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Abstract

Since 1972 there have been many attempts to explain the mystery of Cen-

tauro species. A new analysis of the original Centauro I event shows that the
solution lies with the details of the Chacaltaya detector. For a long time scien-

tists believed that the Centauro I event consisted of two families. In summer 2002
we found that, contrary to the previous study, there is only one family related to

Centauro I, and this is the family detected in the lower chamber. The new result
indicates that it is not necessary to assume huge imbalance of hadron and elec-

tromagnetic components. The characteristic features of the event show that the
most plausable candidate for the origin of Centauro I would be a glob of strange

quark matter.

1. Introduction

The Japan-Brazil experiment[1] has been operating two-storied x-ray emul-

sion chambers at an altitude of 5220 m above sea level (an air pressure of about
540 mbar) on Mt Chacaltaya in the Bolivian Andes. In 1972 the Brazil-Japan

collaboration found in the lower detector of the emulsion chamber No.15 a group
of a few tens of shower spots (identified as 49 hadrons and 1 gamma) with en-

ergy ∼ 230 TeV situated in a narrow region of 1.5 cm diameter[2]. The event
was named ”Centauro I”. According to Greek mythology, a Centaur was highly

asymmetric creature: with the top half of a man and the legs of a horse. The

finding of the cosmic ray Centauro suggested that, perhaps, there was something
wrong with either the theory of particle interactions, or the understanding of

cosmic rays. A search for further Centauro type families were made on the suc-
cessive Chacaltaya chambers, and several other candidates were found. Some of

them showed not too small production height, as well as considerable fraction of
electromagnetic component, another have been detected at the very edge of the

films in the lower detector that did not allow to consider the complete picture of
the event. However, the Centauro I event stands out completely from the sample
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Fig. 1. The fragment of the Chacaltaya chamber CH −15. The position of Centauro
I as determined in previous study is shown by open circles. The solid circle shows
expected position in the upper chamber for the event I − 12.

of experimental data from the same energy region. So far there was no positive

result in Centauro search by accelerators[3], [4], [5].

2. The new picture of Centauro I

We found that the previously published data on the Centauro I event were
insufficient for a rigorous test of the exact correspondence of the family pattern

observed in the upper and the lower detectors. According to the original analysis,

Centauro I consists of two groups of showers (see Figure 1): (1) the one is observed
in the lower detector (block I − 12), (2) and the other - in the upper detector

(block S − 55).
According to our analysis, the family in the lower chamber shows the

arrival zenith angle tanθ ∼ 0.3 ± 0.1. Thus, the expected place of arrival of
Centauro I at the upper detector is estimated to be at the distance R in horizontal

plane, measured from the center of the family in the lower detector: R = H ∗
tanθ ∼ 56±19 cm, where H = 10.8 cm (upper detector) +23 cm (target) +5 cm

(wood) +147 cm (air gap) = 185.8 cm. Nevertheless, the event observed in the
block S − 55, is located at the distance R ∼ 1 m from the relative position of the

lower part. The new measurements revealed that upper chamber family detected
in the block S − 55 shows different zenith angle: tanθ ∼ 0.4 ± 0.1. The same

situation has been found for the the azimuth angle of the event: φ ∼ 130± 10 for
the lower detector , and φ ∼ 90±10 for the upper detector . Thus, we found that

the upper detector event found in block 55 has no relation to Centauro I. There is

only one family related to Centauro I, and this is the family detected in the block
I-12. With removal of the upper part family, the name ”Centauro” in a sense of
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man-horse analogy, becomes redundant. There is only one event observed in the
lower chamber. It is much closer in classification to the concept of the C − jet,

or a jet from a target layer.

3. Discussion and Conclusion

In order to explain this result, we can consider interaction of the primary

particle in the atmosphere with an air nucleus, or interaction of the primary
particle in the target of the detector. It has been almost ruled out that Centauro

I could be formed due to any kind of statistical fluctuations in the standard
mechanism of hadron production. The flux of survivng heavy nuclei is too low

at the mountain altitude (a factor ∼ 10−10) . The expected number of events,
when primary is a heavy nucleus, has been estimated as 2.4∗10−5 against 1 event

observed[10]. It is generally thought that Centauro I can form one of two ways:
exotic primaries[6], [7] or result of new features of hadron interactions[8], [9]. Our

new finding shows that in any scenario under consideration, the new feature of
the event had to be taken into account. For instance, the chance of 49 particles

to penetrate without interaction and 1 particle to interact is p ∼ 10−8 . Thus,

any model that involves interaction of primary particle in the atmosphere (before
entering the chamber), has to deal with this factor. In this situation an exotic

particle, such as strange quark matter (SQM) would easily satisfy all the requests:
deep penetration in the atmosphere, possibility of interaction in the target, high

transverse momenta and large multiplicity of secondaries. Assuming that m.f.p.
of SQM is similar to that of a proton (in fact, it could be much larger), and taking

into account attenuation in the atmosphere, we can estimate probability to get
the event at the lower chamber as ∼ 10−3. The only problem is the existence of

SQM itself.
Since a single event is in question, we should not reject any mundane ex-

planations that are perceived to be improbable. In evaluation of possible models,
it is generally assumed that the Chacaltaya detector is ideal. In ideal detector the

upper chamber covers the lower chamber without any ”discontinuities” or gaps.
The real situation in experiment is different. Previous investigation of Centauro

I has almost never mentioned some specific features of the Chacaltaya detector,

such as gaps[11] (comparable in size to the event) between neigboring blocks in
the upper as well as lower chamber. Also in the real setup of the detector, there is

no exact geometrical correspondence (in vertical direction) between every corner
of each block in the upper and lower chamber. These factors would account for

the possibility of an air family to pass through the gap between blocks in the
upper chamber. Hence, if the detector had been ideal, then the most plausible

explanation for the origin of Centauro-I , would have been SQM. In the real situ-
ation of the experiment, the most likely cause of the event I − 12 observed in the

chamber CH − 15 would be the Chacataya detector problem.
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