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ABSTRACT 

The time necessary to achieve the equilibrium ratio of strange to non 
strange quarks In heavy ion reactions is estimated in the framework of per-
turbative QCO. It is found, in the present approximation, to be much larger 
than the total collision time of even a central U + U collision at 
Erjin » 2.1 GeV/nucleon bombarding energy. 

АННОТАЦИЯ 

На основе пертуроативноЯ КОД оценивается время, необходимое для дости
жения равновесия по числу образовавшихся странных и нестранных кварков в ре
акциях с тяжелыми ионами. В данном приближении получается, что это время го
раздо больше полного времени взаимодействия даже при центральном соударении 
Ü + и при энергии 2,1 ГэВ/нуклон. 

KIVONAT 

A perturbativ QCD keretei között megbecsüljük a ritka és nem-ritka kvar-
kok közötti egyensúly beállásához szükséges időt nehéz ion reakciókban. Ebben 
a közelítésben ez jóval nagyobbnak adódik, mint a reakció teljes ideje még a 
centrális ü + О ütközés esetében is 2.1 GeV/nukleon laboratóriumi bombázó 
energia mellett. 



QUARKOCHEMISTRY IN RELATIVISTIC HEAVY ION COLLISIONS 

The problem whether a quark gluon plasma phase is produced in the 
course of я relativistlc heavy ion collision (RHIC) remains the most 
fascinating question of heavy ion research. 

Many works [l-V] have dealt with the description of the quark phase 
Itself; in other papers [5-Ю] the signature, i.e. the experimentally 
observable consequences of such a phase transition, is investigated. 
It was shown that the presence of strange quarks influences essentially 
the statu of both the quark and hadronic natter [l,ll]. It was pointed 
out too, that the observation of strange particles вшу indicate whether 
they are created in the quark-gluon phase [7,9J or in the hadronic 
phase [l2-l5]. 

In these treatments the chenlcal equilibrium between strange and 
поп кtrange quarks was assumed. It remained to be clarified, however, 
whether during the short lifetime (if any) of the quark-gluon plasma 
this equilibrium value can be reached. 

Our aim in the present work is to estimate the relaxation time,?, 
necessary to achieve the equilibrium ratio of strange to non strange 
quarks. This relaxation time will be compared with the reaction time 
of the heavy ion collisions. For this purpose we have to introduce 
dynamic assumptions too, besides the assumptions usually applied in the 
thermodynamic treatment of the quark phase. 

Naturally the complete treatment of the whole collision process 
by QCD is beyond the possibilities of present day theories. Therefore . 
we shall assume that a given initial state is created by processes not 
discussed here. Then we shall follow up the consequences of this initial 
condition. Presumably one will have to investigate the consequences of 
different initial conditions to find the most realistic one. One also 
has to decide what elementary events should be regarded as the most 
important for the processes investigated and what events should be left 
in the backround. 

In our present consideration the total effect of all the background 
processes is assumed to be much quicker than the selected one, so these 
background events ensure, for example, the thermal equilibrium of quark 
matter. 
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Por the «volution of heavy ion collision we suggest the following 
scenario: 

i/ In th« near central collision of relativlstlc, large heavy ions 
a place of hot and denae matter, the flrecloud, la formed, which 
undergoea a phaae tranaitlon to form a quark-gluon plasma, 

ii/ This plaaaa initially contains "up" and "down" quarks c.ily 
(denoted by q) and has high temperature and density. Later on 
in this piearn« other kinds of quarka will be created, namely 
anti-up, anti-down, strange and anti-strange querka (q,s,S ). 
Although strange quarks may have already been produced in the 
previous, hadronlc, phaae of the collision, this can change the 
initial condition only but not the relaxation tlae.t. 

ill/ The non strange anti-quarks (q)are produced by auch quicker 
processes than the strange ones (s and в). Actually the 
equilibrium between non atrange quarks and anti-quarks Is 
regarded as being achieved at the beginning of the strange and 
anti-strange quark production. (Thia asauaption la motivated 
by the observation that the threshold energy ia much smaller 
for the qq than for the ai pair creation.) 

lv/ Our considerations are based on the applicability of the 
perturbatlve QCD for the description of elementary processes 
going on in the quark-gluon plasma. The strange and anti-strange 
quarka are hypothesized as being created by the following 
proceas: qq — ? as (aee Pig. la). 

v/ On cooling down, thla plasaaball will somehow break up to the 
* 

experimentally observed hadrons after a certain time. 
According to this scenario the time development of the strange-non 

atranga quark composition of the syatea is described by the following 
sat of differential equations, siallary as in Ref. £1б]: 

гц« VI**,*,,...) *o , 
гц» Wv4,y»,,...<>*0, 

where the kinetic coefficient, Ä , is determined aa the rate factor 
averaged over the momentum apace of colliding q and q particles (eq.(2) ) 
and v represents the total effect of qq pair production and annihilation. 
Because those processes are aupposed as being quloker than ss pair 
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production, the nuaber danaity of non atranga quarks an« antl-auarke 
(n , n-) la aeauaed to kaap lta equilibria* value. In eqa.(l), г danotaa 
th« equilibrium ratio between non atranga and atranga quark anti-quark 
pairs. 

Due to ita high teaperature (100-300 MeV) the quark-gluon plaaaa 
will be treated as a •ulticoaponent relatlvietic ideal Boltsaann gaa. 
If we denote the cross section of process qf-»ss shown In Pig. la by * 
then the re.a factor, Я , and the equilibriua) ratio, r, are given aa: 

«14* űí^ *** 
and 

.2. 
Г« 

Here 8а(р14р„) la the invariant C.N. energy squared, p> la the 
inverse teaperature, a 8 and a are the rest aasses of strange and non 
strange quarks, respectively (they are aaauaed to be: a * 300 MeV, 
•„<<%» the latter is neglected here (set Ref eX9,17JJ), d § and d are 
the spin isoepln and color degeneracy factor of quarks (6 and 12) and 
finally K

n(x) denotes the n-order Bessel-function of the iaaginary 
arguaent. 

The function Q(/*,•) denotes the canonical partition function ot a 
Boltznann-dlstrlbuted set of particles each having raat aaea a at T»l^i 
teaperature. The general fora of it for the relativiatio Boltzaann gaa 
U l A i l 

(The value of the funotlon f(x)« 0.9ж^2Сж)&1«0 for all xiO.O,) 
The equlllbrlua value of the nuaber denalty of non atranga quarks 

and anti-quarka - whloh enaure the stationary oonditlona for the slower 
si creation proceaa - can be determined froa Boltzaann atatistics: 

vycacp.cOe^ , У1,-0^,о>е^ , 
wherey*la the chealeal potential. Because of the baryon nuaber 

conservation, (n - n-)» b • constant, hence 
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and 
z. Ц^-«ц* О(^.о) . CS) 

Because eqs.(l) conserve the strangeness density, (*i&-*i) , it 
reaalns equal to the initial zero value. 

On account of these considerations the system of eqfc.(1) can be 
reduced to one ordinary first order differential equation. For the 
number density of strange quarks it reads as: 

n s * A-G^,6> - а-Г-ní . (6) 

The particular solution of this equation with initial condition 
n ( 0)-sO has the following analytical fom: 

«,«> -ay.- .>-«-*(»-S$!**) 
Proa eq. (7) on« can read the characteristic tlaie for achieving the 

equilibrium value of strange quarks: 

ж t upas!' . У*. *fc\ d w^1,.V^OÍPH) . о 
oft/So) Л j,1 > l ' ' 

The number densities of strange quarks and anti-quarks reach "]Ы> 
of their equilibrium value at time t»£, and 96# of this amount at time 
t»T ; so one may certainly suppose chemical equilibrium T time after 
the formation of the quark-gluon plasma. Note that T depends on the 

о coupling constant asGCl/et . 
To estimate this time we have to calculate the cross section of the 

process qq->as (see F'g.la ) , appearing in expression (2)for/). 
Supposing the applicability of the perturbatlve QCD we treat this process 
as an analogue of the muon pair creation in QED (see Fig. lb). In the 
expression for the crosa section ot the e"»*-»»"»* process [18] we 
substitute the strange quark mass for auon mass to obtain the cross 
section for the qq-?ss process, as 
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Kére ot = g /** is the coupling constant of the strong Interaction. 

Ve suppose it to be 0.2 £17^ • n * s ia again the eeuare of the C.H. 

energy of the collision. 

The qq-> ss process Is, however, "colored and its cross section 

is different from the cross section of anion pair creation. 3 ж 3 = 9 
kinds of colored qq collision are possible, but only S can be 
transformed to a ««aber of the gluon-octet, so the cross section la 
8/9 of Its uncolorcd analogue. Ve use In (2) 

The characteristic tie», ? , was determined by perforaing numerically 
the integral in expression (2). The X values so obtained at different 
teaperatures are plotted In Fig.2. 

The total reaction tlae tor the V * V collision at 2.1 GeV/A 
—24 / bombarding energy in the LAB eyetea is about 5° ж 10 aeo ( dotted 

line In Fig.2). By inspecting Fig.la of Ref. [l5] one aay guess the 
possible lifetiae of the тегу coapressed and hot stage to be about 
5-Ю ж 10"2* sec (dashed line in Fig.2). 

It is clear froa Fig.2 that the possible lifetiae of quark-gluon 
plaeaa iteelf Is far leas than the tiae necessary for cheaieal equilib
ration between strange and non strange quarka. 

An Interesting feature ot the relaxation tiae, T , given In eq. (8) 
ie that it does not depend on the density but on the teaperature of the 
quark-gluon plaeaa ball only. 

Finally we want to eaphaeize again that all of our considerations 
are based on the applicability of the perturhatlve QCD for the descrip
tion of the plajaa ball. Even in this case the relaxation tiae aay 
change appreciably froa the value given here if on» uses other values 
for the rest aass of the strange quark and /or for the coupling constant. 

2 Here T is inversely proportional to e; and it shows a qualitatively 
exponential dependence on the strange quark, aass, as ехр(фт«) . 

The authours are indebted to J, Kutl and V, Gribov for aany 
enlightening and helpful discussions. 
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FIOUKE CAFTIOWS 

Pig.l. Tho lovoat or*or graph« oorraaaon«ing to tho »roeooa од-%оа 
(•̂  an« tho aaalogao ono o"o* -»»Г R* (hi, roaaoetivoly. 

Pig.2. Tho charaetorlatio tie», ? , for ehoaleal ofoillbration of 
•tranga ouarka la »lotto« aa a fanetloa of toaaarataro, T, of 
tho адмгк-glnon alaaaa. Tho total eolllalon tlao aa« tho gaoaao« 
lifatlao of tho «nark »haaa for a eoatral V • V eolllalon at 
Е|д_ж 2.1 CoV/A onorgy ara alao aarko«. 
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