
YU ISSN 0015-3208 
FZKAAA 17 (4) 491 (1985) 

·cENTAURO EVENTS AND MULTIPLE PRODUCTION PHENOMENAAT 10 1 4 - 10 1 6  eV ENERGY 
MALABIKA SINHA 

and 
PRATUL BANDYOPADHYAY 

lntlian Statistical Institute, Calcutta 700035, India 
Received 5 June 1985 

Revised manusaipt received 1 September 1985 
UDC 539.12 

Original scientific paper 
The main characteristics of the exotic events like Centauro and Mi'ni-Centauro have been studied within a scheme of multiparticle production phenomena at high energy where (nn) l'°"J S113 (S in GeV2) and FNn = 1.062 exp [-2.38 (n:s) x].Here the two different processes: i) the production of baryon-antibaryon pairs from secondary real pions and ii) the direct baryon and antibaryon production in pp scattering have been suggested to explain these events. The observed (P7) in these two processes have been found to be in nice agreement with experiments. 

1. Introduction 

The exotic events like Centauro and Mini-Centauro events, first reported by Brazil-Japan collaboration (Denver Conference, 1973) in Mt. Chacaltaya emulsion exposures n have drawn much attention regarding their rational interpretations. Later on also two other famous experimental groups 2> reported the same type of events together with some more new types of interesting exotic events. Three classes of explanation for Centauro events have been proposed so far in a broad way : (I) Those involving a new kind of interactions3 •4•5 • 1 2> of ordinary hadrons beyondsome threshold energy.
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(2) Those may be due to :fluctuations effects in the development of cascade airshowers6>.(3) Those may _be due to heavy primaries at that energy range 7>.Among these interpretations, many authors8 > considered the high (P7) of these events as an important clue to the nature of the process involved in these events. A value of (PT) = 1 .7 ± 0.7 GeV/c for hadrons produced in Centauro interactions is claimed. But it is still a difficult task to explain all the structures reported 8> until now in a consistent way. In this note, we shall try to understand these events in the framework of a multiparticle production mechanism which can explain all the features of Centauro and Mini-Centauro events in a consistent way. To start with, we shall recapitulate very briefly this new framework of multiparticle production mechanism depending upon which an attempt to the main characteristics of Centaw·o and Mini-Centauro events will follow . . · . According to this new framework of hadronic interactions and the multi particle production phenomena as proposed and developed by Bandyopadhyay · et ·al. 1 0>, FEYNMAN scaling is not exact but may be taken to be approximately valid in ISR range. The inclusive distributions as well as x ( :::) [x for FEYNMAN variable]for pp -+ n± X, pp -+ pp, pp -+ K± X have been evaluated explicitly so that theaverage multiplicity comes out as (nn) "" S11 3 where S = 2 E,ab and is expressedin GeV2• Though almost all the workers identified the observed charged hadronsas baryons, Bellandi Filho et al. 1 u and also others .suggested nucleons and antinu­cleons as most suitable and_ pr�bable candidate for the exP,erimentally observed ha­drons in Centauro and 1\.1.inl-Centauro events. So let us concentrate to study two different processes by which nucleons and antinucleons can be produced in this fra­mework 1 0>. For this, we have to .co�sider the f�llowing two processes : ( 1 )  Processes produced from high energetic real pi ons. (2): Processes which arise due to direct baryon-anti baryon production in pp scat­tering. 

Fig�'· .1. Multipl.e pion productio� · in pp scatterin�.

· Process 1 :  The following diagram (Fig. 1 )  shows the inclusive .pp scatteringwith the production of secondary pions according to this scheme. Here the pions are. prqduc�g. through the production Qf e, lt.> n chain al].d thus the energy pf inco-ming interaction 'protons decreases. (Details are in Ref. 10.) . . . . . : .'
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The inclusive cross section for pp -+ pX process becomes 
d<J I [ 26.88 P2 J E -d3 

= 88.87 exp - --) · 1 r exp [- 2.38 (nn-) x]
p pp-,.:rr.- X (n:i- X 

( l) 
where x = FEYNMAN-variable and a,n = 35 fm-2 at S = 1000 GeV2• For totalpion production (nn-) = -} (n):o where

(n )n = 1 .05 S 1 1 3 = 1 .05 (2 E,ab) 1 13 (Details in Ref. 10). (2) 
Now the inclusive cross sections when integrated over transverse momentum and nornialized· to pair inelastic cross section (in case of air-shower cascade) are the production cross section :through which high energy rnultiparticle production phenomena enter onto the cascade equations. The relevant coupled equations for the hadronic cascade in its simplified form can be written as 

and 
co 

dN(E,y) = _ N (E, y) + f N (E', y) FNN (E, E') dE' 
dy AN (E) "' AN (N') . E-

cbt (E, y) = _ :n: (E, Y) _ en 1e (E, y) + f n (E', y) F1111 . (E, E') . dB 
dy J.:i (E) Ey cos e A:i (E') E + 

00 

+ f N (E', y) FN� (E, E') dE' 
AN (E') 

. E 

(3) 

(4) 
where N stands fo _. nucleon and n for charged pion, Fab (E, E') ; is the number of particles for : type b in the energy between E and E + dE product on averagein the collision with particle a of energy E' > E. High energ:y physics enters equa­tions only through the inelastic hadron-air cross sections 

; 1 I ain,1 l a;�air � -- and n-air � --
<Jp - air <111 -alr 

and through the production cross section FNN, FNn, Fnn for pp -+ pX, pp -� n± X and n n -+ n X, rc�spectively. Here, 
. Fab (E, E') = __ n_ f E ��ab. dp} Eb __ d_N_b_(E_"',_E_'_) 

· .<1111e1 d P . · . d Eb . 
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where E (:;) i s  the Lorentz invariant inclusive cross section for the process a+air (nucleus)� b + anything and dNb (E, E') is the number of the particles p oducedwith lab. energy between E and E + dB in the collision of a particle of lab. energyE' with air nucleus (mass number A = 14.5). So from ( l) and (2) we obtain 
FN = 1 .062 e - 2, 3 8 (n,.,-} "

F:rn = 1 .062 e - 2. 3 8 X 5/9 (n:i-} "· (6) 
Now it is quite evident from the nature of impression for FNn and (n)n that when multiplicity of pion production increases with energy rapidly, FNn decreases sharply as shown in Fig. 2 and so the secondary pions produced in this process will have 
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Fig. 2. Inclusive distribution F,m for multiple pion production in pp scattering and inclusive 
distribution F "" in multiple production of baryon/antibaryon in pp scattering, respectively. 
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more than sufficient energy to be involved in secondary production of nucleons and antinucleons i. e., 
and due to hard scattering. 

n+ -+ pn n- -> pnn° -+ NN 

To illustrate the phenomena, let us consider E,ab � 106 GeV around which most of the events ( Centauro and Mini-Centauro) have been observed. Thus we have 
where (n:r+ ) = (nn-) = (n:io) and (n)n = 1.05 (2E,ab) 11 3 �. 1 30 for E = 106 GeV.

The nucleons and antinucleons produced in this process will transverse a path H i. e., the interaction height above the counter to be observed at the chamber.According to Tamada 8 > 
N11 = N exp m 

where N8 = total multiplicity of nuclear active particles (n. a. p.) produced in theparent interaction, i. e., 130 (approx.) in our case 
N = total number of n. a. p. arrived at the chamber = interaction mean freepath 86 g/cm2• So if we choose the value of N as estimated by Tamada 5 >, the interaction height H will be P::S 500 which comes as around (520 ± 1 50), as observed by experimental groups. Now the average transverse momentum (PT) of n. a. particles can be obtained in a straightforward way from our dynamical model without the neces­sity of any experimental bias. The average PT of any type of produced secondaries ( charged) is defined by 

(P ) _ J F (X, Pr, S) Pr d pr2r C - J F (X, Pr, S) dPi 
where F (X, Pn S) is easily deducable from Eqs. ( 1) and (3). Thus (PT) for the produced pion in the process pp -+ n X 

(PT) = 2.26 GeV /c.
If we assume that this value of PT is distributed equally among two baryons since n+ -+ pn, n- -+ pn, (PT) for baryons/antibaryons will be 1 . 1 2  GeV/c, which is 
FIZIKA 17 (1985) 4, 491-499 495 



SINHA AND BANDYOPADHYAY: CENTAURO EVENTS . .  ; 

very close to the value suggested by Gaisser7>, instead of 1 .7 ± 0.7 GeV/c as found by others 8 >. Process II : Direct production of baryons-anti baryons pair : The diagram (Fig. 3) gives the schematic explanation of the production of baryons (details in Ref. 10) of which P is a  member. Thus for p p production the average multiplicity comes out as 
(n;,) = 1 .03 X 10- 2 X S2I S 

where S is expressed in GeV2 and 
, d3a l  9 25 , 

( 
S )

1 1 5 

E -- 1  ::. - - ·- X - X 0. 1 54 --- X dp3 pp->pX (np) 4 1 000 
[ 

0.66 P} + /t2;;] X exp - ( ) 31 2 1 x exp [ - 25.4 (n;) x].
n;, - x  

B 8 8 e - ,if-

- - - - ------- -��� 
Fig. 3. Multiple production of baryon/antibaryon in pp scattering. 

Following Eq. (5) 

9 25 ( S ) 1 / 5 (n-) 312 
Fpp � (n- X 4 X 0. 1 52 lOOO Q66 XP) . . . 
x exp [- 25.4 (np) x] = 0.482 S2' 5 c...; 0 • 0 2 6 s21:s 

where S is expressed in GeV2 • 

(7) 

(8) 

(9) 

In this process also, F PP decreases whereas (n;) increases as ( nergy increases, but in much slower pace becaus energy dependence of multiplicity differes in pp -+ -+ n± X ( (n.n) '"'-J S 1 '3) from pp-+ pX ( (n;,) '"'-J S2 ' 5). This has been illustrated inFig. 4. So we can emphasize that the pp -+ n± X will dominate in the lowerenergy whereas pp -+ pX process will be more and more prominent in the higherside.ofthe energy range (in which Centauro and Mini-Centauro have been observed). 
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Thu$ (aking the same energy E,ab = 106 GeV we obtain (n,"p) � 13 .6 fr�i;:nEq. (5), wher� in case of Mini-Centauro events it has_ been found around 1 58 >. Hence w.e can associate the pp-+ pX with th� direct baryon production mechanism in lvlini-Centauro events. Similar to our main Centauro events (Pr) ·= 1 .9 1  Ge.V/� in this case also. 
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Fig. 4. Average p,ion multiplicity (11n) ,_ S 113 (S in GeV1) .and average baryonfantibaryon 
multiplicity (np;) ·:..., S2'5 are shown together with the prediction from other :models and 

compared with experimental values (Ref: 1 2). 

The indirect experimental indication about the (PT> of Mini-Centauro events gives · rise to the same order as that of Centauro events. This is in well agreement with those obtained from the point of view of our model. The other main charac­teristics of Centauro and Mi'ni-Centauro events that the baryons and antibaryons are the only products without n production also comes true from our theoretical framework. 
2. Disqussions

It is evident from the above discussion that the main characteristics i . e., the high (Pr) for hadrons produced as well as around 120 baryons (approx.) for Cetztauro and 15 baryons for Mini-Centauro events can be explained consistently within our scheme of multiparticle production mechanism. However, two proces-ses are considered to be responsible for _these exotic events: i) Pions are directly produced as pp -+ nj X, but eventually giving .nucleonsan4 antinucleons due to very high energy of pions produced. It is to be. no�ed. nt�t an unusual characteristics of . Centauro is the multiple production of more than fifty .nucleon . active particles without noticeable emission of neutral n..-mesons. In our case, these high energy pi ons will produce · nucleons and antinucleons and possibly statistically insignificant y-rays due to hard scattering . . ii) Directly into baryons only as pp � pX and pp -+ pX. In the first processthe fact that pions will produce nµcleons �nd antinucleons as (n).i incr�s� 
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whereas the structure function starts falling very steeply is evident from Fig. 2, indicating a threshold for the scattering processes. But the second 'process starting at a low pace compared- to first one makes it felt after a certain threshold ( 106 GeV) though with a very low probability due to very small effec­tive cross section. It is worth mentioning that recently Ammiraju et al. 1 3> have analysed data on multiparticle production of hadrons from very high energy interactions, both of cosmic rays and at accelerator energies and suggested that the fire balls seem to posses two different decay modes either i) to pion decay only orii) directly into baryons only. They have tried to correlate these to Centauroand Mini-Centauro events which agree from our point of view. Here we like to emphasize that we neither need nor. require the appreciable presence of heavy primaries or any completely new type of high energy interactions at least in expla­ining these phenomena. Lastly it is worth mentioning that at flattening or knee region of primary spectrum from I O 1 4 e V to I O 1 6 e V energy range, apart from usual cascading processes, the productio� of baryons and antibaryons thus produced may have some additive effect to the primary spectrum. This provides support to the sugges­tion of Hillas 1 4> in explaining the problem of primary cosmic ray spectrum at around ( 10 1 4  - 1 0 16) eV. Miyake12> also indicated the presence of some super­imposed component (though different origin considered) in this range. Again the direct production of such high energy baryons and antibaryons pairs from pp -+-+ pX, pp -+ pX as well as from pp -+ n± X may support to decreasing tendency of charged to neutral particles ratio (C/N) with increasing energy and size specially at pri�ary energy around 106 GeV, which facts have been observed by many expe­rimental groups 1 5 • 16• 1 7> .  These however should be dealt with more details. All the other supposed characteristi�s and exotic events will be studied in subsequent papers. 
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CENTAURO DOGADAJI I FENOMENI VISESTRUKE PRODUKCIJE KOD ENERGIJA OD 10 1 4-10 1 6  eV 
MALABIKA SINHA i PRATUL BANDYOPADHYAY 

Indian Statistical Institute, Calcuta 700035, India 

UDK 539.12 
Originalni znanstveni rad 

Glavne karakteristike egzoticnih dogadaja Centauro i Mini-Centauro studirane su u okviru sheme visecesticnih produkcija S3 (nn) ,..._, S 1 ' 3 (S je U GeV2) i FNn = = 1,062 exp [- 2,38 (nn) x]. Za objasnjenje dogadaja precllozena su dva razlicita procesa : i) produkcija barion-antibarion parova sa sekwidarnih piona i i i) direktna produkcija barion-antibarion parova u pp rasprsenju. Opazene distribucije (Pr) u tim procesima dobro se slazu s eksperimentima. 
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