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Central heavy ion collisions at ultrarelativistic energies ( /3 = 200 A GeV at
RHIC and /s = 6.4 A TeV at LHC) will produce large number of charmed quark-
antiquark pairs because the colliding energy is far beyond the threshold of the pair
production (m, = 1.94 GeV). In simpic nucleon-nucleon collisions these charmed
quarks (antiquarks) coalesce quickly with light antiquarks (quarks) forming mostly
D, D mesons. Charmed baryons containg only one heavy charmed quark (A}, E,,
E}) were also seen’ . However in heavy ion collisions, as it was pointed out in Ref.2.,
one may expect the appearence of baryons with two or three heavy quarks (e.g. {3,
Zeey flec). In 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 situstion can be given as follows. The charm-
anticharm quark’ production is well established in proton-proton collisions. However
in p-p collisions the production of three ¢ — € pair with nesr lyjng momenta has
practically vanishing probability. On the other hand, in an ultrarelativistic heavy
jon collision many such reactions take place simultaneously, and thus the production
of many c — € pairs with near iying momenta may have an observable occurrence .
Furthermore, if a quark-gluon 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®. Similar conclusions can be reached if one assumes that in
the collisions & 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 ion collision we
shall use an extended version of combinatoric break-up model*® for the description

of hadron formation and for the prediction of the conlescence probability of two or

three charm quarks. The combinatoric bresk-up model needs the quark and gluon
content of the very high energy density matter before rehadronization, as an input.
For the number of light quarks, N,, strange quarks, N,, charmed quarks, N, and
gluons N, we shall use the values obtained in the parton cascade calculation of Ref.6.

The combinatoric break up model* describes the rehadronisation of the quark-
gluon matter assuming that the light and strange quarks and antiquarks are grouped
into hadrons conserving quark and antiquark numbes. The gluons fragment into
quark-antiquark peirs* with f, probebility to light, and with £, probability to strange
quark pairs, increasing the number of quarks and antiquarks. This leads to further in-
czease in hadron production and indirectly in entropy production. Beyond this simple
gluon fragmentation, in the presence of strong QCD field the number of gluons can
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be modified e.g. by self-interaction, giuon absorption, brehmstrahlung, in-medium
effects. As a simple approximation we will consider here a constant § to characterizse
the change in the number of gluons. This constant could be extracted directly from
the microscopic parton cascade calculations. The value of § effects somewhat the final
hadron number snd thus it influences the entropy balance during rehadronization,
too. We choose a £ value with which the final hadron number of Ref.6. is reproduced.
Accordingly, our rehadronisation scheme is summetizsed as follows. We start with the
parton numbers

m—p  me s e me e me

Ny, N3, N, N5, Ne, Ne, N,

W&mmmmm.mhwtqwkﬂmkmmh
the combinatoric break-up model are then given as follows:

N;=N; + fifﬁ. (1)
_vbuetsq,q.o,:,c,cmd!,soss fo =015, f, = 0. Here we neglect extra chasm

According to the combinatoric break-up model the number of & given hadron
species formed from the quark matter, will be proportional to the product of the
pumbers of the quarks or antiquarks from which the given hadron consists. The
proportionality factor depends on the number of quarks to coslesce and in the original
model* it was denoted by a for mesons, while the corresponding factor for baryons (or
antibaryons) was denoted by 5. The conservation of the given quark and antiquark
numbers in the rehadronisation leads to equations from which the a and § parameters
can be determined?.

Because of the presence of the charmed quarks, the above recapitulated com-
binatoric break up model will be extended as follows. For the mesons and baryone
containing charmed quarks or antiquarks the formation proportionality factor will
be different from the a snd # values described above because of the heavy mass of

¢, They will be denoted by 4 and 5 . Further, let us observe, that the Fermi levels

for the light quarks are populated very much higher up then those for the charmed
quatks. As a consequence there will be A momentum mismatch between the light
and beavy quarks, and thus only a fraction of the light and strange quacks will be
efioctively available for the coalescecnce with heavy quarks. To simulate this effoct,
we shall introduce a penalty factor, p, for forming a hadron costaining one light (or
strange) quark besides two charmed quarks and the square of this factor for hadsons
containing two light (or strange) quarks besides one heavy charmed quark.

- Here we suggest » simple qualitative asgument for the estimation of the penalty
factor p, leaving & more detailed calculation for later discussions. K we invoke the
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picture of coalescence model, then eqs. (2.1) and (2.14) of Ref.7. suggest, that only
quarks with near lying momenta can fuse to form a hadron. In the present case the
density of light quarks is much larger than the density of the channed quarks. Thus
the Fermi levels occupied by the light quarks correspond to inuch higher momenta,
than those for the charmed quarks. Accordingly, the ratio of the number of light and

strange quatks which are able to form a hadron with charmed quark to the number -
of those which are not able to form such a hadron becaunse of momentum mismatch,
may be guessed as the ratio of the number of charmed quarks to the number light
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species is given by the set of expressions given below.

Mesons:
N, = aN,N; Ng = aN,N; (3.a)
Ng= GN'N'; : Nw = 'qN'; Vs (3.0)
Ny = YN Ng - - (3.¢)
Np = p- 4NNy Ng =p- 1NN, (3.d)
Np, =p-qN.N;y ND, = p-yNeN, (3.¢)
Baryons: | | |
Np = BN,N,N, /31 Ny=BN,NNJ2 = (da)
Ny, =y *nNgNeN./2! - Ng, =y ‘nNyN,N. (4.0
Nn. = P’ . ')N.N,N,/ﬂ Nz“ =P ")N,N;N;/ﬂ . (‘.d)
Na,, =p-9N,N.N./2! NQ... = "NGNGN; (4.¢)

A corresponding set of expressions is valid for the antibaryons. The number of
s given type of quark is aseumed to be the same in the hadron side as it was on the
quark matter side (this is the basic assumption of the combinstoric rehadronisation
model). Therefore the following equations have to be fulfilled:




Ny=N.+ Nx + N5+ 3Np + 2Ny + 2Ny, + Nz + Nz, + N=,, (5.0)
N, = Ng + Nz + N§_+3Nq +2Ng + 2Ng, + Ny + Ng, + Mo, (5.9)
N.= Nye¢ + Np + Np, +3Nqg_,, +2N=,, +2Ng_ + Ny, + Nz, + Ng, (5.0
Ne=Nye+Np+Np +3Ng_ +2Ng +2Ng_+Ny +Ng +Nj, (5d)
N; = Ng + Nx + Np, + 3Nz +2Nx + 2Nz + Ny +Ne + Ny_ (5.¢)
Nj=N, +Ng+Np+3N5+2Ng + 2Ny + Nx+ Ng_+Ng_ 5.5)

Inserting into eqs. (5.a-f) the expressions (3.a-¢) and (4.a-¢), only four indepen-
dent equations remain for the four coalescence factors a, 8,7,9. The penalty factor
p remains a free input parameter. Thus one obtains the following solutions for these
factors: .

ya 2N, + (N + N;) ©
3N +3pN(Ni + Ny) + (N + NNy + N?)
A 2
"IN NN W)+ PNE + NN, + ) @
and | |
N+ N; n
a= N_; w7 (1- [PPomue+ N+ pv. +p§N¢3]) 8)

2 i |
gl oy oy (1- [PoNMi+ N+ N+ pINT]) 45PN, )

Here we used the notation
Ni=Ny,+N,

M.
N7=N7+N:.

In the final expressions (6)-(9) a charm symmetric case was considered and Ny = N,
was used.

Using these values for a, 8,7 and 5 one obtains the number of different hadrons
produced in the procuss of the rehadronisation. We note here, that the above de-
scribed model has the following reasonable property: if all quack numbers are multi-
plied by a constant then a!l hadson numbers will also increase to this constant times
their original value. Thus, if the rapidity distribution is uniform, then the number
of beavy hadrons in s unit rapidity interval cun be obtained from the values shown
in Figs.1. and 2. by dividing with the corresponding total rapidity length of the
produced particle distribution (i.e. about 16 for LHC and 10 for RHIC data). '
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RHIC RMIC e LHC |
FINAL PARTONS Parton Combinatoric Parton Combinatoric
cascade® model || cascade® model
Ny 14813 — 38335 —
(N, + N3) 3282 21413 8604 66832
(N, + N5) 1008 4207 2454 12747
(N + N2) 222 222 652 652
: FINAL HADRONS
| * (Niadrons) 11482 11485 35700 35702
_(px_=0.00866) (pr = 0.00818)

Table I: Number of partons calculated in the parton cascade medel® and the modified parton
numbers obtained with the gluon decay st RHIC and LHC energies for Au 4 Au collisions. The
latter numbers are used in the combinatoric break up model. The gluon fragmentation parameter,
€ and the penalty factor corresponding to eq.2. are also displayed.

Tc carry out a calculation for multi-heavy baryon production one needs the
different quark numbers appearirg 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 1.

Using these numbers, we obtai) from the combinatoric bresk 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.1. 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 hadrons containing charm, their number will not be sensitive
to the penalty factor, p. Their number is displayed in Table II.

Nn Ny Nz Na Ne Nk Ny | Ne

RWIC | 817 | 481 | 946 | 6.2 | 6015 | 1162 | 1162 | 228
CHC | 2582 | 1474 | 280 | 17.8 | 18500 | 3540 | 3540 | 674

Table II: Number of hadrons not containing charm quarks obiained in the present combinatoric
break up model (N5 % Npg). The detected particle ratios may deviate from these values due to
possible final state hemical process.




Fig. 1: Number of hadrons containing charmed quatks (eec, Ece, Ac, J/9, D, D,) a8 »
function of penalty parameter, P, obtained in the present combinstoric break up model for Ax+4 Au
collision at RBIC energy.

Fig.1. shows that if the penalty factor is very small, then the charm and an-
ticharm quarks mix among each other only. As the penalty factor is lews prohibiting
for making groups with light and heavy quasks, ( i.e. p is increased toward 1), than
the Light and strange quarks begin to have a chance to stick to the heavy quarks: first
the number of Z,, increases, and afier that the number of A, and that of D mesone.
Finally, ss the penalty factor reaches the value 1 (no prohibition), then practically

all ¢ and 2 is attached to light and strangs quarks, since they are in overwhelming

majority. Thus in this case the expected number of multi-heavy baryons vanishes.




120 }

Fig. 23 Number of hadrons containing chermed quarks (e, S, Ag, J/9, D, D,) s s
function of pmalty parsmetsr, P, obtained in the present combinstoric bresk up model for Au+ Au
collision st LHC energy.

In Fig.2. one can see the same tendencies as in Fig.1. The number of mmiti-heavy

baryons is approximately 3 times more as tisat at RFEIC energy, which corresponds
to the increase in the number of produced charm quatis. :

Additionally, we point out & mechanism, which may have an effect or. the number
of multi-heavy hadpms. Namely, the beavy quarks will move much slowsr in the
expension period than the light and strangs quarks. Therefore there is & possibility,
- that the light quasks will run sway leaving behind a piecs of matter enriched strongly
in heavy quarks and sntiyuarks. Due to the largs difference in their masves, the
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dragging of the heavy quarks by the hight ones is very ineffective. This effect also
tends to increase the number of multi-heavy baryons with respect to the single heavy
ones.

Finally we summarise the argumentations given in this paper as follows. i) The
ultrarelativistic heavy ion collisions provide unique possibility for producing multi-
heavy baryons. ii) i in the heavy ion collision quark matter is formed containing as
many charmed quarks as predicted in Ref.6. then our extended combinatoric break
up model predicts a remarinble large number of multi-heavy beryons . iii) In the
expansion phase of the reaction a piece of matter may be formed, which is enriched
in heavy quarks and antiquarks.
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