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Abstract

A short review of the COMPASS results obtained in inelastiagzed muon scatteringithe longitudinally polarized
proton and deuteron targets is given. The measured gluaripation inside the nucleon is presented including the
final value ofAG/G from the open charm LO analysis. New resultskfr‘and the Bjorken Sum Rule test are shown.
Finally the plans and goals of the future COMPASS measurésiaa presented.
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1. Introduction the nucleon spin contrary to the naive expectation that

) ) i the spin of the nucleon may be built from valence quarks

COMPASS is an experiment at CERN focusing on onySeveral other experiments in world leading labora-
the spin structure of the nucleon and hadron spec- igries of particles physics (at CERN, DESY, JLAB and
troscopy. Between 2002 and 2004, a 160 @ep0- 5| AC) confirmed the EMC observation with improved
larized muon beam and a two cell polariZedD target precision. The contribution of quarks to the nucleon

were used for spin studies. For the 2006 data taking gpin is now believed to be about 30%. More generally
major upgrades of the spectrometer were made. This the spin of the nucleon can be decomposed as:
included of the RICH improvement for particle ID, a
new COMPASS solenoid around the target with an an- 1 1
gular acceptance increased from 70 mrad to 180 mrad, Sz = 5~ EAE +AG+Lg+ Ly, 1)
and a new three cell target. In 2006 theD target was
used as it is optimal foAG/G measurement. In 2007
an ammonia Nhltarget was used so that spifiexts on
polarized protons could be studied.

COMPASS has a rich physics program. Two more

COMPASS talks were given in this conference: trans- | N . o
verse spin fiects were presented by C. Schill and for ies andi) in the analysis of hadrons produced with high

hadron spectroscopy please refer to work by J. Bern- trqngverse momenta (HipT). In theformercage the; anal-
hard. In this paper selected results for longitudinal spin YSIS iS free from any physical background. Itis believed

effects will be presented. This includes measurement of that the charm quarks are not constituents of the nucleon
the gluon polarization inside the nucleon, spin depen- and so the appearance of the charm mesons in the final
dent structure functions, quark helicity distribution and State suggest that a PGF process took place. Unfortu-

finally ideas for further COMPASS measurements. nately due to the large charm mass, in the COMPASS
energy range the production cross section for charm

mesons is small also branching ratio for th& — Kz
2. Gluon polarization is below 4%. Therefore the analysis has limited statisti-
cal precision. The latter method has an advantage over
open charm that the production cross-section is larger
therefore the statistical error &G/G will be reduced.
On the other hand the HipT analysis is not background

Email address: mstolars@cern.ch (On behalf of free. Even at the highegirs there are contributions

COMPASS collaboration) from leading order and QCD Compton processes. In

where AX and AG are the polarized quark and gluon
contributions to the nucleon spin ahgy are their an-
gular momenta. In COMPASS so far the gluon polariza-
tion is measured by studying photon-gluon fusion pro-
cesses (PGF). This can be dona)impen charm stud-

The EMC results [1] in the late 80s suggested that the
qguarks may be responsible for only a small fraction of
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addition for low Q? events the resolved photon contri- COMPASS 2002-2006 Of, (D* tagged)
bution has to be included, which may reach 50% of the
cross section. Almost all the crucial ingredients for this I
analysis have to be obtained from MC simulation using 2000]
generators like LEPTO or PYTHIA. Therefore in this I
analysis the systematic error plays a very important role.
In this paper the older results will be only mentioned
while the new open charm analysis will be discussed in i
detail. L0000
In the current open charm analysis all available data . cwmmmes L counss .
from 2002-2007 were used. In order to improve the sta- "
tistical error of AG/G five differentD mesons decay
modes are studied. In total there are about 65080
candidates and about 29000 candidates out of which R — -
13000 are in the golden chanri2! — Krrgon. s e
In a simplified approach the gluon polarizatinG /G ‘ e
can be obtained from:
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wherePr, are the target and beam polarization, respec- Figure 1: The mass spectra fdP mesons in five analyzed channels.
tively, f is the dilution factor of the material which  Data from 2002-2006 are presented.

takes into account the fraction of polarizable nucleons

in the target, including radiative correctiora,, is the The final result AG/G = -0.08+ 0.21 + 0.11 is

so called analysing power which represents the polar- compatible with zero and the error bar is reduced by a
ization transfer from muon to photon and from gluon  factor of 1.3 w.rt. the previously published value [2].
to charm quarks. The?s is the ratio between sig-  The current value is about 0.4 higher than previously
nal and signal plus combinatorial background, and fi- pyplished. With the additional years and new channels
nally the AN=P"+X is the measured asymmetry. The included in the analysis, and taking into account the cor-
method which is actually used in the analysis is much rejation between the two analyses, the resulting change
more complexe.g. it allows the simultaneous extraction corresponds to a bit more than two sigma. We treat it as

of signal and background asymmetries, details can be 5 statistical fluctuation. The results from five channels
found in [2]. The typical spectra for all five discussed gre summarized in Table 1.

channels are shown in the Fig. 1.

To increase the statistical Slgmflcance of the results Table 1:TheAG/G results from COMPASS open charm analysis.

the events are weighted on an event by event basis. The ™ channel AG/G

weight for each event i ijfau %. In the current D* — Knmgow -0.19+0.30

analysisS/(S + B) is parametrized using a Neural Net- D - Kn +0.02+0.42

work approach. As a model of background the wrong D* — Knr®7gow -0.41+0.58

charge combinationsacc) are usede.g. K*z*, while D" — K3nmgow +0.63+0.83

the D° decays intoK*z~ a good charge combination D" — Kaubth7gow +0.5+10

(gec). The NN is trying to find the dierences between TOTAL ~0.08+ 0.21(stat) + 0.11(sys)

wcc andgcc in the phase space of the input parameters

which can be attributed to the° mesons present in the The COMPASS results ohG/G from HipT analysis
good charge combination sample. The input parametersare the following. The preliminary result fa@? > 1

for NN aree.g. Epo, Zpo, particle PID quality. An ex- (GeV/c)? 2002-2004 is\G/G = 0.08+0.10+0.05. The
ample of NN parametrization is shown in Fig. 2. As a hard scale of the process is ensuredBy> 1 (GeV/c)?

function of S/(S + B) as obtained from NN thB* spec- cut, therefore one can be less strict about hadrons trans-
trum is plotted. As one observes the higls(S + B) verse momenta cuts. The analysis is still in progress.
from NN the larger the observed peak in real physics The improved method of analysis allows an error reduc-
data. tion by about 30%. In addition the 2006 data are being



CCOMPASS 2006 D} (D* tagged): % < 0.53 . COMPASS 2006 D (D* tagged): 0.53 <= 5 <0.65

dependent structure functig. The results foA! are

presented in Fig. 4. They are in good agreement with
other experiments. It is worth to notice that in the low
X region, with only one year of data taking, the statisti-

COMPASS 2006 00 taggeel 065 <= <078 . _cOMPASS a0, 0 g0 0 <00 cal errors are better than those from any other previous
i measurement.
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The preliminary result foilQ? < 1 (GeV/c)? 2002- . _ _
2004 iSAG/G = 0.016+ 0.058+ 0.014+ 0.052+ 0.013, Figure 421: Comparison of COMPASSf with world data for G >1
where the errors account for statistical, systematic re- (Gevie)
lated to spectrometer, MC and from resolved photon .
contribution respectively. The analysis in the 1% Having measured both; andgf COMPASS could
region requires strict cuts on transverse momenta of the Study the so called non-singlet spin structure function
hadrons to ensure that perturbative QCD can be used.gTs(?(’ Q_Z) = gi(x Q) - g‘j_(x, Q). This function is of
The results of the two analyses are in good agreement. SPecial interest because i@ evolution does not de-
The summary of theAG/G measurements is pre- penq upon very poorly known _gluon spin densmes.l Ac-
sented in Fig. 3. The results suggest that the gluon con-c0rding to the fundamental Bjorken sum rule the inte-
tribution to the nucleon spin is rather small. The plotted 9ral of °(x, Q%) is proportional to the ratio ofia/gv
curves are the QCD NLO fit done by COMPASS [3].  the axial and vector coupling constants.

! 1
NS 2y _ NS _ ~9A NS/ ~2
R f 01°(x @) =T7° = £ =CI5(Q) (3)
COMPASS, high p 1 Q?>1 (GeVic)?, prel., 02-04 0 gV
HERMES, single high p _hadrons, all Q 2, arXiv:1002.3921 ;
SMC, highp._, QZZ>1 (GeVic)? ‘,' NS > .
L 800G where C;>(Q“) has been calculated in pQCD up to
g a3(Q%). Thelga/gvl was precisely measured in tife

- neutron decay and the valuddga/gy| = 1.2694:0.0028
? — — [4]. In Fig. 5 the integral off, " gS(x, Q?)dx is shown.

In the limit of the available phase spacexis the result

is in agreement with the expected value. The COM-
PASS result i$ga/gv| = 1.28+ 0.07(stat.) + 0.10(syst.)

[5] in very good agreement with the above, but with
much larger error bars.

COMPASS is also analysing the semi-inclusive
asymmetries for kaons and pions on both proton and
deuteron targets. As a result of the analysis one study
flavour separated the quark helicity distributions. Some
3. COMPASS inclusive measurements results were already published in [6]. One of the most

interesting helicity distributions is the one of strange

As mentioned in the introduction in 2007 COMPASS quarksAs(X). It is known from inclusive measurements
for the first time measured the spiffects on the proton  to be negative. On the other hand in the semi-inclusive
target NHz). One of the first results was the measure- analysis the measured values in various experiments are
ment of the spin dependent asymmemg/and the spin very close to zero without a negative tendency. In the
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Figure 3: Summary of measurementsA® /G(xg).
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Figure 5: Bjorken sum rule test from COMPASS data.

cited paper it was shown thats and its error strongly
depends upon the choice of fragmentation functions. At
the moment COMPASS is trying to extract some ratios
of fragmentation functions so that one of the uncertain-
ties in theAs measurement will be removed.

4, COMPASS further plans.

The COMPASS collaboration has submitted a new
proposal to CERN scientific committees [7]. The main
goals of the proposed experiment, are the transverse
momentum dependent structure functions (TMDs) mea-
surement in Drell-Yan process and generalized par-
ton distribution functions (GPDs) measurement via the
DVCS process. The analysis of these processes will
improve our knowledge about the structure of the nu-
cleon. Certain physical observables accesible in these
processes are related with the angular momentum of
the quarks inside nucleon, therefore thgtherm in the
Eg. 1 can be studied.

In the last years COMPASS performed short test runs
to prove the feasibility of the proposed measurements.
As an example in the results from the Deep Virtual
Compton Scattering (DVCS) test are shown. The stud-
ied process is therefore exclusive photon production in
up — wupy. This process has a natural background
from the so called Bethe-Heitler process (radiative ef-
fects). The process is fully calculable from theory. In
Fig. 6 the angle betweep and the lepton scattering
plane is shown for dierentxg; ranges. The shape of the
BH process can be calculated analytically and is rather
peaked around the zero angle, while the DVCS process
has a flat distribution. The obtained results suggest that
the DVCS events are observed in COMPASS.
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Figure 6: 2009 test run; The measured angle betwesmd the lepton
scattering plane ipgp — ppy.

5. Summary

The updated COMPASS result &@/G from open
charm was presented. The final valueA&/G =
—0.08+ 0.21(stat.) = 0.11(sys.). The Bjorken sum rule
was tested in COMPASS, the resultifgn/gy| is in
agreement with results of more precise experiments. Fi-
nally after successful test runs COMPASS submitted a
new proposal to CERN.
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