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ABSTRACT

A common understanding of several Cosmic ray anomalies points

to a threshold in the electromagnetic shower development. Above

the threshold, the elecromagnetic shower frequently contains

hadrons. This anomalous shower development can explain the muon

signal from Cygnus X-3 observed by underground detectors.

1. Introduction

For more than a decade several anomalies have been observed in the

Cosmic ray data. These have been known under the names Centaur o [1],

Geminion [2], Chiron [3] and Andromeda [4]. Recently anomalous muon

signals have been observed from Cygnus X3 [5]. Several traditional

and many exotic explanations have been offered to explain the observed

phenomena [6]. Experimental searches at the CERN SPS pp collider at

540 GeV CMS energy have shown no confirmation of the Centauro phenomenon

[7] and a new search at still higher energy (900 GeV CMS energy) has

also shown no positive results [8],

In order to make an effective search for the Centauro and the

related phenomena in one of the collider experiments (UA5), the author

has spent considerable amount of time during the past six years to follow

the Cosmic cay lltrature and carefully scrutinized the data of the

Brasi ;-ipan collaboration [9]. For details concerning the experimental

technique of *he emulsion chambers and the data on the Centauro and

the related phenomena the reader is ref ere d to review articles on the



subject [10].

2. A brief suaaary of the anomalies

In order to orient the subsequent discussion a brief summary of
some of these anomalous phenomena is given below:

- Centauro events are high multiplicity reactions (~ 100 particles)
characterised by an almost complete absence of rr°s among
the produced particles. From the accelerator based studies of
hadronlc Interactions there is no known mechanism of hadron
production in which about 100 particles are produced, but none of
which is a it .

- Geminion (or binocular) events consist of two parallel group of
showers, well separated from each other but belonging to the same
parent .'/x^raction (considering the measured parallelism and the
freque . of the high energy showers, the probability of a chance
assoc. . i>.i i s negligible). If the parent interaction is assumed to
take >. «w • at one interaction length above the detector the estimated
trans u r- »e momentum is anomalously large.

- Chiror; : vents have an average multiplicity of about 20, where some
of f i produced "particles" are "mini-clusters" A "mini-cluster"
Is a f ioup of showers majority of which are electromagnetic in nature
but t ' t e n one or more penetrating showers (indicating hadronic nature)
Is al to present. Spatially the showers are very close to each other,
with • local transeverse momentum about 100 times smaller than in the
paren: reaction. While the clustering of electromagnetic showers can
be understood in terms of atmospheric cascading of the gamma coming
from the parent interaction, the anomaly is the association of the
penetrating (hadronic) shower in the "mini-cluster".

Geminion events have been observed by all the major emulsion chamber
collaborations [2], but the main evidence for Centauro and Chiron
phenomena comes from the Brasll-Japan emulsion chamber collaboration
[1,3,10]. The anomalous nature becomes even more difficult to understand
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as these processes accout for nearly 1-10 % of the inelastic cross section.

"* h step towards unification

A f irst step towards having a common understanding was taken in
1983 when i t was realised that the "mini-clusters" observed in the Chiron
events and the two group of showers observed in the Geminion events
have a common origin [11]. In nearly 70 % of the Chiron events the
most energetic shower was found to be a "mini-cluster" and in nearly
30 % the second most energetic shower was also a "mini-cluster", thus
indicating that the "mini-clusters" were quite frequent among the high
energy showers. If the Chiron events were to take place much higher up
in the atmosphere, (several interation lengths above the detector) then
there will be as many more secondary Interactions in the atmosphere.
Thus at the detector level only the showers due to the most energetic
particles will be observed. For the less energetic particles the effect of
secondary interactions in the atmosphere will be to make the individual
shower energies below the threshold for detection (about 1 TeV). As noted
above, for nearly a third of Chiron events only two of the showers, both
having "mini-cluster" structure, may survive and thus look like Geminion
events. A comparison of the data strongly supported this argument[11].
If Geminion and Chiron events are due to one and the same phenomenon, the
observed difference being due to different height of the parent interaction,
i t i s expected that some of the events may even have three well separated
group of showers (there being nothing unique about two clusters in the
Geminion events). The Brasil-Japan emulsion chamber collaboration has
in fact observed four such events [12]. For the Geminion events, if the
parent interaction takes place several interaction lengths above the
detector, then the estimated transverse momentum will not be anomalously
large.

In spite of this important step towards having a common understanding
of these anomalous phenomena a number of questions remained. If the average
production height of a Chiron event is taken as one Interaction length
(about 1 km for the Brasil-Japan collaboration at Mt. Chacaltaya 5520 m



above sea level) then the average pT of the "mini-duster" in the

parent interaction is nearly 2 GeV/c. But this implies that the average

PT within the "mini-cluster" is only about 10 MeV/c. This low pT

within the "mini-cluster" would be understandable if all the showers in

the cluster were due to e~ or photons, but nearly half of them do

contain one or more hadrons (41 out of 91 "mini-clusters" with observed

energy greater that 10 TeV [13]). Association of hadrons and an e*

or a photon with such a small pT is an anomaly difficult to understand.

It must be pointed out that although the evidence for "mini-cluster"

comes essentially from the Brasil-Japan collaboration, but the unification

of Chiron and Geminion phenomena together with the fact that the Geminion

events have been observed by all the major emulsion chamber collaborations

indirectly implies that the "mini-cluster" production has been observed by

all the major emulsion chamber collaborations. On the other hand supporting

evidence for the Centauro phenomenon in other Cosmic ray experiments has

been weak[14]. Experimental searches at the SPS pp collider at 540 GeV

CMS energy [7] and a new search at 900 GeV CMS energy [8] have not shown

any evidence for Centauro phenomenon.

4. A hypothesis

It appears as if the attempts to understand the anomalies in

terms of a traditional or an exotic production process are steps leading

to more confusion. In reviewing the situation we found that there are

two features of Chiron events which have not received enough attention.

Among the "mini-clusters", the frequency of "mini-clusters" with

penetrating component shows a strong energy dependence. Starting

at 5 TeV the frequency is 10 * below 10 TeV, growing to 50 % in the

energy range 20 - 50 TeV and reaching nearly 100 % above 100 TeV.

The normal electromagnetic showers are confined to lower energies.

There is none with energy greater than 50 TeV.



As there are "min-clusters" of higher energy and all "mini-clusters"

do have an electromagnetic component, it is very suggestive to consider

that the "mini-clusters" are of electromagnetic origin. We therefore,

make the following hypothesis:

The "mini-clusters" are electromagnetic showers. Around 10 TeV
the electromagnetic shower development shows an anomalous behaviour
in which hadrons are associated with the shower. Above 100 TeV almost
all electromagnetic showers have an associated hadronlc component

It appears as if photonuclear cross section has a new threshold

in the energy region 10 - 100 TeV and becomes like a nuclear cross section.

Let us now consider the consequences of the above hypothesis.

5. Consequences of the hypothesis

In the emulsion chamber studies such showers will be classified as

hadronic showers (if the observation is confined to x-ray films only) or

as "mini-clusters" (if the finer structure is observed in nuclear emulsion).

In the parent interaction a part of the energy that should have been

classified as electromagnetic will be assigned as hadroric, thus making

the reaction "hadron-rich" (a terminology used by the Brasil-Japan

emulsion chamber collaboration to describe Centauro-like events [15]).

A Centauro event can be considered as a normal event in which the

number of n° is less due to a fluctuation and many of the resulting

gammas are classified as hadrons due to the above hypothesis.

The Centauro phenomenon should not be observed at colliders (neither

at CERN nor at FNAL), because the energies of the gammas are no where



near the above threshold. Searches at the CERN SPS - at

540 GeV and 900 GeV CMS energies have not shown any positive evidence
for the Centauro phenomenon [7,8].

Thus Centauro, Chiron and Geminion events are normal hadronic reactions
with anomalous development of the electromagnetic showers.

It has been suggested that Andromeda events are due to "mini-clusters"
at extremely high energies (Giant "mini-clusters" [16]).

As a further consequence of the above hypothesis, high energy photons
(above 10 TeV) coming from Cygnus X3 would produce large number of hadrons
which in turn will give rise to the muons being observed by underground
detectors [5].

We thus find that several Cosmic ray anomalies, known by exotic names
(Centauro, Chiron, Geminion and Andromeda) and having widely different
observational features can all be understood as normal hadronic reactions
in which the anomalous aspect is not in the parent interaction but in the
development of electromagnetic cascade. We are concious that our hypothesis
is very bold and has implications in widely different areas. Work is in
progress to discuss in detail the observational consequences of our
hypothesis.
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