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Abstract

The COMPASS results of double spin lon-
gitudinal asymmetries obtained in the inclu-
sive and semi-inclusive inelastic scattering of
a polarized 160 GeV /¢ muon beam off a po-
larized deuteron target are presented. The
data were collected in the years 2002-2004.
The slides can be found in [1].

1 Introduction

COMPASS is an experiment at CERN fo-
cusing on the spin structure of the nucleon
and hadron spectroscopy. Between 2002 and
2004, a 160 GeV /¢ polarized muon beam and
a two cell polarized ®LiD target were used
[2] for spin studies. Here we present results
for the deuteron longitudinal cross-section
asymmetry A¢ and spin dependent structure
function g¢ for the non-perturbative region
Q? < 1 (GeV/c)? [3], and the DIS region
Q? > 1 (GeV/c)? [4]. The former data were
used in a global QCD analysis.

The DIS region was measured in several
other experiments [5], [6], [7], [8], [9] while
non-perturbative region at low x was only ex-
ploited by the SMC [8]. Results of the semi-
inclusive analysis, which allows to separate
valence and sea quark contribution to the nu-
cleon spin [10] are also presented. Similar
measurements were performed by the SMC
[11], [12] and HERMES [13] collaborations.
In three COMPASS analyses a large improve-
ment of the statistical error with respect to
previous measurements is seen in the low
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domain.

2 Event selection

An incoming and a scattered muon as well
as an interaction vertex in the target are re-
quired for each event. The kinematic cuts
0.1 < y < 09 and Q* < 1(GeV/e)? or
Q? > 1(GeV/c)? are applied. In case of
the low = and low Q? analysis at least one
additional (charged) hadron track in the in-
teraction vertex is required. In case of the
semi-inclusive analysis for every hadron a cut
0.2 < Ep/v < 1.0 is applied; no hadron iden-
tification is performed. For additional details

c.f. 3], [4], [10].

3 A{ and g¢{ in the low z
and low Q? region

The cross-section asymmetry A¢ = (o™ —
o™)/(e™ + ™) 2 is related to the virtual
photon-deuteron asymmetry A{ byP:

Al ~ D A¢ (1)

where the so called virtual photon depolar-
ization factor, D, depends on the event kine-
matics. The spin dependent structure func-
tion g{ is given by®
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2arrows correspond to relative orientation of the
incoming muon and the target deuteron spins

ball factors which contain Ag were neglected since
they are small in this analysis



where Fy and R are spin independent struc-
ture functions. Details of the used F» and R
parameterizations can be found in [8]. The
procedure which relates the observed num-
ber of muon-nucleon interactions to A{ is de-
scribed in [14].

In this analysis data from the years 2002-
2003 were used. Total data sample is 300
million events. The results for A¢ and gf
as functions of z are presented in Figures 1
and 2. The error bars mark statistical er-
rors, the shaded band indicates the system-
atic ones. Most of the systematic uncertainty
results from possible false asymmetries esti-
mated in a way similar to [14]. The values of
A¢ and g{ were found to be consistent with
0 in the investigated = range. In the overlap-
ping region the COMPASS results agree with
the SMC [8] and HERMES [9] ones. The sta-
tistical precision of A¢ and gf in COMPASS
is ten times better than in the SMC.
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Figure 1: The COMPASS results of the A¢
in the low z and low Q? region versus x.
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Figure 2: The g world data in the low =
region for Q2 < 1 GeV?. Note the large error
decrease for COMPASS.

4 A¢ and ¢¢ in the DIS region,
QCD fit to world ¢; data

The asymmetry A¢ and the structure func-
tion g{ were extracted in the same way as
in the low z region. Terms connected with
the A, asymmetry were neglected. The to-
tal sample used in the analysis was 89 mil-
lions events. The results were published in
[4]. They are presented in Figure 3 together
with results of previous experiments. The
measured asymmetry is consistent with 0 for
z < 0.03, and the negative trend observed in
the SMC data is not confirmed. Note that er-
ror bars in COMPASS are greatly improved
compared to the SMC ones in the low = re-
gion. For z > 0.03 a positive asymmetry
is observed and results are compatible with
those from previous experiments.
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Figure 3: World data A{ in DIS region versus
x.

A new NLO QCD fit to world ¢g; data
was performed. The data from proton,
deuteron and ®He targets were used [4]. In
total, there were 230 data points available
out of which 43 were from COMPASS. The
MS scheme with input parameterizations at
Q? = 3 (GeV/c)? was used. The quark sin-
glet distribution AX.(z), the non-singlet dis-
tributions Ags(z) and Ags(z) and the gluon
distribution AG(z) were parameterized as:

z“(lfz)ﬂ(1+'yz) _r1
M T on (1=2)P (Lva)dz where 7, = fo Ak dz.

The evolution was done according to the
DGLAP equations. The v factor was only
used for the singlet distribution. First mo-
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ments of 73 and ng were fixed by the baryon
decay constants [15] under the assumption of
SU(3)s symmetry. The factor B¢ was also
fixed as it is poorly constrained by the data.
Finally, there were 10 parameters which were
fitted to the data. To keep parameters in the
physical range a positivity condition were re-
quired at all values of Q? for the polarized
parton distributions. The fit was performed
using two different programs [7], [16], and
both gave similar results and x? probabili-
ties. In each of them two solutions for nega-
tive and positive 7 were found. The abso-
lute value of the first moment of the polar-
ized gluon distribution was found to be about
|na| =~ 0.2—0.3. The results of the fit for the
two ng solutions are presented in Figure 4.
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Figure 4: The COMPASS results of the g in
the DIS region versus z.

The first moment of g¢(z) was estimated
from COMPASS data evolved to Q%= 3
(GeV/c)? with the NLO fit. The ob-
tained value is Y = 0.050 + 0.003(stat.) &
0.003(ewvol.) £0.005(syst.). The flavor-singlet
axial current matrix element, ag, was found
to be ap = 0.35 + 0.03(stat.) = 0.05(syst.).
Here, a value of ag = 0.585 + 0.025 was
assumed [15].  These results point to-
ward significantly negative strange quark po-
larization in the nucleon, (As 4+ A3) =
$(a0|g2int — ag) = —0.08 & 0.01(stat) +
0.02(syst). A direct measurement of the
strange quarks polarization is possible in
semi-inclusive analysis of kaons asymmetries.
This analysis is currently in progress in
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COMPASS.

5 Semi-inclusive analysis,
valence quarks polarization

The valence quark helicity distributions were
measured previously in the SMC [11],[12] and
HERMES [13]. Knowledge of them helps to
determine properties of the polarized nucleon
sea. The following relation holds:

Ad 4+ Ad = (As + A3) +0.5(ag — T,) (3)

where I',, is the first moment of the valence
quark distribution.

To obtain the valence quark polarization
the so called difference asymmetry, which is
determined from the difference of cross sec-
tions of positive (hT) and negative hadrons
(h™), is used. This method was developed
in [17]. It was shown that in LO approxima-
tion for the deuteron target the fragmenta-
tion functions cancel out so that systematic
uncertainties are greatly reduced. Moreover
as hadron identification is not needed there is
no additional data loss. The difference asym-
metry can be obtained from single hadron
asymmetries via the relation:

At~ = 1 (Ah+—7‘Ah_)

1—7r @

where r is the cross sections ratio for nega-
tive and positive hadrons. This number was
calculated using the ratio of the number of
hadrons observed in the data corrected by the
ratio of their acceptances taken from Monte—
Carlo.

The values of Au, + Ad, are obtained us-
ing:

_ +d,)
Au, + Ad, = AT (uy + d
U + TR a= 1500 @
where unpolarized PDF comes from

MRST2004 at LO [18]. Note that all but the
wp factor in Eq. 5 depend upon 2 and Q2.
To estimate the first moment of Au, + Ad,



the distribution Au,(z,Q?) + Ady(z,Q?)
was evolved to a common @? using DNS
parametrization at LO [19]. For z > 0.3 the
unpolarized sea contribution to F» can be
neglected. In this region one can use inclu-
sive g¢ measurements, which have smaller
statistical errors compared to this analysis.
Additional systematic uncertainties due to
the neglected sea contribution were taken
into account®.

In this analysis the total data sample was
about 55 millions hadrons. The results are
presented in Figure 5 together with the DNS
fit prediction [19]. The systematic errors in-
dicated as a shadowed band mainly come
from the estimation of false asymmetries and
from the neglected sea contribution for in-
clusive g measurement at high z. The mea-
sured [, at Q% = 10 (GeV/c)? is [, (0.006 <
z < 0.7) = 0.40 £ 0.07(stat.) £+ 0.05(syst.).
This value favors a non-symmetric sea with
At = —Ad, when (As + A3) is used from
[4]; instead of symmetric sea Au = Ad =
A3 = As. Contributions to I', from unmea-
sured regions are expected to be negligible.
Results of COMPASS, SMC and HERMES
are compatible.
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Figure 5: Polarized valence quark contribu-
tion from COMPASS at Q% = 10 (GeV/c)?.

“Auy + Ady = 36/5(g/(1 — 1.5wq)) — [2(AT +
Ad) + %(As + A3)], where the term in square paren-
thesis is neglected.

6 Summary and outlook

COMPASS results of inclusive and semi-
inclusive analyses were presented. @ The
analysis of identified hadron samples is in
progress, which will allow to directly measure
the As+ A3 contribution to the nucleon spin.
In 2007 COMPASS is taking data with a po-
larized N Hs target. These data allow flavor
separation using COMPASS data only.
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