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Baryon stopping and hyperon enhancement in the improved dual parton model
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We present an improved version of the dual parton model which contains a new realization of the diquark
breaking mechanism of baryon stopping. We reproduce in this way the net baryon yield in nuclear collisions.
The model, which also considers strings originating from diquark-antidiquark pairs in the nucleon sea, repro-
duces the observed yields pfand A and their antiparticles and underestimates cascades by less than 50%.
However,()'s are underestimated by a factor of 5. Agreement with data is restored by final state interaction,
with an averaged cross section as smalloas0.14 mb. Hyperon yields increase significantly faster than
antihyperons, in agreement with experimdi®0556-28139)05709-X

PACS numbgs): 25.75.Dw, 24.10.Lx, 24.85.p

[. INTRODUCTION called string junction. This string junction carries momentum
as well as the baryon quantum number. Rossi and Veneziano
A striking feature of heavy ion collisions is the huge stop-pointed out that the string junction could migrate to midra-
ping of the participating nucleons. At CERN energies, thepidities with a distribution indo/dx~1/\x (or do/dy
deep minimum in the net baryon rapidity distribution § ~exp(—1/2/(y—Ymad). This corresponds to an annihilation
:B_g) aty* ~0, observed irpp collisions, has been prac- cross section which decreases with energy like’2. In
tically filled up in a central collision of heavy iorig,2]. For ~ Refs.[6] and[7] a distribution of the string junction ir~*
central Pb-Pb collisions, the value of this density is five(i.e., flat in rapidity was proposed, corresponding to an an-
times larger than the corresponding valugmscaled by the hihilation cross section which reaches a constant asymptotic
average number of participants. Note that the total number ofalue(of 1 to 2 mb. Here we adopt the first approach. How-

B—B (i.e., integrated over rapidityexactly satisfies scaling ever, we do not rule out the second p055|b|||t_y, which would
in the number of participants, due to baryon number conserr-]:’we Important consequences at the energies of the future
vation. This shows the dramatic change in the shape of thgeavy 'on coII|ders{8]. : .

The above stopping mechanism has been recently intro-

B—B (andp—p) rapidity distributions betweepp and cen-  gyced in heavy ion collisionf8,9] and implemented in the
tral Pb-Pb co_II|S|0ns. Such a change is usually referred to 88iijing [10] and Venug11] Monte Carlo simulations. How-
baryon stopping. _ _ ever, the introduction of the Rossi-Veneziano mechanism
All independent string models of hadronic and nuclearyoes not explain by itself why the stopping is larger in cen-
collisions in their original form completely fail to reproduce ¢4 heavy ion collisions than ipp. In Ref.[8], a mechanism
this important feature of heavy ion collisions. In the dualiy ennance stopping in heavy ion collisions was proposed. It
parton mode(DPM) [3] and in the quark gluon string model \yas based on the separation of the cross section,

(_QGSI\/D [4], thg dominant contribution tg particle produc- :US;JFUSF? into a diquark breakingDB) and a diquark
tion in pp collisions at's~20GeV, consists of twajd-q _preserving(DP) piece, and on the assumption that the di-

strings, which produce, after fragmentation, two baryons iryark can be broken in any inelastic collision. These result in
the fragmentation regions of the colliding protons. Starting; pg cross section ipA and AA collisions which increases
with the Lund model, which initially had a single string, the tsster with A than theDP one. The drawback of this ap-
above mechams.m of particle production has been ad_opted H)}oach is that it requires some fine tuning. The valuergﬁ’
most current string models. In these models, there is SOME_< to be small enough in order not to contradictppand

amount of stopping due to energy conservation. This pPros A data (where stopping is comparatively smaéind large

duces an increase of the net baryon yield at midrapiditie h he | - ; |
betweenNN and central Pb-Pb collisions, which is typically hgg\ljs ioaocglrl?sdigﬁ(se the large stopping observed in centra

of a factor of 2[3]—more than two times smaller than the In a recent publicatiofil2], a new formulation of th®B

observed one. Hence, the dramatic failure of all these mOdeﬁechanism has been introduced in which this drawback is

to reproduce the observed stopping. ; : DB .

Actualy, a possivity to sow down the net baryonp 207 EC S PR 1S (OO BALE R o
collisions was introduced a long time ago by Rossi and Ven'collisgi]onsi In the bresent pr W the formulation of
eziano[5]. In their approach, the baryon is viewed as three ' P _ _papg _e l_Jse © O__ ulation o
valence quarks bound together by three strings each one witf2] to compute the rapidity distributions &—B in had-

a quark at one end and with the other end joining in a poinfO”iC ar_1d nuclegr collisions. We obtain a reasonable agree-
ment with experiment.

*Electronic address: capella@dqcd.th.u-psud.fr
TElectronic address: salgado@qcd.th.u-psud.fr INote, however, that similar results are obtained using the ap-
*Unite Mixte de RecherchéCNRS UMR 8627. proach of Ref[8] with the DB mechanism of Fig. 2.
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Another striking feature of the CERN heavy ion program — B
is the strong increase of the yields of hyperons and antihy- < \< B
perons per participant betweep or pA and centralAB col- < <

lisions. This increase obeys the hierarciy>=Z>A (i.e.,

the larger the number of strange quarksyinthe larger the FIG. 1. Conventional diquark preservin@®P) fragmentation
increasg [13,14. In two recent publication§12,15, it has | achanism for net baryon production.

been shown that a baryon stopping mechanism of the type

described above produces a substantial increase of the hy-

peron yields according to this hierarchy. The physical reasoRy Regge intercepts has been introduced in Reg]. In the

for this increase is quite obvioy46]. Since in the diquark case of net baryon production, it consists of a sum of two
breaking component the net baryon is formed out of threeerms as depicted in Fig. 1. In the original Lund fragmenta-
sea quarks around the string junction, the probability of protion scheme19] only the first term is considered. The sec-
ducing hyperons is strongly enhanced, especially @$  ond one was introduced later—the so-called popcorn mecha-

since its probability of production in the conventional di- hism. Even with the inclusion of the second compori&ig.

quark fragmentation mechanism is zero. In the present PapP§{ip)] this mechanism leads to the production of too fast bary-
we extend the results dfl2] in two directions. First, we ()] b Y

study the rapidity distributions of protons and hyperongAn ons and fails completely to reproduce the observed stopping

and AA collisions (in Refs.[12] and[15] the analysis was n heavy ion CO"'S'OUS' Th|s fragmentat|on schefireclud-
restricted to the rapidity windoWy*|<0.5. Second, we N9 the 'componer?t in Fig. (b)] W'I|| be referred Fo as the
show how the four free parameters of Rgf2] can actually ~ conventional or diquark preservingP) mechanism. Fol-
be reduced to two. This makes the model more predictivelowing Ref.[12] we introduce the baryon stopping mecha-
especially for the antihyperon over hyperon ratios. nism showed in Fig. 2. It will be referred to as the diquark
While the yield of A’s and, to a large extent, of cascadesbreaking(DB) component. In this component, the rapidity
can be described by the model, thafc of omegas is underestistribution of the produced net barydrB:B—gin aN-N
mated by almost an order of magnitude. The same ConC|UéoIIision is
sion has been reached [ih2,15. We show that final state
interaction, with an averaged cross section as smaliras
=0.14 mb[12], allows one to describe all hyperon and anti-
hyperon yields. 17 ANAB
A similar value ofo was found in Ref[17] in the hadron DB, . 12 n—32, 512 N3/
gas model. It was argued there that, due to this small value of gy (V)=Cay 0 [25T(1 =2 )5+ 2201 =2 )" 7,
o, interactions in a hadron gas could not drive the system to (1)
chemical equilibrium(the process would be too slpwwWe
find, indeed, that the effect of final state interactiorpiand

A prOdUCtion is very small. Its effect of prOdUCtion is Wherezt:exp(iy_ymax)' n, and n, are the average num-
moderate. Only for such a rare procesgkgroduction is its  per of collisions suffered by the two colliding nucleons, and
effect very important, making th€)+( yield five times  C, | 'is determined from the normalization to two. The fac-
larger than the value obtained without final state interaction, iz oo already been discussed in the Introduction. The

Due to the diquark breaking component, we obtain Ao ctor (1-7) gives the behavior neay=y, ... There is

increase of hyperons substantially larger than the one of AN me uncertainty concerning its owél. The value in E
tihyperons, i.e., the ratio between Pb-Pb gib yields is y grsp ) g

] ] ] (1) is obtained as follows. From Fig. 2 we see that in order to
substantially larger fol than forY. This effect is enhanced

by final state int tion. It has b b d X all roduce the baryon gt~y . it is necessary to slow down
[1y4]|na state interaction. fthas been observed expenmentaily, oo quarks. Assuming they behave agxlat the energies

. . . under consideratiofd], we obtain a power 1/2 for the case
Th follows. | Al . : '
e paper is organized as follows. In Sec. Il we describe Fig. 2, which corresponds to=2. In the general case of

the baryon stopping mechanism and compute the net baryon. ) L . )
B_B) idity distributi . Pb. SSand Pb-Pb col n inelastic collisions we obtain the power-3/2 in Eq.(1).
(B—B) rapidity distributions inpp, pPb, SSand Pb-Pb col- The corresponding distribution iAA collisions is[12]
lisions. In Sec. Ill we compute the rap@ty distributions of

p—p andY-Y. In Sec. IV we describ&B pair production
from strings containing sea diquarks or antidiquarks at one of
their ends and show how thedependence dB production
is increased. In Sec. V we study the effect of the final state
interaction, separately on thé and Y vyields. Section VI
contains a discussion of our results. Conclusions are given in

J
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Sec. VII. // //
II. BARYON STOPPING /
A fragmentation string mechanism in which tke-0 and FIG. 2. Example of diquark breakin¢DB) diagram for net

x—1 behavior of the fragmentation functions is controlledbaryon production irpA with two inelastic collisions.
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dNAA—AB A dNAB We turn next to the generalization of E@) to asymmet-
d—y(y)= = WA( dy (y) - +(N—np) ric interactions such agA. In this case one has
ning
dNAB A_ P A_ P
x d;B (y)) ) (2) deA—bAB ngc:j Ay - ngC:D As
Heren, andn are the average number of participants of - qoP
nucleusA and the average number of collisions, respectively. 1] dNg, a1
dNpp/dy is given by the conventional, diquark preserving, +ﬁ dy (y)+(n=1)
hadronization mechanism for which we use the results of R
Ref. [20], anddNpg/dy is given by Eq.(1). The integral dN% 9%
overy of both rapidity distributions is equal to twdaryon x%(y) . 3

number conservation

Let us discuss the physical meaning of E2). in pp in-
teractions fiy=1). We see that in the case of a single in- A PP S
elastic collision f=1), we recover the convention@P  HeredNI*~%(%)/dy denotes the rapidity distribution of a
mechanism. The underlying assumption is that, in this casetring stretched between a diquark of one of theounded
the string junction follows the valence diquark and baryonnucleons ofA and a valenc¢or sea quark of the proton(lt
production takes place in the conventional waye do not IS computed in DPM as a convolution of momentum distri-
exclude a small admixture of tHaB component in this case, bution functions and fragmentation functionSince each of
but experimental data do not require its presence. This smalfhe wounded nucleons suffers a single inelastic collision,
ness can be due to the fact that in this case, the correspon@?ly the DP component is involved, with each diquark frag-
ing graph has three string8]. This configuration, the same Menting in the nucleus fragmentation regioyt (0). The
as in pp annihilation, is not the dominant one, which in terms in the bracket correspond_to the fragmentation of the
DPM Consists Of two StringBConsider next the case Of two incoming proton. Since |t SuffeI’B il’le|aS'[iC CO||iSiOI’lS, we
inelastic collisions =2). Here the underlying assumption have theDP hadronization mechanistwith probability 1h)
is that there is an equal probability/2) for the net baryon to  and theDB one [with probability (1—1)/n]. The latter is
be produced in any of the two collisions. However, in only NOw given by the first term of Eq(1). All rapidity distribu-
one of them can the string junction follow the valence di-tions, integrated ovey, are equal to one in this case.
quark and fragment in the convention@P) way. In the The B— B rapidity distributions obtained from E@2) in
other one, the string junction is free and baryon productiorcentralSSand Pb-Pb collisions are shown in Fig. 3. Note that
takes place according to tfB mechanism(In this case the at midrapidities, these distributions are dominated byDBe
diagram, Fig. 2, is the one corresponding to the dominantomponent. Not only the latter is proportionalrie-n, [Eq.
configuration: four strings.The DB component is respon- (2)], but, moreoverdNpg/dy is larger thandNpp/dy at
sible for (most of the observed baryon stopping. The gener-midrapidities(see Table)l. Nevertheless, the existence of the
alization ton inelastic collisions and té\A interactiondEq.  two huge maxima of th®P component in the fragmentation
(2)] is then straightforward. The probability &P is ny/n regions, still shows up in th&A distribution. For a given

and the one 0bBis 1—na/n=(n—na)/n. The extra factor system, the detailed shape of tBe-B rapidity distribution

of Ny in Eq. (2) is necessary to ensure baryon number congepends on the power of (1Z) in Eq. (1). As discussed

servation. above there is some theoretical uncertainty in the value of
Itis quite remarkable that such a simple mechanism, withhis power. However, the variation of the shape of this rapid-

no free parametefmodulo the uncertainty in the power of ity distribution from one system to another is a characteristic

1-ZinEq.(1), discussed aboyeives a good description of feature of the model. As seen in Fig. 3, the minimum at

the present data on the net baryon rapidity distribution.  mjdrapidities is gradually filled up fromp to central Pb-Pb
Note that in the case gip interactions at/s~20GeV,  collisions and, therefore, it is more pronouncedBthan in

the two string componentn=1) dominates, and, as dis- Pb-Pb.

cussed above, we recover the udD&lresults. With increas-

ing energies, the components witk 1 become increasingly

important and baryon stopping will increase. Equatidh IIl. NET HYPERON ENHANCEMENT

(with ny=1) not only gives definite predictions concerning ) )

this increase but, moreover, leads to specific qualitative fea- [N the previous section we have shown that baryon stop-

tures. In particular stopping will strongly depend on thePing can be described using a new formulation of the diquark

charged particle multiplicity. A low multiplicity event breaking(DB) mechanism. In this case, depicted in Fig. 2,

sample selects low values dfwhere stopping will be com- the string junction is surrounded by three sea quarks to pro-

paratively small, while, at large multiplicities, stopping will duce the net baryon. Therefore, not only the net proton yield

be larger. Such a feature has been observed recently &P=P—Pp will be strongly enhanced fromp to centralAA

HERA [21], and discussed in Ref22] in a different theo- collisions, but also the net hyperon yieldY=Y —Y. This is

retical framework. especially so fo)’s, which cannot be produced at all with
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FIG. 3. Rapidity distribution of the net baryon numb&- B)
in central SS (200A GeV/c) and PbPb (158 GeV/c) collisions.
The full lines are obtained from E@2). The data are from Refs.
[1, 2] [for central SScollisions the data are obtained 8B
=2(p—p)+1.6(A—A)]. Open circles are data reflected abgtit
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TABLE I. Values of the rapidity densities &t =0 in Egs.(2)
and (7) for central PbPb collisionsnl=178, n=858) with «
=0.23 andS/L=0.3 (first four lineg, and witha=0.5 andS/L
=0.22 (last two lineg. The DP and string contributions are the
same in both cases. The value of DB component for=E ~ is not
exactly 0, due to the fragmentation mechanism of Fig).1How-
ever, its value is very small as compared to the other components
and has been neglected.

p A = Q
dN;Eede 4.80<10°% 2.15x<10°% 3.21x10°* 3.20x10 °
dNp/dy  9.12<107% 3.00<10 2 2.86x10 % 1.23x10°*
dNgR/dy  6.90x10°% 1.40x10°? 0 0
AN, g dy 8.50x10°° 2.26<10°° 1.65x10°* 5.07x10°°
dNB/dy ~654x10°° 243<10°° 298<10°¢ 2.4x10°
dNpi/dy  9.56x1072 2.62<10 2 2.29x10°% 1.23x10°*

It is interesting that, in spite of the huge hyperon enhance-
ment observed experimentally, the factofslead(both with
S=0.10 andS=0.13 to an overestimation of hyperon pro-
duction inpPb collisions especially fo’s andQ)’s. In cen-
tral Pb-Pb collisions, net hyperon production is also overes-
timated, except for(Q’s. In Ref. [12] the following
explanation of this hyperon excess was proposed: at present

=0 (errors not shown The dotted line is the result obtained with- energies, it may happen that the net baryon is not formed out

out theDB component in the case of central PbPb collisions. Due toof three sea quarks as in Fig. 2, but, due to phase space
baryon number conservation, these results are not affected by final

state interactions.

the DP mechanism of Figs. (& and Xb).? More precisely
the ratio between yields in centrAlA and pA (or pp) colli-

sions will obey the hierarchh Q>AE>AA>Ap. This is
in agreement with the results of the WA9¥4] and NA49
[1,13] Collaborations.

The relative yields of the different baryon species will be
determined by the strangeness suppression f&tomwhere
Sis the probability associated to the strange quarklattie
one associated to the light quarksor d). We consider two
possibilities: S=0.10 andL=(1-S)/2=0.45 (S/L=0.22)
and S=0.13 andL=0.435 (§/L=0.3). With baryons pro-
duced out of three sea quarlEsg. 2) it is easy to see that the
relative yields are

l3=4L%41%12.2S:31. S*:3L.5*S? (4)

forp,n, A+3, E° E7, andQ, respectively. Moreover, we
take, 3*+3"=0.6A. This reduction in the number of
chargedX’s is due to resonance decé¥ (1385)P; decays

into A7 with an 88=2% fraction).

60

dN/dy

50

FIG. 4. Rapidity distributions for net proton productiop (
—p) in central PbPb collisions at 1885eV/c compared to the
results of Ref.[1]. Open circles are data reflected abgdt=0
(errors not shown The dashed line is our result without final state

°A new component consisting in a diquark which contains seanteractions with a strangeness suppression f&&fior= 0.3, and the

quarks has been introduced [i83]. However, this diquark is as-

full line is the corresponding result with final state interactions. The

sumed to have the same momentum distribution as a diquark madamtted-dashed line corresponds to a suppression f&to0.22
out of two valence quarks and, hence, produces baryons mainly iand with final state interactions. The dotted line is our result without

the fragmentation regions.

the DB component and without final state interactions.

054906-4



BARYON STOPPING AND HYPERON ENHANCEMENT IN . .. PHYSICAL REVIEW 60 054906

57t @
3 r } [
%18,_ ) T35 [
L Net A in PbPb [
16 |-
C s L Net Ain SS
25 F
2 L
15
17
05 -
O:' PR AN ST T O [ SN SN SR T N T SO WY S AN P

=3 -2 =1 0 1 2 3
yc.m.

FIG. 5. Same as Fig. 4 fot—A. Now the three dotted lines are FIG. 6. Same as Fig. 5 for centr&8Scollisions. The data are
estimates by the NA49 Collaborati§h]. The experimental point at from NA35[2] (circles. Also shown, the value of the total yield
y*=0 is from the WA97 Collaboratioh14]. measured by NA3632] (squares The theoretical curves are com-

puted with:«=0.23,S/L=0.3 (full line); a=1, S/L=0.3 (dashed
limitation, a valence quark, at one of the ends of the strindine); «=0.23, SL=0.22 (dotted ling and a=1, S/L=0.22
where the baryon is produced, is picked up together with twddashed-dotted line
sea quarks. Obviously, in this case the strangeness produc-
tion rate is substantially reducéuh particular,() production 6. The corresponding results for minimum bja& collisions
is not possible in this cageThe relative yieldd; in (4) are  are given in Figs. 7 and 8. It is seen that the normalization of

then changed into the experimental data is larger than the theoretical one, espe-
cially for p—p. Note, however, that by integrating owethe
l,=2L2:2L2:4L.S:S%/2:S%/2:0. (5)  experimental distributions one realizes that their normaliza-

tion is larger than the number of wounded nucleugpiu
Note that the rapidity distribution of the net baryon is (given by the Glauber modeby more than a factor of 2. As
taken to be the same for the two mechanisms described
above. The idea is that this distribution is given in both cases _ 1o
by the probability to slow down the string junction, EG), NG +
and that a valence quark is picked up only when it happensZ ¢
to be close by in rapldlty : ° Net protong in pAu
In the following, we introduce a free parameter(0
<a<1) which determines the admixture bf andl, given
by Egs.(4) and(5). More precisely, we will take the relative 1
yields given by

|=a|3+(1—a)|2. (6)

The best description of the data is obtained with 0.23 for

S=0.13 anda=0.5 forS=0.1. The results are similar in the —1
two cases, the sensitivity to the value of the strangeness sug 19
pression factoiS/L turns out to be quite small. The results

for the rapidity distribution of the net yields @f and A in

central Pb-Pb collisions are given in Figs. 4 and 5. Note that

our rapidity distribution forA —A (Fig. 5 is broader than

the estimates of the NA49 Collaboratiph]. This, in turn, T
produces some discrepancies in phep yield (Fig. 4). Final 0 1 2 3 4 5 6
data onA andA are needed in order to clarify the situation,
we shall come back to this point in Sec. VI. The nfet FIG. 7. Same as Fig. 4 for minimum bigéu interactions. The
rapidity distribution in centraSScollisions is shown in Fig. experimental data are from Rg2].
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S 0.2 The first term represents the conventional pair production in
> C the string breaking process. As discussed above, it is propor-
o o1 tional to the number of participants. The second term corre-
016 a Net A in pAu spond_s to pair production from a string having a sea diquark
r or antidiquark at one of their ends. In DPM, the total number
014 L of strings is proportional to. Since the number of strings
c with a valence diquark at one of their ends is proportional to
012 Nn,, the number of strings with a sea diquark at one of their
C ends is proportional ta—n4 . Of course, pulling a diquark-
01 r antidiquark pair out the nucleon sea is dynamically sup-
C pressed, in the same way as its production in the string
0.08 a breaking process is suppressed as comparegddgoroduc-
006 [ tion. Thus, we expect that in each individual string, the pro-
L duction of BB pairs in the two componentsea and string
0.04 [- in Eq. (7) are comparable. In practice, the normalization of
C the second component is treated as a free parameter. How-
0.02 1~ ever, it turns out that the sea component is always smaller
o | ‘ L | # L ‘ than the string one, not only &t =0 (see Table)lbut also
0 1 2 3 4 5 6 after integration over rapidity. Note that the string with sea
y diquarks have a smaller invariant mass.
FIG. 8. Same as Fig. 5 for minimum bigéwuinteractions. The For the string term we use the results of RgX0]. The
experimental data are from Rég]. absolute normalization of this term was determined from a fit

of the pp data. For they dependence of the sea term, we also
pointed out in[2] this excess may be due to recoil nucleonsyse the results of Ref20]. As discussed above, its absolute
which are not completely disentangled from the wounded,ormalization is a free parameter. This parameter is the same
ones. This point needs clarification. for all species of baryons. More precisely, since the baryons
Note that, in our model, the relative yields [Eq. (4]  4ng antibaryons in the sea component are made out of three
should apply at higher energies when the phase space limky, quarks or antiquarks, the relative yields of the different
tations are less important. Wis/L =0.3, they would give a baryon species is again given by Ed). (We neglect here

o= *t+=0 ~ ich is i i .
ratio B +E"/A +3~0.3 which is in agreement with Fer the small differences in the rapidity shapes induced by the
different baryon massesWe are left in this way with a

milab [24] and SPS collider dati@5].

IV. ANTIBARYON PRODUCTION single free parameter for this new sea component. Therefore,
. we have a total number of two free parameters, one in the
In string models,BB pair production takes place via diquark breaking component and one in the sea component,
diquark-antidiquark pair production in the string fragmenta-plus the value of the strangeness suppression f&ttorfor
tion. It turns out that at present CERN energies only stringsvhich two values(0.22 and 0.8 have been considered. Of
of type qg-q have large enough invariant mass to producecourse, the conventional compone® and string in Egs.
BB pairs. This gives rise to a scaling & yields in the (2) and(7) contain several free parameters. However, as dis-
number of participants{The number ofjg-q strings is pro-  cussed above, these parameters have been fixed ifZRf.
portional to the number of wounded nuclegrExperimen-  from a fit of the pp data and are not changed hérghe
tally, the observed increase is much faster—closer to a sca¥alues aty* =0 of the various components for the different
ing in the number of collisions. In order to solve this baryon species are given in Table I. _
problem it was proposed some time g@®,26,27 to con- The results for the rapidity distributions of the+ A,

—_——

sider the production oBB pairs from diquark-antidiquark =EZ-+E*, £, andQ+5yieIds in central Pb-Pb collisions

pairs in the sea of the participating nucledriBhe rapidity 4t 158 GeV are given in Figs. 9-12. Tie P, Y, and Y
distribution of antibaryons iMA collisions is then given by yields at|y*|<0.5 in minimum biaspPb collisions as well

AALB B as at four different centralities in Pb-Pb collisions, are given
dN [ dNsting o — . VT N
———(y)=nal ——(y) +(n—np) in Fig. 13. The corresponding ratid®,=Y/Y at |y*|<0.5

dy dy iy are given in Fig. 14. It should be noted that the valueRpf

_ are not absolute predictions of our model. They can be
dNSBGa )
X\ Ty W) @)

n/n,
A “4Note that in this caser=1; i.e., no admixture of the type dis-

cussed in connection with tHeB component is present here.
SFor this reason, the change in the strange suppression parameter
%A different mechanism based on string junction-antijunction ex-S/L from 0.22 to 0.3 only applies to the new componed and
change has been proposed receft]. sea in Egs(2) and(7) (see Table)l
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FIG. 9. Same as Fig. 4 fok + A. The point aty* =0 (circle) is FIG. 11. Same as Fig. 9 fa&f ~. The NA49 data are from Ref.
from the WA97 Collaboratiofl4]. The squares are from NA4g].  [13].

. . V. FINAL STATE INTERACTION
changed by changing the normalization of the sea component

in Eq. (7). However, the ratioR, :R, :Rz :R(, are a charac- ,
teristic feature of the model. They show an increase with the [N @n attempt to explain the strong enhancement of the
number of strange quarks in the baryon. In Fig. 15 we show+ () yield observed by the WA97 Collaboratigt4], we

the various baryon yields at* =0 divided to the average are g.o_ing to use our results for thg baryo_n densiti_es as in_itial
number of participants, 7, normalized to the same quan- condltlor]s in the gain anq loss differential equations which
tity in pPb. A discussion of these results is given in Sec. vi,90Vvern final state interactiorid7,2§

after introducing final state interaction.

dN;
de:E Tap(X)p(X) = 2 Tupi(X)p(X).  (8)
K K

o 4 0.6
© C o
~ F _ ~ L
Z. . r -, T =z L _
Y. [ - - o) L
: os [ 0+0
3k i
- 0.4 |
2.5 C i
2k 03 F
15 | i
r 0.2
1 F i
[ 0.1
oS I
oL | Ll Ll | 1 o L
-3 -2 -1 0 1 2 3 -3

FIG. 12. Same as Fig. 9 fda+Q. The experimental point is
from WA97 [14].

FIG. 10. Same as Fig. 9 f& ~+ E*. The NA49 data are from
Ref.[13].
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FIG. 13. Yields ofp, A, E7, Q+Q, p, A, andE* for mini- FIG. 14. Ratios3/B aty* =0 for minimum biaspPb and PbPb

mum  bias pPb (158 GeV¢) and central PbPb collisions cojjisions in four different centrality bins at 188GeV/c. Black

(158A GeVic) in four centrality bins. Experimental data are from circles, squares, and the triangle correspond to experimental data of
WA97 [14] (black point3 and NA49 [13] (open squane Full WA97 [14] for AJA, Z*/5"

dashed l | ithwith final : . -, and Q/Q, respectively. Open
(dashedllines are our resu_ts witlwithou?) final state interactions squares are NA49 dafa3]. Full lines are our results with final state
for strangeness suppression fac®il=0.3. The dashed-dotted

. o . . interactions and dashed lines without final state interactions, both
lines are our results with final state interactions $k =0.22. for SIL=0.3

The first term on the right-hand side of E&) describes
the production of particles of typeresulting from the inter- ¢ 1 ~ion offi, andT are given.
action of particlek andl with space-time densitigg(x) and Equations(10) have to be integrated from initial time,
cross sections (averaged over the momentum distribution ¢, freeze-out timer. These equations are invariant under the

of the interacting particles The second term describes the canger.c7. Therefore the result depends only on the ratio
loss of particles of typé due to its interaction with particles

of type k. We use cylindrical space-time variables and as-
sume boost invariandeée., the densitiep(x) are taken to be
independent of]. If we furthermore assume that the dilution
in time of the densities is mainly due to longitudinal motion,

the DPM results of Ref.30], where explicit expressions as a

Ol
Q

N
o
T

0
ol
a
8
(]
ie., 2
Le;
O 10 =
(ry.9)=pi (7.8 — o I + o
pil7,Y,S)=pi(7,S) —, o 77T ="
T i
S 2 T+
where 7= \t?—Z7? is the proper time and the transverse g 4 * =+
coordinate, Eqs(8) can be written a$28] . — A B
a -+
dp; 72 Z 10 £ 2 r _
Tdr & TKPKPIT 4 TikPiPk. (10) 2 P _+_++ A
Herepi(y,§,5):dNi/dyd§j5. Thus, at fixed impact param- 8"é L P
eterb, we have to know the rapidity densities per unit of o7 t
transverse areds. Our Egs(2) and(7) do give these rapid- ~ >2[ |

v 100 200 300 400 ] 100 200 300 400
port part >

ity densities—the dependence smandb is contained in the
geometrical factor®, andn, given by the Glauber model.
In the following, we use nuclear profiles obtained from FIG. 15. Same as Fig. 14 for the baryon yieldg*&0 in PbPb
Woods-Saxon nuclear densities using the three-parametélvided by the number of participant nucleons relative to the same
Fermi distribution of Ref[29]. For the pion densities we use ratio in minimum biagpPb.
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T K smaller than the one of Fig. {# and has been neglectéd.
We have also neglected all strangeness exchange reactions
[Fig. 16c)] KN« A, etc. Although the corresponding
cross sections are larger at threshold, this is no longer the
case for the cross sections averaged over the momentum dis-

B B’ tributions of the interacting particle$This is due to their

steep decrease with increasing energy, [468.) Channels

(11) are thus dominant due to the relatiopg>p\>pz=

B’ >pq and p,.>pk between particle densities. The results,

obtained after solving numerically Eg4.0), with our initial

densities and a common value of the averaged cross section

o=0.14mb for all channels, are shown in our figures by a

full line in the caseS/L=0.3 anda=0.23 and by a dashed-

dotted line in the cas&/L=0.22 ande=0.5.(A comparable

value of o has been obtained in Rgfl7] in a hadron gas

model)

K The effect of the final state interaction is negligibly small

in pA collisions. In centralSScollisions its effect on the

and A yields is very small(less than 5% The effect in-

creases with the number of strange quarks in the produced

hyperon. In central Pb-Pb collisions, with our value of the

Cross section, it turns out to be comparatively smaligfand

k\\

B B’ A yields. However, it increases t yields by up to 50%
(©) and theQ)+() vyield by a factor of 5. Agreement with the
WAO97 data[14] is obtained in this wayFig. 13.
FIG. 16. (a) Quark diagrams for reactiort¢1) with light quark It is important to note that, due to the small valuespthe

pair annihilation ands—s quark creation(b) Quark diagram for  final state interaction has an important effect only on very
rgactlons(ll) with three quark exchange in thehannel(c) Quark rare processes such sproduction. It cannot drive the sys-
diagram for strangeness exchange reactions. tem into chemical equilibrium, even locally.

7/ 7. Following Refs[30, 31], we use thdinverse propor-

. . Z VI. DISCUSSION
tionality betweenr andp and put7/7,=p(y,S, b)/pfo. Here

We discuss here the main features of our results. fFor

b the initial densities given b i — : :
p(y,S,b) are the initial densities given by our expreSS|ons+A our results for Pb-Pb are slightly higher than the WA97

obtained in previous sections apg_is the freeze-out den- . . e
. 0 . .. __data and grossly underestimate NA49 ones at midrapidities
sity. For the latter, we take the charged density per unit "a(Fig. 9). Note, however, that the latter are very preliminary

. g . P . _ 2 —
pidity in a pp collision, i.e., ps =[3/mR,](AN"/dy)yx—0  and are currently under reanalysis. For cenf&tollisions,

=1.15fm 2 [30,31. _ where the NA35 data are final, we slightly underestimate
~ We now have to specify the channels that have been taketheir netA yield and slightly overestimate the total yield
into account in our calculation. They are form NA36 [32] (Fig. 6). However, the NA35 value for the

A yield at midrapidities 0.7%50.15 is about two times larger
than our result. Note that this experimental point looks
“anomalous”: compared with the WA97 value for the most
central rapidity bin in Pb-Pb collisions, (18.2), there is

an increase by a factor of 2.4, whereas the number of par-
ticipants increases by a factor of 7. Note also that NA35 finds

TE—KQ, (1) @ ratio A/p=1.9+0.7 at midrapidities, while in our model

7aN—KA, aN—KX, wA—KE, =2—KE,

5The reactions we have kept ate® +n—K*A, 7 p—KCA,
and the corresponding reactions for antiparticles. To be morg- 4 n_,kos - + P—K*S*, m A—KOE~, mtA—KTEC
precise, of all possible charge combinations in Efl), ST SKYET, a3t oKOE0, 7 E0LKOQ, and wTE-
some are of the type shown in Fig.(&6 with annihilation of K+ for the reactions initiated by* or ==—. For all of them, as
a light quark pair and production of a&ts. They have all  well as for the corresponding ones with antiparticles, we take
been taken into account with the same cross section =0.14 mb. The reactions initiated by° are either of the type of
=0.14mb. All other reactions in Eq11) are of the type Figs. 16a) or 16b), depending on whether thar or dd component
shown in Fig. 1@). They have three quark lines in thie of the #° is considered. For this reason all these reactions have been

channel(baryon exchange Their average cross section is included with cross section/2.

054906-9



A. CAPELLA AND C. A. SALGADO PHYSICAL REVIEW C60 054906

this ratio is always smaller than orisee Fig. 13 This im-  with two free parameters, the observed yieldp @hd A and

portant point needs clarification. In particular, final values oftheir antiparticles inpA and Pb-Pb collisions. Cascades in

this ratio in Pb-Pb collisions are needed. central Pb-Pb collisions are underestimated by less than 50%
The NA49 data concerning the cascade yield are pubwhile ()'s are too small by a factor of 5. Agreement with

lished[13]. They are 30—40% higher than the WA97 onesexperiment is restored by introducing final state interaction

[14] at midrapidities. Our results, after final state interactionwith an averaged cross section as smallbas0.14 mb. In

are intermediate between the two sets of data, but somewhttis way, we depart from string independence. However,

closer to the NA49 result§Figs. 10 and 11 The 0+0Q  with this small value of the cross section, there is no signifi-
yields are in agreement with the WA97 data, after final statéant effect on the bulk of particle production. A comparable
interaction(Fig. 12 and 138 value of the cross section for final state interaction was ob-

As discussed in Sec. IV, in our model, the ratiBs tained in Ref[17] from the experimental data on the energy

—Y/Y increase with the number of strange quarks in thedependence of cross sections, averaged over the momentum

baryon (Fig. 14. This tendency is also seen in the data distribution of the interacting particles obtained in the hadron
However, the ratio of ratioR= /R, is somewhat too small in gas model. The smallness of this averaged cross section led

our model as compared to the WA97 datal], but agrees the authors off17] to argue that strangeness phase space

with the NA49 oneg1,13. (Remember, however, that the saturation would be too slow in a hadron gas. It is interesting
value ofR, from NA4§ is .preliminary) ' ’ that such a small value of the averaged cross section allows

Another characteristic feature of our approach is that, a ne to reproduce 'the obser\(ed enhancement of.multistrange
midrapidities, hyperons are more strongly enhanced than a yperons and antihyperons in central Pb-Pb collisions.

. The main features of our results are the followitiy: The
tihyperons. As a consequence, the raiidy decreases be- \her0n yields per participant increase faster than antihy-
tweenpPb and central Pb-Pb collisiofiBig. 14). This is due

to the strong effect of th®B component in the net baryon peron ones. As a consequence, the rtje- Y/Y decreases

yield. Final state interaction works in the same direction..betwee"OPb and central Pb-Pb collision&) The ratiosRy

This important feature of our results is seen in the dag ~ "Crease with the number of strange quarks in the hyperon;
Finally, the WA97 Collaboration has found that the in- (3) The increase of th¥ andY yields per participant is faster
crease of the hyperon and antihyperon y|e|ds per participametweenppb and the first Centrality bin in Pb-Pb collisions
(F|g 15) increases faster than the number of participant@”d slows down between the first and last Centrality bins of
betweenpPb and the first centrality bin in Pb-Pb. However, WA97. All these features are also present in the data.
between the first and last centrality bin all yields approxi- Note added in proofPreliminary data on the yield at
mately scale with the number of participants. We find anmid rapidities by the NA49 Collaboration have been pre-
increase which is faster in the first case than in the secongented at the Quark Matter 99 meetiffgrino, Italy, 1999.
one. However, some mild increase is left in Pb{Ply. 15.  Together with published data on theyield by the WA97
Collaboration in the same acceptance window, they indicate
VIl. CONCLUSIONS that the rationA p is significantly lower than one, in agree-

ment with our predictions.
The large baryon stopping observed in central heavy ion

collisions at CERN energy is not reproduced by any of the
available independent string models, at least in their original
form. We have modified the DPM by introducing a new It is a pleasure to thank N. Armesto, J. A. Casado, E. G.
realization of the diquark breaking mechanism. We repro+erreiro, A. B. Kaidalov, C. Pajares, and J. Tran Thanh Van
duce in this way the observed net baryon yield. This mechafor discussions. We also thank R. Lietava, P. Seyboth, and
nism also produces an important enhancement of net hype®. Villalobos Baillie for information on the data. A. C. ac-
ons. At this level, the new version of DPM presented here&knowledges partial support from NATO Grant No. OUT-
(which has also diquark-antiquark pairs in the nucleon seaR.LG 971390. C.A.S. thanks Fundaci€aixa Galicia from
remains strictly an independent string model. It reproduce$pain for financial support.
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