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Central heavy ion collisions at ultrarelativistie energies ( y/s = 200 A GeV at 
RHIC and ф = 6.4 A TeV at LHC) will produce large number of charmed quark-
antiqnark pairs because the colliding energy is rar beyond the threshold of the pair 
production (m e =s 1.94 GeV). ш shnpk nueleon-nucleon cofflsinrm these charmed 
quarks (antiquaries) coalesce quickly with light antiquaries (quarks) fc^ming mostly 
0 , 2J> mesons. Charmed baryons contamg only one heavy charmed quark (A+, E c , 
£+) were also seen 1. However in heavy km collisions, as it was pointed out inRef.2., 
one may expect the appearence of baryons with two or three heavy quarks (e.g. fie«*, 
Нее» ft*e)- hi this paper we present an estimation for the expected number of these 
multi-charmed baryons in the RHIC and LHC colliders. The problem of baryons 
with b quarks will be treated separately. 

A qualitative explanation of the situation can be given as follows. The charm» 
antichann quark'production is well established in proton-proton collisions. However 
in p-p collisions the production of three c-c pair with near lyjng momenta has 
practically vanishing probability. On the other hand, in an ultrarelativietic heavy 
ion collision many such reactions take place simultaneously, and thus the production 
of many c—c pairs with near iying momenta may have an observable occurrence . 
Furthermore, if a quark-ghton matter with high "temperature" is formed, then one 
can expect, that orders of magnitude more charmed quark pairs are created than in 
the pure hadronic scenario'. Sinmarcondusioucanbereacb^ifoneaasumestbj^in 
the collisions a parton cascade develops with high average relative parton momenta. 
On the basis of this argumentation one can conclude, that the ultrarelativistic heavy 
ion collisions yield a unique opportunity to produce multi-heavy baryons. 

In order to calculate the multi-heavy baryon yield in heavy km соШвкт we 
shall use an extended version of combinatoric break-up model4'9 for the description 
of hadron formation and for the prediction of the coalescence probability of two or 
three charm quarks. The combinatoric break-up model needs the quark and ghion 
content of the very high energy density matter before rehadronkation, as an input. 
For the number of light quarks, ЛГ,, strange quarks, N„ charmed quarks, JVC, and 
gluons JV, we shall use the values obtained in the parton cascade calculation of Ref.6. 

The combinatoric break up model4 describes the rehadromsation of the quark-
gmon matter assuming that the light and strange quarks and antiquaries are grouped 
into badrons conserving quark and antiquark number. The gluons fragment into 
quark-antiquark pairs1 with / 9 probability to light, and with / , probability to strange 
quark pairs, increasing the number of quarks and antiquaries. Th» leads to further in-
craaas in hadron production and indirectly in entropy production. Beyond this simple 
groon fragmentation, in the presence of strong QCD field the number of gluons can 
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be modified e.g. by edf-interaction, ghxm absorption, brebmetnbhing, in-medium 
tftcts. As a staple apprwrimatfam we will consider here a constant ( t o characterise 
tbe change in the number of gjroons. This coaetant could be extracted directly from 
the microscopic parton caicade calculations. The value e*?(etecU somewhat Ute final 
hadron number and thus it influences the entropy balance during rchadromsation, 
too. We choose a (value with whkh the final hadion number of Ref.6. is reproduced. 
Aceonlmgly, our refaadroniaatktt ache We start with the 
parton numbers 

obtained from the parton cascade modd.Tbe input quark and autiquark numbers for 
the combinatoric break-up modal are then given as follows: 

Ni=Ni+fitN, (1) 

where i = q,$,*,I,c,c and / f = 0.85, f» = 0.15, Д = 0. Here we neglect extra charm 
production via gluon fragmentation. 

According to the combinatoric break-up model the number of a given hadron 
species formed from the quark matter, will be proportional to the product of the 
numbers of the quarks or antiquaries from which the given hadion consists. The 
proportionality factor depends on the number of quarks to cosJesce and mtlie original 
model4 it was denoted by or for mesons, while tte corresponding factor for baryons (or 
antibaryons) was denoted by ß. The conservation of the given quark and antiquark 
numbers in the rehadronisation leads to equatkmsfrcnwmx^ the a and ̂ parameters 
can be determined4. 

Because of the presence of the charmed quarks, the above recapitulated com­
binatoric break up model will be extended as fellows, for tbe mesons and baryonr 
containing charmed quarks or antiquaries tbe formation proportionality factor will 
be different from tbe or and ß values described above because of tihe heavy mass of 
c,l. They will be denoted by f and n . Further, let us observe, that the Fermi levels 
for the light quarks are populated very much higher up then those for the charmed 
quarks. As a consequence there will be a momentum mismatch between the fight 
aad heavy quarks, and thus only a fraction of the light and strange quarks will be 
•ea^Pave*^sjwsjpa»J ежтелрашапрвв} Mj*a> wSlsff %ЛИ1в"ваащ#е^чЛ^№^р v W I t l l ••sjpmiWT Ц^ЯяШНтШянРш Д*ж s™jswp*JsvOnv4v sjeswuv wajBUpvws 

we shall introduce a penalty factor, p, for forming a hadron containing one light .(or 
strange) quark besides two charmed quarks and the square of tins factor for badrons 
containing two light (or strange) quarks besides one heavy charmed quark. 

Here we suggest a simple qualitative arpumnt lw tbe ettiination of tbe penalty 
factor p, leaving а шопе detailed calculation for later discussions, tf we invoke the 
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РЧ 
picture of eosJescenee model, then eqs. (2.1) and (2.14) of Ref.7. suggest, that only 
quarks with near lying momenta ein fuse to farm a hadron. In the present case the 
density of Kgjht qnarks is mach larger than tl» denaity of the charmed qmarhs. Thus 
the Rami levels occupied by the hfht quarks correspond to mach higher momenta, 
than those for the charmed-quarks. АшяащаДу, the ratio of the nmnber of bight and 
strange quarks which are able to form a hadron with dawned qmric to the number 
of those which are not able to form each a hadion because of momentum mismatch, 
may be guessed as the ratio of the number of charmed quarks to the number fight 
and strange quarks. Thus, p* is then < 

»ft ж 
(*,+*.)' (2) 

In this paper we shall use the approximation p » p * for the penalty factor, p. 

As we shall see later at RHIC and LHC energies one obtains approximately 
pn * 0.01. 

According to tbe above argumentations the number of the different hadron 
species is given by the set of expressions given below. 

Mesons: 

N. = aN,Ni N*=aN,Nj (З.а) 
NK * «AT,JVV JVy.oJVVJV, (3.*) 

*jft-l*Jh (З.с) 
Npssp. fNeNj J % « p - 7 W T f W> 

ND. »P-yNeNj Nb^p-lW. (3-е) 

ons: 

NY - $N,N,N,/2\ (4.а) 
Ns - ßN,fftN,/% N0 ш pN.N.Ne/3t (4.») 

NY.~p*ilW,Ntfö • ATi, * p9 • tiN9N,Ne (4с) 
Na.**p*.nN.N,Nef% ЯШш^р-чЯщЯЛ^». (4.d) 
^ - • • Л * Л / » Яв«« ш fiNeNtNt 

Í4e) 

A corresponding set of expressions is vaud for the antibaryons. The number of 
» given type of quark is assumed to be the same in the hadron side as it was on tbe 
quark matter side (this is the basic assumption of the combmatoric lehadrookation 
model). Therefore the following equations have to be fulfilled: 

t? *t. 



N9 m tf. + i»V + Лр + ЗЛГв +2ЛГу + 2J»Y. + Лк + Лн. + *s„ (5.о) 
N. = Л» + Ду + ^Б. +3Wb +2N S +2Wo. + Ny + Лн. + JVb«, (&») 
JVe » NJ/I + ND + ND. + ЗЛа_ +2N^ + 2NQ„ + ЛГП +Л%. +ЛЬ. (be) 
i ^ = tfj/v + % + % . + W n ^ + ^ + ^ + * F . + ^ + * 5 . (5d) 
Л^ = ЛГ4 +ЛГ^ + ЛГ0. + 3 % + 2 % + 2 % + % + Л*. + 1*5.. (5.е) 
Nf^Nn + Nx + ND + SNs + TN^+Tlb.+Ng+Nii+N^ (5./) 

Inserting into eqs. (ЬлА) tbe expressions (З.а-е) and (4.а-е), only fear indepen­
dent equations remain far the fear coalescence factors a,/?, 7,9. The penalty factor 
p remains a free input parameter. Tin» one obtains the following solutions far these 
factors: 

7 ЗЛГе

2 + ZpNe(Nt + Лу) + p*(N? + MJVj + Hf) K f 

П " iiVe2 + 3pN4Nt + Nj) + f{Ni2 + NiNj + JV>2) ( ? ) 

and 
a-s?"w+N? ('- frVW+*?)+n*.+,f*.']) да 
ßmH}+im+Hf ( 1 _ |'' ,>Ar«W+*i)+in'W.+i>§Jv«']) + л , г ' ( , ) 

Here we used the notation 
Nt = N, + N. 

%nd 
JvjeJvy + JVj. 

In the final expressions (6)-(9) * charm symmetric case was considered and A% «JVC 

waaused. 

Using these values for o, ß, 7 and n one obtains the number of different hadront 
produced in the process of the rehadromsation. We note here, that the above de­
scribed model has the following reasonable property: if all quark numbers are multi-
ptted by a constant then ail hadron numbers will also increase to this constant times 
their original value. Thus, if the rapidity distribution is uniform, then the number 
of heavy hadrons in a unit rapidity interval can be obtained from the values shown 
mFip.l. and 2. by dividing with the corresponding total rapidity length of the 
produced particle distribution (U. about 16 for LHC and 10 for RHIC data). 
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юас юас CHC CMC 

FINAL PABTONS Parton 
cascade* 

Combinatoric 
model 

Parton 
cascade* 

Combmatoric 
пюои 

<*, + *?> 
(N. + lh) 

14813 
3282 
1008 
222 

21413 
4207 
222 

38335 
8604 
2454 
652 

66832 
12747 

652 

FINAL HADRONS 
11482 11485 

(( = 0.720) 
(рл =0.00866) 

35700 35702 
<C« 0.885) 

0>Ä = 0.00818) 

T a b l e I : Number of parton* calculated in tbt parton cascade model* and the modified parton 
mimben obtained with the gtuon decay at RHIC and LHC energies fa* All + Au csmmms. The 
latter numbs» are used in the cenWbjnstork break up model. The graon fragmentation parameter, 
( and the penalty factor corresponding to eq.2. are ah» displayed. 

To carry out a calculation for multi-heavy baryon production one needs the 
different quark numbers appearing in the above expressions. For this purpose we 
shall borrow the parton number values from a recently published parton cascade 
model*. We recapitulate these numbers in Table I. at RHIC and LHC energies for 
Au + Au collisions. We modify the quark numbers with the contribution from the 
gluon fragmentation. The thus obtained quark numbers are then used as input for 
the combinatoric break up model. These numbers are also displayed in Table I. 

Using these numbers, we obtab from the combinatoric break up model the 
number of different hadrons produced in the heavy ion collisions. The number of 
multi-heavy baryons and other charmed hadrons are displayed in Fig.l. and Fig.2. 
at the RHIC and at the LHC energy, respectively, as a function of the penalty factor, 
p. Since the number of hadrons containing only light and strange quarks are order of 
magnitude larger then hadronc containing charm, their number will not be sensitive 
to the penalty factor, p. Their number is displayed in Table II. 

Ям NY Ni JVb N* NK % Л» 

mac 817 481 94.6 6.2 5015 1162 1162 228 
CMC 2582 1474 280 17.8 18500 3540 3540 674 

ТаЫ« П : Number of hadra» not containing charm qusrlw obtained in the present eombinatork 
break up model (Njg * JVjt). The detected particle ratios may deviate from these values due to 
possible final state hadrocheinical process. 
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Fig . I t НшиЫг of bdrom шнИЫщ Лапта quart» (fl^é,' д ^ , А«, J/ф, D, D,) m a 
function of pnuuty poranwtor, p, оЫмямш tbt prowat conMMtoric brak op modo) tut Ам^Ам 
collínon at RHIC energy» 

Fig.1. «how» that if the penalty (actor is very amaO, then tbt charm and aa» 
tichann фшг1м mix among each other only. At the penalty factor if км prohibiting 
lor making group* witb bfbt aad heavy qoarke, ( i A . p ie bcreaeed toward 1), than 
the light and etrange quarto begin to híve acfaacetoetichtotbebea^a^ierkr: first 
the number of E« шнешм» and after that the number of Л« and thai of P ineeoni. 
Finally, a» the penalty meter reach« the «ah» 1 (no prohibition), then practically 
«И с and I it attached to tight and ftrasge ф>агЬ, еюее tbey до m OTtrwbcbning 
majority. Thm in thie сам the expected number of multi-heavy baryone vamebee. 
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Fig. 2s Numbtrtf « • * • <#«*. S«, A„ J/ф, D, D.) m • 
омкммЕмк bmk MD MMIMI M* AM 4» Au 
W M M P M n ^ n W I W ЧЛРЧРММр 4MJF М1̂ ^̂ Ч̂ Р̂М ^M V̂ v v W • tfMi^V 

cemnen at LHC 

InFig.2. 0Mcanseetheeainetemlei)ciesMmFit>l. The шшЬег of multi-heavy 
Ьегуош is apprcedmately 3 times more es that st ВШС energy, which correspond* 
to lb« increase in the number of produced chana qnarii». 

Additionally, we point оЫ a mschaa^ 
of rmilti-heevy hadrmt. Namely, the bevvy quark« wffl move шив flower m the 
expansion period than the ttght awi etraajp» дватк«. Tbercbre there ú a poeeibífíty, 
that t toh^qoarbw^nm away leavingbehM ар 
in heavy quarto and antiquarto. Doe to the large deference in their mate«, the 
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dragging of the heavy quad» by tbe light one к very indfeethre. This elect «bo 
te»fctoiiKfBawttenMi»Wofinnte-be^ 

Finely «с гаатшта the а>ждш«11аНом ghen in Urn р^мг м folkm*. i) The 
uhrareUtrostk heavy km coOhéone provkk шкрж pombffity ior prodticmg multi-
heary beryona. ä) Hin the haacry к» couháott ouarh matter ia fcrmed containing as 
maoy charmed ojaana ae predicted m BefL6> then out extended combmaioric hr+alf 
up modal predicts •> nmariatbfe large number of nutt-haaay Ьшгуова . m) fa the 
expejanon рЬаяе of the reaction a piece of sMftter may be formed, wbk&w enriched 
*^_ O L ^ ^ ^ ^ ^ ^ л^вмаьлвав^ ^ы^ллШ ПМВкД£^МАтйПпв 

m Many CJUBMS ваш ввювппнв. 
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