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Abstract

A study of the tempora variations of the environmental radiation (secondary cosmic rays and airborne ra-
dionuclides) is presented. The dataare provided by aNal detector, sensitiveto gammarrays of energy £ >0.1
MeV and by the EASTOP air shower array, sensitiveto particlesof energy F >2.5MeV and F' >25MeV and
detecting Extensive Air Showers generated by cosmic rays of energy above 100 TeV.

In conditions of perturbed weather significant increases of the counting rates have been observed by both
detectors. In the energy range F' <3 MeV, increases of duration of a few hours are correlated with rainfals.
Short duration increases (~10 minutes), occurring during thunderstorms, are observed aso at higher energies
and are accompanied by aasignificant increase in the air showers counting rate.

1 Introduction

A monitoring measurement of the temporal variations of environmenta airborne radionuclides and sec-
ondary cosmic rays due to atmospheric effects is performed at the EASTOP station of the Gran Sasso Lab-
oratories, at an atitude of 2000 m above the sealevel. In order to study a wideenergy range we used both a
Nal scintillator detector, sensitiveto gamma-rays of energy F >100 KeV, and the EASTOP air shower array,
operating in single particle mode and in coincidence mode (i.e. EAS mode). In the following we will mainly
discuss apeculiar event, occurred during conditionsof perturbed weather.

2 Nal scintillator data

Thedetector consistsof acylindrical Nal(T1) monocrystal (10x 202 cm) with sidesand bottom shielded by
1.0 cm Pb, 0.2 mm Cu and 0.3 mm Al (Cecchini et al. 1997a). During four months of operation (from July 5
to November 4 1996) the following data sets have been obtained:

a) Counting rate per minute in the energy range 0.4 - 20 MeV (referred here as” Ratemeter”, and including
both radioactivity and secondary cosmic rays);

b) Counting rate per hour in the energy range 0.1-2.8 MeV (radioactivity + secondary cosmic rays);

¢) Counting rate per hour in the energy range 3-10 MeV (secondary cosmic rays); these data are corrected
for the atmospheric pressure effect, the barometric coefficient being 5 = —(0.50 £ 0.04)%/mbar.

In afew occasionsof perturbed weather significant increasesin the counting rates have been observedin al
datasets. In Fig.1 an event with particul ar interesting features, occurred on July 11, is shown. The Ratemeter
(data @) shows afast increase, lastings ~10 minutes, of magnitude exceeding 20%, superimposed to a slower
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Figure1: Nal scintillator dataduringthe July 11 event. Figure 2: EASTOP data during the July 11 event: a)
Thinline: percent increase of the counts per minuteat percent increase of the singleparticle counting rate for
energy 2 > 0.4 MeV (ratemeter); thick dashed line: detector energy £ >2.5 MeV; b) singleparticle count-
hourly countingratesintheenergy range0.1-2.8 MeV; ingrateat I >25 MeV; c) Extensive Air Shower rate.
thick countinuousline: hourly counting ratein the en-

ergy range 3-10 MeV.

and smoother one, lasting few hours. It is interesting to note the different behaviours of the hourly counting
rates in the two different energy ranges: between 0.1 and 2.8 MeV (data b) it follows the Ratemeter curves,
whilein the 3-10 MeV range (data c) it shows an increase only at the time of thefirst peak, demonstrating that
the long duration increaseis alower energy effect. These data suggest that the short duration increase and the
longer one, even if both produced in conditionsof perturbed weather, could have a different origin.

3 EASTOPdata

The EASTOP e ectromagnetic detector is made of 35 plastic scintillators (each of area 10 m? and thickness
4 cm) spread over an area of ~10° m? (Agliettaet al. 1988). Two data set are considered here:

1) SP data: the single particle counting rate of any individual scintillator recorded every 100 seconds.

2) EASdata: Extensive Air Showersgenerated by cosmicraysof energy F > 100 TeV; thetrigger condition
requires at least 5 contiguous detectors hit in atime coincidence of 300 ns; the trigger rateis about 28 s71.

Each detector operates at an energy threshold F;, = 3.0 & 0.5 MeV. Ten out of the 35 detectors have an
additional wooden cover that increasesthe energy threshold of charged particlesto F;;, ~ 25 MeV. Theaverage
SP counting rate is n. ~ 500 and 400 m~2 s~! respectively for "external” and ” covered” detectors.

1) The SP counting rate is mostly due to secondary particles (muons and electrons) generated in the at-
mosphere by low energy primary cosmic rays and is modulated by the atmospheric pressure, the 24 hours
anisotropy and the solar activity. Besides these modulations, significant increases in the SP counting rate are
observed in coincidence with rainfalls and thunderstorms. The increase usually starts with the beginning of
the rain and reaches a magnitude of the order of ~5-15% in atime of ~ 0.5-1 hour; when the rain stops the



counting rate returns to its normal value with a slow decay, lasting few hours.

In Fig.2 (curves a and b), the SP counting rate of two EASTOP detectors are shown during the increase
occurred on July 11 1996, under discussion. Plot a, corresponding to an "external” detector, shows the same
tempora behaviour asthe Ratemeter, while plot b correspondingto a” covered” detector only showstwo short
duration peaks. These observations agree with the Nal detector data and confirm the obverved difference in
the energy range between long duration and short duration increases.

2) Concerning EAS data, a significant excess in the air shower counting rate is observed in coincidence
with the short duration pesks (see Fig.2c). During thefirst peak the increase reaches a magnitude of more than
10% and lasts ~ 10 minutes. All events recorded during the increase consist of well reconstructed air show-
ers and show no unusual characteristics. An interesting feature is the arrival directions of the excess showers,
about perpendicular to the ground at the EASTOP site (i.e. an irregular mountain slope of about 15° oriented
to South).

In afew other occasions similar events have been observed. All of them have a similar behaviour: a short
duration (10-15 minutes) increase of the air showers counting rate, superimposed to a slower increase of the
single particle one (the shower increase always occurs when the single particle counting rate is still raising).
In one occasion an operator could report the local weather conditions during an air showers increase and he
verified that athunderstormwasin progress, with lightningsand hail fall. Itisworthto notethat theseeventsare
quiterare, whilethelong durationincreasesin the single particle counting rate appear to be strongly correlated
with rainfalls.

4 Discussion

In summary, two different types of counting rate increases have been observed in our measurements:

- Type A: an increase directly related to rainfalls, observed in the energy range £/ < 3 MeV; it lastsafew
hours and has a slow decrease.

- Type B: ashort duration (~10 minutes) increase, observed also at energies £/ > 3 MeV, usually superim-
posed to aslow increase of type A. Thistype of event isaccompanied by a significant excess of the air shower
counting rate.

A possibleexplanationof typeA eventscouldberel ated to thegammaray emission from radioactiveaerosols
transported to the ground by the rain, as Radon daughters (that, asit iswell known, constitute condensation nu-
clei for raindrops).

This "washout” effect interpretation is supported by the results obtained from the difference between the
spectrum measured during the increase and the spectrum in normal conditions. In Fig.3, showing such differ-
ence spectrum with the identification of the photoel ectric peaks, the contribution of gamma decays from Radon
daughtersisvisible.

Similar events were observed during a measurement on board of M/N Italica, along the Ravenna - Terra
NovaBay - Ravenna course of the X| Italian expeditionto Antarctica. In that occasion, with the aid of a mete-
orological station, it was possibleto pinpoint the coincidence of precipitations with increments in the detector
counting rate and ascribe them to gamma emission from Radon daughters (Cecchini et a. 1997b).

Concerning the origin of type B events, atmospheric pressure effects can be excluded since the data are
corrected for pressurevariations. Furthermore the phenomenaappear to differ significantly from what observed
by Fazzini et al. (1968) in similar occasions, interpreted as a temperature effect. An increase of the primary
cosmic rays flux is excluded as well by contemporary measurements by the neutron monitors at Rome and
Jungfraujoch.

A possible origin can be due to the effect of strong atmospheric electric fields on the propagation of the
secondary cosmic rays particles. Variations of the single particle counting rate (of energy £ > 20 MeV and
FE > 80MeV) have been observed by the BAKSAN air shower array in correlation with electricfield variations
during thunderstorms (Alexeenko et a, 1985). They show the same time duration as the present events, while
the amplitudesare smaller (lessthan 3%) and with both signs(i.e. increases and decreases are observed, while



3,E+05

2
Pb (0.242) 11/07/1996 [2:00-3:00]-[0:00-1:00]

21pp (0.295)

r”‘pb (0.352)

T“‘Bi (0.609)

2,E+05

Counts h-1 MeV-1

1,E+05 r

O0,E+00

2.5 MeV

Figure 3: Difference between the spéctrum obtained during the counti ng rate increase occured on July 11 and
the spectrum obtained in normal conditions. The gamma-ray photoelectric peaks of the Radon daughters are
well identified.

only increases are observed in the present data). According to Dorman (1997) these variations should be due
to effects of the electric field on the muon component.

Thedectric field could as well affect the el ectron component and possibly modify the air shower counting
rate. The acceleration of electrons and the consequent increase of bremsstrahlung radiation have been studied
in severa works (Wilson 1925, Shaw 1967, Parks et al.1981, McCarty and Parks 1985, Gurevich et a. 1992,
Eack et al. 1996, Eack and Beasley 1996, Suszcynsky and Roussel-Dupre 1996 and references therein).

According to Gurevich et a. (1999) the EAS electrons can be accelerated by electric fields of magnitude
E. > 1-2KV cm~! and initiate an "avalanche” process producing more and more fast electrons by collisions
with air molecules. The processwould be more effective on larger and more energetic air showers. Such effect
would increase the size of air showers and consequently increase the rate of the events observed over a given
detection threshold.
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