction of the primary par-
placed into an equilateral triangle configuration with 10 m ticle (for the showers with the altitude angis0°) can be
long sides (Fig.2) and use GPS signals for time-labeling estimated as% which conforms with our CORSIKA simu-
of events. One scintillation detector has dimensions oflations.

Fig. 2. Three boxes containing detection part of the station.

Astrophys. Space Sci. Trans., 7, §3-2011 www.astrophys-space-sci-trans.net/7/69/2011/



F. Blaschke et al.: CZELTA 71

E Table 1. Detection stations of CZELTA and ALTA projects.

g ID Name TDM [day] A [s]

E 1 IEAP CTU 387 39.91

i 2 Ssu 1178 42.26
E 3 Pardubice 731 45,50
E 4 Opava Mendel 660 35.95

= 5 Kladno 426 39.53

s — 6 AltaBC 98 83.87

E 7 O'Leary 699 25.07
L 8 O'Brien 998 28.34

0 9 Trinity 1006 25.79
Zenith angle [deg] 10 MacDonald 1144 22.64

11 Maddock 719 19.82

Fig. 4. Minimal energy of a primary proton which can produce a 12 Thorhild 716 26.78
detectable shower in an ALTA/CZELTA station as a function of a 13 G. Prairie 1133 30.66
zenith angle. 14  Norbuck 913 6.19
15 \Vegreville 977 27.29

16 Med. Hat 494 26.34
Recognition of a shower arrival time is done by GPS 17 Phys. Roof 284 24.21
and an additional internal electronic board (with accuracy 18  Laurent 585 24.46
. . . 19 Page 345 25.91

~10ns). This method enables the study of time correlations 20 McNally 455 2417
of data measured with distant stations. 21 Beaumont 713 2399

of randomly correlated events by both the stations with the

4 \lery large area coincidences X i . )
maximal absolute time differenceg is

There are several studies addressing the question whether the k=1 xb . 2117
phenomena of the coincidencies of extended air showers of2(k) = e 2=5k(x2), x2= e
very large area exist. In 1994 Swiss gro@a(rel and Mar- =0~

tin, 1994 reported an interesting temporal increase of distantyhere an expected number of observed pairg.igor triple-

time-correlated showers. LAAS group¢hi et al, 2003 re-  coincidences, we can derive a similar formula:
ported few interesting candidates of correlated showers on

large distance. However, interpretation that these events were

only accidentally correlated, is also plausible. More recently, Pak) =

report of CHICOS groupGarlson et al.2005 confirmed,

that any correlation of EAS in their data, is consistent with a For two selected statioris j, we use a time window; com-

statistical fluctuation. puted as their distance divided by the speed of light. In the
The data analysis provided in this article is focused onTable 1, total duration of measurement (TDM) and mean

search for correlated EAS, i.e. pair or more of air showerstime intervals {) between two consecutive events are de-

with almost the same arrival time and direction which are Picted for all ALTA/CZELTA stations.

detected by different stations, hence separated by large dis- In the data, we found many double-coincidences. With

tances. We divide our work into two parts. First, we anal- considered a combinatorial factor of selection pairs of sta-

yse the data taking into account only times of registration oftions, our results show no statistically significant doublets

showers. After that, we include directions of showers. Inand adeeper analysis using shorter selection windows is nec-

the first part we use combined data of ALTA and CZELTA €ssary.

projects, while the later part will consider data collected by L€t us suppose the mean time interval between two con-
CZELTA stations only. secutive physical (caused by some phenomena in the Uni-

Let us suppose that the detection of events by a single Sta\{erse) double-coincidence events measured with a pair of

. . (Y) )
tion is a Poisson process. If the total length of overlappingStat'onS IS If_we measurek gyents, we can use Bayes
i . Ztheorem and estimate a probability density.6f as
measurement by two stations with mean detected frequencies
1/x1 and /12 (X1, A2 are mean time intervals between two T 1/ < k .
: oy FOOU) = —— (— +x2) e t/AY, )

consecutive events) is the probability of observing pairs Sta1(x2) K\

1)

k=1
Y3 xs . AT(lah13+ alo3+ 113/23)

3Ah1A2A3

’

@)

= !
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Table 2. Triple-coincidences.

ID Dist;; [km] z;'jbf [ms] p-value

1&9&15 7110/7050/90 15.7/15.5/0.2 0.16
11&14&16 90/450/ 420 0.1/0.4/0.3 0.0028

We can suppose the data from all pairs are almost statistically
independent. If we serialize the time series from all pairs of
stations, we can use E§.and estimate the lower limit of a
mean time interval between two consecutive physical (non-
statistical) double-coincidence events:

1) >038yr, 95% CL. (4)

In other words, we can expect less than 2.6 physical coinci-
dences detected with all 21 ALTA/CZELTA stations per year.

Whilst we can expect many double-coincidences in the
data, triple-coincidences are expected to occur with much o )
smaller probability. Indeed, we found only two triple- F|g._5. Dlrect_lons of all 7 pairs of event_s detected by UTEF and SU
coincidences. We present them in TaBle In the second stations depicted on the Northen hemisphere.
column, there are distances between pairs of stations. In the
third column, the observed time differences between detecte :

‘AcknowledgementsNe would like to thank all our colleagues

,events are pre_sented. The last column ShOV\_/S the pl‘Obab'(éom the collaborating Canadian and Czech high schools for their
ity of a detection of at least one such coincidence. Frompg|y with installation of the detection stations and running the
both found triplets, the second one is most promising. How-project. This work was supported by the Ministry of Education,
ever, after considering a combinatorial factor of selection ofyouth and Sports of the Czech Republic under Grants No. MSM
triplets of stations, we do not observe a statistically signifi- 6840770029 and No. LC 07050.
cant excess of triple-coincidences.
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5 Correlated showers

Including the information about direction of the showers we References
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analysis of data from the ALTA/CZELTA stations gives us

two candidates for the correlated showers. However, further

analysis with more data is necessary to decide, whether the
phenomenon of the correlated showers really exists. 1All web pages listed here were accessed on 21 October 2010.
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