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PHENIX data on Ad-Au at s=130A GeV suggest thaﬁ yields may exceedw~ at high pt
>2 GeV/c. We propose that jet quenching in central collisions suppresses the hard PQCD component of the
spectra in centrah+ A reactions, thereby exposing a novel component of baryon dynamics that we attribute to
(gluonig) bayron junctions. We predict that the obser\;ﬁl 7~ and thep> =" anomaly atp;~2 GeV/c is
limited to a finitep; window that decreases with increasing impact parameter.
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Recent data on AtAu reactions atys=130A GeV  quenched4,11,12 hard componentdN;) and the phenom-
from the Relativistic Heavy lon CollidefRHIC) have re-  enological soft to moderatpr component ¢N,) of p and
vealed a number of new phenomena at moderate pigh #~. The observed baryon junction component is assumed to
~2—6 GeV/c. The highp; spectra ofz? in central colli-  exist in nucleon-nucleonNN) and well asAA reactions, but
sions were found by PHENIX1] to be suppressed by a in NN [8,9]it has a smaller amplitude, and its contribution to
factor ~3—4 relative to perturbative QCILPQCD predic-  the highp baryon spectrum is “obscured” by unquenched
tions scaled by the Glauber binary collision densityminijet fragmentation into pions.

[ Taa(b)]. Also in noncentral collisions, STAR] found that In this Rapid Communication we extend the study of
the linearly increasing azimuthal asymmetry momentK™/7* [13] and p/p [14] ratios to compute the expected

vo(pr), saturates at-0.15 forpr>2 GeV/c in contrast to  differential baryon flavor ratioRg(p7)=p/ 7. We also gen-
predictions based on ideal hydrodynaniigs From Ref[4]  eralize the two component sefhard dynamical model of
these features were interpreted as evidence for jet quenchiiig] to include the novel baryon junction component. We pre-
in a dense gluon plasma with rapidity densiN%dy  gict that the enhancement of thg'w~ ratio reported by
~1000. The initial proper gluon density may thus havepHENIX is actually limited to a finite moderate; range
reached far into the deconfined QCD phase wiif(7 2-6 GeVk. Beyond this range, the hadron ratios are ex-
~0.2 fmfc)>10/fm®. Jet quenching at RHIC, if confirmed pected to converge back to the quenched PQCD base. In
by further measurements, opens the door to a new class @fu+ Au, our proposed mechanism can be further tested via a
diagl’lOStiC tOO|S that pFObAA dynamiCS and the transient predicted Systema‘[ic decreaseafn-_ with increasing im-
quark-gluon plasma created in such collisions. pact parameter, i.e., decreasing nucleon participant number.
One of the unexpected results reported by PHENIX and The standard PQCD approach expresses the differential
STAR is that in contrast to the strong® quenching aipr  hadron cross section iINN—hX as a convolution of the
>2 GeVic, the summed negatively chargedr (+K~  measured structure functiohgy(x, ,Q2) for the interacting
+p) and the corresponding positively charged hadron spegartons @=a,b), with the fragmentation function
tra were found to be quenched by only a facte? [1,5]. Dyc(z.Q?) for the leading scattered partaninto a hadron
Even more surprisingly, the identified particle spectra analyof flavor h and the elementary parton-parton cross sections
sis at PHENIX[6] suggests thaRg(pr)=p/7 =1 atpr  do@~°d/dt. Folding over an intrinsic parton&aussiahn
>2 GeVlc. Thus, baryon and antibaryon production may in f(k;) distribution:
fact dominate the moderate highy hadron flavor yields, a

phenomenon never before observed. doNN
These and other data point to novel baryon transport dy£,——=K > dzcdxadxbf d2K120%Kpf (Kra) f (KTp)
namics playing role in nucleus-nucleu8 £) reactions. An d°p abed

important indicator of this are STAR’] data that revealed a 2 2 2
high valence proton rapidity density-(10), five units from X T arp(Xa s Qa) Torp(Xp Qo) Dhve(Ze Qc)

the fragmentation regions, andpdp=0.65 at midrapidity. s dg@b—cd

An attractive dynamical model that explains copious midra- X— ———=——3d(stu+t), 1)
pidity baryon and antibaryon production is based on the ex- e t

istence of topological gluon field configuratior{aryon o ) .
junctions [8—10]. Junctions predict long-range baryon num- Where Xa, Xp are the initial momgntum fractions carried
ber transport in rapidity as well as hyperon enhancemerffy the interacting partong.=py,/pc is the momentum frac-
(including @) [9] and considerablg; enhancemer{8,10] tion carned_ by the ob.servzgzd hadron. H\‘bf;l we use phe-
relative to conventional diquark-quark string fragmentationnomenological smearingkt)=1.8 Ge\f/c?. Comparison
[11]. In this Rapid Communication we propose that thePetween the PQCD calculatioid) and the charged hadron
baryon/meson anomaly is due to the interplay between the jetultiplicities measured by the ISR ) and UA1 (pp) ex-
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FIG. 1. The ratioRBw(p+E)/(7r*+7r’) is shown forpﬁ at FIG. 2. The ratio of charged hadron and multiplicities to the

Js=1.8 TeV as a function opy. Low p; FNAL E735 date[18] bip_ary collision scalecﬁp result is shown fron1]. Th(_e curves
are shown for comparison. String fragmentation of minijets vigutilize the GLV quenched hard spectrum and the modified soft com-

HIWING1.35[11] is also shown. ponent Eq.(3).

periments[15] at 's=53 GeV and 200,900 GeV, respec- (AE3p) y~(AE1p)y- 2
tively are in good agreemeiil0] for various structure and

fragmentation function parametrizatioftss,17]. In the computation of the PQCD component we take into

Figure 1 compare®g(py) from the conventional inde- account nuclear shadowing as[itl] and Cronin effect as in
pendent and string fragmentation PQCD phenomenologies tRef. [20]. In addition, we take into account multigluon fluc-
available E73918] data from+/s=1.8 TeV pp collisions.  tuations of the energy loss via the opacity renormalization
While the pion dominated charged particle inclusive data ar@pproach as discussed [ia1]. Fluctuations in the GLV ap-
fit well by Eq. (1) with different fragmentation mode[d40],  proach effectively reduce the opacigy<dN9/dy by a factor
there is a large difference between the predigiéd~ ratios ~ ~0.5. The fitted initial gluon density quoted in Fig. 2 below
in the shownp; range. Comparing results from two different takes that reduced energy loss effect into account.
parametrizations of fragmentation functiof$7] and the We parametrize the soft phenomenological component of
HIJING1.35string fragmentation event generafad] reveals a Moderatepy hadrons as follows:
rather large theoretical uncertainty3 on Rg at high p+.

Nevertheless, the prediction tHa§=<0.5 at highp is robust dNg(b) dn® e PT/THD)
and intuitively reasonable given that both quark and gluon = d_(b)ﬁ' ©)]
jets prefer to fragment into lighter mesons than baryons. We dydpr e=7Kp.. dY 2 (T%(b))

conclude that a systematic study of {iyedependence of the

baryon/meson ratios at RHIC should include th@ uncer-  As in string models the soft component is assumed to scale
tainty of the baryon fragmentation schemes shown by amvith the number of participantsN,,). In Eq. (3) we also
error band in Fig. 1, but the PQCD predictions forr~ is  account for the possibly different mean inverse slopg&sor

that it stays below 0.5 fopt>2 GeVlc. baryons and mesons. In the junction pict[8& the largeT?

We generalize next thegsoft+hard two component may arise from the predictd®] smaller junction trajectory
model in Ref.[4] and test it against the observed chargedslopea~ aj/3. This implies that theffectivestring tension
particle quenching patteri,2]. is three times higher than 1/f&vs)~1 GeV/fm leading in

In AA collisions the sem_ihard PQCD component is re-the massless limit t¢p2),=3(p2)g. In terms of the string
duced due to the non-Abelian energy loss of hard partong,qdel the factor three enhancement of the mean squaie
before fr_agmentation as {@]. In the calculr_:ltions belovy, W€ due to the random walk ip; arising from the decay of the
giir;dllgngslgcggsgc ?é(d (icr?rtrhejpg;s;ggs;/(?u{iria\%tlgcal three strings attached to the junction. Naively, we would thus
(GLV) formalism[12]. The numerical techniques developed ex_pectTP: @Tﬁ : I_n a de_ta|led Monte Carlo study22] .

. . . . usingHIJING/BB [9] this relation was indeed found to hold in
in [12].allow us to extend the jet quenching computation tothe 1=<p;<2 GeVlc range with T™~220 MeV and TP
partonic energies as low as5 GeV that are relevant for the ~370 MeV~ 3T with junctions included andTP

ps range addressed in this paper. Jet production and propa- _ . .
gation through the medium is treated ag4n including the ~270 MeV without. At higheipy the PQCD minijets cause

realistic Woods-Saxon nuclear geometry. We also include ihe_ apparent pion slope to increase systematically pith

+ 1D Bjorken and H 3D Bjorkent transverse expansion of Wh_”e at Iowe_rpT the resonances causé to be Sma”er' In
the interaction region. 1fi19] the azimuthally averageeén- going to penpherql collisions a small decrease in the mean
ergy loss was found both analytically and numerically toinverse slopedT” =—10 MeV andATP=—-50 MeV for
have little sensitivity to transverse flow approximate consistency withp data[18] is introduced.
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The general hydrodynamic solutid@3] including trans- [27]. The fitted parton energy loss is specified by initial
verse flow is of course much more complex at lpwthan  gluon rapidity densityd N9/dy=800= 100 and this density is
our simplified parametrizatiof8). However, at largept all  close to predictions based on saturation mod28. This
hadronic inverse transverse slopes tend to a Doppler shiftetigh gluon density takes into account the reduction of the
value [ Tqss=T:exp(r,), in terms of the transverse flow ra- effect of induced radiative energy loss due to multigluon
pidity 7, at a freeze-out isotherii;]. As we show below, fluctuations as discussed in detail in Rf1].
boosted thermal sources including relativistic transverse flow In relativistic heavy ion collisions early thermalization of
does not predict an antibaryon anomaly in thm  the soft background partons is expected. This allows the es-
~2 GeV/c range[10]. timate of the Debye screening (which is a natural infrared

The baryon transport mechanism suggestd®]jmpredicts  cutoff in medium from thermal PQCD. The screening scale
that the valance baryon number per unit rapidity has the fornthen enters the partonic cross section and the transport coef-

ficient used in energy loss calculatiohk2]. Larger varia-

dNB  dNP  dNP cosh(1— ag(0))y tions of the initial density of the medium have also been
=" o = BL — , (4  studied[10] but they give a less satisfactory description of
dy dy dy SINP(1 = 2g(0)) Y max the PHENIX datg1].

At pr=2—-3 GeV/c pions are perturbative and exhibit
an almost constant suppression as predicted by the GLV for-
malism[12,13. In contrast at moderate high the nonper-

[7] turbative baryon junction component is unaffected. Thus in

) central collisions baryon excess at intermediate transverse

Our phenomenological soft string and baryon Junction, ; menta is expected relative lN. This results in a smaller

components (_jepends.on two parameters.—the total Charg%%gree of suppression of inclusive charged hadrons which is
particle rapidity density and the mean inverse slope for

. chy v 0 pr dependent. At larger transverse momenta baryon produc-
pions. We takedN“"/dy=650 for the top 6% central events tion is expected to be dominated again by PQ@B in Fig.

from experimen{25] and T™ =220 MeV. It has been ar- 1) Therefore baryons are expected to show comparable sup-
gued that the soft string and baryon junction dynamics ISyression to pions at higp;=5 GeV/c. From Fig. 2 we
manifested in nucleon-nucleon collisiof8&9]. Therefore the  ~qnclude that such physical picture is compatible with the
existingpp data[ 18,26 provide us W@ reference integrated qata and can be easily tested with future data in he
particle ratios and predictiong.g., p/m =0.06) for the >5 GeV/c range.

case ofAA reactions. These predictions are found to be con- | our discussion of the; dependence b/ 7~ ratio at
sistent with the measurements at RHIC within 30%. DeviarH|C we first turn to a simple description based on boosted
tions of thosep integrated ratios from thpp case are ex- thermal sources

pected (e.g., strangeness enhancemehtt they cannot

whereag(0)=1/2 is the baryon junction exchange intercept.
For Au+Au reactions at/s=130A GeV Eq. (4) predicts
dNB/dy=10 which is in good agreement with RHIC data

account for the factor of-5 anomalous enhancement of the AN~m-K (mTCOShm | (pTSi”hﬂr) ©
p differential baryon/meson ratio reported by PHENKK. ™1 T; 0 T '
The full hadronic spectrum is a sum of soft and hard
components where tanlp,=v,. A computation of Rg(py) with T;
=160 MeV andv, =0.6 is included in Fig. 3. It predicts
dN(b) dNg(b) dNu(b) p/7~ <1 in the intermediat@; window and grows mono-
= + ©) tonically with pt to Rg=2 which is a general feature of

2 ) '
dyd’pr dyd’pr dydpr hydrodynamic calculations. We note however, that variations

of hydrodynamic initial density profiles, equation of state,

with a hard component computed from the cross section i nd freeze-out criteria as well as dissipative effects may also

nucleon-nucleon collisions modified by the medium induce : — )
energy losg4,12,13 and the Glauber profile density at a Pl@y @ role in thep/m~ anomaly, sinceRg<1 may also
given impact parameter. To avoid over counting, we®Ccurin hydrodynamics with late chemical freeze-[8jtas

smoothly turn on the power law PQCD componentpat well as in the hybrid hydre UrQMD model due to dissipa-
~2 GeVlc [4]. tive effects[24]. .

We first compute the rati®x4(ps) of the hadron multi- As a further test of our model we cclmder next the ex-
plicity in Au+Au at \'s=130A GeV normalized to the cor- Pected centrality dependence R§. The p/7~ ratio com-
responding multiplicity inpp reactions scaled by the number puted fqr three dlfferent_ cer!tralmes in the seftart_ll _model
of binary collisions. Such scaling is relevant for the compari-_Eq' (5) is also shown in Fig. 3. In central collisions the
son of the moderate to highy parts of the hadronic spectra interplay between the anomalous baryon componeptanfd
and in absence of nuclear effects is expected to be unitfhe quenched PQCD componentmf leads to maximum of
Figure 2 showsR, , in the 10% central collisions for neutral Rs nearpr~3—4 GeVic. At large pr=5-6 GeVlc we
pions and inclusive charged hadrons. We note that includingredict a gradual decrease Rf below unityconsistent with
only nuclear shadowing and Cronin effect gives a ratio conthe the PQCD baseline calculatiofsee Fig. 1 In Fig. 3 we
sistent with unity within 10% fop;=2 GeV/c and incon- have included through error bands the factor-a3 uncer-

sistent with data if jet quenching is not taken into accounttainty in the fragmentation functions infat highpy. The
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FIG. 3. The centrality dependence Bg(py) is predicted for FIG. 4. The centrality angi; dependence of thp/ 7" ratio is
three different centralities. Solicdashedl lines correspond taA\! predicted for the same centrality classes as in Fig. 3. The solid

(A3 scaling of the junction component. The ratiopand =~ fits  (dashed lines compare the difference betwellp,. (Ngay) scal-

to PHENIX data on central reactions is shown for comparison. AiIng of the junction component ar(1)x the quenched fragmen-
boosted thermal sourdélashed lingis also shown. tation component as in Fig. 3.

solid and dashed curves reflect the difference between thae predictedps dependence of baryon enhancement and
Npart @nd Ng’sn scaling of the junction component subsequent reduction at higlk may in fact be more readily

In peripheral reactions the size of the interaction region asbservable in thg/«™ ratio.
well as the initial density of the medium decrease leading to We find that thep/ 7™ ratio is typically~50% larger than

reduction of energy loss. The absence of quenching reducgg~ as a function ofp at moderate transverse momenta.
the observability of the anomalous component andpthve™ Comparison between Figs. 3 and 4 shows that er
ratio may stay below unity for afpr. The case of peripheral =6 GeV/c the baryon/meson ratio for positive hadrons pre-

reactions is hence similar top collisions. The experimen- dicted here is~2—3 times bigger than the corresponding
tally testable prediction of the modé) is therefore that the ratio for negative hadrons. This is due to the valance quark
maximum of theRB:E/W ratio decreases with increasing dominance in the PQCD fragmentation into baryons versus

impact parameter, decreasing participant number, or equiv,i'ﬁ-nﬁb"”yOns at higlpr (see also Refd.10,14)). In contrast,

lently decreasingiN°"/dy ydrodynamic models with flavor independent freeze-out
We found that the interplay between jet quenching atWOUId predict an asymptotic ratie 2. : .
RHIC computed as ifi4] using the GVW, GLV formalisms In summary, a novel test of the baryon junction hypoth-

[4,17] and a postulated novel baryon junction componenteSiS[&g] for baryon number production and transport in ul-
' = trarelativistic nuclear collisions has been proposed through
could account for thg;>2 GeV/c p/m =1 puzzle sug-

f - tpe predicted anomalous dependence of Ipgtp/#+~ and

* ratios and their centrality dependence. The existing
HENIX data[6] strongly motivate the extra effort needed to

measurdantibaryon spectra into the;=5 GeV/c range as

a complement to théant)baryon number rapidity transport

measurements by STAR'] and soon by BRAHMS29].

guenching exposes this new baryon junction compone
[8,9]. This was shown in Fig. 2 to provide a natural expla-
nation for the smaller effective quenching of moderpte
charged particles tham®. Figure 3 shows thaRg could
reach values well above unity in a finite moderptedomain
but is predicted to decrease to well below unity @ We thank J. Velkovska, N. Xu, and W. Zajc for discus-
>5 GeVlc in contrast to thermal or hydrodynamic models. gsjons on the RHIC data and A. Dumitru, U. Heinz, and X.-N.
Whereas the maximum baryon exceBgmax, depends on  \wang for helpful comments. This work was supported by the
unknown details of the baryon junction component the shapgyjrector, Office of Science, Office of High Energy and
of Rg(pr) and its specified centrality and transverse momenyclear Physics, Division of Nuclear Physics, of the U.S.
tum dependence are largely a consequence of the jet quenqbepartment of Energy under Contract No. DE-ACO3-
ing phenomenon similar to the saturationue{pr) reported  76SFO0098. M.G. is also grateful to Collegium Budapest for
by STAR[2]. - hospitality and partial support during the completion of this
Since frompy integrated hadron yieldp/p=0.65[1,2],  work.
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