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Abstract

The inclusiveA; , and hadron double-spin asymmetris, AT, A',§+, A*;‘ measured at COMPASS (CERN SPS) in
deep-inelastic scattering of a polarized muon bediha polarized NH solid target are presented. The results have
been obtained with the full statistics collected in 2007tfoe longitudinal target polarization. Proton asymmetries
have been combined with the published deuteron ones. Amaiah of the non-singlet spin-dependent structure
function g’l\‘s(x, @) and its first moment, which confirms the validity of the Bjerksum-rule, is presented. A LO
evaluation of polarized quark densities is also preseritée: use of the proton data allows to perform a full flavor
separation and to extract individual helicity densitiesiod,, U, d ands quarks. All sea quark densities are found to
be compatible with zero in the full range of the measurements

1. Introduction after all cuts is 92.5, 13.3 (11.8) and 3.9 (2.6) million

] events, respectively.
New results of the COMPASS experiment at CERN

on the proton spin asymmett; , and the structure
functiongf are presented. The data were collected dur- 2. Structure function gf and NLO QCD fit of gl'\‘S
ing the year 2007. We refer the reader [to [1] for the
description of the 160 GeV muon beam, the Nbb- The longitudinal virtual-photon proton asymmetry
larized target and the COMPASS spectrometer. DIS Avp is defined via the asymmetry of absorption cross
events are selected by cuts on the virtuality of the pho- Sections of transverse photons as
ton, Q2 > 1(GeV/c)?, and its fractional energy, D <
y < 0.9. The values of the spin-dependent structure Aip =
function gf(x, Q%) have been combined with the pub-
lished g‘j(x, Q?) ones [2] in order to evaluate the non- where the subscripts refer to the total spin projection of
singlet structure functiog)s(x, Q?). they*-proton system. The measured value\gj, are
We also present an evaluation of the helicity quark shown as a function of in Fig.[d in comparison with
distributionsAu, Ad, Au, Ad andAs (=As) which were results from HERMES [4].
obtained in a combined analysis of inclusive and iden-  The longitudinal spin structure function is obtained
tified hadron asymmetries. Both deuteron [3] and pro- from A, as
ton data have been used. In addition to the kinematic
cuts mentioned above, for hadron tracks coming from p_ FS
the primary vertex the cut > 0.2 is applied to select 9 = 2x(1+R)
the current fragmentation region. To avoid ambiguities D .
between secondary muons and the scattered muon weVhere sz andR are spln—mdepeQQent structure func-
demandz < 0.85. Hadrons are identified as pions or tONS- g, as a function o and Q“ is shown in Fid.P
kaons by the RICH detector which limits their momenta Where itis superposed to results of previous DIS exper-
to the range 1& p < 50 GeVjc. iments. J A _
The total statistics of samples obtained with the pro- 1 ne availability ofg; andg, data with good and com-

ton target for the inclusiver* (7-) andK* (K-) events parable precision at low provides ideal conditions for
a new evaluation of the non-singlet structure function
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Figure 1: The double-spin asymmetries of COMPASS comparedsults of HERMES [4]. Bands at bottom of each graph repitesgstematic
uncertainties. Solid markers and bands correspond to CCB%R#ata. Open markers and bands are taken from HERMES.

wherewp is the probability of the D state in the deuteron error of +0.10. The errors related to the fit or to the
(wp = 0.05+£0.01). An evaluation of the first momentof  evolution of the data to a comma@? are found to be
gTS(x) provides a new test of the Bjorken sum rule. This negligible. In particular, it was checked that the same
sum rule first derived using current algebra is considered value is obtained foga/gy when the referenc€? is

as a fundamental result of QCD. 1.0, 3.0 or 10.0 (Ge)¢)? although the shape @f'S(x)
TheQ? dependence af)"® is decoupled from the evo-  becomes quite éfierent.
lution of AX andAG. Consequently a fit of th@? evolu- Finally the following value have been obtained

tion of g\ requires only a small number of parameters
to descrlibe the shape afyz(x) at some referenc€? 194/l = 1.30+ 0.07(stat) + 0.10(syst). ()
and its integral, which is proportional to the ragie/gv It is in a perfect agreement with the one derived from
of the axial and vector coupling constants. The compar- neutrons decay.

ison of the fitted value of this ratio with the one derived
from neutrons decay [ga/gv| = 1.2695+ 0.0029 [6])
provides a test of the Bjorken sum rule, free of system-

atic errors arising from uncertainties a®. As in our previous LO analysis![3], we assumed that

€2 — 2 . . .
In the present aznalys@ = 3 (GeVic)” has been  nagrons in the current fragmentation region are pro-
taken as referend@” and the following parametrization  gyced by independent quark fragmentation, so that their

3. LO QCD analysis for polarized quark densities

has been used for the isovector distributhop; spin asymmetries can be written in terms of parton dis-
x*(1 - X)P tribution functions (PDFsj(x, Q?), Aq(x, Q%) and frag-
Agz(X) = G X7 X 4) mentation functions (FFQg(z, A

v [ xe(1 - xpPdx

Tq€Ad(x, Q) [ Di(z QHdz
The result of the fit is shown in Figl 3. A'(x, Q) = =2 ;

2 h 2 ’
The dominant systematic error is due to the uncer- X egq(x, Q )fDq(z, @)dz
tainty of 5% on the beam polarisation, which translates In the present analysis we use the unpolarized PDFs
directly into a 5% error orga/gy (i.£0.065). The from MRST [7] and the recent DSS parametrization of
other contributions due tBr and f are+0.041 forA g FFs at LO which was obtained from a combined anal-
and +0.056 forAf. In total this leads to a systematic ysis of inclusive pion and kaon production data from
2
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Figure 2:g§J as a function ok and Q2. To align points along curves
corresponding to a fixed, the LSS 05 parametrizationl [5] has been
used. Only statistical errors are shown. For the purposéotiiny, a
constant(x) = 0.28(116 - iy) is added to each; values, wherey is
the number of thex bin ranging fromiy = 0 (x = 0.006) toiy = 11
(x=0.74).

e"e” annihilation, semi-inclusive DIS data from HER-
MES and proton-proton collider dale [8]. The sensitiv-

0.1

%) L
Z
= L
x r )

0.08— Analysis of

- COMPASS

006 dataalone

0.04 —

0.02—

o i ‘ ! !

10*

10?

X

Figure 3: Values of'S(x) at Q> = 3 (GeV/c)®. The curve was ob-
tained in the QCD NLO fit of the COMPASS data.

see a discrepancy in thies graph. The shape of thé\s
curve of DNS is quite typical for QCD fits afi(x, Q)
data, with a minimum in the mediumregion & ~ 0.2).
The SIDIS measurements of COMPASS (it is also true
for HERMES) do not support this behavior, at least not
with the DSS fragmentation functions. More details on
the distributionAs(x) are given in Ref/[3]. The present
analysis including the 2007 proton data confirms the re-
sults obtained with the deuteron data and reduces sig-
nificantly the statistical errors.

In the most recent global fit of polarized PDFs, DSSV
[11], a more flexible parametrization for the strange

ity of the obtained polarized PDFs on the choice of FFs quark distribution was adopted. This fit includes HER-
have been studied inl[3] where an alternative set of FFs MES data and therefore provides a positive strange po-

from the EMC experiment [9] has been used.

larization at largex and a negative one at small A full

The 10 measured asymmetries (se€ Eq. 6) form a lin- comparison to our points obtained at LO is not possible

ear system of equations with 5 unknowfus, Ad, Au,

Ad andAs. The system is solved by a least-square fit in-

dependently in eack-bin. Only statistical errors were

because the parametrization is provided at NLO only.
A sizable flavor asymmetry between the unpolarized
up and down sea quark distributiongk)—d(x) < 0) is

used in the fit and correlations between asymmetries a well established experimental fact since more than ten
were taken into account. A symmetry of the polarized years (see for instance [12] and references therein). It
strange sea is assumeds = AS. In principleAsandAs has inspired a large theoretical activity and lead to vari-
could both be extracted from the charged kaon asym- ous nonperturbative models which also naturally predict
metriesA';’g andA*;,a but in view of the precision of the  a flavor asymmetry for the helicity densities of the light
data, they are assumed to be equal. All asymmetries aresea Au — Ad # 0). Most of the models, like Pauli-

also assumed to be independent®f In this way the
resulting PDFs are obtained at a comn@hfixed to
3(GeVc)2.

The quark helicity distributions, obtained with the

blocking models, instanton model, chiral quark soliton
model, statistical models (see review|[13] and refer-
ences therein), predict a positive valueraf-Ad. The
meson cloud models are the only ones which predict a

DSS fragmentation functions, are shown as a function Au—Ad small in absolute value but with a negative sign.

of x with their statistical and systematic errors in Fig. 4.

Only experimental measurements can provide a test of

The curves obtained with the LO DNS [10] parametriza- these predictions.

tion of polarized PDFs are also shown.
The Au, Ad, Au, Ad curves from the DNS
parametrization fit well our points. However one can
3

The x distribution of AU—Ad calculated with the
PDFs obtained in the LO fit described above is shown
in Fig.[H. For comparison the HERMES points are pre-
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Figure 4: The quark helicity distributions evaluated at coon value
Q? = 3(GeVic)? as a function ofx. Bands at bottom of each
graph represent systematic uncertainties. For compattigdnO DNS
parametrization [10] is shown.

sented on the same plot. A little excess/af with re-
spect toAd is seen. The first moment of the distribution
in the range of the measurements is

0.3 _
(AU-Ad)dx = 0.052+0.035(stat)+0.013@yst). (7)
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Figure 5: The flavor asymmetry in the helicity densities af tight
sea,AU-Ad evaluated aQ? = 3(GeV/c)2. The data are compared
with predictions of the DNS parametrization.

4. Summary

A first COMPASS measurement of inclusive and
identified hadron spin asymmetries with a proton target
has been presented. These asymmetries were included
into a combined analysis together with the previously
published deuteron ones. An evaluation of the non-
singlet spin-dependent structure functight®(x, Q%)
was presented. The first moment of this function con-
firms the validity of the Bjorken sum-rule with better
than oner precision.

A LO evaluation of polarized quark densities was also
presented. The use of the proton in addition to deuteron
data allowed to extract a full set of polarized PDfts
Ad, Au, Ad andAs (=As). All sea quark densities are
found to be compatible with zero in the full range of
measurements. However the discrepancy in a shape of
As(x) with the one obtained in a typical global QCD fit
was discovered. A small excess b with respect to
Ad was observed.
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