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Registration of signals coming 500—1000 microseconds after the
main EAS front
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Abstract. We have made an attempt to register in Lodz air
shower array signals up to 1.2 miliseconds after the main
EAS pulse. Special electronic arrangement has been set up
for registrations of delayed signals from GeigeiHir coun-

ters. Statistically significant excess of number of signals
from muon detector has been found in 500-1000 microsec-¢
ond period after the main front in about 30% EAS with muon X 10
content (muon energy 0.5 GeV) larger than.5 - 10°.
Photomultiplier signals from two 0.5 frscintillation detec-
tors separated by about 30 m were registered in the digital os-
cilloscope triggered by the EAS. We have found EAS events
when 2-3 signals from each scintillator were observed si- -10
multaneously from both detectors in 500-1000 microsecond
period after the EAS (when expected muon background is
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LOQZ air shower array setup, results and up to date interpre- 30 20 —10 o 10 2
tation of the effect is presented. x (m)

Fig. 1. Schematic plan of the Lodz air shower array. Scintillation

. counters are denoted by numbers.
1 Introduction

Simultaneous observations of extensive air showers (EAS)
and neutrons have been performed by A.P. Chubenko et al. in . L )
Tien Shan experiment (Aushev et al., 1997; Antonova et al., Experlment of this kind has been also performed in Mex-
1999), where the standard neutron monitor worked togetheF:0 (Stenkin ?t al., 1999), W!th_boron counters of the standard
with the air shower array. Anomalous time distributions of heutron manitor and 4 ?rsqntlllator countgrs placed above
neutrons registered in boron counters of the neutron monitofand Ende;the neut.rog monitor. Observ%d.m so_mel cases grzat
and in additional helium counters placed above the monitofUMPEr of counts in boron counters and in scintillators, an

have been obtained. The neutrons have been registered in tlﬁféeir time distribution can be explained by the production of
period of up to 3.5 miliseconds after the main EAS front, but large number of neutrons in the shower and can be interpreted

only for showers of primary energy greater than1®'6 eV as a result of slowing down and absorption of neutrons in the

when the shower core was near to the neutron monitor Irpwonitorand surrounding matter. Signals in scintillators were
such cases the number of registered neutrons exceeded tﬁgused by gammas gmnted n the.process of thermal neutrons
expected value. capture by the nuclei of surrounding matter.

Similar observations have been performed also on the Bak/ Nis effect may possibly indicate existence of a new physi-

san air shower array, supporting the results obtained by th&al Process or give a new meth(_)d of studies of the hadron_ic
Tien Shan group (Voevodsky, 1998). component of EAS. So we decided to add to our Lodz air

shower array an electronic device which can register number
Correspondence tal. Szabelski (js@zpk.u.lodz.pl) of signals from Geiger—Mller counters every 100 microsec-
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Fig. 2. Time distributions of the number of hit G-M counters: broken line — all events, solid line — events with the threshold of 70 hit muon
blocks. Upper figures are histograms, lower are recalculated per 1 event. Solid lines on left figures with 2 or more signals in#&00—700
interval, on right figures — with 0 or 1 signal in the same interval.

onds in the period up to 1.2 miliseconds after the main EAS3 Results
front.

The total time of registrations was equal to 4B8sec (52.7
days). In this period we have registered 53106 EAS. In 182
Schematic plan of our experimental array is shown in thecases of shower registration more than 50 muon blocks were
Fig. 1. Scintillation counters 1,2 and 5 have an area of 5 m hit, in 42 cases more than 70 muon blocks were hit. Thresh-
counters 3,4 and 6 — area of ZnCoincidence of scintilla-  old of 50 blocks corresponds to muon density of 4/4n?,

tors 1,2,4 and 5 triggers the array. The muon detector conand threshold of 70 blocks — 7;4/m? at the detector posi-
sists of 104 blocks of muon counters divided into 3 parts:tion. From the lateral distribution of muons (Greisen, 1960)
M1 — central part built of 56 muon blocks, and M2, M3 — the lower limit of total number of muons 0.5 GeV) in

two side parts built of 24 blocks each. Each block containsEAS can be obtained: it is equal respectively-18 and

5 Geiger-Miller counters logically joined together. Effective 2.510°. All events above the given threshold number of hit
area of the block equals 0.135*mAll muon counters are  muon blocks have been divided into two groups:

placed under the 30.5 cm layer of lead and 12.5 cm layerl) with number of signals 2 and more in the interval 600—
of iron. The threshold energy of registered muons is equal700 us,

to 0.5 GeV. The central part of the muon detector (M1) is 2) with number of signals 0 or 1 in the same interval.
equipped with electronics counting the number of signals inln the first group we observe an excess in the count rate in
100 microsecond intervals beginning from the Pnicrosec-  the interval 500-1000s as compare with background. Time
ond after EAS front up to 1.2 miliseconds. Formed impulsesdistributions of all events and events with the threshold of 70
from G-M counters have length of 100 nsec and their starthit muon blocks are shown in the Fig. 2. According to the
coincides with the front of unformatted G-M signal. work Stenkin et al. (1999) the excess can be described by the

2 Experimental array
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Table 1. Parameter values for eq. 1.xkis the threshold number 600 microseconds) that significantly outnumber the predicted

of hit muon boxes in the event, m is the number of signals in 600-Packground. The effect occurs only for big showers (it is
7004s interval and N denotes the number of events registered. Lasfiot observed in most of registered events). For one month

column shows the surg? for the fit tok bins. we have also carried registrations of delayed signals from
scintillation detectors. Digital oscilloscope TDS3032 steered
2 . . .
Ko m N | o 7 us To, us | X / from PC cqmpute_r has been useq for registration of signals
k(At) from two scintillation counters for times between §@9be-

fore EAS and 120Q:s after EAS. We have found events of

EAS registration with short series of signals occurring at 500
- 700 us after the coincidence signal. Amplitudes of these
signals are smaller than typical signals coming from single

50 | 2,3,...| 48| 324+26 | 229+15 | 442+5 | 6.78/8
50| 01 | 134

70 | 2.3,...| 10| 122415 | 212420 | 449+4 | 2.60/8 muons. We are not able to explain this effect. Three possible
70| 01 32 scenarios can be considered:
a) artificial effect connected with gas counters,
80 | 2,3,... 9 | 107414 | 224+23 | 448+5 | 2.56/8 b) registration of neutrons produced in the interactions of
80| 0,1 16 EAS hadrons,
¢) hypothetical generation of non-interacting EAS compo-
nent.

We plan further experimental work in this direction.
formula:
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where the backgroundly = 0.43- (number of events) and
other parameters are shown in the table 1.



