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Baryon junction loops and the baryon-meson anomaly at high energies
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A new version, v2.0, of thellJING/BB Monte Carlo nuclear collision event generator is introduced in order
to explore further the possible role of baryon junctions loops in the baryon-meson andégaly,
<5 GeV/c) observed in 208 GeV Au+Au reactions at RHIC. We show that junction loops with an enhanced
intrinsic ky=1 GeV/c transverse momentum kick may provide a partial explanation of the anomaly as well as
other important baryon stopping observables.
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I. INTRODUCTION in its implementation of hypothesized junction antijunction

The phase transition from partonic degrees of freedomi®OPS that may be responsible for novel baryon pair produc-
(quarks and gluonsin ultrarelativistic nuclear collisions to 0N in nucleus nucleusA+B) collisions. A large database on
hadronic degree of freedom is a central focus of recent exd'eson and baryon spectfd,8,25-43 are now available
periments at RHIQ1-6]. One of the interesting and unex- from RHIC experiments. TheilJING event generatof44]
pected discoverie§7,8] at RHIC is the “baryon anomaly” was developed to extrapolate hadron-hadron multiparticle
[9], observed as a large enhancement of the baryon to mesenft plus hard phenomenology as encoded in the LUND
ratio and as a large difference between the nuclear modificaETSET PYTHIA model[45] to nuclear collisions. One impor-
tion factorRaa(py) between total charged and at moderate  tant feature ofHIJING is that it can account for the pion
2<py<5 GeV/c. There are two main effects that contribute quenching component of the baryon anomaly. However, the
to this anomaly. One is the predicted jet quenchj@dL(] LUND JeTsetdiquark string fragmentation mechanism used
that strongly suppresses the pion yield abpye-2 GeV/c.  in HIJING v1.37 [44] completely fails to describe the baryon
This effect causes an apparent enhancement since the pigpectra observed iA+A collisions at all energief46—49.
denominator is reduced. The second effect is a genuine emJiNG/BB v1.10 was developed to address this failure at SPS
hancement of baryon transverse momentum spectra. Sevegergies. It was, however, also found to be inadequate, as we
effects can contribute to such enhancements of baryon yieldgview below, with respect to baryon observables. For a re-
at moderatepr. Radial hydrodynamical flow has been ob- cent discussion comparingJiNG v1.37 ancHIJING/BB v1.10
served at all energies including RH[T1]. However, at high  predictions for global observables at RHIC see R48].

Pr I_ocal equilibrium must fail. At_intermediatpT_a nonequi- Clarifying the physical origin of th&anti-) baryon dy-
librium remnant of hydrodynamic flow may arise from mul- namics at RHIC is important given the variety of hadroniza-
tiquark recombinatiori6,12-15. tion mechanisms proposed in hydrodynamic modéig],

In this work we continue to explore the possibility that a multiquark coalescendd2—13, thermal[50], hadron-string-
more novel and unconventional source of baryon productioriynamics(HSD) transport model§51] and the novel baryon
may be at least partially responsible for the baryon anomalyjunction dynamicg9,52]. The valence baryon number mi-
We study whether baryon junction loops, as proposed in Refgration over the large rapidity window <5y <5 at RHIC
[16] to explain(anthhyperon production at lowgiSPS en-  provides another stringent tests of the baryon dynamics. Re-
ergies, could help explain the RHIC data. The idea that noneent RHIC data show at midrapidity a sizeable finite net-
perturbative three-color flux junctions could play an impor-proton (p-p) number in the final stat¢7,8,25-27,31-43
tant role in baryon and antibaryon production at highmoreover, the antibaryon-to-baryon ratios are not equal to
energies was proposed long ago by Rossi and Venezianghe, providing further evidence for non-transparency of high
[17,18 on the basis of dual Regge theory. This idea wasenergy nuclei. This significant baryon number transport over
extended and applied by Kharzefgh8] to nuclear collisions. more than 5 units in rapidity has inspired other approaches as
The first full A+ A event Monte Carlo implementation of this \well [53-57. The net baryon density at midrapidity also has
mechanism was thelJING/B generator by Vancet al. [20].  an impact on the hadrochemical equilibration affecting had-
The addition of the baryon junction loop mechanism led toronic yields[58].
the HIJING/BB 1.10 version of this moddl16]. Unlike con- Another possible source of novel baryon-hyperon physics
ventional diquark fragmentation models, a baryon junctionare strong color electric fieldSCH. This is modeled as an
allows the diquark to split with the three independent fluxincrease of the effective string tension that controls dle
lines tied together at a junction. For an alternate possiblendqqqq pair creation rate§59,60. A molecular dynamics
formulation of baryon junction dynamics see Rgf1-24. model[61-64 have been used to study the effects of color

In this paper we introduce a new versian2.0) of  ropes as an effective description of the non-perturbative, soft
HIJING/BB generator that differs frormiJING/BB v1.10 [16] gluonic part of QCD[65-67. SCF increases the parton “in-
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trinsic transverse momentuntk;) and decreases the proton  This is due to the limitations gb; algorithm adopted in
and antiproton yields. The empirical value of the Reggeversion 1.1 with kinematic constraints that worked to oppose
slope for baryon isx’ =1 GeV?, which yields a string ten- the theoretically motivated junction3 enhancement of the
sion « (related to the Regge slope=1/2ma’), of approxi-  baryon junction looppy’s [18,19. In version 2.0 we there-
mately 1 GeV/fm. It has been suggested that the magnitudi®re replaced that algorithm with one that implements a
of a typical field strength at RHIC energies might reachspecified junction loop; enhancement directly. This is done
5-12 GeV/fm[68]. However, in this work we will not con- by specifying the intrinsigantdiquark pr kick in any stan-

sider further_the consequences of SCF effects but concentraggyrd (qq-q) string that contains one or multipiéJ) loops. In
only on the junction loops. _ addition, we have a new formulgsee Eq.(1) belowj for

In the following sections we compare numerical results ofyenerating the probability that a given diquark or antidiquark
HIJING/BB v2.0 to transverse momentum spectra, rapidityge»[S an “enhanceg; kick” from the underlying junction
densitiesdN/dy) of protons(p), antiprotons(p), and netpro-  mechanism. We emphasize that while there is very strong
tons (p-p) for central Au+Au collisions at'syn=200 GeV  evidence from a variety of data that the source of the ob-
as well as their centrality dependence. The characteristiserved baryonp;r enhancement may arise more naturally
stopping observables, average rapidity loss, energy loss @fom collective hydrodynamic flow49,69, elliptic flow of
net-baryons per participant nucleon, and transverse energyeavy hyperong70] in particular argues most strongly for
per net baryons, are presented. The “anomalous” baryormuch of the partonic collective flow origin of the baryon
meson composition at modergigobserved in particle ratios anomaly. Nevertheless, our purpose here is to explore more
p/p, p/7*, p/ 7~ and in species-dependent nuclear modificafully, without the kinematic limitations of version 1.1, the
tion factors is also discussed. theoretical problem of how much of the baryon anomaly at

In Sec. Il we briefly recall the ingredients of th®ING ~ RHIC could be due to the long postulated baryon junction
[44] andHIING/BB (v1.10) [20,16 approaches and point out dynamics. Most of the initial baryon radig} could theoreti-
the extensions incorporated in the new versinNG/BB  cally arise from the production mechanism, while its elliptic
v2.0. In Sec. Ill numerical results are discussed in detail indeformation would arise from final state interactions. We
comparison with available data. A summary and conclusiongiote, however, that in the latest study] of local dynamical

are presented in Sec. IV. (versus static global[13]) coalescence of baryons, the
coalescence mechanism still cannot fully explain the
Il. HIJING /BB v2.0 observed 3-to-2 ratio for baryon to meson ellictic flow

) . ) [va(py),pr>2 GeV/c]. The details of this new implementa-
HIJING is a model that provides a theoretical framework to. . — .
tion of JJ loops are described below.

extrapolate elementary proton-proton multiparticle phenom- Multiple hard and soft interactions proceed asHiaING

ena to complex nuclear collisions as well as to explore pos- . .
. PIEX P POSY1 37. Before fragmentation VvizeTSET however, we com-
sible new physics such as energy loss and gluon shadowin

[56]. Three versions of this model will be compared in this &te the probability that a junction loop occurs in the string,

ADer HIIING V1.37 HIIING/BB V1.10. andHUING/BB V2.0 A picture of a juction loop is as follows: a color flux line
paper. NN S "=~ gplits at some intermediate point into two-flux line at one
Detailed descriptions of thelldING v1.37 andHIJING/BB

v1.10 models can be found in Refd6,20,44.48 junction, and then the flux line fuses back into one at a sec-

In HUING V1.37 [44] the soft beam jet fragmentation is ond anti-junction somewhere further along the original flux
modeled by diquark-quark strings as in R@f5] with gluon line. The distance in rapidity between these points is chosen

kinks induced by soft gluon radiations. The minijet physics isvia a Regge distribution as described below. For single in-
-d by softg ) . JELPYSICS 1Sy sive baryon observables this distribution does not need to

computed via an eikonal multiple collision framework using be specified

perturbatlve(P_QC_?D PYTHIA V5.3 t0 compute the initial and The probability of such a loop is assumed to increase with

final state radiation and hard scattering rates. The cross seg;

tion for hard parton scatterings is enhanced by a faktor e number of binary interactionsy, that the incident
D part -ring >d by baryon suffers in passing through the oncoming nucleus.
=2 in order to simulate high-order correctionsJING ex-

X This number depends on the relative and absolute impact
tendsPYTHIA to include a number of new nuclear effects.

Besides the Glauber nuclear eikonal extension, shadowing hrgirgﬁtgrzi;ﬂg;s’nﬁi@g?tgg:ggle using the eikonal path

nuclear parton distributions is modeled. In addition, dynami- We assume as in Ref16] that out of the nonsingle dif-
cal energy loss of th@mini)jets is taken into account through fractive NN interaction cross sectionr,,— o a fraction

an effectivedE/dx. o . . .
In HIJING/BB v1.10 [16] the baryon junction mechanism f25= 025/ (@in=0nsd OF the events excite a junction loop. The

was introduced as an extensiontofiNG/B [20] in order to  Probability aftemy,s that the incident baryon hasld loop is
try to account for thg observed 'Iongitudinal distributions of Pi=1—(1—fj;"is, (1)
baryons(B) and antibaryongB) in proton nucleusp+A)

and nucleus-nucleugA+A) collisions at the SPS energies. We take 0;;=17 mb, o4;=10 mb, and the total inelastic
However, as implemented iAJING/BB v1.10 the junction nucleon nucleon cross sectiof), ~42 mb at RHIC energies.
loops fails to account for the observed enhanced transversehese cross sections imply that a junction loop occunsgn
slopes of anti-baryons at modergie in A+A as shown in  collisions at RHIC energy with a rather high probability
Ref. [48]. 17/32=0.5 and rapidly approaches 1 MA. In p+S where
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nyi= 2 there is an 80% probability that a junction loop oc- a;(0)=1.0[23]. It is thus important to look for rapidity cor-
curs in this scheme. Thus the effects of loops is taken here telations at RHIC energies where very high statistics data are
have a very rapid onset and essentially all participant barypoy available, inp+p— B+B+X, or p(d)+A— B+B+X.

ons are excited witldJ loops inAA at RHIC. We investigate

the sensitivity of the results to the value of parametgrand

found no significant variation on pseudorapidity distributions 1. NUMERICAL RESULTS

of charged particles, for 15 mktoy;<25 mb for Au+Au. A. Transverse momentum spectrum

Light ion reactions likep+S andp+Ar would have more o ] )

sensitivity toa ;. The nuclear modification factoiR,,) is defined as the

ratio of the hadron yield in central Au+Au collisions to that

The production of a baryon and antibaryon frordJdoop in p+p reactions scaled by the number of binary collisions

is simulated via an enhancement of the diquagkkick pa-

rameteroq,=PARJ21) of JETSETV7.3. The default value is (Neo):

04q=0.36 GeVEk in ordinary string fragmentation. However . Npn/dydp, .
' i juncti p,)= ,

in events where the string has a junction loop we can expect AALP L <Nc0||>d2Npp/dydpl

a significantly highempy kick [16]. We therefore propose a

very simple algorithm whereby thk is modeled by enhanc- where (N, is the average number of binary collisions of
ing oqq by @ factoerT, which we fit to best reproduce the the event sample calculated from the nuclear overlap integral
observedh; spectrum of the baryons. This implementation of (Tas) and 'the inelastic nucleon-nucleon cross section;

— _inel
the JJ model marks a radical departure from that imple-<'\100”>‘_0nn (Taw- o
mented inHIIING/BB v1.10. In Fig. 1 the measure@71] nuclear modification factor

While the above model allows the baryon-antibaryon(Raa) for charged hadrons in centrédd—10 % Au+Au col-
pairs to acquire much high transverse momentum in accorlisons at 200 GeV are compared to the predictionsiafG
with observation, the absolute production rate also dependél-37 andHIJING/BB v2.0 models. The data show the strong
on the diquark-quark suppression factor PABJThe JET- jet quenching effect _that suppresses th_e h_adrons yield by a
SET default for ordinary(fundamental flux strings has factor of =5 for the highespy bins resulting in an observed
PARJ1)=0.1. The reduced number of protons and antipro/Maximum inRx, at pr~2 GeV/c. Note that bOthH[:]'NG
tons observed at RHIC relative #wiNG v1.37 will be shown ~ V1.37 andHiiNG/es v1.10 fail to reproduce the “baryon

below to be accounted for, if PARY is reduced to 0.07 in PUMP” at moderat@r seen in theRy, factor and also fail to
leoops account for the large transverse slopes of baryons and anti-

In summary, two paramters, PARYJ, PARI21), are used baryons (see Ref.[48]). The Lund string fragmentation

in version 2.0 tasimulatethe dvnamical consequences of the mechanism of hadronization #JING v1.37 leads to a rather
g y q slow increase of the nuclear modification facRy, to unity

hypothesizedJ loop production inA+B reactions. The fac-  at highpy, not observed in the dafaee(a), results without

tor F,_modifying the default 0.36 GeV value of PAR1)  quenching and shadowing effectsn9]. The addition of jet

may depend on beam energy, atomic mass nurfherand  quenching and shadowing effecigys) in HIJIING v1.37 still

centrality (impact parameter However, we will show that a fails to describe the data.

surprisingly good description of a variety of observables is In contrast, HIJING/BB v2.0 with shadowing and jet

obtained with a constant valug, =3. The sensitivity of the quenching(yqs) effects with default energy loss parameter

theoretical predictions to this parameter is discussed in SedE/dx=1 GeV/fm(for the quark jet describes well the data

Il. over the full py range. Some of the observed discrepancies
Finally, we remark that correlations studiesprp and  could be attributed to strange and multistrange hyperons that

p(d)+Au collisions at RHIC energies could eventually help are underestimated in our calculations because we do not

us to obtain more precise values a8 loop parameters Cconsider SCF effects here.

[mainly o5 Regge intercepi,(0), and Fol. The contribu- Figure 2 presents a comparison _of the experimenta! trans-
tion to the double differential inclusive cross section for theV€'S€ Mass d|str|put|or[Qﬂ Of. positive (left) and negative
—  (right) particles with the predictions oflaiNG/BB v2.0 (up-

inclusive production of 8 andB in NN collisions due talJ per panel andHIING v1.37 (lower pane). The data shows a
exchange i416,19 mass dependence in the shape of the spectra. The fi@ton

do and antiprotor(p) spectra have a shoulder-arm shape at low

EgE ot Cegel 00 Hvevel, (20 p, characteristic of a radial flow. The pion spectra are well
described by both models. Introducing the correctédtbop

whereCgg is an unknown function of the transverse momen-a|gorithm inHIIING/BB v2.0 results in a significant improve-
tum andMy+P+B (junction+Pomeron+baryoncouplings  ment in the description of the protons and antiprotons in the
[16,20. The predicted rapidity correlation lengthl  scenario with shadowing and jet quenching. However, only a
- a;(0)]™* depends upon the value of the intercept0). To  qualitative description is obtained for lom;—m, spectra
test for ther) componenix;(0) = 0.5 requires the measure- due to the presence of radial flow, not included in the model.
ment of rapidity correlations on a scalg—yg|~2. In con- A similar conclusion can be drawn from the predictions of
trast, infinite range rapidity correlations are suggested ithe models for mean transverse momenta.
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FIG. 1. (Color onling Comparison o#H3ING v1.37 (left part) and HIJING/BB v2.0 (right pary predictions for the nuclear modification
factor (Ra) for central(0-10 % Au+Au collisions atysyy=200 GeV. The results are witfsolid histograms, ygsor without (dashed
histograms, ngsshadowing and quenching effects included. The label f3 stands for model calculations asEHTmiagThe data are from
PHENIX [71]. Only statistical error bars are shown. The error bagsrat2 GeV andpr=3 GeV, include systematic uncertainties. Equiva-
lent error bars on the other points have been omitted for clarity.

Whereas the pion transverse momentum spectrum armur present model and could be addressed by an explicit
rather well described at highest RHIC energies, there are stippartonic interactions in a colored medium.
difficulties with the dynamics in the direction transverse to
the beam for strange particles. Figure 3 presents a compari-
son of the experimental transverse mass distributions of posi-
tive [25] and neutra[28,29 kaons(upper partas well asA Rapidity distributions of participantgnet) baryons are
(lower pary particles[28,29 with the predictions oHIJING  very sensitive to the dynamical and statistical properties of
v1.37 andHIIING/BB v2.0. The transverse momentum slopesnucleus-nucleus collisions. The RHIC net proton distribution
of kaons-antikaons and particles are underestimated in a is both qualitatively and quantitatively different from those at
scenario with shadowing and jet quenchiygs). This fail-  lower AGS and SPS energig84]. Recent results for net
ure points towards a dynamical origin that is not included inprotons in centra0-5 % Au+Au interactions at a total

B. Stopping observables

102

-
o
2]

(a) Au+Au, 200A GeV (¢c.m.) (b) Au+Au, 200A GeV (c.m.)

10 2 -Q,5<)’,,,.< 0.5 10 2 -Q.5<y‘,.< 0.5
BB2.0, Central (0-5%) BB2.0, Central (0—5%)
10 n*, (ygs,f3) 10 ", (yqs,f3)
—p, (vqs.,f3) ——p., (ygs.f3)
1 ——-p, (ngs,f3) 1 ---p, (ngs,f3)

(1/2men)(d*N/dredy) (c*Gev?)

(1/2mene)(d*™N/dmydy), (c*Gev™)

10 10
-2 2F ATV L .
10 10 N FIG. 2. (Color onling
3 -3 HIJING/BB v2.0 (upper pangland
0 1 HIING v1.37 (lower panel predic-
PHENIX dat: 3 . : L
104||||||||.|||||||.|.| 1°4||||||||°.?.||||||-| E tions of transverse mass distribu-

0 1 2 3 4
my—m, (GeV/c?)

1 2 3 4
my—m, (GeV/¢?)

(c) Au+Au, 200A GeV (c.m.)
-0.5<y,,.< 0.5

PHENIX data
T N A I

(1/2mmne)(dN/dmedy), (c'Gev™?)

HIV1.37, Central (0-5%)

(d) Au+Au, 200A GeV(c.m.)
~0.5<y..< 0.5
HIJ1.37, Central (0—5%)

o 1 2 3 a4
My—mo (GeV/c%)

(1/2mmy)(d*N/dmdy), (c*GeV?)
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tions for positive piong7*) and
protons(p) (left part), and nega-
tive pions (77) and antiprotons
(p) (right par). The solid and
dashed histograms have the same
meaning as in Fig. 1. The data are
from PHENIX [25]. The error
bars show statistical errors only.
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nucleon nucleon center of mase&.m.) energy \% equilibrated midrapidity region is not only due to hard pro-
=200 GeV show an unexpectedly large rapidity density acesses acting on single valen@#)quark that are described
midrapidity [26,34]. by perturbative QCD, since this yields insufficient stopping
Figure 4 presents a comparison of the rapidity distribu{46,47. Instead, additional processes such as the nonpertur-
tions of protons[Fig. 4(@)], antiprotons[Fig. 4b)] and net bative junction mechanism as implemented HIING/BB
protons (p-p) [Fig. 4(c)] and their ratio(p/p) [Fig. 4d)]  v2.0 are able to reproduce the observed distribution. Such a
obtained for Au+Au interactions at total c.m energg  mechanism may lead to substantial stopping even at LHC
=200A GeV with the model predictions cflJING/BB v2.0  energies. o
and RQMD v2.4 [60]. Corrections for feed-down contribu-  The net-baryon(B-B) distribution retains information
tions have been applied to the data. We discuss here a corghout the energy loss and allows the degree of nuclear stop-
parison withRQMD v2.4 results in order to investigate if had- pmg to be determined. Experimenta”y, to obtain the net
ronic rescattering only and SCF effects as implemented ibaryons, the number of net neutrons and net hyperons has to
RQMD, could explain the new data. The new version ofpe estimated. In addition, the data need to be extrapolated to
HIING/BB reproduces very well the experimental yield at fyll rapidity space introducing other systematic errors. In
midrapidity for bothp andp as well as their ratio and the net contrast, in models we can calculate directly specific stop-
proton yield(p-p). This agreement is improved if shadowing ping observable as the average rapidity loss and the energy
and jet quenching are included. In contragiMD v2.4 does loss per participant nucleon as defined in R&#]. The av-
not reproduce the shape of the proton rapidity distributiorerage rapidity loss is defined a8)=y,~(y), wherey, is the
near midrapidity and strongly underpredicts the antiprotoryapidity of the incoming projectile an¢y) is the mean net-

yield. » ) _baryon rapidity after the collision
In addition, the centrality dependence of proton and anti-

proton yields at midrapidity have been also analyzed and the

results are shown in Fig. B1JING/BB v1.0 overpredicts the > (Y dNgg
data[26] except for very peripheral collisions. In contrast, (y)= f y (B_B)dy, (4)
HIJING/BB v2.0 reproduces very well the experimental yield NpartJ o dy

at all centralities.

One of the main features of the data is the observed in-
crease of net proton up to three units of rapidity away fromwhere N, is the number of participating nucleons in the
midrapidity [Fig. 3(c)]. This central valley could be used as collision.
an indicator for partonic processg&,73. Microscopically, The total energyE,,; per net baryon after the collisions
the baryon number transport over 4-5 units of rapidity to thecan be derived using the relation
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40 a0 r
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> = ROMD v2.4 : s E protons, andd) antiproton to pro-
0 oo by by g g by 0 - PRI R A BT S AT A i ton ratlo The SO|Id and dashed
5 25 [} rapzigity ys 5 25 0 rap?gity ;’ histograms have the same mean-
’ ! ing as in Fig. 1. The dotted histo-
20 2 grams correspond t&Qmp v2.4
% 18 ‘(C) Au+Au, 200A GeV (CJTI) -3‘ 1.8 L (d) Au+Au, 200A GeV (C.l'l'l,) model predic’[ions_ The data, cor-
} 6 Hi Central (0-5%) ; 2 1'6 F Central (0-5%) rected for weak decays, are from
=0 — , 6 | e PHENIX data
° 18 E—: P—P NS e _ A BRAHMS data PHENIX [26] and BRAHMS
Wi @ PHENIX data 7 C - [34]. The errors bars shown in-
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10 ‘}‘ + 1F atic uncertainties.
8 E : ; 08 |
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4 04 |
2 02 |
o b 1 o Bttty 11y e
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rapidity, y rapidity, y

1 (Y dN =286 GeV[34], are far from our theoretical predictions of
Bo=y <mT>COShyd_ydy’ (5)  both HIWING models,E,,;~40 GeV.
part-"-yp The RQMD model [60] with rescattering and SCF effects
. . strongly overpredicts the midrapidity net-baryon distribu-
where(my)=(ypr+mp) is the average transverse mass. Thejons and the average rapidity loss. Partly as a consequence
energy loss per participant pair could be estimated\Bs E,_, per baryon after the collisions is underpredicted. The
=(100.0-E,) GeV. The predictions of the models for these extrapolation to high rapidity used in R¢&4] to obtain their
quantities are presented in Fig. 6. values of (8y) and E,,; may explain part of the observed
Figure Ga) shows the net-baryon model predictions in giscrepencies. A precise measurement of transverse energy
comparison with BRAHMS datg34] obtained from the per baryonfas shown in Fig. &)] could help also in the
measured net protofNg g =2N, ;). At RHIC energies a  study concerning the origin of rescatteriaghich could in-
broad minimum has developed at midrapidity for net-baryorfluence the dynamics of the reaction at hadronic or partonic
spanning few units of rapidity indicating that collisions are stagg. However, futher analysis and baryon rapidity distri-
quite transparent. The average net-baryon rapidity loss deésution measurements at large rapidity are needed in order to
duced by BRAHMS(dy)=2.0+£0.2[34] is well reproduced draw a final conclusion and to use these observables as a
by HIJING/BB v2.0. In contrast, the experimental value for the signature for partonic processes and for quark-guon plasma
total energy per net baryon after the collisiongg®  (QGP formation.

40 (a) Au+Au, si2=200 GeV 30: (b) Au+Au, si¢i=200 GeV _
& 35F —BB.20(a5f3) p | D o5t — BEV20(yasf3)  p
> 80f - BBV 100as) | T BB 00 | |
ES] s T 0L ’ FIG. 5. (Color onling Comparison of
255-0 PHENIX data p | ® PHENIXdata . HIJING/BB v1.10 (dashed linesand HIJING/BB
20F 15F 2 v2.0(soild lineg predictions for the centrality de-
g o - pendence of proto(a) and antiproton(b) yields
100 at midrapidity. The data are from PHENIp26].
L The errors shown includes both statistical and
5:- systematic uncertainties.
L.
00 100 200 300 400

Noart Noort
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120 20
[ (a) Au+Au, 200A GeV (c.m.) | [ (b) Au+Au, 200A GeV (c.m.)
100 £ Central (0-5%) g - Central (0-5%)
z [ @ PHENIX data S
O e | A BRAHMS data[i], o [ Eg=42.6 (GeV)
oy [ <8ys> = 1.75 I 0 E E,,_4o,5 (GeV)
g 60 [ <O%s> =1.67 ° F E.=23.0 (GeV)
f F <8y,> = 2.57 =z - FIG. 6. (Color online Model
© w0 [ T 5r b predictions for(a) the net-baryon
= Q - 5 distribution and the average rapid-
20 ; ‘j 0 ity loss (dy); (b) the total energy
ﬁ_k [ per netbaryon after the collisions;
° , L S and (c) the transverse energy per
0 6 0 2 4 6 net baryon for central(0-5 %
rapldlty, rapidity, y Au+Au collisions at sy
=200 GeV. The solid and dashed
c >® F () AutAu, 200 GeV (c.m) histograms are the results obtained
o C Central (0-5%) within HIJING/BB v2.0 andHIJING
g 2 a2 ——BB2.0 (ygs.f3) v1.37, respectively. The dotted
e - e HIJ137 (ygs) histograms are theQmb v2.4 pre-
L1 FE TME V= dictions. The data are from
1] [
= _-l_'m"‘-_-——r : BRAHMS [34]. The_ errors bars
PR o s A include both statistical and sys-
2 . tematic uncertainties.
- 05
L i
o
[P R VR
0 4 6
rapidity, y
10 £ 10 g
| E (a) Au+Au, 200A GeV (e.m.) | E (b) Au+Au, 200A GeV (¢.m.)
3 C (—0.5<y. < 0.5) K C (—0.5<y < 0.5)
I\ i Central (0-10%) I\ i Central 0-10%)
g' ; m PHENIX data g- ; m PHENIX data
= F gunil = F Ll
O 5 o -
@ B x B
0L 0L . FIG. 7. (Color onling Model
F E = dictions forp/ 7 ratio in cen-
: F fm—— BB2.0 (ygs.f3) pre !
C HIJ v1.37 (ygs) o BBZ O (ngs, f3) tral (0—10 % Au+Au collisions at
2K HIJ v1.37 &nqs) 2 200A GeV (upper part and pe-
10 o|||||||||||||| ||||l 10 o|||||1|||||;|||||||||| rlpheraI(GO_go%Au+AuColll_
\V vV sions (Iower par). The solid and
Pr (Ge /c) Pr (Ge /C) dashed histograms have the same
10 = 10 £ meaning as in Fig. 1. Igb) and
' E (c) Au+Au, 200A GeV (c.m.) | E (d) Au+Au, 200A GeV (c.m.) (d), the dotted histograms are the
€ [ (-0.5<y,,< 0.5) € F _ (=0.5<y,<0.5) redictions of HIJING/BB v2.0
I\ " Peripheral (60—90%) |\ [ Peripheral (60—907) pr " -
o m PHENIX data o B PHENIX data with Fpr=1 (label f1). The data
Q1 E °1F are from PHENIX[26]. The error
° - ° E bars include systematic
o i @ i i f uncertainties.
10 8 E 10 ’ = =
F c BB 2.0 (yqs,f3)
T —— HIUv1.37 Eyqs) P BB2.0 (ngs.f3)
[ e HIJ v1.37 (ngs) Iy BB 2.0 (ngs.f1)
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10 10
F (a) Au+Au, 200A GeV (¢.m.) F (b) Au+Au, 200A GeV (¢.m.)
G (—0.5<y.n< 0.5) & (=0.5<y,n< 0.5)
e I Central (0—10%) o | Central(vo—w%)
o i @® PHENIX data o B @® PHENIX data
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C. Particle ratios versuspy

momentum(py) for central (0-10 % (upper part and pe-
ripheral (60—90 % collisions(lower pary. The measured ra-
tios increase at lowp; and saturate at different values tha
strongly increase from peripheral to central collisions. ForJING
central collisions at moderatp; (2<pr<5 GeV/c), the
yields of antiprotongp) are comparable to that of pions. In
hard scattering processes described by PQCD and impl
mented iNHIJING, the ratiop/ 7~ are determined by the frag- (0=
mentation of energetic partons, independent of the initial co
liding system. Therefore within the errors those ratios ar

PHYSICAL REVIEW C 70, 064906(2004)

FIG. 8. (Color onling Com-
parison ofHING v1.37 (left) and
HIJING/BB v2.0 (right) model pre-
dictions for p/p ratio versuspr
for central(0—10 % Au+Au col-
lisions at 20@& GeV. The solid
and dashed histograms have the
same meaning as in Fig. 1. The
data are from PHENIX26]. The
error bars include systematic
uncertainties.

mentation mode[12,13 while the hydrodynamic$49] and
In Fig. 7 thep/ =~ ratio is shown as function of transverse thermal model calculations predict thpt7 ratio exceeds

unity for central collisions.

In Fig. 9 the ratioA/Kg is presented as function of trans-
t Verse momentunipy) in comparison withHIJIING v1.37 and
/8B v2.0 model calculations. The data far/K? ratio
(hence baryon/mes@rshow a constant increase at lqwy
to a plateau value of approximately 1.8 in centf@5 %
g_ollisions for moderatepr (2<pr<5 GeV/c). For central
5 9% and periphera(60-90 %, not shown heré\u+Au
|collisions at moderatey, the ratio is underestimated within
d1WING/BB v2.0 in both scenario witfygs) and without(ngs

well described for peripheral collisions by both version of Shadowing and quench effects. We note, that previous theo-
the models. As expected in peripheral collisions there is litig€tic@l analysis which use various mechanism for baryon

sensitivity to the new ingredients implementedHiniNG/BB
v2.0. In contrast, the clear increase in fhter™ ratio at mod-
eratepy from peripheral to central collisions is seen to be
sensitive to the new physics as implementecHinNG/BB
v2.0. HIJING v1.37 strongly underpredicts the observed ratio
at moderatepr, an effect that is corrected iJING/BB v2.0,
which includes an improved simulation of moderptgunc-

tion loop with a factoerT=3.

A similar conclusion can be drawn from the results ob-

tained forp/p ratio for central(0-10 % Au+Au collisions

at 200 GeV presented in Fig. 8 and for thér* ratio (not

presented hejeThese results show the significant contribu-

production such as recombinatiofs3] or HSD transport
[51] underestimated also transverse momentum spectra for
kaon-antikaon particles. In Ref51] this failure has been
attributed to a lack of pressure generation in the very early
Johase of the heavy-ion collisions, which also shows up in the
underestimation of the eliptic flow of charged hadrons at
RHIC energies. This observation may be a signature of the
strong color field effect$65,64.

D. Nuclear modification factor versuspy

In order to better quantify the particle composition at

tions of proton and antiproton yields to the total particle moderatep; we investigate the binary collision scaling pf

composition in this moderate; region (2<p;<5 GeV/c).

spectra for charged pions, protoentiproton$, and kaons

An alternative interpretation of the observed increase with{antikaon$. Figure 10 shows the predicted nuclear modifica-
centrality is provided by the parton recombination and frag-ion factorsRy, andR;, for the sum of protons and antipro-

10 g 10
oo F (a)Au+Au, 200AGeV (c.m.) [ 5, E (b) Au+Au, 200A GeV (c.m.)
Y F (=0.5<y,n< 0.5) S (=0.5<y.n< 0.5)
~ 0 Central (0-5%) N 0 Central(0—-5%)
= I e I "=,
.9 1 E HH '9 1 HH
prar) E HH — -im- prer] E
) E - F ) F
x i a C
al, al
10 3 n e m _STAR data
i m STAR data F—— BB 2.0 (ygs.f3)
- —— HIW v1.37 (ygs) ----- BB 2.0 (ngs,f3)
o - HIJ v1.37 (ngs) 2|
10 1 1 1 I 1 1 1 I 1 10 1 1 1 I 1 L 1 I 1 1
0 4 4
pr (GeV/c¢) pr (GeV/c¢)
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FIG. 9. (Color onling Com-
parison ofHING v1.37 (left) and
HIJING/BB v2.0 (right) model pre-
dictions forA/Kg ratio versuspr
for central(0-5 % Au+Au colli-
sions at 208 GeV. The solid and
dashed histograms have the same
meaning as in Fig. 1. The data are
from STAR [30]. The error bars
bars show statistical errors only.
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10

E (a) BB2.0 (ygs.f3) E (b) BB2.0 (ygs.f3)
RAA E Cen.(0—10_7.)/ scaled pp R‘=P E Cen.(0—10%)/Periph.(60—90%)
[ (p+p)/2 L (p+p)/2
I (m*+n7)/2 I (m*+n7)/2
(K*+K7)/2 (K*+K7) /2
1 1 F ? i
[ [ & Te®
L[ n°. PHENIX data bt | .| Sw = 200 GeV "
10 1/2_ 10 | * K. Star data
E 200 ?ev | | E A m 1@ p.PHENIX doto
0 1 2 0 2

3 4 3 4
pe (GeV/c) pe (GeV/c)

FIG. 10. (Color onling HIJING/BB v2.0 predictions for binary-collision scaled nuclear modification fa&gx (a) and Rep (b) for (p
+p)/2 (solid histogramscharged piongdashed histogramand kaongdotted histogramsin central(0-10 % Au+Au collisions. The data
are from PHENIX[26]. The KS data are from STAR28,29 at slightly different centralitiefcentral(0-5 % and peripheral60—80 %]. The
error bars are statistical only.

tons(p+p)/2, charged pions, and kaons in comparison withnificant improvement in the full event Monte Carlo descrip-

available PHENIX dat426]. tion of a large set of observables fgr and p. The new
R.p is defined as the scaled yield ratio at different central-version can account now for many features of the baryon
ity such as the ratio of central to peripheral yield: anomaly region at moderaf®, as well as for characteristic
stopping observables atsyy=200 GeV in Au+Au colli-

Yield(centra)/{Nq(centra)) ©) sions.
Yield(periph .)/{N.o(periph .)) A simultaneous absence of suppression for baryons up to

. 2 pr=4-5 GeVkt and the enhancement of thd 7 ratios at
yvherg Yield<1/Ne,emd(1/2mp, )(d"N/dp, dy) and (Neo moderatepy, which is a challenge for many theoretical
is defined as above. . . . frameworks, is well described withiAlJING/BB v2.0 with

ft1r—1he scall?g behaworc?f the pions |s_rﬁ|ﬂerent frprlr; thosle hadowing and jet quenching effects, for an energy loss pa-
ofthe sum of protons and antiprotons. The pions yield scalefl, o1 4E/dx=1 GeV/fm (for quark jey and a constant
by Ny in central events is strongly suppressed compared t

. . henomenological factdf, =3. One of the remaining dis-
ppreactionsRaa) and to peripheral event&:). The hadron B o glh pTI . ! ? N
production inHIJING/BB v2.0 is mainly from the fragmenta- crepancies is the energy loss per participant nucleon and

tion of energetic partons. Thus, the observed suppression It?laryon Tap'd"y. measurements. at forward rapidigy>3),
hich will require futher analysis.

central collisions may be a signature of the energy loss o While this new VersiomHiING/BE v2.0 gives a qood de-
partons during their propagation through the hot and der]S(sacri tion of a large body of data it stiII. cagnnot re groduce the
matter (possibly QGP created in the collisions, i.ejet P 9 y P

: transverse mass spectra of kaons aAngarticles for which
quenching _ . . the integrated yield is well predicted, but the model has no
HIJING/BB v2.0 predicts that the sum of protons and anti- ’

protons(p+p)/2 scales well with the number of binary col- mechanism to account for radial flow of these particles. In

. . tring fragmentation phenomenology, the strong enhance-
lisions (Noi). On the other hand, the discrepancy seen aFﬂent of strange particle observables require strong color

pr<1.5 GeVL indicates a sizable contribution from radial field effects(SCH [65,6§. The full understanding of the

flow. Similar trend are observed i, K2 and K* measure- ; ; ; it ;

L production of strange particles in relativistic heavy-ion col-
ments by the STAR CoIIabora‘_up[Q&ZQ. It has been're-' lisions [51] remains an exciting open question.
cently shown that the competition between recombination

and parton fragmentation at modergte may also explain ACKNOWLEDGMENTS
[12,13 the observed features.
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