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In the l ast three years many exper i mental and theoretical 
papers have emerged devoted to the production process of strange 
particles i n heavy ion colli s ions. On the one hand, th i s is due 
to· desir e for getting a deeper insight into the dynami c s of 
interacting nuclei, that is especial l y promissing i n the near 
threshold ene r gy region, in which strange part ic les can be 
considered as a messenger of information on the earliest stage 
of i nteraction / 1/. On the other hand, this is reasoned by the 
theoretical predictions about a considerab l e increase in the 
yield of strange par ticles from the quark-gl uon plasma, i.e ., 
s trange partic les may serve as a sign for a possibl e hadron­
quark phase transition 12 .S/ . 

In the present paper the yie l d of strange part ic l e s , anti­
nucleons and lightest hyperfragments in the relativi s t ic heavy 
ion collisions is considered within the nuclear fires treak model 
taking account of the associated nature of the production pro­
cess. 

Within the nuclear firestreak model the inclusive spectrum 
of particles of the t ype i produced in the collision of two 
nuc l ei can be represen t ed as follows 14 .6.81 

d"l da 
---;r--p = rd~ -d- L.. -"1 (p., ~) , ( I ) 

,., p ... p 

where the geometry fac t or of distribution over " streaks" d.,. is 
d~ 

unambiguously determined by the distribution of nu cl ear density 
of col liding nuclei. The decay of each streak ~ i n the proper 
system is described by the one-parti cle part it ion func t i on 
'I( P-,,,,) • factor L ... .... makes the Lorentz boost o f particle 

p ~p 

spectrum ' into the laboratory system. Assuming t he pr oduced par­
ticl es to be a mixture of relativis ti c ideal gases in th e t her­
modynamic equilibrium, we have 

vZ Vp· 2 +m2 
" ( p . , vl - tnt [ exp(-- ,-p, )± 1] - 1 ( 2 ) 

(2 " )3 r 

where Pj !!!! #L 1("') and r .. r(,, ) are the chemica l part icle poten­
EOIT

tial and " s treak" temperature, and the factor _ (2S 1+ l)e2 1nt 
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takes into account excitation of internal degrees of freedom 
of a partic le with s pin Sj and its binding energy EO ' The :J ssump­
tion about chemica l equilibrium a lloW's one to express the che ­
mical potent ial o f any particle through t hree unknown ones : 
III :::ril l (Ilp • p.n' ILK)' In addition, in formula (2). temperature and 
vo l ume of the system are unknown. For these f1ve unknowns we 
have four (baryon number, cha r ge , strangenes s and energy ) co n­
servat i on laws. The inter ac tion volume per one nucl eon V i s 
a free parameter fixed by a g iven " critical" or "break t1 p"dcn­
si t y lie of the " s treak". According t o refs,!4.5/ , we a ss um C' 
II ... I v. '" 0. 12 f m-3 . 
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One shou l d be careful applying f ormul a (2) t o H lrnn~c pnr ­
ticles, an tinucleons and for othe r cases wh en pnrL ic l<'s nrc 
produced in pairs or in associative manner/Q/. It iR only in t Il e 
limit of t he l arge volume of system, when the numb (" r of poss ible 
pairs i s l a r ge, one may r estrict oneself by a Sl uli s lirnl 
account of the s trangenes s conservation law throuAh ilS in­
fluence on temperature tC1])and chemica l potent i a l III ( 71) a nd t hus 
to calcu l ate the strange particle abundance by thC' s lime fo r mu ­
l a (2) like for nonstrange hadrons. 

In the energy r ange under consideration the tempc nllurl' of 
t he hadron gas is not ve r y high and the number o( produc ed 
strange parti c l es i s smal l , therefore the associated n.1lu r e o f 
t he product i on proces s should be taken i nto account properl y . 
In our version of t he fi r estreak model/61 thi s r equ i r ement 
implies that the probab i l ity to produce any partne r o f a s so­
ciation l S defined by th e probability to create the who1e as ­
soc i a tion of parti c l e s . In particul ar, if a strange partic l e of 
the type 8 can be produced through the channel k in a s sociat i on 
with a strange particle Bk • then i nstead of ( 2) we have 

f~ (p, ~ ) ~ fs (p,~) l: 5 (5+ 5 ) fd 3 p 'd Sr ' K (r, r ' ) r_ ( p'.~ ' ). ( 3)
k K sK 

whe r. e the summation is per f ormed over a ll t he channels sat i sfying 
the conservation law of strangeness , and K(r , r') is the corre­
lation function. A simi l ar problem in t he s t atistical theory 
of high-energy hadron- hadron collisions has been consider ed by 
Hagedorn and Ranft/7l. who argued t he l oca l ity of t he cor rela­
ti on f unc ti on K(r.r')~5(r-r' ). The r e l evant s cale in the fir e ­
streak mode l is the volume per one baryon , i.e. , K(t.7')~ 
=> S (71 - 71' ) /8(1]). where 8(q) is a number of baryons in the " streak" 

.". The fi ni tenes s o f the interac t ion vo l ume requi res an exac t con­
servation of stranRene s s wit hin this volume . Since eac h nuclear 
"str eak" i s produced i ndependently , t he st r angeness i s conser ­
ved l ocal l y, t hereby t he properties o f nucl ear fir estreak turn 
out to r es emble t hose of hadron col l i sions. 

2 

In thi s appr oximation [o r K(r 
~ 

, 
~ 

r') fo rmul a ( 3) is reduced t o 

;s (p.~) _ fs (p.~)Vl:5(s+sk) · V- (~) wi th vl (~) _ _Vl fd3p'fl (P'.~' ), i. e . , 
s k 

due to t he as soc i a ted na ture of the production process the yie l d 
of s trange part icles is s upp r essed by a facto r of V! I) (s + Sk )v­
i n compari son with fomula (2). k sk 

Since t he production probability of strange particles is 
smal l, th is ve r sion of t he firestreak model/61 reproduces all 
the resul t s of papers 14,51 for nonstrange hadrons. 

It has been shown in our paper 161 that the associated nature 
of st r ange particle production enables a good description of 
the available experimen t al data on relative abundance of par­
ticles with s~ 0 in the Dubna and Ber keley energy ranges. In 
t his case , fo r t he widely discussed inclusive spectra of K+ ­
mesons produced in the Ne + Na F (2 . 1 GeV/nucleon) reaction\ 
the discrepancy i n the absolute yield is about twice as large 
as the measured values, but not 30-40 times as in the statis­
tical model /S/ neglec t i ng the associated property of stranp,e 
partic l e pr oduction . 

Recently, new data have been reported on a relative yiel d 
of AO- and K~ -particles i n central interactions of nuclei at 
3.66 GeV/nucleon. In our calculations the central interactions 
wer e determ i ned by the impac t parameter blb <' O.25. It is seenmu
from fig.1 tha t the theor etical predictions for the A-depen­
dence of yie lds are in agre ement with experiment~ if the expe ­

12c1'60I' AT 1J.66GeV;rucll~' 
", 
, 3 
~ 

c 

:z, 2 
 IIJ N(I . 1. Dependence of ,'dativec'. -'""" 
V yieZds of K~-mesonf: and AO ­

hyperons on the target man" num­
ber in the ce~ltraZ interoction,-, 
initiated by carbon and OX!l[1e)Jto " " 
ions riJith the projectile en'ruy 
3. 66 GeV/nucleon. The expepimen­~ 08' 
ta l poi n ts are taken fporn papep 19/ . 
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,, 
" The theoretical curves aTe aiven 

riJith (solid curve) and urithout 
, 

¥. 
(dashed curve) takinrr into ac­~ 0' 
count the experimental "riJindOriJ " V 

l f or the observed momen twn of0 
v! 03;. parHdes riJhich i s PKo> 0 . 61 andv ' ('t 
v, 
. 0 uu v' • 

p > 0 ,46 GeV/c , respectively .10 100 AT hO 
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;;­ rimenta l limits on t he magni t ude of momentum of observed par­
I!' ticles are t aken into account. 
~ " The considerat i on of relative abundance of produced par t ic­

l e s is highly useful for sys temati zation and extrapolation of 
o 
o 	 t he data, since in thi s representat i on t he dependence on theIN 	 projectile-target combination almost disappears . Figures 2-3 

s how the A -dependence o f particle abundance i n the energy re­1 gion of current in t en s ive experimental i nvestigations of strange 
particle production. 

I t is s een that even at the Dubna synchrophas o tron ener gy §! t he relative abundance of strange particles, antinucleons and 
l i ghtest hyperfragment s i s thought to be i ndependent of t he 
mass numbers of col l iding nuc lei. 

The comparison of rela t i ve yields of par t icles R, ('1i! ) - o/ n _ 
at two projectile 	energies To shows tha t for strange partic l es " 

o R , (J.66 ) / R. (2.1) =2, whereas f o r hyperfragments 
R HF 0. 6 ) /R r (2. 1)=0.5. It does no t mean that it is 
more "prof itab l !\ t o obs erve hyper fragment s at the Berkeley 
accelerator energy. An obs ervation efficiency depends on the 
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~ product i on cross section o f a given parti cle at . so t he ratio 
.~~ . R j ( To ) shou ld be mult i plied by k j - ~'i.n"- and , consequently, 
III "6 	 an ef f i c iency t o observe s t range partic l es wi l l depend es­
t:j ~ 0 <» sent i a l l y on t he combinat i on of coll iding nuc lei . For the mo s t Cl)i:. ~ Ne.. _~ popul ar Berkeley reaction Ar +Ar (1.B GeV/ nuc leon ) , t he mean 
fIJ~ll)~ multi plicity of nega t ive pions n _z2. 3 and t he reaction cross .. section u::::925 mb,that provides \ Ar+Ar =2.1·10Smb. For t he"'.., ~,...E-1.s ~ 	 react ions initiat ed by a be am of carbon nucle i at the Duboa 
• '" <0 	 synchrophasotr on we have kC+ C::0.9· 108 and k C+ Ta = 1.1· 10" mb 

f't) C>;j C>~..... for the carbon and tantalum target, respectively. Thus , for t he t:nt;;):.Il)t'?."." " 	 C+Ta (3.66 GeV/nucleon) reaction the strange par ticle cross
~~Cl) 11 

'b ,. 

,~ 
I,, if-

section is te_n times and of hyper fragments 2.5 times as large 
as in t he Ar+Ar (1.8 CeV/nucleon) reaction. For the C+C 

1- ( 3. 66 GeV/nucleon) col lision the production cross section of ..!! strange particles becomes equal and t he yield of hyper fragments 
is twice l ower than the cros s sections for the above-mentioned 

o r eaction at the Berkeley energy .o 
N 

Table 
Yi eld of super-hyper fragment s relative t o 17 --mesons 
in two reactions at To - 3.66 CeV/nucleon 

o 
o 

~reaction 
12c + 12c 	 12C + 181Tafragment~ 

• 	 7,6.10-9 6.0.10-9
""He 

6 	 1.5.10 1.5.10-9o 
"(bHe 	 - 11 

1.8.10 - 16 	 1.4.10-16

""B 	
5 



Fig, 4. Invariant inclusive di s -
1O"'f 12c. 181Ta t3.66Gev/rouc llJ ~ tributions for hyperfra~nents 

-	 ,H XH {solid curve ) and ~He{dashed
- -- - ~Hc[·1)' J ()urve) produced i n the 12C + 18 1 T a 

(3.66 GeV/nucleon) reaction . ,,. 
~ rl-'-'-'-"'-'-'-'-'-"'-l-en.,.> 
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F<U · 5, Fuestreak model ,. 
pred£c"ions for the energy de­
pendence of ~he yield of secon­
daries in the coUision of , 

, 5{C+C (dashed curve) Ar+ Ar 10,f 	

- - u·u 
- - Ar · Ar 
-----c·c 

Ifl r 
..) 0 2 I) 8(dashed-poMt curve) , and u +u 	 ,a " pro/ecl, [e energy !GeV/nucIJ(solid c""ve). 

The mode l a ll ows one to eva l ua t e the production probabi l i ty 
of s uperphyper fragment s, i.e., hyperfr agment s 'ioo.· i t h s tr angeness 
j ~ r ·· . 2. These predictions are r epresent ed in t he Table f or the 
carbon beam ava il able at Dubna . Usin g the data g iven in the 
Table for the C+Ta (3.66 GeV/nucl eon) reaction, we get for 
instance, f or the production cross section o f a s uperhyper­

fragment of helium-4 4 = k c+ Ta. R 4 (3.6)" 0.07 ~b .(1 

AN'" AA He 

It should be noted that the statistical mechanism consider ed 
leads to the production of hyperfragments in the middle ra­
pidity region ( see f i g . 4). In t he gene r al case this mechanism 
is not unique. Hyperfraements can possib l y be produced due 

6 

to the hyper charge-exchange co l lision of nucleons of a pro­
jectile or a ·target-nucleus. However , i n this case the kine­
ma t ics of the reac t ion is different : the yiel d of hyperfragments 
will have max i mum near the r apid i ty of the proj ec tile or t ar­
get, respectively. 

Figure 5 re presents the ener gy dependence of partic l e 
abundance . With i ncreasing energy of a projecti l e the curves 
tend to sat uration because of ex i stence of t he l i mit i ng tem­
perature i n the Pomeranchuk version of the stat i stical mode l 
used to describe a nuclear Il streak" decay. 

So, an essent i al point of t he gener a lization of the fire ­
streak mode l t o the produc tion of s trange partic l es, ant ipar ­
ti cles , ~yperfragments and super-hyperfragments is the consi­
deration of the associated natur e of the production process 
and the r eq uirement of a local fulfillment of the conservation 
l aw of strangeness. The degree of a l oca l conservation of 
s trangeness is of the fundamenta l nature . For the heavy-ion 
collisions i t can be estimated ex~erimental ly from t he effecti ­
ve mass distribution of K+K-- orAA - pairs a s for the case of 
hadron-hadron co l lisions/?/. 

The local fu l fillment of the conservation law of strange­
ne ss i mpl i e s th a t the hypothes is on chemical equi l ibri um of 
s trange partic l e s with nonstrange ha dr ons should also be of 
t he l ocal nature. This assumpt i on is much weaker th an the as­
sumption about the chemical equi librium in the whole interac­
t i on volume /8/• . 

The firest~eak mode l provide s a self- consistent and r ather 
satisfactory desc r iption of the avai lable expe rimental data 
on a relative abundance of partic l e s. The afo r e-made pred i c­
tions can be used fo r the expe r i mental verification and 
fu rther development of the model and for t he identification 
of signals o f a possible t ransition o f hadrons to the state 
of quark- gl uon p l asma by searching f or essential deviations 
from these predictions. 
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