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Abstract.

A short review of the COMPASS results obtained in polarized deep inelastitesing of polarized muons off longitudi-
nally polarized proton and deuteron targets is given. Two new measguitsrof the gluon polarizatioAG/G are discussed.
A new LO result from the analysis of highr hadron pairs foQ? > 1 (GeV/c} and separated into three experimental points
as a function ofg is shown. A new open charm value fAG/G obtained at NLO, and which combines both proton and
deuteron data and includes sevebldecay channels is presented. Finally results for the LO flavor sepautitve three
lightest quark polarized parton distributions and chargethd K multiplicities are shown.
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INTRODUCTION

COMPASS is an experiment at CERN focusing on the spin strectithe nucleon and hadron spectroscopy. Between
2002 and 2004, a 160 GeV/c polarized muon beam and a two detiped®LiD target were used for spin studies. For
the 2006 data taking major upgrades of the spectrometermade. This included of the RICH detector improvement
for particle ID, a new COMPASS solenoid around the targeth&it angular acceptance increased from 70 mrad to 180
mrad, and a new three cell target. From 2002-2006°thB target was used as it is optimal f&G/G measurements
In 2007 an ammonia Nfitarget was used so that spin effects on polarized protons beustudied.

In this paper selected results on longitudinal spin effestmsured by COMPASS are presented. The focus is on
newAG/G results obtained in the open charm and in Hghhadron pairs analyses. The LO flavor separation is also
discussed with special attention&$ distribution.

GLUON POLARIZATION

The EMC results [1] in the late 80s suggested that the quaalyd®a responsible for only a small fraction of the nucleon
spin contrary to the naive expectation that the spin of treéemn may be built from valence quarks only. Several other
experiments in world leading laboratories of particlesgby (at CERN, DESY, JLAB and SLAC) confirmed the EMC
observation with improved precision. The contribution afeks to the nucleon spin is now believed to be about 30%.
More generally the spin of the nucleon can be decomposed as:
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whereAZ and AG are the polarized quark and gluon contributions to the rarclgpin andLq g are their angular
momenta. In COMPASS so far the gluon polarization is meakbyestudying photon-gluon fusion processes (PGF).
This can be done in open charm studies anig in the analysis of hadrons produced with high transverse emtan
(HipT). In the former case the analysis is free from any ptgisbackground. It is believed that the charm quarks
are not constituents of the nucleon and so the appearante chairm mesons in the final state suggest that a PGF
process took place. Unfortunately due to the large charmsmiagshe COMPASS energy range the production cross
section for charm mesons is small, and also branching ratitheD® — K tis below 4%. Therefore the analysis has
limited statistical precision. The latter method has aneativge over open charm that the production cross-section is
larger therefore the statistical error &6/G will be reduced. On the other hand the HipT analysis is nokgpemuind

free. Almost all the crucial ingredients for this analyséa to be obtained from MC simulation using generators like
LEPTO. Therefore in this analysis the systematic error pkyery important role.



Open charm analysis

In the current open charm analysis all available data fro8222007 were used. In order to improve the statistical
error of AG/G five differentD mesons decay modes are studied. In total there are abou® @806andidates and
about 2900@* candidates out of which 13000 are in the golden chabrieb Ky ,. In @ simplified approach the
gluon polarizatiod\G/G can be obtained from:
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wherePy j, are the target and beam polarization, respectivelg, the dilution factor of the material which takes into
account the fraction of polarizable nucleons in the taigetuding radiative correctionsy | is the so called analysing
power which represents the polarization transfer from mteophoton and from gluon to charm quarks. Tg%

is the ratio between signal and signal plus combinatoriakfeound, and finally the@N—D%+X s the measured
asymmetry. The method which is actually used in the analgsisuch more compler.g. it allows the simultaneous
extraction of signal and background asymmetries, detaitshe found in [2]. To increase the statistical significarfce o
the results the events are weighted on an event by event basisveight for each event ﬁﬁ%. In the current

analysisS/(S+ B) is parametrized using a Neural Network approach. As a maideackground the wrong charge
combinationgwcc) are useda.g. K™ 1r*, while theD® decays intK* 71~ a good charge combinatiggec). The NN is
trying to find the differences betweavcc andgcce in the phase space of the input parameters which can beudirib
to theD® mesons present in the good charge combination sample.

The final resultAG/G = —0.08+0.21+ 0.11 is compatible with zero and the error bar is reduced by ®faaf
1.3 w.r.t. the previously published value [2]. The currealue is about 0.4 higher than previously published. With the
additional years and new channels included in the analgsis taking into account the correlation between the two
analyses, the resulting change corresponds to a bit monewltasigma. We treat it as a statistical fluctuation.

The gluon polarization in NLO approximation, based on [3hswecently extracted in COMPASS. The AROMA
generator is used with active parton shower option. Theopahower simulates the phase-space for NLO correction,
which can be calculated on the event by event basis. Larfgraliices are observed betwegp andxg for LO and
NLO orderc. f. Fig. 1. In addition, in NLO part of th®° doesn’'t come from PGF process, but is sensitive to inclusive
spin asymmetrieAf’d. This correction was found to be small, but it is includedhia &nalysis. The final results of the
NLO analysis iAG/GnLo = —0.20+ 0.21+0.08.

In addition unpolarized production @* mesons was studied. The preliminary measured visible esson in
the range oD* energies 22-86 GeV was found to b® 1 0.4 nb, in agreement with AROMA generator which gives
2.6 nb. The shape d@* differential cross-section as a function of kinematic a&hles is also well described by the
AROMA generator. However, large non—zero asymmetries heeiwed between the cross-sectiorDéf andD*~.
This may suggest that additional non-PGF processes mayitmaetto theD* production. An example of the cross-
section asymmetries as a function of virtual photon energyaaratio ofD® energy to the photon energy is presented
in Fig. 2.
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FIGURE 1. Theay | andxg comparison between LO and NLO for open charm analysis.
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FIGURE 2. The cross-section asymmetries betw& andD*~ as a function of virtual photon energy (left) and ratiomst
and virtual photon energy (right).

High-pr hadron pair analysis

The results oAG/G analysis formQ? > 1 (GeV/cy high-pr hadron pairs are presented. Data come from 2002-
2006 years when COMPASS used LiD target. As@feensures perturbative scale the cut on hadsprcan be keep
low, herepr 1 = 0.7 and pr> = 0.4 GeV/c, for the first and the second hadron respectively. kel number of
events in the selected sample is about 7.3 millions. The kaimstrongly contaminated by a non—PGF processes.
This background is related to Leading Process (L&)photon-quark scattering and QCD Compton process (QCDC),
where the scattered quark emits in addition a gluon. It isetgd that for highept of hadrons the PGF fraction will
grow while LP decreases. The observed asymmetry in a twmhad#mple can be written as:

AG
AZ! (xey) = Rear a7 "= (xa) + Rup DA®(xej) + Racocar AL (xc) 3)

whereA'-O = EzliquqI Rs are fractions of the sub-processes (LO, PGF, QCDCagrsl- analyzing powers for PGF

and QCDC. Unfortunateligs anda, | s cannot be determined from data they have to be taken frewkésee.g. MC
simulation. Therefore a good agreement between data andsMf@cial for this analysis. In the above equation there
are two unknown@\G/G and AL°, to be obtainAG/G additional information is needed. This information is take
from the inclusive sample, where inclusive asymmetry idbed in a similar way as the asymmetry of two hadron
sample

i | PGF AG | DC
Al (xg)) = Rgeat™ +RE'DAR (xg)) + RG&ncal QLPEAR (xc) (4)
A2 (xgj) + A%

AG/G = AG/G(XQ) = (5)

B

wherep = &l Rogr —af o™ ngF(ﬁLm + 7 B aLL) andA®'" s a function ofAd(xg;j ~ 0.03) andAY(xc ~ 0.11).

Observe thafA{(xc ~ 0.11) is non zero andh™" plays an important role idG/G extraction. To reduce statistical
error of AG/G the weighted method of the asymmetry extraction is usedRélanda; | s have to be known on the
event-by-event basis. We use a Neural Network trained ond/ibtain parametrizations & anday | s. The LEPTO
generator is used with parton shower on, and MSTWO8LO as asafrparton distribution functions. To improve
data/MC agreement the intringig of quarks inside nucleon and fragmentation parameters adjiested. Example

of parametrization obtained from NN and data/MC agreementélected hadron variables is presented in Fig. 3
The three first plots shows comparison between fraction efpttocesses LP, QCDC and PGF observed in MC and
parametrized by the NN as a function pr%. Good agreement between them is observed. In the last thoee p
example of data/MC ratio is shown fr 1, pr,1 and hadron multiplicities for default and COMPASS tuning&ear
improvement is seen for the COMPASS tuning.

COMPASS preliminary results d8G/G extracted in this analysis 8G/G = 0.125+ 0.060+ 0.065. The major
contribution to the systematic error (0.045) comes from MCaddition COMPASS for the first time obtained results
in three bins ofxg. Within statistical errors these three results agree wébheother. The obtained in this analysis
results suggest th&G/G is smallc.f. Fig. 4.
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FIGURE 3. The example of a NN parametrization of the processes fractions (3l¢e) @mnd data/MC agreement for different
LEPTO tunings for hadron multiplicities, longnitudinal and transverse nmuma of the first hadron.

COMPASS also obtainefiG/G from the @F<1 (GeV/c} two hadron sample. Here cuts on hadgnmust be kept
high in order to ensure perturbative regime. The prelimirasult isAG/G = 0.016+ 0.058+-0.014+ 0.052+ 0.013.

The results of COMPASAG/G analyses are summarized in Fig. 4. In all analyses extrab®({ is small and
consistent with zero. The results agree well with each atiserell as with measurements from SMC and HERMES
experiments.
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FIGURE 4. Summary ofAG/G results obtained in LO and NLO analysis.

Currently the NLO analysis of a single high- hadron is ongoing fo? < 0.1 (GeV/c¥ events. In the first step
hadron cross-section as a functionmfwas compared with theoretical prediction [4]. A good agreetis observed
for the sum oth™ andh™, but unexpectedly fopr as low as 1 GeV/c there is about 15% mabrethanh—, c.f Fig. 5.
As in COMPASS forQ?<0.1 averageg; is well below 0.005, there is no valence quarks which cousdifyiso strong
charge asymmetry.
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FIGURE 5. Single highpr hadron analysi®? < 0.1 (GeV/c¥, observed cross-section of hadron production as a functiqr of
(left); cross-section ratib~ /h™ (right).



FLAVOR SEPARATION

COMPASS is also analysing the semi—-inclusive asymmetnielssfons and pions on both proton and deuteron targets.
In the LO approximation the hadron asymmetry can be exptesse

h 2 h 2 Zq E%AC](X, QZ)DQ(Za QZ)

Al(X7Q 72) Al(XﬂQ 72) zq GSQ(X, Qz) (6)
wheregy is quark electric charggA)q (polarized) parton distribution function arigy are fragmentation functions
(FF). With inclusive and semi-inclusive asymmetries ongehB) measured asymmetries and 5 unknown parameters
(Au,Ad,Au, Ad, As), The flavor separation of quark helicity distributions isspible using just a linear algebra. Some
results were already published in [5] using FF from DSS patazation [6]. The results are summarized in Fig. 6
(left). In general good agreement is observed between CCB&¥sults and DSSV parametrization [7].

From the inclusive asymmetries it is known that the straregelarization is negativeS= 1 (As(x) + ASjdx =
—0.09+0.01+0.02.. This tendency is so far not observed in COMPASS and HERM&mi-inclusive analyses.
However, as pointed out in [5] th&S obtained in semi-inclusive analysis strongly depends upenchoice of the
fragmentation functions used. COMPASS try to extract tHesdrom data alone. One way of extracting them is to
study hadron multiplicities.e. number of hadrons produced per DIS event. So far chakgadd rT multiplicities are
available, they are shown in Fig. 6 (right). A good agreenbetiveen DSS parametrization and data is observet for
but clear discrepancies are seen forkhease. The extraction of FF from these multiplicities is ingress.
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FIGURE 6. COMPASS results of LO flavor separation of polarized quark helicity distidims and comparison with DSSV NLO
parametrization (left); Multiplicities of chargedandK measured in COMPASS and expectation from DSS parametrization (right).
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