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Abstract

The BRAHMS measured proton-to-pion ratios in #&u and prp collisions at/syn =
62.4 GeV and+/syn = 200 GeV are presented as a function of transverse momentd iz
sion centrality within the pseudo-rapidity ranged; < 3.8 The results for AgAu at /Syn =
200 GeV are compared with predictions from models whichiipoaate hydro-dynamics, hadron
rescattering and jet production, in theinterval covered. In AwAu collisions at /Syn =
200 GeV,p = 2.2, and at+/Syn = 624 GeV,n = 0, the bulk medium can be characterized
by the common value qig ~ 65 MeV. Thep/x*(pr) ratios measured for these two selections
display a striking agreement in thg range covered (up to.2 GeV/c). At collision energy of
62.4 GeV and forward pseudo-rapidity we found a crossingnpoi p/#* ratios measured in
central and semi-peripheral A¥u and in prp reactions. The crossing occurs in the narmpw
bin around value of 3.2, simultaneously in the whole covgredange (0.3 Ge¥t < pr < 2
GeVjc).

The measuregy dependence of the baryon-to-meson ratio appears to beddtatmodifica-
tions in the hadronization mechanisms as it happens in aggarnedium. It was pointed out that
the baryon-to-meson ratipr dependence should be sensitive to the hadronization soeha
to the diferent quark content of baryons and mesongamid radial flow of the bulk medium
because of significant fierences in baryon and meson masses. Both flow and medium quark
coalescence are expected to enhance protons over pionsratéaiatepr.

The PHENIXp/=~ data at mid-rapidity is well described by the Greco, Ko, aedldi quark
coalescence model where the introduced coalescence @s/phrtons from the medium (ther-
mal) and partons from mini-jets [1]. The Hwa and Yang quarorabination model is also
successful in describing BRAHMS and PHENIX mid-rapidityaiéor p/z* [2].

On the other hand, the comparison with the hydrodynamicalehshows that hydro-flow
cannot itself account for the large observed ratio abedeGeV/c and that the model overpre-
dicts the data at lovpt [3]. These results support the view of a hadronization pseckiven by
parton recombination with negligible final state interans between produced hadrons. Never-
theless, at larggs, a significant gap between the temperature of the trandition the partonic
to the hadronic phasé,, and the temperature of chemical freeze-out is predicte@®D lat-
tice calculation. Thus at larges, the picture, suggested by mid-rapidity measurementshimig
be contaminated by final state hadron interactions leadirgitansition from the parton recom-
bination scheme to a hydrodynamical description that hasnanmon velocity field for baryons
and mesons [4, 5].

The setup of the BRAHMS experiment is described in detail5]n Here we just point
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out that the arrangement of BRAHMS spectrometers, namethie@Mid-Rapidity Spectrome-
ter (MRS) and the Forward Spectrometer (FS), makes it plesgibmeasure identified particle
spectra over a pseudo-rapidity interval frgm= 0 ton = 3.8. Particle identification in the FS
is provided by TOF measurements for low and medium partiobenenta. High momentum
particles are identified using a Ring Imaging CherenkovaetgRICH) [7].

The data analysis utilizes the feature of the same pion astdpracceptance in thegversus
pr space in the same real time measurement. For a giygrbin thep/x ratios are calculated on
a setting by setting basis. In order to avoid mixinffelient PID techniques, which usually lead
to different systematic uncertainties, the ratios are calcukdpdrately for the TOF PID and the
RICH PID. In this way all factors such as acceptance cowastitracking #iciencies, trigger
normalization and bias related to the centrality cut caoncelin the ratio. The only remaining
corrections are those that are species related which are:

(i) decay in flight, interaction with the beam pipe and theed&ir material budget,
(i) the PID dficiency correction.

The corrections for (i) are determined by the HIJING [8] slations of heavy-ion collisions
that are then feed as input to a realistic GEANT [9] model dption of the BRAHMS experi-
mental setup. We estimate that the overall systematic taingr related to this correction is at
the level of 2%. The TOF PID is done separately for small manmarbins by fitting a multi-
Gaussian function to the experimental squared n\a&slistribution and applying a30 cut to
select a given particle type. For measurements done witk$hgpectrometer in the momentum
range where pions overlap with kaons, (usually aba%ez:V/c) the RICH detector can be used
in veto mode to select kaons with momentum smaller than tba Kéerenkov threshold which
is about 9 GeYe. Above the proton threshold momentum which is about 15 ESd¢ve RICH
provides a direct proton identification. In this momentumgathe RICH PID is based on the
particle separation in thi1? versus momentum space. The described PID procedure leads to
a relatively clean sample of pions with some contaminatipkdons having spurious rings as-
sociated in the RICH counter. Together with the kaon - prateerlap at larger momenta, this
contamination ffect is a source of systematic errors which have been estimate

Figure 1 (left) showsp/n* ratios obtained for AsAu reacting aty/Syn = 200 GeV for two
centrality sets of events, namely, for centrality 00% (solid dots) and 406 80% (open squares)
The shaded boxes plotted for the most central events omlgesent the systematic uncertainties
discussed in the previous section. The ratios extracted fsep data at the same energy are
plotted for comparison (solid stars). Tlpg coverage depends on the pseudo-rapidity bins and
extends up tpr = 4 GeVjc forn = 2.6 and 31. At low pr (< 1.5 GeV/c) thep/x* ratios exhibit
a rising trend with a weak dependence on centrality. The miggrecy on centrality begins above
1.5 GeVc. The ratios appear to reach a maximum valugradround 2.5 Ge)¢ (whenever there
is enoughpr coverage). The maxima of the ratios increase with the lef/ekatrality of the
collision and aty = 3.1, are equal to about 2.5 and 1.5 for the @0% and 40- 80% centrality
bins, respectively. The4p ratios are consistent with AlAu data at lowpr and begin to deviate
significantly abovepr = 1 GeVjc. At = 3.1 a maximum value of the ratio of 0.55 is reached in
p+p collisions which is a factor of 4.5 smaller than that obserfor central Au-Au reactions.

The values of thep/n~ ratios plotted in Fig. 1 (right) are significantly lower thére p/z+
ratios (note the dierence in the vertical scale), however, the centrality ddpace shows the
same features as those observed inghe' ratios, namely, that the ratios forftkrent centrality
classes are consistent with each other upitor 1.2 GeVjc and a strong dependence on cen-
trality appears at larger transverse momenta reaching aninaxm at similarpr as the positive

2



BRAHMS preliminary BRAHMS  preliminary

4F 3
asp N=225 n=26 o8 n=225 n=26

250 oo + 4-+ _+_
st g3 B -
150 ++:f: e s po A T | . T +

02E & ——
; |

p/mt

pI T

A 3
35t N=35 E n=38 = 010% 08 = 0-10%
40-80% 06 40-80%

1 ptp 0.5 1 ptp
4 0.4
wl 0.3

0.5] J.‘.“ . 01 O )

TR TR ot e oot e O T TOIOTN
05 115 225 3354 051152253354 051152253354 051152 253354
P, [GeVic] P, [GeVic] P, [GeVic] P, [GeVic]

Figure 1: Centrality dependempt/z* (left) and p/n~ (right) ratio for Au+Au system colliding aty/syn = 200 GeV for
central (0-10%) and semi-peripheral (48B0%) reactions in comparison with-p collision data at the same energy. The
vertical bars represent the statistical errors and theeshadxes (plotted only for central Av\u) show the systematic
uncertainties.

particles. Looking at the-pp data alone, one can note thé&eience in shape between thgr*
andp/#~ ratios: a clear shift of the/x~ peaks towards lowesr , as well as a much broadpfn™*
peaks. These largeftirence between the Au and prp both in shape and overall magnitude
may reflect significant mediumffects in AurAu at 4/Syn = 200 GeV in the pseudo-rapidity
intervals covered.

Fig. 2 shows thep/x* ratios as function ot in the pseudo-rapidity range®< n < 3.8
extracted from pp reactions aty's = 200 GeV. A very clear dference is found as the pseudo-
rapidity changes from = 2.6 ton = 3.8. But at highpr all these ratios tend towards a common
value of about 0.4 consistent with pQCD predictions [115. B compares the/n* ratio from
p+p and AurAu collisions at/Syn = 62.4 GeV andy = 3.2 (ug ~ 250 MeV, [10]). There
is remarkable little dierence in theg/x* ratios over a very wide range of the colliding system
volume, namely, from gp reactions up to central AtAu collisions. It should be note, that (what
is now shown) aty = 2.67 thep/n* ratio from central Au-Au reactions is enhanced in respect to
p+p collisions by a factor of 1.6, whereszat= 3.5 the situation is reversed, nameaby/z™ ratio
in p+p exceeds that measured in centrak#w by a factor of about 1.4. This indicates that the
consistency observed at~ 3.2 is a results of simultaneous crossing of the ratios fdiedit
systems (from pp up to central AgAu) at this particular pseudorapidity bin.

We presented thepg) dependence of thp/x ratios measured in AtAu and prp collisions
at energies 62.4 and 200 GeV as a function of pseudo-ragiditycollision centrality (AwAu).
The data provide the opportunity for studying baryon-tosoreproduction over a wide range of
the baryo-chemical potentiglg. For Au+Au and prp reactions aty/syn = 200 GeV thep/n*
andp/= ratios show noticeable dependency on centrality at intdiatepr with a rising trend
from p+p to central Au-Au collisions. We have shown thal/z* ratios are remarkably similar
for central AurAu at /Sun = 200 GeVyp = 2.2 and central AwAu at 4/Syn = 624 GeV,np = 0,
where the bulk medium is characterized by the same valpgf12]. This observation, together
with the observed centrality dependence suggests, thdieat tenergies and pseudo-rapidity
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Figure 2: Thep/x ratios at forward rapidities (8 < < Figure 3: p/x* ratio from p+p and Au+Au collisions at
3.8) in p+p at 4/s = 200 GeV. VSN = 62.4 GeV andy ~ 3.2.

intervals, particle production at intermedigig is governed by the size and chemical properties
of the created medium. It was also shown that THERMINATORdes a reference model in our
studies, underpredicts thx* andp/x~ ratios for central AwAu at /Syn = 200 GeV at mid-
rapidity. This is, however, expected within the picture aflronization process driven by parton
coalescence followed by weak final interactions of hadrbasd¢an not bring dierent hadronic
species to the common local collective velocity field assdimehe model. On the other hand
THERMINATOR provides good quantitative description ofalat forward rapidity, namely from
n~ 2.2to~ 3.5. This may indicate that in this domain, the final hadronieiiactions takes place
long enough (before freeze-out) to suppress the relatilleativity of different species, which
is a remnant fect of earlier hadronization via parton coalescence. Kinidle Au+Au and prp
measurements a{/syv = 624 GeV shows that th@/z* ratios for p+p and for all analysed
Au+Au centralities cross simultaneously at the saywalue & 3.2) and are consistent with each
other in the coveregr range e.g. from 0.3 Ge'¢ up to 1.8 Get.
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