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S u m m a r y .  - -  We analyse the da ta  on mult iple product ion of hadrons from 
very-high-energy interactions,  both  a t  cosmic-ray energies and at  acceler- 
a tor  energies. We show tha t  these da ta  are compatible with a discrete 
mass spectrum of ]ireballs, which are formed in the  very-high-energy col- 
lisions and trai l  the  colliding hadrons after the interaction. Such fireballs 
seem to possess different decay modes: either into pleas  only, or into 
baryons only. The decays are stat is t ical  and we derive their  temperature ;  
~or instance, i~ the  so-called (~ Chiron mode ~ the temperature  is about  
10 GeV, which shows tha t  the  existence of a l imiting temperature  of 
160 MeW in high-energy collisions is violated. Moreover, we present a 
theoret ical  model for decay events like Chirons, Centauros and Geminions 
in terms of evaporat ing <(strong b~ack-holes ~>. Our analysis seems to 
sugges t - -among the o the r s - - t ha t  in the  considered collisions some 
<~ phase transi t ions ~) can take  place, associated with the  collapse of the  col- 
l iding mat te r  inside i ts  strong-Schwarzsehild horizons. The horizon radi i  
are in good agreement with experience and, in their  turn,  yield the  transi- 
t ion temperatures  through a Hawking-like relation. At  these very high tem- 
peratures the  emission of heavy objects is expected to be enhanced, so as 
i t  is observed experimental ly.  Many aspects of the  da ta  are reasonably 
well explained by  our theoretical model. 

PACS. 13.85. - Hadron-induced high- and super-high-energy interactions,  
energy > 10 GeV. 

PACS. 05.70. - Thermodynamics.  
PACS. 04.90. - Other topics in re la t iv i ty  and gravitat ion.  
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l .  - Introduction. 

Extensive data on multiple production of hadrons at extremely high energies 
(E1~ b N (1--103) TeV) are now ~v~ilable from cosmic-r~y b~lloon and emulsion- 
lead chambers (> 10 a TeV), as well as from FNAL, ISR and SPS-p~ collider 
accelerator experiments. The comparison of both types of data is thus relevant 
and timely. Although we lack a definite theoretical framework to understand 
those results, sometimes puzzling so as the Centauro events, a phenomenological 
approach, which a future theory would incorporate, is worthwhile. 

This paper is organized as follows. In sect. 2, we briefly review the present 
experimental situation as obtained at cosmic-ray and accelerator energies. 
In sect. 3, we work out some aspects of a simple (( discrete-mass fireball model ~) 
to explain the main features of multiplicity and transverse momentum in the 
(~ pionization )), and of the high multiplicity, high transverse momentum in 
the (~ baryonization ,) of the Centauro, Geminion and Chiron events discovered 
by the Brazil-Japan Emulsion Chamber Collaboration (hereinafter referred 
to as BJECC). In sect. 4, we propose a possible theoretical explanation of 
Chirons, Geminions and Centaurcs in terms of evaporc.~ting ((strong black- 
holes ~); this will be attempted within a unified theory of strong and gravita- 
tional interactions, by making recourse to the methods of general relativity 
applied to elementary-particle physics. In sect. 5 we present our conclusions. 

2. - A brief review of  the experimental data at cosnfic-ray and accelerator 
energies. 

We shall now recall briefly the main experimental facts about inelastic 
interactions at high energies, under the following classification: 

i) transverse-momentum distribution, 

ii) longitudinal-momentum distribution, 
iii) multiplicity scaling, 

iv) Centauro, Geminion and Chiron events. 

Data on total and elastic-scattering cross-sections are left out in this survey 
for the simple reason tha t  such data are available with accelerator experi- 
ments, while in cosmic-ray physics only the inelastic cross-sections can be 
inferred. 

i) Transverse-momentum distribution. One of the key features of the early 
experimental data in the secondary-particle production processes in high- 
energy interactions is the remarkably stringent limit on the transverse momen- 
tum, Pt, of the secondaries in cosmic-ray jets, in the tremendous interval of 
the primary energy E i j - .  (10 --10 e) GeV, with a mean value around 300 )s 
Subsequently, at accelerator energies ((10--30) Geu the same limitation of p~ 
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was conf i rmed- - the  mean value of p~ being independent  of the  t y p e  of reac- 
t ion studied,  the  observed mult ipl ici ty and the  incident  energy.  The differ- 
ent ia l  cross-section for hadron  product ion  falls off exponent ia l ly  as a funct ion  
of the  t ransverse  momen tum up to Pt -~ 1.0 GeV/c according to the  em- 
pir ical  law 

d3r 
(2.1) J~ ~ ~ exp [-- 6Pt].  

Mot ivated  by  the  above conclusions, several  s tat is t ical  the rmodynamica l  
and boots t rap  models were proposed.  P rominen t  among t h em  is the  H~gedorn 
stat is t ical  model, which assumes a continuous mass spect rum of hadrons with 
a universal  highest  t empera tu re  (___ 160 Meu above which no m a t t e r  can be 

heated .  
This p ic ture  changed complete ly  with the  pioneer  cosmic-ray mounta in  

exper iments  of BJECC during 1970-1980's. LATTES et al. (1) classify the  mult iple 
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Fig. l. - Distribution of the 7-r~y transverse momentum, Pt, for three types of jets: 
. Mirim jet, o Agu jet and A Guagu jet (1). 

(1) C . M . G .  LXTTv, S, Y. FUJI•OTO and S. H~S]~G~WA: Phys. l~ep., 65, 151 (1980), 
and references therein. 
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production of pions into discrete jet types that are called N[irim, Acu ~nd Gua~u 
jets, the transverse momentum increasing progressively as is shown in fig. 1. 
During the same period, the commissioning of ISR made available higher 
~ccelerator energies ( ~  = 63 Geu than hitherto available and the data showed 
the existence of higher average Pt v~lues. With the successful operation of 
the CERN ~PS-p~ collider ( ~  = 540 GeV), which now offers the highest 
available energy at accelerators, preliminary data on high transverse momenta 
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Fig. 2. - ~ measured invariant cross-section for p~ --* uO~anything at V/s- = 540 GeV, 
- -  idem,  at the ISR energy v ~  = 53 GeV, - - -  - -  extrapolation of data to collider 
energies using the form E d a a / d p 3 ~  p~-8(1- xt)~; x t ----2pJv'-s (2). 

have been accumulating. These data (2) show (fig. 2) that the distribution 
becomes wider, and for increasing values of the transverse momentum 
(Pt > 2 GeV/e) the observed yield is found to be several orders of magnitude 

(2) UA2 COLLABOR• ( ~ [ ,  BXN~ER et aL): Phys .  Zett. B ,  115, 59 (1982). 
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larger than one would expect, were the exponential beha~iour to continue. 
Moreover, the observed effect is energy dependent, in contrast to tha t  observed 
below 1 GeV/c. This strong deviation from the simple exponential law implies 
that  the mechanism involved in low- and high-pt phenomena could be different. 

Even more surprising is the fact tha t  BJECC found (1) certain cosmic 
gamma-ray families which cannot even be explained by the above classifica- 
tion, because the observed events have characteristics totally different from 
the ordinary multiple meson production. They are characterized by high 
charged-hadron multiplicity (N~ and a multiplicity of neutral 
::~ which is consistent with zero. Further, these new types of events 
have average p~ varying from 500 MeV/c to 15 GeV/c. Such extremely high-Pt 
events led to intense speculations regarding the mechanism of their production, 
suggesting that  either there is a new component in the primary cosmic radia- 
tion (Fe component), or there is a new kind of hudron interaction. 

ii) Longi tud ina l -momentum distribution. - The severe limitations found 
for the transverse momentum are in strong contrast to the large range of varia- 
tion observed for the longitudinal momentum. In the cosmic-ray experiments 
of BJECC in 1967, LATTES et al. (1) use the fractional energy of the gamma-rays 
I~:~--E~./~ Ev as a measure of the longitudinal momentum, while it has become 
the common practice among the accelerator workers during 1970's to use the 
longitudinal momentum via the sculing variable 

.... t E'~b/E 

up to a factor Kv which is the gamma-ray inelasticity. The so-called (( leading- 
particle effect ~) or (( weak inelasticity ~ property of the collision process found 
at accelerator energies is simply a confirmation of the well-known cosmic-raF 
result valid up to Eln o ~ 1 TeV. The fractional gamma-ray energy spectra of 
the BJECC data show that  the sealing rule valid in the accelerator region up 
to Ein o~  2 TeV is not the same as that  found in the higher-energy region 
El .o~  ( 7 -  130)TeV and tha t  this change of scaling rule could be abrupt. 
:Figure 3 shows (1) the results of the comparison of the 80 C-jet data of BJECC 
(~ Ev > 20 TeV) with the data from 9 C-jets of proton primary, selected under 
the criterion ~ Ey>2  TeV, of the experiment of Sato et al. (~). The agreement 
between the two is quite good in spite of their difference in ~ Ev value. 

iii) Mul t ip l i c i t y  scaling. In cosmic-ray investigations, it has been noticed 
for a long time that  the average number of secondary particles produced in 
high-energy collisions grows with the energy and the identification of this de- 
pendence with E~o has been motivated by the statistical-model calculations. 

(a) Y. SATO, H. SuGI~OTO and T. SAITO: J.  Phys. Soc. Jpn. ,  41, 1821 (1976). 
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Fig. 3. - Distribution of the fractional energy of T-rays,/~ = fv = Ev/~Ev: * 80 ChaeM- 
taya C-jets with ~ E v > 20 TeV, o 9 C-jets by proton primary in balloon experiments, 
with 2 < ~ E v < 5 TeV (s). 

The  more recent  data  of BJECC point  to a slower growth  of the  mult ipl ici ty  
- - p e r h a p s  a log s dependence - - a t  least up to (Einr 130 TeV of the  Cha- 
ca l taya  C-jets. 

At  lower accelerator  energies ((10--30) GeV)~ one finds relat ively low multi- 
plicities of secondaries and  the i r  slow increase with energy is in conformi ty  
with a log s dependence.  This has been the  s trong mot ive  for the  development  
of the  mult iper ipheral  model,  suggesting an asympto t ic  behaviour  a t  high 
energies. However ,  at  ISR energies a sharper  rise of the  mult ipl ici ty was found 
and the  fit ob ta ined  by  TI~tO~ et al. (4) to the  ISR da ta  has been confirmed 
by  the  more recent  data  of pp collider at  higher  energy. Figure  ~ shows (5) 
the  dependence of {rich ) on s for several  FIqAL, ISR and  SPS-p~ collider 
energies. The data  points fit ra ther  well the  parametr iza t ion  

(2.2) {nch) = a + b l o g s + e l o g  2s 

proposed by  THom~ et a~. (4). I f  we assume tha t  elastic scat ter ing and  single- 

diffraction dissociation each contr ibutes  18 ~o to the  to ta l  cross-section and  

(4) W. THOMg, K. EGGERT, K. GISO~'I, H. LISKEN, 1:'. DA.RRIAULT, P. DITTMANN, 
•. HOLDER, K. T. M c D o N A L D ,  H. ALBRECHT, T. MODIS, K. TITTEL, H. PREISSNER, 
:P. ALLRN, I .  DERADO, V.  ECKARDT, H.-J. GEBAUER, R. MEIUKE, P. SEYBO~It and 
S. Un-LIG: Nucl. Phys. B, 129, 365 (1977). 
(5) UA5 COLLABORATION (K. ALPGARD et al.): Phys. Lett. B, 107, 315 (1982). 

12 - I1 ~'uovo Cimento A.  
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Fig. 4. - Dependence of <rich> upon V~ as measured at ISR and lower energies with 
the fit by TuoM~, et al. (1) <rich > -- a -- b log s + c log ~ s. All inelastic: �9 Trto~/~ et al., 
�9 balloon data (3), �9 FNAL data (6); nondiffractive: [] UA5 (7), a FNAL (6), o UA5, 
this experiment. The UA5 data point is for s.d. excluded (4). 

t h a t  the  ex t r eme  ranges of the  mean  charged  mult ip l ic i ty  are given b y  

I/7/ kn.d. 3 < <n h> ''d' -~ -,,., 'oh/ 

(s.d. = single-diffraction dissoci.~tion; n.d. = nondiffraet ion dissociation), the  

average  inelast ic  charged  mult ipl ic i ty  is e s t ima ted  (5) to be  in the  range 
21<rich<<27 , in reasonable  ag reemen t  wi th  the  predic t ion ( n c b > ~ 2 5  of 
Thom6 et al. The fit to t i le ISR  da ta  using a s "~ dependence  gives <no~> ~ 40, 
which is clearly ruled out. The  p~ collider da ta  are  in ag reemen t  wi th  the  
general  fea tures  of the  C-jet data ,  bu t  do not  show a n y  significant deviat ions  

f rom ext rapola t ions  of the  F N A L  and  ISI~ data ,  par t i cu la r ly  in the  direct ion 

of higher  mult ipl ic i ty ,  as has been  f requent ly  suggested b y  cosmic-ray  data .  

B u t  this  d iscrepancy m a y  be due to different de tec tor  thresholds .  F igure  5 

shows (6) the  deposi ted t r ansve r se  energy  as a funct ion of the  observed charged-  

t r a ck  mtdtipl ici ty.  Al though the  average  vMue of t he  t ransverse  energy per  

even t  divided by the  charged- t rack  mult ipl ic i ty  seen in the  UA1 detec tor  

does not  indicate  correlat ion be tween t r ansverse  energy  and  mult ipl ic i ty ,  

this  resul t  cannot  be  meaningful ly  compared  with BJECC C-jet da ta  as the  
expe r imen ta l  condit ions are. widely different.  

At  t he  SPS-p]5 collider energies,  the  UA1 exper iment  finds (6) t h a t  the  

charged-mul t ip l ic i ty  distr ibution,  using the  co-ordinates suggested b y  K N O  

(6) AUI COLLABORATION (A. 2xRNISON ef al.): Phys..Left.  B, 107, 320 (1982). 
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sculing~ agreed well with the one measured for pp collisions at the ISl~ over 
about the same rapidity interval~ the deviation from the t)oisson distribution 
indicating the existence of multiparticle correlations (fig. 6). 
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iv) Centauro, Geminion and Chiron events. BJECC found (1) certain pe- 
culiar events called Centauros (see table I) which constitute a significant 
fraction of the cosmic-ray families with visible energy (100--1000) TeV. Those 
authors propose that  Centauro is ~ particular type of nuclear interaction with 
emission of about a hundred baryons (and possibly antibaryons) but without 
any significant emission of mesons (absence of gamma-rays from the neutral- 
pion decays). For two Centauro events, measurements of the particle emis- 
sion angles have been made. The BJECC detector can separate the electro- 
magnetic shower from hadrons, although the latter are detected via secondary 
cascades produced by them. 

A vigorous search for Centauro-like events has been made with the UA1 
(general purpose central detector) and UA2 (5) (streamer chamber) at the 
SPS-p~ colliding-beam machine at CERN. With the UA1 defector, no 
Centauro-like events have been found (7) in an exa~mination of 48000 low-bias 
events, using the criteria of large hadronic and low electromagnetic-energy con- 
tent,  taking account also of multiplicity and average transverse momentum. 
In the UA5 streamer chamber, using similar criteria us UAI, those authors 
estimate (s) the expected number of charged particles to vary between 30 
and 43 with rapidity ~ > 2 or U < -  2. However, there was no event with 
?bobB ~ (~] > 2) even remotely comparable to the expected v~lue. I f  the hadrons 
occurring in Centauro events arc baryons and antibaryons only, a Monte Carlo 
study of events of this multiplicity with no primary photons gives ob. % (~ > 2) = 
= 1 • 1 owing to secondary hadronic interactions in the vacuum chamber. 
Experimentally (s), 24 events having n~b~(U > 2)<2 is taken to be consistent 
with having zero primary photons and are considered as ca~didates ~t the level 
of ] in 150 of minimum-bias events. 

No information is available on the search for Geminion or Chiron type of 
event s. 

3.  - D i s c r e t e - m a s s  f i reba l l  m o d e l .  

The experimental evidence strongly suggests that,  in the phenomena of 
nmltiple production of hadrons at extremely high energies (Ej~ b >~100 TeY), 
the interaction is mainly peripheral (since the colliding nucleons survive the 
collision) and gives rise to the formation of one or more excited fireballs, depend- 
ing on the energy available (see fig. 7a), b)). Such fireballs trail the colliding 
nucleons and subsequently de-excite into hadrons. We emphasize that  the 
observed fireballs (see table I) seem to correspond to a discrete muss spectrum. 

(7) UA1 COLLABORATION: Proceedings o] X X I  International Con]ere~ice on High-Energy 
Physics, Paris 26-31 July. 1982. 
(s) UA5 COLLABORATION (K. ALPGARD et al.): Phys..Left. B, 115, 71 (1982). 



182 I". A~IMIRAJU, E. RECAMI and W'. A. RODR~[GUES jr. 

p p 

r'yons M (~ ~. 

,.N' " " J't' ~ ~ / / ~  J~f' ,,N" " J~ 
a) b) c) 

Yig. 7. - a) <~ peripheral ~> scheme for the decays into hadrons in the discrete-mass 
fireball model (see the text), b) the mtfltiperipheral mechanism for the decays into 
pions, below the M a> fireball production threshold (see the text), c) above the threshold, 
the diagram would include also (multiperipheral) production of the M a) fireball. 

~Ve make  the  following assumption:  fireball format ion as well as decay are 
incoherent  phenomena.  

~Ve show in what  follows tha t  a discrete mass spec t rum of fireballs is con- 
s is tent  with and ~lso ,~ natura l  explanat ion for the  empirical proper t ies  of the  
energy  d i s t r ibu t ion /o r  pions and gamma-rays (~nd ~lso the  multiple product ion  
of baryons  (Centauro-like jets)) observed at  accelerator  and cosmic-ray energies. 
The  a.n~lysis also shows t ha t  160 MeV does not  seem to be any  longer ,~ limiting 
t e mpe ra tu r e  for very-high-energy collisions ("). 

a) Multiple production o/pions. - As is well known, the  variable x = E, /E  
where E,  is the  energy of ~ secondary c (produced in the  collision process) 
~nd E is t he  to ta l  energy of the  collision measured in the  laboratory  system, 
spans in the  limit E -+ oo the  so-called beam f ragmenta t ion  region. A v~riable 
closely re la ted  to x is R = E v / ~  Ev,  the  fract ional  energy, where 5 Ev rep- 
resents  the  energy released in ~ hadronic  collision in the  form of gamma-rays  
(resulting f rom the  dec~y ;o __> 2T). These  gamma-rays  ~re observed in X- ray  

films and nuclear emulsions by  BJECC at  Chacaltaya.  
The spec t rum of the  energy distr ibution of gamma-rays  (fig. 8) (~) has three  

br~nches and each satisfies ~ similari ty proper ty ,  i.e. the  distributions are only 
funct ion of the  variable R and do not  depend on the  collision energy E. Such 

p rope r ty  of the  spec t rum is equivalent  to the  scaling in the  beam fragmenta-  
t ion region if the  mean  inelast ici ty of the  collisions remains constant .  

We assume in what  follows that :  in the  process of multiple product ion  of 

(9) See, e.g., R. ~-[AGI~DORN: in CargJse Lectures i~ Physics, Vol, 6 (New York, N. Y., 
1973), p. 643. See also E. :Y~.RMT: P~'og. Theor. Phys., 5, 570 (1950); G. WAT~G~I~: 
A~. Acad. Bras. Cleric., Vol. 12 (1940); Phys. Rev., 63, 137 (1943); 66, 149 (1944). 
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Fig. 8. - Distribution of the fractional energy of gamma-rays, ~ = fv = E y / ~  t~y, 
for three types of jets: a) �9 Mirim jets, o Agu jets; b) o Agu jets, �9 Gua~u jets (1). 

pions, one or more intermediate  states (fireballs) are produced and then decay 

into hadrons. For  a given intermediate  state we assume tha t  the energy distri- 
but ion of pions result ing f rom the  decay is such tha t  

(3.1) _ ,  d~*  
F ( E * ,  0" )dE*  dO* = t(E*) dE= . ~  . 

The asterisks denote variables measured i~1 the  rest  sys tem of the fireball (not 

the  centre  of m o m e n t u m  of the  collision). :For the  momen t  we do not  specify 

/(E*), bu t  assume tha t  

(3.2) 

~(m~x) 

f ] (  * �9 
E.~) dEr: = 1 , 

2~(mln) 

* E *  - -  where E~(mfn)= m= and ~ ( , ~ ) -  M(~ the quan t i ty  m~ being the  pion mass 

and  M< 0) the  mass of the  intermediate  state, which can in principle be ~ func- 

t ion of the  collision energy:  i.e. M(o)~- M(O)(E). 
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I n  the  l abora to ry  f rame,  the  differential  energy  dis t r ibut ion of pions reads  (*) 

(3.3) f dE* g(E,. F) = 5 1(~,*~) F~p~ ' 

'~(min} 

where  F is t he  Loren tz  fac tor  of the  fireball  in the  l abora to ry  f rame,  p* is t he  

p ion  m o m e n t u m  in t he  fireball  r e s t  f r ame  and  

- *  = E *  - -  M ( ~  (3.4) E=(=~n) F ( E ~ : - -  tip,:) and  .(m~=> - -  

We now inves t iga te  t he  consequences of the  hypothes is  t h a t  the  mass  of 

t h e  fireball  is independen t  of E,  a n d  also t h a t  t he  mean  inelast ic i ty  of the  
collision, K ,  is a cons tan t  when  E --> o0. We wri te  

(3.5) M(o)T ' = K . E .  

Using approx imat ions  val id  when  E >> m s and  F>> 1, we obta in  

(3.6) g(E=,  _N) dE= - -  

M(o)/.~ 

dE"F f dE,/(E~) '+ +%V + o(F-+). 
,d 

Using now eq. (3.5), we can  wri te  the  differential  dis t r ibut ion for pions in t e rms  

of t he  var iab le  x = E , : /E .  We get  

M(o)I2 fdE,/(3"/ (3.7) g(E:: ,  E )  d E  n = a d x  ~: - ~  = g(x)  d x  , 

a$§ 

where  a -~ -Mc~ a n d  b --- m ~ K / 2 M  (~ 

Thus,  if in the  collision only one in te rmedia te  s ta te  is produced,  i t  holds 

1 da  d 1 
(3.8) - dx (~(x, 3))  = ~ g(x). a, dx 

As the  var iab le  x spans t he  b e a m  f ragmenta t ion  region, we see t h a t  eq. (3.8) 

is equivalent  to t he  scaling of the  inclusive dis t r ibut ion in the  b e a m  f ragmen-  

t a t ion  region. I f  the  m e a n  inelas t ic i ty  of the  collision remains  independen t  of 
t he  energy,  we see t h a t  t h e  hypothes i s  t h a t  t he  mass  of the  fireball  is indepen-  

(*) We shall adopt natural units (~ = c = 1) when convenient (and when not differ- 
ently stated). 
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b 

1~ 

I I I I I I I 
0.2 0.4 0.6 R 0.8 

Fig. 9. - Fractional-energy distribution (1/at)(da(n~ Observe that all data points 
lie on the same curve g exp [-- 4.3R]. The variable B spans the so-called beam frag- 
mentation region (lo). 

den t  of the  collision energy is a na tura l  explanat ion for the  distr ibution of 
fig. 9, cons t ruc ted  here  for Mirim jets. 

When in the  collision several  fireballs, all wi th  the  same mass M (o), are pro- 
duced,  t h e n  a-(lda/dx oc g(x) if the  Loren tz  factors  of the  fireballs form a geo- 
metr ica l  series(lO), i.e. _F~/F~+I= constant .  This corresponds to several  
fireballs being preduced  along a mul t iper ipheral  chain wi th  cons tant  mo- 
m e n t u m  t ransfe r  be tween the  fireballs (10). 

I f  fireballs with different masses are produced,  we break  the  scaling proper ty .  
Indeed,  in deriving eq. (3.8), we used the  hypothes is  t h a t  t he  mass of the  
fireballs is independent  of the  energy of the  collision, and so, if the re  are 
in te rmedia te  states with a mass different f rom _kl~ o~, say M (1), t h e n  also the  distri- 

but ion  d(n~l)}/dx, corresponding to MC1) jets,  will not  be a funct ion of E,  
a l though it  will be different f rom d(n(O)}/dx. Thus,  s tudying exper imenta l ly  

the  energy (or momentum)  distribution,  one can establish the  existence of 
dis t inct  distributions,  if the  energy in terval  under  consideration contains con- 
t r ibut ions  f rom in termedia te  states of different masses. 

8o, the  existence of branches in fig. 8 for the  gamma-ray  energy distr ibution 
is compatible with fireballs of distinct masses and with the  fact  t ha t  these masses 

(lo) W.A.  :RODRIGUES jr. and A. TU~TELLI jr.: Nuovo Cimento A, 23, 227 (1974). 
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do not  depend on the  collision energy. Figure 8 tells us, also, tha t  the  three 
distributions satisfy a similarity law, and we now show tha t  this is indeed the  
case under  the hypothesis outlined above. 

The energy distribution of gamma-rays in the  fireball rest system is given by 

(3.9) 

n~(max) 

f 1 , , a(r162 dr = dr p. I(E~) dE=, 

~ ( m i n )  

where #v is the  gamma-ray energy, ](E*) is again the pion energy distribution 
in the  fireball rest  frame, and 

m 2 
tol-)'~ , , m= 

is the  min imum energy a pion must  have in order to produee a gamma-ray of 
energy oz v. Also, we have E,~tm,~ ) -~ M(~ the quant i ty  M (o) being the  mass 
of the  fireball; and eq. (3.9) is valid only in the interval  

m~ 
(3.11) 2M(o ) 4 ,#~4 M(~ �9 

Defining 

(3.12) r 
.M(~ 

F ,  

we obtain,  under  the  hypothesis set in eq. (3.]) (isotropic decay), t ha t  

(3.13) G(#~, cos 0~) dd~a(cos 0~) = 2 k ' ' ~ + 4 ~ ]  d#~ d(cos 0 ; ) .  

By  using the  exact kinematical  limits of the  appropriate variables, we get in 
the  laboratory frame 

2 K dU ~b M(0)/2, y~7-~4y~7 ] y = 2  K t h(~7) dU' 
M(~ 

where y ~ Eu ,  u ~ F(1 --  fl cos 0v) and  ~ ---- r Since 

1 d(n~} 
(3.15) G(d~v, E) -- (Nv} d~  v , 
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we have 

1 d(n~} I M (~ 
(3.16) (Nv} d~ --  2 K h(~) ,  

valid for 

m~K 
(3.17) ~ j  < v < K ,  

which corresponds to the  observable range of the  BJECC exper iment .  Also~ 

the  integral  spectrum F ( ~  W, E), when m~F/M(~ W <  MC~ satisfies 

(3.1s) 

,~lfo)/' 

T ( )  W, E) = f G ( g v ,  E ) d #  v ~- H ( R ) ,  
W 

(3.19) H(R)  : - - -  

K M(~ 

2 K d u r  M(~ + 4y~]l-y" 
2~ .M(~ 

Equat ion  (3.19), thus,  agrees with what  can be seen in fig. 8. 

b) Mass and temperature of the ]ireball. - Assuming a Bose-Einstein 
dis tr ibut ion for the  emi t ted  pions in the  fireball res t  system, we obtain the  p~ 
dis tr ibut ion as follows: 

(3.20) ~1 dd'~p~ _ ~ ~,~!(r(~)] ~/~ + m." .=~' cxpE--.~lK~(.Z~/~ + m~), , 

where  

K -~ Bessel funct ion of the  v-type, 
a n ~ chemical  potent ia l  of the  pion, 

= 1/kT, 
k = Bol tzmann  constant ,  
/V~ ~ normalizat ion constant .  

The t empera tu re  T of the  fireball is re la ted to the  mean value of p through 
the  equat ion 

V (3.21) (p(m,  T)} _~ 4 K I \ T ]  ] _ 

and we have  for the  mean  t ransverse  m o m e n t u m  <Pt> 

y ~  ~ (3.22) (pt(m, T)} = ~ (p(m, T)} -~ , 
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where m is the  part icle mass taking par t  in the  stat ist ical  equilibrium. For  

Mirim jets we have <Pt> _~150 )/[eV/c and T = 1 0 5  MeV. Figure 10 shows t h e  
Pt distr ibution for Mirim jets (x~). The curve has the  exponential  behaviour  
exp [ - -7pt ]  for p~ not  ve ry  near  the  origin, and is compatible wi th  what  is 
found in accelerator physics. I t  is necessary to have in mind here  t h a t  the  
t ransverse  momenta  in fig. 10 are measured with respect  to the  fireball res t  

system. 

r~ 

c~ 

10 ~ 

10 0 

10-'~ 

0 0.4 0.8 
pt(GeV/c) 

1.2 

Fig. 10. - Differential p~ distribution for =~ produced by the Mirim jets (~): 
- -  theoretical curve. 

Equa t ion  (3.22) shows t ha t  the  t empera tu re  of the  fireball is independent  
of its mass under  the  above assumption.  This yields as a consequence t h a t  
Agu and Guagu jets  cannot  simply be decays of fireballs into pions (lO.1,,). 

We now est imate  the  Pt dis t r ibut ion of Agu (or Guagu) as follows. We 
suppose t ha t  M ('~ (or M (2)) is a stat ist ical  equilibrium of M (~ fireballs with 
temper~tm'e  T (z) (or T(2)), which subsequent ly  decay into pious. Le t  q* and  E* 
be the  m o m e n t u m  ~nd energy of a pion produced in the  res t  f rame of a M (~ 
fileball with a Bose-Einstein t empera tu re  T (~ Le t  p and E be the  m o m e n t u m  
and energy  of the  pion in the  M (') (or M (~)) res t  f rame;  and l e t p  (~ and E (~ 
respect ively,  be the  momen tum and energy of a M (~ fireball in the  M (~) (cr M (2)) 

(lZ) W. A. ROI)l~mV~s jr., A. TURTJ~LLI jr. and M. LAKYS: An. Acad. Bras. Cienc., 
46, 197 (1974). 
(z2) C. A. P. Cs.~*EVIVA and Y~. A. ~RoDRIGU]~S jr.: Acta Phys. Pol. B, 8, 475 (1977). 
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rest  frame. Then  

(3.23) 
o* 4- V (o)~1 V(o) .o,~rCo)_ 1 )  g'~ *} 

p = . - -  [ ( V ( o ) ) ~  ~ , -  + _ ' 

E F(~ * + V ~~ q*) 

and 

(3.24) 
plO) = M(o)F(o)V(o)= M(o)[2(E + E*)/s]l, 

E(o) = M(o)F(o)= M(O)[1 + 21~/s] , 

where l = p - - q *  and s = ( E + E * )  ~ - I  2. For  simplicity,  le t  us refer  in 
the  following to the  Agu jets only. Le t  P(p, q*)dSpdaq * be the  probabi l i ty  
for a pion produced with momen tum (q*, q * +  dq*) th rough  the  decay of 
M C~ to have m o m e n t u m  (p ,p  + dp) in the  M (~) res t  f rame.  Under  the  sta- 
t is t ical  assumptions above,  we have 

(3.25) P(p, q*) = CJ(p, q*)W(p, q*; T (1), T(~ * , 

where T (i) (i = 0, 1) is the  t empera tu re  of the  M (il fireball, C is an appropr ia te  
normalizat ion constant ,  J is the  Jacobian  f rom the  M (o) res t  sys tem to the  M (1) 
res t  system : 

8 M  (~ E + E* 
(3.26) J . . . . .  

E 83 
(s + 212)[E(E + E*) - -p .1 ] ,  

and  finally 

(3.27) IV = {exp [E(~ `n] - -  1}-l{exp [E*/kT '~ - -  1} -a = 

r co 

= ~ ~ exp [--  nE(~ (~)] exp [--  mE(O)/kT(O)]. 
n = l  m ~ l  

The  inclusive cross-section for pion product ion  is t hen  

(3.2s) 
+z ~d~ 

daa--Cfd(cosO)fP(p,q*)(q*)~dq*, 
dp~ 

- -1  0 

where we cut  off t he  q* dis t r ibut ion at  t he  value M(o)/~/2. For  E >> m= we 
obta in  

. . . . .  (3.29) d3a ~ C exp [-- x] 
d p  3 -  2 x 3  

exp [ -  ~ [O(E --  M%2)]], 
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where  

(3.30) x = [M<~ (~ -~ M(~ �89 

1 ,  / ~ > 0 ,  

0 ( # ) =  0 ,  / ~ < 0 .  

Final ly  the  Pt dis tr ibut ion is 

ef ,f fP a~ dp~ --  d P  d(eosO) (p ,  q*)(q*)~dq*, 

0 - -1  0 

where  we cut  off the  /~ distr ibution in the  M (1) res t  sys tem at  the  value 
M ( 1 V V ~ ,  and  C is an appropr ia te  normalizat ion constant .  

We already obta ined k T  (~ ~ 105 MeV. Under  the  assumption of isotropic 
emission we have  the  following relat ion between the  mass of the  fireball and  ~ Pt: 

( 3 . 3 2 )  M = _ 4 

This gives .M ~~ 2.5 GeV/c 2 and M(1)~ 25 GeV/e 2, M C2)~-, 250 GeV/c 2. In  

fig. 11 we show a comparison of da ta  obta ined  by  BJECC for n~ coming 
f rom Apu jets.  We find k T  (1) ,,- 0.4 GeV. We see also f rom table  I t h a t  k T  (~), the  
t empera tu re  of the  M (2) fireball (for pion emission), is probably  greater  t h an  
0.4 GeV, bu t  we do not  have  ye t  enough informat ion to es t imate  the  tem- 
pera tu re  with be t t e r  precision. Also in ref.  (13) it  is shown tha t  da ta  f rom ISI~ 
are consis tent  with k T  ~1~,-~ (0 .5--0 .6)GeV.  

10 2 

o 
'~10 ~ 

b I o o  

0.4 0.8 1.2 1.6 
Pt (G ev/c ) 

Fig. 1 1 . -  Differential p~ distribution for n~ produced in the Apu jets (11): 
- -  k T  ,-. 0.4 GeV. 

(13) M. HA~A, M. NAGASAKI, It. SUZUKI: Prog. Theor. Phys . ,  57, 160 (1977). 
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c) Multiple production o] baryons. - Table I shows t h a t  the re  are events  
observed by  BJECC in which there  is direct  product ion  of (~ baryons  ~ without 
7: ~ emission. These are called mini-Centauro, Geminion, Centauro ~nd Chiron 
jets. One impor tan t  point  which  can be seen f rom table I is t h a t  these  jets 
have approximate ly  the  mass M (~) for mini-Centauro and Geminion events  
and  the  mass M (2) for Centauro and Chiron events.  

We are led natura l ly  to suppose t h a t  these jets are different decay modes 
of the  same discrete fireballs, produced in the  high-energy collisions and able 
to decay into pions (Apu and Guapu jets (~4)). One can infer tha t ,  above the  
t empera tu re  kT(~)~-0.4 GeV and/or  a densi ty  3 - -5  t imes the  nuclear-mat ter  
densi ty,  there  exists ~ kind of phase t ransi t ion in which pion product ion  is 
suppressed and we s ta r t  producing baryons  and/or  more exotic objects. These 
assertions arc justified f rom the  phenomeno]ogical  analysis t h a t  follows (see 
also the  theory  of ~strong black-holes ~ t h a t  we develop in sect. 4). Other  
explanations for Centauros and Geminions can be found in ref.  (15.17). A critical 
comment  on these  proposals can be found in ref. (~). 

F i rs t  we note  tha t ,  for mini-Centauros and Centauros, the  energy con- 
servat ion implies t ha t  the  mass of the  emi t ted  stable baryons  is ~-~ 1 GeV. 
As these  baryons  seem to have the  same menu free p a th  in the  a tmosphere  
as ordinary baryons ,  t hey  are compatible with being usual baryons  and are 
similar in thei r  proper t ies  to cosmic-r~y nucleons, a l though the  real  s i tuat ion 
is far  f rom clear. 

For  Geminion and Chiron jets the  s i tuat ion is as follows. I f  we take  for the  
Geminion decay products  (Pt} ~ 10 GeV/c, the  energy conservat ion implies 
m ~ 7.5 GeV/c for the  masses of the  decay products  (Mor 25 GeV/c2). 

For  the  Chiron jets,  on the  o ther  hand,  we have (Mo~iron~ 250 GeV/c ~) 
tha t  t he  masses of the  decay products  are in the  in terval  (7.3--13.3) GeV/c 2 
for p, in the  in terva l  (10- -15)GeV/c .  

Now, supposing t h a t  the  (( baryons  ~) coming f rom the  decay of mini- 
Centauros,  Centauros and Chirons are due to a statist ical  radiat ion with a 
Fermi-Dirac  statistics, we obtain the  following Pt dis tr ibut ion:  

(3.33) 1 da F(~) m~= ~ 

where aB is the  Fe rmi  energy and N B a normalizat ion constant .  

(14) j .  DIAS DE D]~US and W. A. RODRmU]~S jr.: Nuovo Cimento A, 55, 34 (1980). 
(15) T. TATI: preprint RRK-79-7 (Research Institute of Theoretical Physics, Hiro- 
shima University, 1979). 
(16) j .  D. BJORKEN and L. D. McL~RRA~: Phys. l~ev. D, 20, 2353 (1979). 
(17) D. G. SUTHER~AND: Proceedings o] the Conference on Cosmic Rays and Particle 
Physics (Bartol, D. E., 1978), Amer. I'~st. Phys. Con]. Proc., No. 49 (New York, N. Y., 
1979), p. 503. 
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The relat ion eq. (3.21) be tween the  t empera tu re  and the  mass of the  decay  
products  continues to hold also here.  This implies t h a t  mini-Centauros and 

Centauros have t empera tu re  k T ~ l . 5  GeV and Chirons have k T  ~_ 10 GeV! 
(See table  I.) 

I t  is interest ing to note  tha t  these  very  high masses of the  stable decay 
produc ts  of Chirons go toge ther  with the  exper imenta l  observat ion tha t  such 
(~ baryons  ~)have perhaps an anomalous behaviour  in the  a tmosphere  with 
respect  to normal  baryons  (~s) ( they seem to  t rave l  only about  �89 of the  
ord inary  mean  free path) .  

Also the  above analysis led us to classify Geminion and Chiton je ts  as 
being of essentially the  same nature .  These assertions are suppor ted  by  the  
theore t ica l  analysis in the  following sect.  4. 

4. - A possible theoretical  explanation in terms o f  evaporating r strong black- 
holes  . .  

4"1. Introductory remarks.  - Let  us now propose a possible theore t ica l  
in te rpre ta t ion  of the  Chirons (*) and of the  Centauros. 

~Ve have seen tha t ,  in the  c.m. of the  M (~) and M (2) fireballs, 

i) the i r  decay products  (either pions or baryons)  can be associated 
with a generalized Planck distr ibution (~s), i.e. with a the rmal - type  emission; 

ii) s tar t ing f rom tha t  fact ,  i t  has been moreover  possible to realize t h a t  
t he  emission t empera tu res  involved in the  decays of M ~) and M(s) are much 
higher  t h a n  t he  (~ maximal  t empera tu re  ~ (160 IVfeV) of the  ordinary hadron  
physics.  In  part icular ,  in the  Chiron decay mode the  p~ of the  products  is so 
high tha t  the  fireball t empera tu re  seems to be about  60 t imes higher  t h a n  
the  s tandard  hadronic , maximal  t empera tu re  )~ (and about  7 t imes higher  
t h a n  the  t empera tu re  implied by the  Centauro decay modes). 

This suggests t ha t  

a) in the  cosmic.ray events we are dealing with, due to the  ve ry  high 

energy involved, the  initial nucleons create  a new type  of hadronic  m a t t e r ;  

(18) BRAZIL-JAPAN COLLABORATION ON CHACALTAYA EMULSION CHAMBF, R EXPF.RIMENTS~ 

(J. A. CttINELLATO et al.): in Proton-Antiproton Collider Physics, 1981, Madison, Wis. 
(New York, N.Y.,  1982). See also C. M. G. LATTES, Editor: Workshop on Cosmic- 
Ray It~teractio~s and High-Energy Results (Inst. Fis., Campinas, 1982). 
(*) By the word Chiron we mean both the Chiron decay of M C2) and the Geminion 
decay of M (1) (cf. table I). 
(1~) S. W. HAWKING: Nature (London), 248, 30 (1974); Commun. Math. Phys., 43, 
I99 (t975); Sci. Am.,  236, 34 (1977). 
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b) the new type  of hadronic objects should evaporate  (isotropically, in 

their  c.m.s.) in a (( thermal  ,> way;  

c) we may  also infer f rom experience tha t  such new hadronic  objects 
(in particular,  the  M (~) and M (~) fireballs) seem to be moreover  able to suffer 

different internal  phase transitions. Or, rather,  tha t  at  least one internal  

phase transi t ion seems to intervene between the Centauro and the  ChAron 

decay modes of M (2). 

Let  us add that ,  f rom the  Heisenberg correlation r .Ap ,~ lg /2 ,  one can 

roughly evaluate t h a t  the  Centauro and ChAron decay products  come from the  

~( evaporat ion ~) of (one or more) objects with radii 

(4.1a) r (Centauro) ~ 0.1 f m ,  

(4.1b) r (ChAron) ~> 0.01 f m ,  

respectively.  

Our proposal  is t ha t  such new hadronic (probably mesonic) objects, as 

well as ordinary hadrons,  are associated with the  ~( strong black-hole ~ solutions 

of a unified theory  of strong and gravitutional  interactions and to their  pos- 

sible evaporat ions (~o). We refer, namely,  to the  (clussical) approach inref .  (~)~ 

even if its results are not  very  for f rom the  ones of the (quantal) ((strong- 

g rav i ty  ~ approach by  SALAmi et al. (2~). 

(s0) Cf. W. BARDEEN, B. CARTER and S. W. HAWKING: Commuu. Math. Phys., 31, 
161 (1973); J. B. HARTIm and S. W. HAWKING: Phys. Rev. D, 13, 2188 (1976); 
E. REcA~II and P. CASTORINA: .Lett. Nuovo Cimento, 15, 347 (1976); C. SIVAI~AM and 
•. P. SINHA: Phys. Rev. D, 16, 1975 (1977); Phys. Rep., 51, 111 (1979); P. CASTORINA 
and E. RECAMI: Jbett. Nuovo Cimento, 22, 195 (1978). 
(2i) See E. R~cAMI: ia Quarks and the Nucleus, Vol. 8 of Progress in Particles and 
Nuclear Physics, edited by D. H. WILKINSON (Oxford, 1982), p. 401; _Found. Phys. 
]3, 341 (1983); in Old and New Questions in Physics, Cosmology ....  : Essays in honour 
o] W. 2ourgrau, edited by A. VAN DES MERWE (New York, N.Y., 1983), p. 377; 
E. RECAMI: Chapter 16 in l~elativity, Quanta and Cosmology in the Development o] the 
Scienti]ic Thought o] A. Einstein, Vol. 2, edited by F. D]~ FINIS and M. PANTALEO 
(New York, N. Y., 1979), p. 581; P. C~DmOLA and E. R]~CAMI: Lett. Nuovo Cimento, 
24, 565 (1979); P. C.~LDmOLA, M. PAVSIC and E. R]~ci~I: Nuovo Cimento B, 4B, 205 
(1978); Phys. Left. A, 66, 9 (1978); E. RECAMI and P. CASTORINA: I, ett. Nuovo Cimento, 
]5, 347 (1976). See also R. MIGNANI: .Lett. N~tovo Cimento, 16, 6 (1976); V. DE S ~ -  
BATA and P. RIZZATI: Zett. Nuovo Cimento, 20, 525 (1977); V. DE SABBATi and 
M. GASeERINI: Lett. Nuovo Cimento, 25, 489 (1979); E. R]~CAMI and K. T. S H ~ :  
JLett. Nuovo Cimento, 24, 115 (1979); P. F. GONZAL]~Z DIAS: Lett. Nuovo Cimento, 
31, 39 (1982). 
(2~) See, e.g., A. SALAd: in Proceedings of the X I X  International Con]erenee on High- 
Energy Physics (Tokyo, 1978), p. 937; A. SALA~ and J. S~ATHD]~E: Phys. Rev. D, 1B, 
4596 (1978). See also C. SIVARA~I and K. P. SINKA: Phys. l~ep., 5], 111 (1979); D. D. 
IVAN~NKO: Chapt. 9 in Relativity, Quanta and Cosmology, edited by F. D~ FINIS and 
M. t)ANTAL~O Vol. 1, (New York, N. Y., 1979), p. 295; P. ROMAN and J. HAAVISTO: 

13 - 11 Nuovo Cimenlo A~ 
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Actually,  while a black-body ( that  absorbs all incoming photons)  emits a 
character is t ic  spectrum of photons  only, and while a gravi tat ional  black hole 
( that  absorbs all incoming particles) should emit  character is t ic  spectra  of all 
possible par t ic les- -photons ,  leptons,  hadrons - - ,  a <~ strong black-hole ~> ( tha t  
absorbs all incoming hadrons only) is expected  to emit  a the rma l  spec t rum only 

o] hadrons. And this does a priori agree with the  data  we are discussing (cf. 
table  I). I~et us ment ion,  incidentally,  t h a t  o ther  approaches do not  even  

yield such a prel iminary agreement :  for instance,  ref. (~) seems to be in con- 
t r a s t  with the  existence of the  Mirim, Agu and Guagu jets,  which decay  

in to  pions. 

4"2. The theoretical ]ramework. - Le t  us now be more specific. By  adopt ing 
the  geometr ical  methods  of general  re la t iv i ty  and following ref. (~), let  us 
describe the  strong fields surrounding a hadron as a classical tonsorial  field s~,, 

to  be added to the  usual  gravi ta t ional  field ] , , .  Of course, the  s trong tensor  
components  s , ,  must  vanish for distances r > > l f m  f rom the  considered 
source hadron.  Hadrons  are a t t r ibu ted  a ((hadronic charge >>, or r a the r  
(~ strong charge (*) >> (or (( strong mass >>), which directly deforms the  space-time, 

in analogy to the  gravi ta t ional  m~ss (or (~ gravi ta t ional  charge >>), bu t  via the  
(( s t rong universa l  cons tant  ~) N ~- ~-~G, where G is the  ordinary  (< gravi ta t ion  
universal  cons tant  >>. The  pure  number  ~-~ has been  shown in ref.  ( ~ ) - - a t  
least  for the  most  common had rons - - t o  be given roughly b y  the  ratio S/s  
between the  dimensionless s t rength  S of the  s trong field and the  dimensionless 
s t r eng th  s of the  gravi ta t ional  field: 

~-~ =- ~l s  ~ ( N g V ~ c ) l ( r  ~_ l o + ~  , 

where the  quanti t ies  m ,g  represent  mass and strong mass of one and the  
same source hadron,  e.g. of a pion (~). In  the  case of a pion (or of a nucleon 
and,  approximate ly ,  of ordinary  hadrons) it is 

~Tg2 = o-iGm~ ~_ 10+41Gm2 

so tha t ,  if we convent ional ly  choose, e.g., to pu t  g -~ m, t h en  

hc 
(4.2) 3[ :_ ~- IG ~ IO+~IG ~ =:~2 . 

m~ 

Int. J .  Theor. Phys., 16, 915 (1978); W I)RECHL]~R and M. E. MAY~IZ: .Fibre Bundle 
Techniques in Gauge Theories (Berlin, 1977), 2rid part, p. 146; J. E. CHAROn: Thgorie 
de Ia ~elativitg Complexe {Paris, 1977); C. t~. Acad. Sci., Set. A, 266, 750 (1968); 
3/[. A MARKOV: 2. f~xp. Teor. :Fiz., 51, 878 (1966). 
(~3) G. N. l~owJ.~R, E. M. I~I]~DLA~DV.R and R. M. W~IN~R: Phys. Zett. B, 116, 
203 (1982). 
(*) See ~he following. 
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In  other  words, ]u~ nnd su~ have to be two metric tensors. The simplest 
choice is to assume tha t  t he  to ta l  metr ic  tensor  is just  the  s u m  of the  gravita-  
t ional  and s t rong metr ic  tensors:  

F a r  f rom a hadron  it  will be gu, = ]u, and all part icles (with or wi thout  
s trong charge) will feel only the  gravi ta t ional  metr ic  lug, in agreement  with 
general  relat ivi ty.  In  the  micro-neighbourhood of a hadron,  on the  contrary ,  
one shall meet  also the  strong metr ic  deformat ion su~. The present  approach 
is a bi-metr ie  theory ,  or r a the r  a <( bi-scale ~) t heory  (~), since s,~ affects only  
the  objects with hadronic charge (i.e. wi~h scale fac tor  ~ ---- Q ~ 10 -4~) and 
not  the  objects with gravi ta t ional  charge only (i.e. with scale factor  7. ---- 1). 

In  the  surroundings of hadrons (and in suitable co-ordinates) it  is, of course, 
]u~--~u~, so t ha t  

(4.3) 

In  the  presence of our two metr ic  fields, we have to modi]y the  Eins te in  
equat ions ( that ,  incidentally,  we adopted  in their  form with the  (( cosmological 
t e r m  ~, for the  reasons explained in ref.  (2~)). I f  we confine ourselves to the  
motion,  in the  neighbourhood of a source hadron-- / .e ,  of a distr ibution of 
strong mass, or s t rong charge (*)--, of a tes t  part icle  endowed both  with mass 
m' and with s trong mass g', the  simplest field equations would be 

8 a (  1 ~o I ) 
Ru~ + Ag~. + H s ~  = - -  --c 4 S ~  + G T , ~ - -  ~ g , ~ Q  - - : j  g ~  T~ , 

where Su~ is the (~ strong-matter tensor ~), denoting the strong-mass distribution of 

the source hadron, just  as Tu,  is the  (~ o rd inary-mat te r  tensor  )~, and where the  
(~ strong cosmological t e rm  )) Hsu,  takes cnre of the  geometr ical  proper t ies  of s,~ 
in the  neighbourhood of the  source hadron (see ref.  (2~)). At  least  for ordinary  
hadrons i t  is, ~s clarified in ref. (~1), 

(4.4) H ~ ~-2A , Su, ~ NTu~ , N ~ ~-IG . 

For  the  pion (or nucleon and,  roughly,  for ordinary  hadrons) it  is ~-1 ~ 10+41, 

as we have  seen. The quant i t ies  A and H are the  cosmological cons tant  and 

the  (( s t rong cosmological cons tant  ~) (or (( hudronie constant  q ,  respect ively  (,1). 

As usual, it  is t aken  to be ]A I -~ 10 -5~ cm -~. 

(*) See the following. 
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By  disregarding the  negligible t e rms ,  we end up with the  equat ions (su~--~ 0 

for r > > l  fm) 

_sz/s _~_ ) (4.5) R ~ . + / t 8 ~ =  e~ ~ ~' 2 g.~S~ , 

which are our re levan t  new field equations, to be  associated with  eqs. (4.3) 

and  (4.4). ~o t i c e  explici t ly t h a t  our modified,  (( Eins te in - type  ~) equat ions are  

qui te  different f rom Eins te in ' s ,  even  if t hey  have  been  wr i t t en  down in the  
simplified fo rm (4.5) to be  val id in the  ne ighbourhood of a hadron  for a 

hadronic  t e s t  part icle.  I n  such form of thei rs  it  is /,~_~ ~,~ and  the  re levan t  

field is the  s t rong  met r ic  s~ .  

Le t  us now tu rn  to inves t iga te  the  (( Sehwarzschi ld- type ~ p rob lem for our 
new field equat ions (4.5), i.e. le t  us look for (( black-hole type ~ solutions asso- 

ciated with the strong-gravity ]ield s~,. Therefore ,  let our hadron  be a spherical ly 
s y m m e t r i c  source g of the  s t rong-grav i ty  field, a~nd, as before,  let  g'  be the  s t rong 
charge  (strong mass)  of the  hadronic  t e s t  particle.  ~Totice incidental ly tha t ,  

to m a t c h  the  usual  terminology,  us s t rong field tensor  it should be  t a k e n  not  

exac t ly  su~, bu t  the  quan t i t y  q~u, defined as 

Equa t ions  (4.5) can be easily wr i t t en  also in the  fo rm (su, ~- 0 for r >> 1 fm) 

(4.5') R ~ - -  ~ g.~Rg-- H g~  + ~ - -  ~ g ~ g . ~ }  = - -  e~ ' 

where  the  las t  addendum  on the  1.h.s. has  the  mean ing  of (~ in ter ference  t e r m  ~) 
be tween  the  two tensor ia l  metr ics  s~. and  ]~, ~_ ~1,.. (We can  geometr ize  also 
t he  s t rong field since the  inertia of the  t e s t  hadron  (in the  surroundings of the  

considered source hadron)  coincides ("-1) wi th  its s t rong mass  g', and  not with  

i ts  g rav i ta t iona l  mass :  M~ ~ gr.) 
]~et us specify the  to ta l  metr ic ,  ac t ing on the  t e s t  hadron  in the  surround-  

ings of the  considered source hadron ,  b y  se t t ing  (*) 

(4.6) ds 2 ---- exp [a(r)]c"- dt"- - -  exp [b(r)] dr"- - -  r2(dO "- q- sin"- 0. d~0 2) 

where  a(r), b(r) are funct ions still to be  de te rmined .  
Before  going on, let  us recal l  t h a t  the  s t rong black-holes we are  looking for 

are  sui table  to r ep resen t  hadrons  also for the  fac t  t h a t  t h e y  resul t  to be  sur- 

(*) Since, as we said, under our conditions it is ] ~ - - ~  and the relevant metric 
field remains s~, for simplicity we might call it the (~ strong-metric interval ,~ tout court. 
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r o u n d e d - - a t  the  s ta t ic  l imit  and  in the  (( i n t e rmed ia te  region ,)--by the  Yukawa  

potent ia l ,  and  not b y  a Newton ian  po ten t i a l  (as it would be,  on the  cont ra ry ,  

t he  case for black-holes associuted with  Eins te in  equations).  I t  is evident  t h a t  
hadrons  could not be rep resen ted  by  the  s t rong-black-hole  solutions of equat ions  

ob ta ined  f rom Eins te in ' s  mere ly  b y  subs t i tu t ing  N to G. I n  fact ,  by  l inear- 

izing eqs. (4.5) in the  weak-field approx ima t ion  we get  (2~) a t  t h e  s ta t ic  l imi t  
for t he  scalar po ten t i a l  V ~  1 2 ~c S0o the  spherical ly s y m m e t r i c  solution 
V ~ - -  (g/2) cxp [ - -  r ~ / ~ ] ,  to be  val id for a poin t l ike  par t ic le  a t  res t  in the  

origin (and endowed with  s t rong charge g). By  ident i fy ing  ~ /2H ~ msc/~ we 
find for the  field m a s s - - i n  the  case of ord inary  source h a d r o n s - - t h e  value 

ms==- h V ~ / c  ~_ m=, and,  therefore ,  

V = - -  -g exp [--  rm=c/h] . 
r 

L e t  us, first  of all, notice also t h a t  the  gravitational Schwarzschild radius for 
a pion or nucleon would be 

2Gin 
r G - -  ~'~ 1 0  - 5 5  n l .  

02 

We then  expect  the  strong Schwarzschild radius for the  pion or nucleon to be  
of the  order  of 1 fm (2V ==- o- 'G)  (2~): 

2 N m  
r S - -  

c ~ 
- -  ~ 1 0 4 ~  m ~ 1 f m .  

Also in this respec t  we ~re a priori allowed to ident i fy  hadrons  wi th  our s t rong 
b lack  holes (SBH). Notice,  b y  the  way,  thu t  our horizon rudii r do not  neces- 
sari ly correspond to the  hadron  radii  bu t  r a t he r  to an  uppe r  vMue of t h e m ;  
actual ly,  the  observed radius could correspond to an average  radius (see ref.  (2~), 

where  the  p resen t  ~pproach is ex tended  b y  considering the  hadron  inter ior  
~s a (~ micro-universe  ~)). 

To solve our mMn problem,  however ,  we huve, of course, to release the  
weak-field condition. The  ((strong-horizon ~ rudii will be  given by  the  
equat ions  

(4.7) exp [ - -  b(r)] : 0 ,  exp [a(r)] = 0 . 

For  our purposes ,  we can rewri te  eq. (4.5') as 

(4.5") 

1 87~ 
R ~ - -  5 g,,.R~ = - -  c - - ; ( s .~+ t.~) , 

t l ~ P  - - -  
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with t , , =  0 for r >>1 fm. ( I t  is immedia te  to recognize here  t h a t  ta, is also 
tensor  (not a pseudotensor) ,  provided tha t  one remembers  t h a t  ~,~ is nothing 

bu t  an approximat ion for ],~.) Still a t  the  stat ic l imit and at  the  first order  of 
an i tera t ive  procedure  (~), the  first one of eqs. (4.7) then  becomes (2~.24) 

(4.8) exp [--b(r)]  = 1 21 ( ~  ~2) --~:-~- ~ - ~  e x p [ - - 2 f i r ] = 0 ,  

even if one should remember  t ha t  the  procedure  explained in ref. (2~) applieds 
to  ordinary mass hadrons ra the r  t han  to heavy  hadronic fireballs. In  eq. (4.8) 

it  is fi ~ msC/~ , so t ha t  for ordinary hadrons at least fi ~ m~:c/~, and ~2, 
1 are constants  as well. The  second one of eqs. (4.7), under  the  same approxi- 
mat ions,  implies the  pre l iminary solution of the  equat ion C 4) 

a'(r) = 1 (exp [b(r)] - -  1) 
- -  o 

r 

We shall pract ical ly confine ourselves to solve eq. (4.8), which yields the  radii  
in correspondence to  which the  coefficient of dr:  diverges. I t  is v e ry  impor tan t  
to  recognize t ha t  eq. (4.8) yields two values of r for which the  coefficient of dr 2 
in eq. (4.6) becomes infinite; and precisely one.value not  far f rom 25 and ano ther  
value much smaller:  r t K 2 l ,  r 2 ) O .  As to the  integrat ion constant  l, i t  is 

expec ted :  

N m  G m _  N g  ~ 
first choice: ~ --  1 and 1 -- = - -  o 

C 2 e ~  C ~ t  

At least  for ordinary hadrons,  1 is, therefore ,  expected to be of the  order  of 
1 fm, as can be immediate ly  verified (for instance,  in the  pion case ~u ~_ 3 

and in the  nucleon case Ng2/]~c ~ 15). ~[ore prec i se ly- - tak ing  into account  
t h a t  t es t  part icles with negligible strong charge do not  exist  in hadronie  

phys ic s - - in  ref. (~4,2~) it  was shown tha t :  

Nm ~ Nm ~ 
second choice: 1 --  c2m, ~ and ~ ~-- c2m, , 

with Z r = G/~, the  quan t i ty  m' being the  mass of the  hadronie tes t  particles. 

(We can, e.g., choose m' ~ mQ= average quark mass, the  ((test quark ~ being 
a priori  considered as initially outside the  possible horizon.) 

Equa t ion  (4.8) has been solved by  computer .  For  instance,  in the  case of 
ordina,ry hadrons ,  t he  two SBH radii  r s have been  found approximate ly  to  

(2~) See D. K. Roos: 2guovo Cimento A, 8, 603 (1972); E. RECA~II ~nd P. CASTORINA: 
.Lett. Nuovo Cimento, 15, 347 (1976). 
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b e - - w i t h  the  ]irst  c h o i c e - - s u c h  t h a t  r~/r2 ~ 3, r~ ~_ i fm. Wi th  the  second 

choice, on  the  con t ra ry ,  one finds for ord inary  mesons (pions) t h a t  

(4.9a) rl/r2 ~ 10 , 

and  for ord inary  ba ryons  (nucleons) 

(4.9b) rl/r2 ~ 30- -40  . 

Since the  expe r imen ta l  data, are still poor,  we do not  a t t e m p t  h e r e - - a s  

a l ready m e n t i o n e d - - t o  find out  also the  values of r for  which the  coefficient 

of dt 2 in eq. (4.6) vanishes .  However ,  in ref. (2~) it  was verified t h a t  in cor- 

respondence  with  t he  larger  radius r~ for ord inary  hadrons  it  is 

exp [a(r)] ---- exp [[b(r)]] -~ ~ 1 
2 N m  3 

rc~m,~ , 

so t ha t  the  values of r sa t isfying the  first one of eqs. (4.7) did app rox ima te ly  
ver i fy  i n  those cases also the  second one of eqs. (4.7). 

I n  t he  case of our mesonic fireballs, name ly  of the  Centauro and  Chiron- 

Geminion decay modes of M m and  Mc~), since t he  Centauro decay products  

seem to come f rom evapora t ing  objects  wi th  radius rl ~ 0.1 fm,  our eq. (I-.8) 
yields a p p r o x i m a t e l y  w i t h  the ]irst  choice 

(4.9c) rl/r2 ~ 5 , 

and with  the  second choice 

(4.9d) rl/r2 ~ 15 

(but a higher  ratio,  in the  l a t t e r  case, if the  mesonic fireballs are considered as 
exotic hadrons) .  For  comput ing  (4.9c), (4.9d) we set  fi  ~_ lOm,:c/lg. 

I n  conclusion, t he  resul ts  ob ta ined  for the  radi i  of our SBHs  suggest  t h a t  

hadrons  could be  identified w i t h  the S B t t  solutions of our field equations.  

As a consequence,  mesons and  baryons  should possibly exist  in two s tates ,  

the  second one corresponding to a sma l l e r  radius (in par t icular ,  r(s~)g 0.1 f m  

for <~ collapsed >> ord inary  mesons and  "s"(:) ~ (0.01--0.1) f m  for <~ collapsed ~> 
ordinary  baryons) .  

Before pass ing to our conclusions, let  us observe  t h a t  the  re levan t  cons tants  
appear ing  in eq. (4.8) can in genera l  be  wr i t ten ,  in the  N =  1 uni ts ,  as (21.2~) 

(4.10) fi =-- m s c l h  , ~ ~ g~/c2m ' , 1 =-- g 2 m l c 2 m ' ~ ,  
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o r  e v e i l  

(4.10') fi ~ msC/?~; Ic ~_ 1 ~_ hrg3/e3m =-- g~/c3m , 

w i t h  g ( the s t rong charge of the  generic source-hadron considered) to be deter- 

m i n e d  i n d e p e n d e n t l y  o] our" rough evaluat ions  of ~-z or h r. Especia l ly  for generic,  
h igh-mass  hadrons  precise calculations are possible, p rov ided  t h a t  one has  

di rect  informat ion  on the  hadron  s t rong-charge  dis t r ibut ion or at  leas t  on its g. 

I n  such a context ,  it is worthwhile  to clarify the  following: if we bor row f rom 

exper ience  the  informat ion  t h a t  quarks  appear  to be  the  t rue  carriers  of the  

s t rong  charge,  t hen  g ought  to be  defined as g = ngo (n = 2, 3), the  quan t i ty  go 

being the  average  m a g n i t u d e  (3~) of the  quark  re s t  s t rong charges g~, with 

g, = s~go, ~ s~ = ~ g~ = O, go = [g~l. At ten t ion  should be  pa id  also to the  fac t  
t h a t  go is the  rest  value;  inside a hadron  the  s t rong  charge of quarks  will a p r i o r i  

depend  on the i r  speed in a re la t iv is t ic  way  (3~). 

4"3. Consequences .  - The consequences of the  previous  subsections seem to be:  

i) The  fireballs M (z) and  M(~) correspond to mesonic  SBt ts ,  and  can 

exis t  wi th  radii  rl and  r3 such t h a t  

1 
(4.1]) r~ _'~ ~ r l .  

ii) By  analogy wi th  the  b lack-body  behaviour ,  such SBt t s  are expec ted  
to  (< evapora t e  }> emi t t ing  only hadrons  (one can also m a k e  recourse  to 
a rgumen t s  s imilar  to the  one in ref. (19)). 

iii) Following the  spirit  of ref. (3O)--e.g. b y  assuming a s ta t i s t ica l  evap-  
o r a t i o n - o n e  t hen  derives t h a t  our SBt t s  are expec ted  to emi t  a t h e r m a l  
spec t rum of hadrons  wi th  the  t e m p e r a t u r e  (31) (k ~ Bo l t zmann  constant )  

~C 
(4.12) T - -  

4 ~ k r  s ' 

which is of t he  order  (3z) of T _~ 2 .10 lz K, i .e. of k T  ~_ 20 MeV, for r _~ 1 fro. 

I n  correspondence with  the  pion,  eq. (4.12) yields the  (( max ima l  t e m p e r a t u r e  ~) 

of o r d i n a r y  physics.  These (unstable) SBHs  are expec ted  to evapora te  wi th  

a l i fe t ime of t he  order  of (31) 

At _~ (10zs/104z) s ~ 10 -3a s .  

We assume eq. (4.12) to hold also for the  (~ collapsed }> s ta tes  (corresponding 
.(2)~ to  t he  smaller  radii  r2 ~ r s j, so t h a t  (( the  same }> hadronic  S B I I  can  exist  

wi th  two different t empera tu re s  (still main ta in ing  the  same mass,  a pr ior i ) .  
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For  bo th  our M (~) and  MI2) mesonic SBHs,  we get  f rom eqs. (4.11), (4.12) t h a t  

the i r  own possible s ta tes  correspond to t empera tu re s  such t h a t  

these  two s ta tes  can correspond to the  Centauro and  Chiron decay  modes.  
The  t empe ra tu r e s  eva lua ted  in our sect. 3 tell us finally t h a t  

_ _  ~ A 1 )  (4.14) r~ = % ~ 0.1 fm, r 2 ..... (~) ~ 0.01 fm l S 

in ag reemen t  wi th  the  <Pt> dis t r ibut ions (cf. eq. (4.1) and  table  I) .  Concluding, 
for the  Me1, 2) c luster  we can say t h a t  the  Centauro and  Chiron decay  products  

come f rom the  evapora t ion  of the  following two S B H  s ta tes :  

M(~, 2) Centauros :  r~ ~ 0.1 f m ,  T (2) ~ 0.2 G e V ,  --1 

M (2) Chiron / T 12) 
: r 2 ~ 0 . 0 1 f m ,  o ~ ] O T ~  2 ) ~ 2 G e V ,  

M r Geminion ] 

respect ively .  The fac t  t h a t  these  t empera tu re s  ~re significantly different f rom 
the  exper imen ta l  ones (1.5 GeV and 10 GeV, respectively)  might have  been 

expec ted  f rom the  fac t  t h a t  eq. (4.12) refers  to Schwarzschild-type black-holes,  

whilst  our  S B t t  hadrons  are  to be  associated with  more  sophis t icated S B H  
solut ions--e .g,  of t he  K e r r - N e w m a n  t y p e - - c o r r e s p o n d i n g  to 

]gc 
(4.12') T --  4~kr s F(e, J ,  . . . ) ,  

where  F is a sui table  funct ion of all the  had ron  (( charges )) or q u a n t u m  num- 
bers  (see the  following). 

iv) E v e n  more,  since the  p roduc t s  ~t leas t  of t he  M (~) Chiron decay  do 
not  seem to be  ord inary  ba ryons  ( they  appear to have  a range  abou t  one- th i rd  
of the  normal  hadron  range  (is), and  the i r  mass  is of t he  order  of 10 GeV), 

t hey  might themse lves  be  regarded  as <(collapsed ~> baryons .  I n  o ther  words,  

t h e y  can be considered not ord inary  baryons ,  bu t  ba ryons  corresponding to 

the  second (smaller) possible radius;  see eq. (4.9"). (Unless one did not  like to 

t r y  to associate  the  Chiron-decay (~baryons ~) to quarks  themselves . )  Bu t  we 

leave this p rob lem comple te ly  open,  also due to the  scarc i ty  of the  experi-  
m e n t a l  da ta .  

v) L e t  us recall  t h a t  our SBHs can be charac ter ized  also b y  subnucle~r 

charges or (( q u a n t u m  numbers  ~) (besides mass ,  electric charge,  ~ngulp~r mo- 

m e n t u m  and m a y b e  a pseudoscalar  charge),  since the  shor t - range  fields become 
long range  a t  the i r  s ca l e - - ju s t  as it  happens  for the  s t rong mass  itself. 
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vi) Our SBt t s  do not  necessari ly have to evaporate ;  t hey  can also be  
stable against  t he  s t rong-interact ion decays (just as nucleons and  probably  
the  <~ baryons  )) ment ioned under  point  iv)), according to the  value of the  
s t rong-gravi ty  field at  thei r  surface (~0,~). Their  t empera ture ,  in o ther  words, 
ins tead of being expressed by  the  rough relat ion (4.12), can be given b y  
equations of the  type  (~5) 

]gc 2(M 2 _ j2  _ E2)�89 
(4.12") T --  4~krs M - -  �89 ~- (M ~ - - J ~ - - E ~ )  �89 (N ~ ~-*G),  

which holds, e.g., for Ker r -Newmann SBHs.  I n  eq. (4.12") it  is 

M ~ Nm~/c, E - -  l~e~M/lgc, I~ ~ (4:~eo)-*, 

and J is the  angular  momentum of the  considered hadron.  The t empera tu re  
given by  eq. (4.12") vanishes,  e.g., for hadrons lying on l~egge trajectories (2,), 
bu t  not for our M (1), M (2) fireballs. 

vii) Le t  us repea t  t ha t  t he  S B t t  solutions of Einstein equations in the i r  
s t rong version (i.e. obtained merely  by changing G into N) cannot represent  
hadrons,  since thei r  strong-gravit~ field would not fade away over  the  distance 
of a few fm;  in pa r t i cu l a r - - a t  the  s tat ic  limit and in the  ~ in termedia te  region )~-- 

i t  would behave  as - -Ng/r  without any  exponent ia l  damping. In  our approach,  
on the  contrary ,  we meet  such a Yukawa damping, and our s t rong-gravi ty  metr ic  
is expec ted  to vanish over the  correct  distance f rom the  source hadron,  leaving 
in its place the  pure  gravi tat ional  metr ic  ( that  is to say, our to ta l  metr ic  
smoothly  <(fades ~ into the  pure  gravi tat ional  metric).  

viii) ~u have ~lways associated the  M (~) Chiron decay with the  M (1) 
Geminion decay, since in be th  c~ses <p t}n_  ~ 15 GeV/c, and since the  
Geminion decay can be regarded as a Chiron decay with <n}n--~ 2 simply for 

energy conservat ion reasons. 

ix) Till now we have not  a t t emp ted  to explain the  pion decay modes of 
the  M (~) and M (~) objects.  We may  suggest pion product ion  to occur when a 

hot  spot is formed in the  high-energy collision of two nucleons, bu t  the  energy 

densi ty  is not  enough to collapse the  colliding ma t t e r  into its possible strong 
Schwarzschild radius. This explanat ion seems reasonable in view of the  fact  
t h a t  the  emission t empera tu re  is small with respect  to the  <( baryonie )> 

decay modes. 

x) The above analysis seems to suggest t ha t  real  <~phase transit ions ~ 
nmy t~ke place in the  high-energy collisions. These <~phase transit ions ~) can 
be associated with the  collapsing of the  fundamenta l  m~t ter  beyond the  s trong 

(~-~) See, e.g., D. N. PAGE: Phys. Rev. D, 13, 198 (1976); S. HAWKING: Phys. Rev. D, 
13, 191 (1976). 
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Schwarzschild radii, which yield, th rough  a Hawking- l ike  relat ion,  the  t em-  

pe ra tu re  of the  t ransi t ions .  At  these  ve ry  high t e m p e r a t u r e s  the  emission of 

heavy  objects is enhanced,  as is observed exper imenta l ly .  

L e t  us close this  sect.  4 by  saying the  following: the  grav i ta t iona l  black- 
holes do not  seem to have  been  observed  ye t  wi th  ce r t a in ty ;  i t  would be nice 
if Chirons and  Centauros could be  associated wi th  the  ac tua l  observa t ion  of 

strong black-holes.  

5 .  - C o n c l u s i o n s .  

The  analysis  developed in the  previous sections seems to indicate  clearly 

the  re levance of fireballs of discrete masses  in the  p h e n o m e n o m  of mult iple  
par t ic le  p roduc t ion  in very-h igh-energy  collisions. 

Indeed ,  we showed t h a t  the  exis tence of these  objects  and  the i r  decay 

modes are  compat ib le  with,  and  a na tu ra l  explanat ion  for, the  da ta  ob ta ined  

in pion p roduc t ion  and  b a r y o n  produc t ion  b y  BJECC.  The  na ture  of such 
objects  and  of the  direct  ba ryon  produc t ion  is a real  challenge to cur rent  
physica l  theories ;  and  it  is indeed in teres t ing  t h a t  our descript ion of Chirons 

and  Centauros  as evapora t ing  <~ s t rong black-holes ~ yields a t  least  the  r ight  
order  of magn i tude  for the  t e m p e r a t u r e  of these  events  and for the  (~ fireball ~> 
r~dii, and  also gives a hope to u n d e r s t a n d  the i r  decay modes.  

The  overall  pict.ure seems promising,  bu t  we need more  theoret ica l  and  
exper imenta l  studies to unde r s t and  be t t e r  these  new phenomena .  I n  par t icular ,  

and  prel iminar ly ,  it is i m p o r t a n t  t h a t  Chirons and  Centattros be  found also 
a t  the  SPS-collider exper iments .  

* * *  
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Note added in proo]s. 

I a  a recent UA1 series of experiments with p~ collider, an increase with energy 
of the mean transverse momentum <Pt> of charged particles has been found, as well 
as that (Pt> is correlated with the charged-particle mMtiplicity no so that  values of (Pt) 
greater than 1 GeV/e are not unusual, as was observed by the BJCC experiments. 
(See G. ARNISON et al.: CERN/EP/82-120, 121 and 125 (1982); M. BARNER st al.: Phys. 
Left. B, 115, 59 (1982).) 
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�9 R I A S S U N T O  

Si anal izzano i da t i  sulla produzione  mul t ip la  di adroni  in in terazioni  ad al t iss ima energia,  
p rodo t t e  sin da raggi  cosmici,  sin in macchine  acceleratrici .  Si mos t ra  come quest i  da t i  
siano compat ib i l i  con una  serie discreta  di /ireball, genera te  helle de t te  collisioni ad 
a l t i ss ima energia  e che proseguono nella  direzione degli  adroni  incident i .  Tal l  f ireball  
sembrano  possedere diversi  modi  di decadimento ,  o in soli pioni,  o in soli barioni.  
I decad iment i  sono s ta t is t ic i  e se ne r i cava  la t empc ra tu r a  cor r i spondente ;  ad esempio,  nel 
cos iddet to  (, Chiron-mode ,> (o modo chironico),  la t e m p e r a t u r a  r isul ta  di circa 10 GeV, 
il  ehe mos t ra  che l 'usuale  l imi te  di 160 MeV per  le collisioni ad a l ta  energia 6 qui  am- 
p i amen te  violato .  Si p resenta  inol t re  un modello teorico per  i decadiment i  del t ipo a 
Chironi ,  a Centaur i  e a Gemini  basa to  su l l ' evaporaz ione  di oppor tun i  (, buchi  neri  fort i  ,>. 
L a  presente  analisi  sembra  s u g g e r i r e ~ t r a  l ' a l t r o - - e h e  nelle collisioni considerate  ab- 
b iano luogo delle <, t ransizioni  di fuse ,>, associate al collasso della ma te r i a  col l idento 
a l l ' in te rno  dei suoi or izzont i  (tipo Schwarzschild) forti .  I raggi  degli or izzont i  r i su l tano 
in buon  aecordo con l 'esper ienza e, a loro vol ta ,  forniscono la t empe ra tu r a  delia t ran-  
sizione per  mezzo di una  relazione di t ipo Hawking.  A ta l l  al t issime t empe ra tu r e  ci si 
a spc t t a  che l 'emissione di ogget t i  pesant i  sin favor i ta ,  eosi come si osserva sper imental -  
mente .  Molt i  aspet t i  dei da t i  sper imeuta l i  sono spiegati  r ag ioncvo lmen te  bene dal  mo- 
dello teor ico proposto .  

I~HDOHbl, ~BOHHHKH, geHTaBpbl, pacna~bi n I1HOHbl. (DeHOMeHOJIOUHqEelCHH !t TeOpeTiiqecKHfi 

aHa~IH3. 

PeaIoMe (*). - -  Mbt aHaaa3npyeM ~aHHbIe nO MHOmeCTBennoMy pO~)IeHHFO B coy~ape- 
Hi, tax riprt OqeHb 60~bmI4X 3Heprrt~rx, npr~ 3HeprrI~rI KOCMrlqeCKI,IX sIyqe~ rl npH 3Heprnz~x, 
~OCTn~rtMb~X Ha yci(oprtTe~nx. MbI noKaamaae~, qTO 3TH ~aarm/e cor~qacy~oTCa c ;~rIC- 
rpeTnblM crteKTpOM Macc qba~p6osIoa, KOTOpble o6pa3yroTca B coy~apermnx nprt oqenb 
BbICOKHX 3HepFI,IWA I,I CoIIpOBOX,/~aIOT coy~ap~tIOI/_IHec~I a~pon~,i nocJIe B3aHMo~e~CTBH~. 

TaKne qba~p6oabi o6;ta~aroT paaanqnr, LMrI Mo~%aMH pacnaaa:  TOYlbrO B rlI, IOnb114YlrI TOYlbKO 
B 6aprtoHI, i. PaclTa~bt J:/BYI~IOTCR CTaTI'ICTHqeCKI/IMH. Mbt orlpelleYIfleM TeMrIepaTypbE 
COOTaercTByi~mrrx pacnaaoB. HanprIMep, TeMnepaTypa B Tar Ha3~,IBaeMO~ << KnpoHnofi  
MO~e )) COCTaBngeT 10 FaB. MbI npe~aaraeM TeopeTH,~ecryro Morea, ,  ~ CO6btTr~fi pac- 
nasa ,  ffO~O6H~IX KnposaM,  f[BO~HHKaM/~ KenTaBpaM, a TepMnnax ncnapeH~a <( CH.r/bnblX 
qepHblX ~Iblp >>. H a m  aHaan3 npe~no~araeT, tlTO B paCCMOTpeHHI, IX c o y ~ a p e n n a x  MOFyT 

HMeTb MeCTO << ~ba3OBbIe nepexo) ib i  >>, CBfl3aHHbIe C KOn~IarlCOM c o y ~ a p a I o t t t e r o c a  BeKIe- 

CTBa BHyTp~I CMJIbHBIX ropg3OHTOB (THrIa IIIBapI~m~ISIb2la). Paa~ycst  FopHaOHTOB corJ~a- 
cy~OTC~ C 3KcgeprIMenTOM n onpe~e~arOT TeMnepaTypb~ nepexo~IoB qepe3 COOTHOmeH~Ie 
Tm~a XaBKI~HFa. 1-Iprf TaKrLX O~eHb BblCOKHX TeMnepaTypax omn~aeTca, tlTO 3MHCCHII 
T~eYtbtX O6~,eKTOB yBeJ~nqHBaeTc~, qTO Ha6nio~aeTcff 3KcrIepnMeHTa-qbHO. MHorHe 
ac~IeKTb! 3gcnepr~MeHTanbnbIx )IaHnbIX Haxo~aT O67,~CHeHHe B paMKaX lape~l~O~eHHO~ 
HaMI~ TeopeTnqec~o~ Mo~en~L 

(*) Hepeaec)eno peOatcque~t. 


