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We investigate the physical mechanism of the GZ-effectd¢batd explain the production of multiple primaries
from an event initiated outside the Earth's atmospherehimdase, there would correspondingly be multiple
extensive air showers in temporal coincidence at grouneln éor detectors separated by many kilometers,
and also showers initiated by primaries of different eresgiould consequently have a common source. We
analyse the perspectives and limits of some models andstisha experimental counterparts.

1. Introduction

The history of a Cosmic ray from the production point and tigio the acceleration sites undergoes many
changes in velocity and eventually in chemical structuiee fature of such a primary, either a heavy nucleus
or proton or gamma-ray or whatever, influences strongly §pdauct of its interaction with the medium:
interstellar matter, Cosmic Microwave Background phot(lsIB) or local interstellar/intergalactic/galactic
magnetic fields[[1,12,18] 4] 5]. A great interest is therefaeaded to understanding the abundances of protons
and relative chemical composition of the CR’s flux, in termsther elements or ions.

Among the various kinds of projectiles hitting the Earthimasphere, we will consider the fragments deriving
from the photo disintegration of heavy nuclei (for exampdg when interacting with the solar magnetic field
[6]: the crucial aspect of this fragmentation relies in tlsgbility of detecting on Earth two (or eventually
more) of them. In fact, the influence of the solar field perrag#tte space surrounding the Sun up to distances
limited to 3 or 4 AU. This relatively small volume allows th@fments to arrive on Earth almost simultaneously
and spaced ranging some up to few thousands Km. Thus, thadiwgeAir Showers (EAS) generated by the
two projectiles when hitting the atmosphere would be teralyas well spatially correlated and detectable
when having many detectors placed at different distanoeseslosely and some widely spaced.

The arrival rate computed in the present paper heavily digpen the energy of the incoming particles and
for this reason we include in our estimate small variati@asr(e units) providing important differences in the
expectation values.

What is strongly encouraging in the experimental searchttisr peculiar phenomena is the possibility of
being detected by the new experiment “Extreme Energy EVEREE) which is starting in Italy(ll7]. In fact,
the disposition of the particle detectors is planned insigimerous High Schools over all the Italian territory
(about 300.000 Krf), more densely inside the cities, from south to north.

2. Heavy primariesand correlation
2.1 Spatial and temporal correlation

The study and the detection of (ultra-)high energy CRs inpmal coincidence is based on the energy of
the primaries, the time difference between the two (or mevents, the reconstructed arrival directions, the
possible source or set of sources. Each of these pattertiengly related to the others, and the accuracy in
reconstructing a specific air shower puts forward expertaleasults paired with theoretical shortcomings.
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Gerasimova and Zatsepld [6], in the early Sixties, propestgoretical prediction on large scale correlations:
the so-called GZ effect describes the disintegration of @Blai in the field of solar photons, leading to the
formation of extended time-correlated EAS pairs with castathces (their estimate) 1 Km.

Medina-Tanco and Watsonl[8] have re-evaluated the backgrofisolar photons, in view of a simple model
for the solar radiation field and of the existing/plannedtfeatt time) experiments (like OWL, AGASA and
AUGER). The estimates were limited by the blindness of theeaters during the Earth’s day side exposi-
tion, which is the condition for higher flux (the former), thmallness of the array (the second) or the small
acceptance for showers at large distances for the latter.

2.2 Heavy nuclel and origin of fragments

Basically, multiple correlated showers, temporally aslsphtially, can arise either from local astrophysical
events, on the distance scale of the solar system, or froticgdenomenaly > 10'° eV air showers, which
may require anomalous processes high in the atmosphere.

The electromagnetic siz&. and the muon numbeW,, of a shower, depend differently on the energy and
mass of the primary: these allow an estimatefbfand A for each shower. Qualitatively, sinc¥, ~

K'AYB/a NP with o > 1, 8 < 1, heavy primaries can be selected choosing muon rich shovzse-
uating V., a proton shower can be associated to a small muon numbée, tivhihighest muon multiplicities
are related to iron nuclei, therefore the measurement fdr the single EAS would be the definitive signa-
ture for the observation of a fragmentation process eveme. photo disintegration[2] of heavy nuclei with a
photon background are dominantly in the channels v — (A — 1) + N, or— (A — 2) + 2N beingN a
nucleon, and most of the absorption cross section resul&iemission of only single nucleons, either protons
or neutrons, while pair production processes will not gigse to multiple primaries.The fragmentation process
goes through the photo nuclear interaction with an indialchwcleon, and refers to measurements and values
of the nuclear-collision cross sections at energies lotem CRs’, so that could need corrections when applied
to CRs photo disintegration.

The energy change is related to that of the atomic numbexBgE = AA/A hence, for example, a Fe
nucleus losing a proton diminishes its energy of less than A& most evident effect for single or multiple
disintegrations off photon backgrounds (of different léhis a wide richer variety in chemical composition of
CRs flux, together with the protons’ one.

2.3 Current searches and methods

The look for correlations between CRs aims to distinguishescommon features, such as the sources or their
number and distribution, and the characteristics of thpggation to the Earth. The first unusual simultaneous
increase in the CRs shower rate has been reported in LB83@xperiment devoted to the search for corre-
lations between primaries has been proposed by Carrel anthMal1994 [10] who wanted (with no success)
to measure showers arising from multiple primaries origiddy a hypothetical single (or multiple) event far
from the Earth.

Many experiments are running looking for UHECRS, but to dhtre are no stringent data about spatial or
temporal clustering, apart from few signals from AGASAI[abld low statistics for anisotropies|12]. A recent
search for time correlated events is given by the CHICOSegtdL3], currently running in California High
Schools, covering an area of about 400 Kmroviding one observed candidate event, yet compatibile wi
an accidental coincidence of independent showers. TheelLArga Air Shower (LAAS)[[14] in Japan has
a shower array of about 130.000 Krarea; the group reported one pair of EAS with a very small time
angular difference. They foundI15],four coincident evesmididates, though with very low significance.
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3. Gerasmova-Zatsepin effect

The photodisintegration process can happen at variouandiss from Earth, ranging about 0.04 AU up to 4
AU off the solar magnetic field |8]. Given a nucleus of maddsand mass numbet, the Lorentz factor is

v = E/(Am,c?®). Then, an isotropic emission of nucleon(s) in the referesystem of the parent nucleus
would result in a cone with aperture f 1/~ around the original direction of propagation, when viewethie
reference system of the Earth. For high values of the Lorator ¢y > 107), both fragments have exactly
the same direction as the incoming nucleus, after the ictierawith the photon: the fragments will proceed
on their way almost parallel and will be deflected under th®amf the magnetic field, depending on their
charge, producing a core separation expected at Earthahdtecof the order of many kilometers. The further
the disintegration takes place, the larger will be the distebetween the fragments (and of the produced show-
ers) when entering the atmosphere.

We re-evaluate the rate of secondary CRs, allowing a smatiggrvariation of the parent primary and scan-
ning all directions in the sky, night-side and day-side (muwore favorable), in view of ongoing and new
experiments, such as EEE [7], which, once in operation, daw @ consistent source of investigation for
simultaneous showers over a wide range of distances, upiidréds of kilometers away.

Given the mean free path of a nucleus against photo disatiegr the rationgz = ®cz/ P~ between the
flux ¢4z of the GZ fragment pairs and the unperturbed incoming ®geis related to the parametéy the
average separation between the showers’ cores when gramithe Earth, spanning from about 1 to 2000 Km.
Small values ob refer to events originating in the vicinity of the Earth dar values refer to further distances.
The EEE project]l7] will cover a surfacérzz = 3 - 10° Km2. In principle, since the GZ effect is for well
spaced showers (of the order of Km or tens of), the whole ato@g not need to be very dense.

Let us consider a primary Fe nucleus with energy varying betw ~ 10!” andE ~ 10'° eV. On the basis

[ 0(Km) | ngz | eventrate |
x107?
6 (Km event rate
2+5 0.08 66 - 112 [ o (Km) [ ncz __ | __ I
5:66 %‘20 322_‘ ggz > 50 | 50.1 0.8-19.5
: — >50 | 20.0 03-78
X
30-50| 7.9 0.1-3.1
< 250 1.6 13-22 20- 30| 3.2 0.05-1.2
250+ 400 | 2.5 2.1-35 10=20 1 50 0.08-1.9
400- 600 | 5.0 22-71 E=10 1 2.0 0.03-07
600 1000 | 13 10.5-17.8 <+ 13 007-05
1000 1500 32 26.2-44.6 : : :
> 1500 50 41.6-70.7 Table 2. GZ events rate for variou§, given a pri-

mary’s energy rangind.0 + 6.3 - 10*° eV, integrated

Table1l. GZ events rate for variou§, with primary’s en- ;
over Ageg, in One year.

ergy3.2+7.9-10'" eV, integrated oveA g g g, in one year.

of the fractionng z of the total CRs flux, we compute the integral flux, oves gz and for one year. One can
look at different separations between the fragments ahE&king in mind that the spacing depends slightly
also from the incoming direction in the sky. The range giventlie event rate is due to allowing; 7 being

the same for slight variations of the primary’s energy. Bareple, in Tabl€ll we consider the two values of
E, 3.2 and7.9 - 10'7 eV: correspondingly, we find the event rates for differemiges ofs. Similarly, for the
interval of energyt.0 — 6.3 - 10'° eV, and2.5 — 3.9 - 10'8 eV we have the rates reported in Tallle 2 and Table
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B, respectively.

L d(Km) [ ncz [ eventrate]
x1076
20+-60 | 1.58 4-10
60+-80 | 2.51 6-17
6080 | 6.31 15-42
80+ 100 | 15.8 38-104

Table3. GZ events rate for variou§ with primary’s energy.5 + 3.9 - 10'® eV, integrated oveA gz &, in one year. Note
that the two rows with equal refer to different directions in the sky.

4. Discussion and conclusions

The event rates are strongly dependent on the primary eresgyan be seen in the case of a very energetic
one, since the flux varies accordingly by orders of magnitutiee fragments can generate showers over a
wide range distances between them, from few to thousandsim,not requiring a peculiarly spaced array
of detectors, but moreover a large area. If we consider piasavith a givenE' and flux, our calculations
split essentially in two classes: the first relies on the &veharacterized by a large separation of fragments
on Earths > 200 Km, i.e. events originated closer to the solar influencejsthdces of order 2 AU from

the Earth; the second is given by a smaller separation of#lgerfents < 15 Km, corresponding to primaries
photo disintegrated at distance2 AU.

Considering a relatively modest variation for the incomyragticle energy (about few units) and for the values
computed fomqz, we find that the rate of GZ events expected can be effecthvigly (see Tables), leaving
very promising work for the observation of the GZ effect.
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