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Improved analysis of one Centauro candidate event
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Abstract. In a series of experiments of emulsion chambersand also due to the fact that the upper block is at Campinas
exposed at Mt. Chacaltaya a remarkable event with high conand the lower block was at Rio’s lab.

tent of hadrons was observed. Moreover, this event has As was presented in many occasions, the Centauro events are
hadron that interacts twice at deeper layers of the detectonaively interpreted as multiple production of hadrons with-
and that has energy between (16-20)% of the total energy obut7°'s. The interpretation was caused by the first Centauro
main interaction, the former figure for all particles and the analysis, due to the high content of hadrons compared with
last only for hadrons. Due to these facts it was interpreted as/’s, those produced mainly througt’ decay. After Cen-

a surviving hadronic particle and its transverse momenturrtauro | we looked for hadron rich events and so, Centauro
results between (460/kand 680/k)MeV/c. The lastis ob-  events recognition is strongly dependent of hadytndis-
tained considering the center of only 40 particles identified ascrimination.

hadrons while the first one is obtained with all 60 particles, Then, careful and detailed re-measurements were done, by
irrespectively of their identification agsor hadron. Other re-  different scanners and improved devices. In paralel, improve-
sults, mainly concerned with @-hadron identification will  ments in the energy determination, analysis methods, etc.
be presented, showing the reasons to classify this event as\@as carried out and reported at various conferences.
Centauro type. The main purpose of this paper is to present the last results
on the Centauro V (C16S0861037), aiming to increase confi-
dence on hadron identification. Together with the analysis to
be reported in ((Search of Centauro like events. C.R.A.Au-
gusto et al., 2001)) we complete the reasoning to justify the

The so-called Centauro events were first observed by BrazilCONclusions, there presented, mainly on the mean transverse

Japan Collaboration on Emulsion Chamber Experiment (B-J’”"”?e”ta and rapidity d?nS'tK(PT > = Ne,y,n/AY) cor-
Collaboration), exposed during the period 1969-1970. Fol"elation, that shows a different figures for Centauro events
lowing this exposure a chamber denominated chamber no_lgompared with usual cosmic ray and acelerators events.
was exposed in the period 1971-1972 and there was observed

a second good example of Centauro candidate. This cham- . .
ber is very thick in a lower part of the detector, till 30 r.l. and 2 Hadron identification

contains 2 X-ray films each 2 rl., besides 10 Nuclear EmUI_It is a very difficult task in Emulsion Chamber experiments to
sion plates. The upper part has 12 r.l.,, 2 X-ray films also. y P

inserted each 2 r.l. and 3 Nuclear Emulsion plates. Therefor identify a single ionizing track, because it traverses only the

the chamber is a good detector for hadrons recognition. Thzhmkness (5Qim) of sensitive material. Moreaver, many ion-

misfortune is that some Emulsion plates were dammaged pi7ing tracks, as background, are detected by Emulsion plates,

g an h mesrements was postpone for  couple f010 STE ek econiton, eyt ey or,
years. Concerning to the event observed in the upper cham- 9 group P

; G . i
ber block S086, continuing to lower chamber block 1037, thglracks In an area dj0-yim~) constituing showers of eletro
magnetic particles. Then, a straightforward identification of

quality of 64 X-ray films and 13 Emulsion plates are quite hadrons is possible using some criteria for that purpose.

ood, with few exceptions. This event measurement was . . .
¢ P e most reliable one is through the behaviour of showers

ostponed to around 1979, by the reasons above mention -Hq ) ;
posip y e|nS|de the chamber, i.e., usualinduced showers have not

Correspondence tcE. H. Shibuya (shibuya@ifi.unicamp.br) two or more maxima in the transition curve. Another confi-
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dent criterion is on probability arguments for showers start-and so, it is also a leading particle. It is surviving because
ing deep in the detector, as the probability~isexp(—t), it has not observable signal in the upper part of the chamber
with t, measured in r.l., means the depth where the showeand it presents two maximum only in lower chamber, as a
starts to be observed. We used t = 9 r.l. in the analysis of thd=igure 3 shows.

event C16S0861037.

As this chamber have many Emulsion plates, the visual recor. = .5 orza o e s (.05 FoR 15% INTERMCHION

nition of groups of showers separated at least by a diStance ¢ ipur max nonim FOR 1st INT. (17 K0 HECESSNRY. HIT <C.Ro0) ==o>

20 m is an additional criterion for hadron identification. So, °*° P22

the combination of these criteria with a best fitting, through
computer software especially written for types of blocks used

by B-J Collaboration, yields this improved analysis of the LS E R R SN
event described in the paper. For instance, shower #27 is ot*-% =
served in upper chamber and penetrates through lower chan i

ber and clearly its fitting for only one transition curve is
unreasonable. Besides, the observation of Emulsion plate
shows 5 showers in the upper part and 3 in the lower. Sepa
rate transition curve are shown in Figures 1 and 2. To have,
the total transition of this shower, it is necessary to shiftthe s 1 =2 1 6 @ 2 22 24 = 2
horizontal axis of lower block plot by 0.59 r.l., shift that cor-

responds to the sum of air gap and asphalt pitch layers.

Fig. 3. Shower #62, interpreted as surviving and leading patrticle

<BLOCK NO. = c16s086m> <SHOWER NO. = 1027.00> <M = 222>
Dmax = 223  DELTA = 2.699 (C.U.) FOR 1st INTERACTION
INPUT T AGAIN FOR 1€ INT. (IF N NECESSARY HIT €€ 3) ===
1.00 2N, 200) 3 Discussions
— Zenital angle corrected map is presented in Figure 4 and con-
— - densed results are in the following Figure 5.
el It is necessary to say that the we adopted a rather severe pro-
o0 cedure, i.e. we cle.xssified.as _hadr_ons only if the shower obeys
at least one criterion. This situation was relaxed for 3 show-
ers classified in a H6 class, but in the other hand another 3
showers classified as G2 class, that is'asseems hadronic
originated ones. In fact doing a starting point integral dis-
0.02

oz i 6 8 18 1z 1 16 18 2 tribution the best fit shows that also all 20could be inter-

e preted as hadronic origin particles and that decaied during its
propagation in the atmosphere.
Fig. 1. Transition curve in upper block 086
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Fig. 2. Transition curve in lower block 037

Shower #62 is interpreted as a surviving particle. Atthe same
time it carries 20% of the total energy of identified hadrons
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Fig. 4. Upper and Lower blocks superposed map
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Centauro V (C16S0861037)

Classification ofy's

Upper Chamber Lower Chamber Total
G1 G2
17 3 0 20
G1.: fitted one curve in X-ray films
#:1,2,3,5,6,7,9, 12 15, 24 30, 32 46,47, 49, 52and 53
G2: two cores observed in Emulsion plate
#:4,16and 17
Classification of hadrons
Upper Lower Total
H1 H2 H3 H4 H5 H6 H7 H8
7 4 3 2 9 3 9* 4 41*
H1: it starts in upper, penetrates through lower and has multi-cores (at least 2 at

H2:

H3:

H4:

H5:

H6:

H7:

H8:

upper and/or lower). #20 and #27 was used for height determination in both,

X-ray films and Emulsion plate.

#:8(1 up. and 2 10.),1(2 up. and 2 10.),11(2 up. and 1 l0.),20(4 up. and 2 lo.),
27(5 up. and 3 lo.)+28(fits more than one curveR7(2 up. and 1 lo.) and
40(4 up. and 2 lo.)

no. of cores> 3 (= A-jets).

#:21(4 cores), 254 cores and fits with more than one curve)+2&93(3 cores)

ands0(3 cores and fits with more than one curve)

no. of cores = 2 € A-jets) and fits with more than one curve.

#:19 22and 33

it appears at ~9 c.u. and fits with more than one curve

#18(1 core at 12 c.u.) an@4(2 cores at 12 c.u.)

fits with more than one curve

|t seems that flts with more than one curve
#:.23,31and 36

no single transition curve, shows multi-cores< C-jets) and penetrates till 22
c.u. #62* was identified as ‘surviving particle’ because it is absent in upper
chamber, penetrates from 6 c.u. till 30 c.u. in lower chamber where shows at
least two curves and contents ~18% of total observed energy

#:54, 55, 56, 57, 58, 59, 60, 62* and 64

no single transition curve, observed only after ~6 c.u. till ~24 c.u= Pb-jets)
#:61, 63(till 22 c.u.), 65(after 4 c.u.) and66(after 4 c.u.)

Fig. 5. Table of all showers measured in the event




