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A main topic of investigation at the COMPASS experiment is the spin structure of the
nucleon. This article reports on the experimental procedure to measure the polarisation
of the strange quarks in polarised deep inelastic scattering, both in inclusive and semi-
inclusive reactions. The dependence of the results for the strange quark polarisation
on the fragmentation functions is discussed.

1 Experimental Procedure

COMPASS makes use of the CERN—-SPS facilities, impinging a high intensity 160 GeV muon
beam on a SLiD polarised target. The detailed description of the spectrometer can be found
at Ref. [2]. Data presented in this article have been collected in the years 2002, 2003, 2004
and 2006.

2 The ¢V structure function

In order to access the spin-dependent structure function, ¢, the longitudinal photon-
deuteron asymmetry, A¢, has to be evaluated. In the framework of the quark parton model
this quantity can be directly related to the quark polarisation, Ag, via
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where the arrows indicate the relative beam and target spin orientations. Events are selected
by cuts on the four-momentum transfer squared, @2 > 1(GeV/c)?, and the fractional energy
of the virtual photon, 0.1 < y < 0.9. After data selection, 89x10° events are distributed over
15 bins of the Bjorken scaling varible, in the range 0.004 < = < 0.7. The left panel of Fig. 1
shows A¢ as a function of z, as measured by COMPASS using 2002, 2003 and 2004 data [3].
The asymmetry is 0 for z < 0.05 and gets larger as x increases, reaching 60% at x ~ 0.7. The
error bars are the statistical ones and the grey band corresponds to the systematic errors,
whose sources come from the uncertainty on the beam and the target polarisations (5%
each), the dilution factor (6%) and the depolarisation factor (4-5%). Radiative corrections
and the neglect of the transverse asymmetry A, are found to have a small effect. The upper
limit for the systematic error due to false asymmetries is half of the statistical one.

The spin-dependent structure function of the nucleon, g;(x), is obtained from A;(z) and
the spin-independent structure function Fs(x) through

FQ(SE)

gi(z) = Al(ﬁf)m )
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Figure 1: Left: The asymmetry A(z) as a funtion of x. The error bars are the statistical
ones. The band shows the systematic errors. Right: The spin-dependent structure function
of the deuteron, g{, as a function of x. The errors bars are the statistical ones. The band
shows the COMPASS systematic errors.

where R is the ratio of the longitudinal to transverse photon absorption cross-sections. The
right panel of Fig. 1 shows g{ as a function of z [3]. The SMC results [4] have been evolved to
the Q? of the corresponding COMPASS points. We have calculated the integral of gi¥ using
exclusively the experimental values of COMPASS evolved to Q3 = 3 GeV? and averaged
over two fits [3]. Taking into account the contributions (2%) from the fits in the unmeasured
regions of z < 0.004 and = > 0.7, we obtain:

'V (Q*=3(GeV/c)?) = 0.050 & 0.003(stat.) £ 0.003(evol.) & 0.005(syst.). (1)

The second error accounts for the difference in Q2 evolution between the two fits. The
systematic error is the dominant one and mainly corresponds to the uncertainty of the beam
and the target polarisations and of the dilution factor. 'Y is related to the matrix element
of the singlet axial current ag, which measures the quark spin contribution to the nucleon
spin. The relation between I')V and ag, independent on Q2 (Gg = a0(Q2—o0)) (Ref. [5]), is

CHQ) o + 32 CI(@?) as

Nel i
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The coefficients C¥ and CN® have been calculated in perturbative QCD up to the third order
in as(Q?) [5]. From the COMPASS result of Eq. 1 and taking the value of ag measured in
hyperon § decay, assuming SU(3) s flavour symmetry (ag = 0.585 % 0.025 [6]), one obtains:

ap = 0.33 £ 0.03(stat.) + 0.05(syst.).
with the value of a, evolved from the PDG value aS(MZ2) = 0.1187 £ 0.005. Combining

this value with ag, the first moment of the strange quark distribution is:

(As(z) + A3(x)) 200 = %(&0 —ag) = —0.08 £ 0.01(stat.) + 0.02(syst.).

One should keep in mind that the data have been evolved to a common Q? through a NLO
fit, whereas the coefficients C7 and C{V°, as well as a,(Q?), have been obtained beyond

DIS 2009



NLO. However, the choice of a value close to the average of Q? of the DIS data is expected
to minimise the effect of the evolution in the results of ¢ and As(z) + As(z) quoted above.

3 As evaluated in semi-inclusive asymmetries

Another way to access the spin-dependent structure functions is to study the semi-inclusive
asymmetries, A}f) 4- In addition to the data selection of the inclusive sample, the fraction
of the photon energy carried out by the hadrons, z, should lie between 0.2 and 0.85. The
momentum range of the hadrons is 10 — 50 GeV/c. Figure 2 shows the inclusive and charged
hadron asymmetries A, A’{Z and A{fdi as a function of x, as measured by COMPASS, in-
cluding also the data taking of 2006. The x range is between 0.004 and 0.3 The asymmetry
is 0 for z < 0.05 and gets larger as z increases, with exception for Af 4 - The lines are NLO

predictions of the DSSV fit [7]. With exception for the A{f , asymmetry, they agree very
well with the COMPASS results.
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Figure 2: The asymmetries Ad(x), ATZ(;U) and Afdi (x) as measured by the COMPASS
experiment. The error bars are the statistical ones. The lines are NLO predictions of the
DSSV fit [7].

These spin asymmetries are used to determine the polarised parton density functions,
Aq(z,Q):
>, €a(Aq(z, Q%) Dy (2,Q%))
>qei(a(z,Q*)D}(2,Q%)
where e, is the quark charge. For the unpolarised distributions, ¢(x, @?), LO MRST04 [8] are
used. The two sets of fragmentation functions, Df;(z7 Q?), are considered from the DSS [9]

group and the EMC [10] measurements of the u quark fragmentation into 7 and K. The main
difference between the two sets is the enhanced s(5) quark contribution to the production

Al(z, Q% 2) =
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of K~(K™) in DSS, thus only the results on the strange quark polarisation are visibly
affected. The fitted polarised PDFs are shown in Fig. 3. The lines are the LO DNS [11]

fit to SMC [12] and HERMES [13] data, only. Indeed, the DNS parameterisation predicts
successfully our result. The first moments of valence and non-strange quark polarisations,
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Figure 3: The polarised PDFs for valence, non-strange and strange quarks for two sets of
fragmentation functions, evaluated at Q3 = 3 GeV?2. The error bars are the statistical ones.
The bands represent the systematic uncertainties. The curves are the DNS fit which do not
include the present COMPASS data.

truncated to the measured = range and obtained with DSS fragmentation functions, are

Auy, +Ad, = 0.284+0.06+£0.03 and Ad+Ad = —0.03+0.03+0.01. These values are well in
agreement with the ones measured with the difference asymmetry approach [14]. A different

scenario concerns the contribution of the strange quark (As(SIDIS) = —0.01£0.01£0.01),
from the measured x range) to the nucleon spin, as this SIDIS measurement is not confirmed
in inclusive DIS (As(DIS) = —0.05 4+ 0.01 + 0.01), in the full « range, as shown in Sec. 2.
A similar disagreement is obtained by HERMES [15].

In order to study the dependence of As on the fragmentation functions, a different
approach is used. In such, As is related to inclusive and charged kaon asymmetries and
to the ratios of strange to favoured, Rsp = [ D? t/ J DX+ and unfavoured to favoured,
Ruyp = [ D?Jr / [ DE+, fragmentation functions. This approach leads to a very similar
result on As, as can be seen on the left panel of Fig. 4. The right panel shows the strong
dependence of As on the Rgp. Ryp is fixed to 0.14 from the DSS FF, but large changes
of this ratio do not change significantly the result of As. If Rgp > 5, As from SIDIS
measurements becomes larger than As obtained in DIS, which implies that As must be
negative in the unmeasured low z range. However, the difference never exceeds 20. More
details about this study can be found in [17].
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Figure 4: Left: The strange quark helicity distributions derived from inclusive and charged
kaon asymmetries compared to the result of the least square fit. Right: Integral of As as
a function of Rsp for Ryp fixed to 0.14 (thick solid curve). The light grey area is the
statistical uncertainty and the hatched band is the statistical uncertainty due to Ryp. The
horizontal band is the full moment of As derived from COMPASS measurement at DIS.

The

arrows indicate the values of Rgp corresponding to DSS [9], EMC [10] and KRE [16]

parameterisations of fragmentation functions.
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