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Abstract. This report describes the recent analysis of identifiedggwaparticle production at high
rapidity performed on data collected from p+p collision&R&tIC (/s = 200GeV). The extracted
invariant cross-sections compare well to NLO pQCD cal¢oitet However, a puzzling high yield
of protons at high rapidity angr has been found.
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INTRODUCTION

The p+p system is used in many cases as a paradigm of the dnahlenic interac-
tion. In particular, nuclear effects in p(d)+A and A+A cslbns are extracted through
their suitably normalized comparison to p+p collisionstdality the p+p system is still
waiting for a truly from-first-principle QCD based descrgut that will include the pro-
duction of particles and the distribution of the beam bargamber after the collision.
As part of the RHIC heavy-ion and spin programs, p+p colfisiat,/s= 200 GeV have
been produced during several runs providing a great oppidytio revisit the work done
at SppS [1, 2] and especially to fill the gaps left in the stuidyasticle production at high
rapidity. This report describes the production of chargadigles in p+p collisions mea-
sured by the BRAHMS Collaboration and their comparison tatMe-Leading-Order
perturbative Quantum Chromodynamics (NLO pQCD) calcoiedi It also presents a
puzzling high yield of protons at high rapidity and transeemomentum.

THE BRAHMSSETUP AND ANALYSISDETAILS.

The results reported here were obtained with the BRAHMS BaivBpectrometer (FS)
that consists of five tracking stations measuring the moumeraf charged particles
deflected in the field of three warm magnets. The particletifiestion for this work
was performed entirely with the BRAHMS Ring Imaging Cher@nkRICH) detector.
The efficiency of this detector was estimated from the dath raaches a constant
value of 97%. The data used in this analysis were collected wio main triggers,
a minimum bias trigger built from the signal produced in sal/stations of Cherenkov
radiators placed near the beam pipe on both sides of the mbmiaraction point called
CC detectors. These detectors have an angular coveragetémele fromn = 3.26 to
n = 5.25. More details of the BRAHMS experimental setup can be douwn[3]. The
CC detectors have been included into a thorough simulafibttedBRAHMS setup, and
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FIGURE 1. Invariant cross-section for production of pions, kaons mmdons. See text for details.

it is estimated that they cover #01% of the 41mb total inelastic p+p cross-section at
\/S= 200 GeV. The spectrometer trigger was used to select evéthisracks in the FS
spectrometer, it was built with the signals from three sikatbr hodoscopes mounted
on the spectrometer. Simulated events generated with PXT4were processed with
a GEANT simulation of the BRAHMS setup, the bias introducgdhe spectrometer
trigger was extracted from that simulation and was foundeequal to 24 1% and
fairly independent opr.
Figure 1 shows the invariant cross-section for pions (tkgdns (middle), and protons
(bottom) at two rapidities y=2.95 on the left and y=3.3 on tight. In each panel
the positive particles are shown with filled triangles ane tiegative ones with open
circles. The spectra were extracted from narrow rapiditbskly = 0.1) centered in
regions of the spectrometer acceptance with the higheshiegpr and may include
up to five magnetic field settings. The spectra have beenateddor the spectrometer
acceptance, tracking reconstruction inefficiencies thage from 80-90%, decays in
flight, absorptions in the spectrometer and trigger bias.

COMPARISONSWITH NLO PQCD CALCULATIONS

The differential cross-sections at y=2.95 have been coatpr NLO pQCD calcula-
tions [5] that use a modified version of the "Kniehl-Krameatter" (KKP) set of frag-
mentation functions [6] referred here as mKKP as well as Kretzer" set [7]. Both cal-
culations have been done with equal values of renormadizathd factorization scales
U = pr. The functions from the KKP set fragment into sums:+ m, KT+ K~ and
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FIGURE 2. Comparison between the measured cross sections for thegtimanegative pion, positive
kaons andp+ p at y=2.95 and the NLO calculations at the same rapidity. @aions including the
mKKP set of fragmentation functions are shown with a fulklined online), the ones using the K set are
shown with dashed line (blue in online). Tiper p sum is shown with filled triangles in the right panel
and is well described by the calculations including the AKK (shown with a dashed curve (red online).
The same panel displays the anti-proton cross-sectionopith circles and the NLO calculation fpr- p
using the KKP set of functions (full curve). The ratios (D&thBO)/NLO for each of the comparisons
mentioned above is shown in the three bottom panels. Filledgles (red online) are used for the mKKP
set and filled circles for the K set for pions and kaons. Thegamison of the AKK and the measured
p+ p cross-section is shown with filled circles (red online) amel bne for the KKP set and anti-protons
is shown with filled triangles.

p+ p. Modifications were necessary to obtain fragmentation sejparate charges for
mandK: The fragmentation function far andd quarks intort™ were obtained as the
productD’” = (1+2)DT with DI’ = 1D+ and the functions fragmentingandd
quarks intort" are obtained in similar fashion but the factor changgd.te z). Similar
operations are performed for fragmentation functions peothy negative pions. In the
case of kaons the operations involve tha, s, s quarks.

The agreement between the measured cross-sections fdiveqgans and positive
kaons at y=2.95 shown in the left and middle panels of Fig. Pemmarkable. The
calculation that incorporates the mKKP set is the one thatrilges best the produced
particle distributions. Similar agreements have also e at mid-rapidity for?®
measured by PHENIX [8], and at high rapidity, for the STAR measurement [9].
Figure 3 displays all three measurements showing how theldisons get stepper
at higher rapidities while the NLO calculations using the KKet reproduce the data
within four units of rapidity starting at surprisingly lovalues ofpr.

RATIOS

Figure 4 shows the ratio of anti-particle to particle at batpidities, as well as the ratio
of protons to pion. The results obtained at y=2.95 are shawhe left column and the
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FIGURE 3. Invariant cross-sections as functionmf measured in p+p collisions at RHIZs = 200
GeV by PHENIX at y=0 (open circles), BRAHMS at y=2.95 (filleidates, blue online) and STAR at y=4
(stars, red online). The curve is the NLO calculation with KKP set of fragmentation functions. The
errors are statistical.

ones at y=3.3 on the right one. The ratio /" shown on the top panels tends toward
1/2 in agreement with a simple valence quark counting in tleéop beam. This hints
to a possible dominance of valence quark fragmentationdipitbn productions at these
high rapidities. The ratio op/p shown in the two middle panels is small and drops fast
as thepy increases, indicating again the importance of beam protdaw did these
protons acquire their moderately high is an unknown. The successful reproduction of
STAR proton cross-section at mid-rapidity in p+p collissdf0] with NLO calculations
that make use of a newly released set of fragmentation fumetilubbed the AKK set
[11], has been advanced as an indication of the importantribation of the gluon
fragmentation into protons or anti-protons. The same coispa, done with thep+ p
sum at y=2.95, can be seen in the right-most panel of Fig. & célculation lies almost
on top of the data points but it is in a clear contradictionwiite measure@/p ratios
shown in the middle panels of Fig. 4. Gluons should fragmeta pp pairs and will
producep/p with values close to 1 similar to the ones measured at miuitgpThe
fact that the value of th@/p ratio at high rapidity is so small invalidates the use of
the AKK set at high rapidity. Figure 2 also shows the NLO ckdton with the KKP
set for the sunp+ p in good agreement with the measured anti-protons crosssec
This could be a hint that factorized QCD and the parametomaif the fragmentation
functions can describe the physics of produced particleamather approach is needed
in order to include the protons and reach a truly completergagon of high energy p+p
collisions.

The two bottom panels of Fig. 4 show the ratipst" (filled triangles, red online) and
p/m (open circles) as function gf and at rapidity y=2.95 (left) and y=3.3 (right). The
difference between the ratios of negative particles (pcedyiand positives is remarkable
and shows that a factorized pQCD based description failgrftons. The ratip/m is
closer to a rough parametrization extracted fne~ annihilations.
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FIGURE 4. Therm /m" ratios at both rapidities are shown on the top panelsptheratio is shown
in the middle panel, the bottom panels show ghier™ and p/mr~ ratios. Data frome™e™ annihilations is
shown with a dashed line [12]. The smooth curves are obtdiedthe NLO calculations of Fig. 2.

SUMMARY

We have presented the recently measured cross-sectiopi®fs; kaons and protons at
high rapidity in p+p collisions at RHIC. The NLO pQCD calctias incorporating the
KKP fragmentation functions describe the pion and kaonszeestions. Protons at high
rapidity andpr appear in unusually high numbers that do not fit into a fazéaripQCD
description based on parton-parton interactions.
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