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COMPASS is a fixed target experiment at CERN studying the spircture of the nucleon via
deep inelastic muon-nucleon scattering. Hadron speapysand structure are investigated using
hadronic beams.

The main goal of the muon program is the determination of therghelicity contributionAG/ G,

to the nucleon spin. Experimentally this quantity is acitBevia the measurement of double spin
asymmetries in two different processes: The first one is thdyction of hadron pairs with large
transverse momentum. The second one is open charm proaduwdtich provides the cleanest
and most direct measurement. The first method has a highististd accuracy but is affected
by larger systematic uncertainties due to background gea=se First results from COMPASS
indicate that the helicity contribution of the gluons to thecleon spin is small.

In parallel to theAG measurement longitudinal inclusive and semi-inclusiwarasetries are
studied as well. These allow a flavor decomposition of thiltygcontribution, A%, of the quarks

to the nucleon spin. The spin physics program of COMPASS ialslodes measurements of
single spin asymmetries on a transversely polarized taggeihg access to transverse quark dis-
tributions in the nucleon.

Recent results of the muon program from the data taking ge@602-2003 will be presented.
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1. Introduction

Relativistic quark models predict that the quark helisitmntribute approximately 75% to
the nucleon spin. Results from deep inelastic scatterin@)hdicate a much smaller value of
A2 = 20— 30%. The difference could be explained by a large helicitgtgbution of gluons,
AG, to the nucleon spin. This quantity is in principal accdssih next-to-leading order analysis
of inclusive spin asymmetries, but this provides a rathdiréct measurement &G with large
systematic uncertainties.

In the following direct measurements Af5> and an improved determination Af are des-
cribed. Results on the transverse quark distributibgs(x) are discussed at the end.

The data presented were taken in the years 2002-2003 witB &&¥ polarized muon beam
on a longitudinally or transversely polariz&dD target. A more detailed description of the exper-
imental setup can be found in [1].

2. The measurement of AG

Information about gluons inside the proton can be obtaimeskeimi-inclusive deep inelastic
scattering by selecting hadronic final states signalingdrécipation of a gluon in the underlying
partonic sub-process. For example, the presence of a hpdiowith large transverse momentum
(typically pt > 0.7 GeV) with respect to the virtual photon axis tags eventsre/fige photon in-
teracts with a gluon inside the proton via the photon-gluasidn process. Unfortunately, other
processes, like the QCD-Compton process, have the sansigheading to background contri-
butions.

A much cleaner tag of the photon-gluon fusion process isliserwation of charmed particles
in the final state. Because of the small intrinsic charm doutiion in the proton and the low prob-
ability to produce charm quarks in the fragmentation precelarm quarks are almost exclusively
produced via the photon-gluon fusion process. Experinigntne detectdD® andD*+ mesons
and their anti-particles via their respective decay it " andK~ + ™ + 11 .

In both methods (higlpr and open charm) one has to measure a double spin asym#@try
(longitudinally polarized beam and target). This asymgnétrrelated toAG/G in the following
way:

NTH = NTT OpPGF % _|_Abgd

A = PPr fay

_ 2.1
NTL+NTT OpGF + Opgd G @D

The meaning of the variables in eq. (2.1) and their approténmaumerical values are given in
tab. 1. Whereas some of the diluting factoBs,(Pr, f) are the same in both methods, some
are different. a_ |, the asymmetry of the partonic photon-gluon fusion proces$or example
negative for light quarks and varying from positive to négavalues as a function of the photon-
gluon center-of-mass energy for heavy quarks. Another rapb difference is that for the high

pr method the background has to be estimated from Monte Carlergtors (PHYTIA forQ? <
1Ge\? and LEPTO forQ? > 1Ge\?), whereas in the open charm method it can be measured from
the background in the invariant mass spectrum of the obdéwaesons. This reduces the model
dependence of the result.
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high pr pairs open-charm
Ps beam polarizationz —0.8
Pr target polarizatior 0.5
f dilution factor~ 0.4 for SLiD target
a asymmetry of partonic process

~-04 —0.5t005
ﬁf;}ga fraction of photon-gluon fusion process
0.3 0.5(0*) 0.1 09

source of background Compton, resolved photon, |.. combinatorial background
determination of bgd LEPTO/PYTHIAMC from D* (D°) mass spectrum
Abgd background asymmetey 0

Table 1: Explanation of the variables used in eq.(2.1).

- ®@COMPASS (highp _, Q? > 1 GeV?, prelim.)
=~ 1 COMPASS (highp _, Q?<1GeV? [2)
(D - ACOMPASS (open charm, prelim.)

Figure1l: The result onAG/G as a function of the
gluon momentum fractiory. The scale for the high
e % S pr points is~ 3 Ge\? whereas it isv 10 Ge\? for the
C open charm point. For the points obtained with the
[ + high pr method, statistical and systematical error are

FOHERMES (all Q?)
o Fosmc (Q%*>1GeV?d)

osp shown. For the point from open charm only the dom-

inating statistical error is shown. For the COMPASS

F -GRSV (Q%=5 GeVv?) ‘
g T o points thexg-range probed has an RMS of about 0.08.

“t j’AG(x)dx=1
102 o X & The curve is a parameterization ([4]) with a first mo-
g mentAG = [ AG(X)dx = 1.

Fig. 1 shows the results f&kG/G obtained by COMPASS together with results from other
experiments. The curve is a parameterization [4] assumiirgtanomentAG = folAG(x)dx =1.
The results clearly favor a smaller value/ss /G atxg ~ 0.1.

; d
3. Inclusive asymmetry AJ

Parallel to the measurement&® /G, the inclusive asymmetrgq was determined (s. Fig. 2,[1]).
At large Bjorkenx, the measurement agrees with previous experiments. AKIG@MPASS im-
proves the precision by more than a factor 2. In a NLO analgkike world data on inclusive
asymmetries we findZ ;s = 0.25+£0.02 (stat). Without the new COMPASS data the error is about
50% larger.

4. The measurement of Atq

The transversity distributioAtq(x) can be accessed in semi-inclusive deep inelastic scafterin
on a transversely polarized target via single spin asyniesetr the measurement of the transverse
polarization of produced hadrons in the final state. In ganer

Asymmetry (or Polarization)l Atq x analyzing power (4.2)
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Figure 3: The Collins asymmetry for positive and negative hadrorf,[8 ), the two hadron asymmetry
(middle) and the transvergepolarization (right) as a function of

COMPASS studies three different channels:

Collins asymmetry 54 €2 Arq(x) AYDf(z, |p} ) (4.2)
2 hadron asymmetryd Zq €5 Arq(x) Hg (2 M) (4.3)
A — Polarization:0 Zq €5 Atq(X) AD (2) (4.4)

The analyzing power, i.e. the measurement of the quark’s $tasge polarization is different
for the different processes and sometimes even not well knonderlining the importance to study
several independent ways to determiig(x).

Fig. 3 (left) shows the Collins asymmetries, Fig. 3 (middie asymmetry resulting from
the two hadron analysis and Fig. 3 (right) the transvéxgeolarization. All measurements are
compatible with 0. This may be due to small values of eitkay(x) or the corresponding analyzing
powers. Another reason could be the cancellation betwdésratht quark flavors in the sum of
eq. (4.2-4.4). Therefore, to make more quantitative statgsnonArq(x), measurements on a
proton target are necessary.
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