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Abstract. New results on the longitudinal inclusive spin asymmetry A¢ in the range 1 < Q2 < 100
(GeV/c)2 and 0.004 < z < 0.7 are presented. From these results we derive the spin-dependent structure
function g¢ which we use to evaluate the scale-invariant flavor-singlet axial charge do. The contribution of
the measured region is evaluated by a QCD fit of the world data. The data were obtained by the COMPASS
experiment at CERN using a 160 GeV polarized muon beam scattered off a large double-cell polarized
SLiD target. The results are in agreement with those from previous experiments and improve considerably

the statistical accuracy in the region = < 0.03.

PACS. 13.60.Hb; 13.88.+e Inclusive deep-inelastic processes; Polarization in interactions and scattering

1 Introduction

In view of the spin crisis in the quark parton model [1]
the investigation of the spin structure of the nucleon is
the one of the most interesting issues in particle physics
and it is the primary goal of the COMPASS experiment
[2] at CERN SPS. The analysis of deep inelastic scattering
(DIS) of 160 GeV longitudinally polarized muons off a
longitudinally polarized 8LiD target gives access to the
spin-dependent structure function of the deuteron g{.

The longitudinal virtual-photon deuteron asymmetry,
A{, is defined via the asymmetry of absorption cross sec-
tions of transversely polarized photon as

Al = (0§ —03)/(3(og +0f +03)), (1)

where o7 is the y*deuteron absorption cross-section for a
total spin projection J. The relation between the exper-
imentally measured muon-deuteron asymmetry, A%, and
Ad is
ot — ot

Al = P D(A{ +n43), (2)
where D and 7 depend on the event kinematics. Arrows in-
dicate direction of beam and target spins. The transverse
asymmetry A¢ has been measured at SLAC and found
to be small [3]. In view of this, in our analysis, Eq.(2)
has been reduced to A{ ~ A%/D. The longitudinal spin
structure function g relates to A{ as

d
d FZ d

91 = mz‘ll ) (3)

where Fy is the spin-independent deuteron structure func-
tion and R is the ratio of cross sections for absorption of
longitudinal and transverse photons R = % /o™
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2 Data sample and results on A¢

In the analysis we require for all events to have a recon-
structed primary interaction vertex defined by the incom-
ing and the scattered muons. The energy of the beam
muon is constrained in the interval 140 < E, < 180 GeV.
To cancel out the muon flux normalization and thus min-
imize the systematic error the trajectory of the incoming
muon is required to cross the two cells of the target which
are polarized in opposite direction. The kinematic region is
defined by cuts on a photon virtuality Q% and a fractional
energy y transfered from the beam muon to the virtual
photon. The requirement Q% > 1(GeV/c)? defines the re-
gion of DIS. The cut 0.1 < y < 0.9 from one side removes
events which are problematic from reconstruction point of
view due to a small energy transfer. From the other side
it eliminates events at large y which are the most affected
by radiative corrections. These cuts define the z-interval
accessible by COMPASS: 0.004 < z < 0.7.
The counting rate asymmetry relates to A{ as
A®"P = P,P,fD A{, (4)
where P, is the incoming muon polarization, P is the tar-
get polarization and f is dilution factor which is the ratio
of the absorption cross-section on the deuteron and on all
nuclei in the target material. It also comprises corrections
for radiative events. For the description of the method of
asymmetry extraction and quality cuts for the sample see
[4]. The data were collected during the years 2002-2004.
The resulting sample consists of 89 x 108 events.

The A¢ as a function of z is shown in Fig.1, where
it is superposed to data of previous experiments. One can
observe the good agreement over the full range of z. COM-
PASS contributes significantly to the low x region previ-
ously covered only by SMC. For the 6 points at < 0.03
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the statistical precision of COMPASS is a factor of 3-4
better. Moreover the negative trend at low x which was
observed by SMC is not confirmed by the present data.

The average values of ) versus = are shown in Fig. 2.
One can see that COMPASS points are slightly lower com-
pare to SMC. However they are factor of 2-3 higher then
E143 and HERMES data.

There are several sources of systematics uncertainties
in the determination of A{. The measurement error of the
target polarization and parametrization of the beam po-
larization amount to 5% each. The uncertainty related to
the dilution factor f is 6% over the full range of x. The ra-
tio R = o' /o™ used to calculate the depolarization factor
D gives an error of 2-3%. If added in quadrature all un-
certainties of multiplicative factors (Eq.4) amount to 10%
systematic error. The main contributor to the systematic
error additive with respect to A¢ is the false asymmetry
which could be generated by instabilities in some compo-
nents of the spectrometer. It was evaluated as a fraction of
statistical error [4]: ogys; < 0.40444¢. The total systematic
uncertainty is shown as a band at the bottom of Fig.1.

3 Extraction of the singlet axial charge a,

With COMPASS data alone we evaluate the first moment
Q% = fol gl (z,Q?)dx from which we derive the scale-
invariant matrix element of the flavor-singlet axial current
ao [9]- The evaluation of I'#(Q?) requires the evolution of
all g1 measurements to a common Q3. This is most conve-

niently done by using a fitted parametrization g{ #(z, Q?):

912, Q%) = 91(2,Q%) + [o] (2, Q) — 9{"(2,Q")|. ()
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Fig. 1. The asymmetry A¢(zx) as measured in COMPASS and
previous results from SMC [5], HERMES [6], E143 [7] and E155
[8] at @* > 1(GeV/c)?. Only statistical errors are shown with
the data points. The shaded areas show the size of the COM-
PASS systematic errors.
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Fig. 2. The Q® values of COMPASS data compare to other
experiments which performed measurement of g¢ in DIS region.

We have used several fits of g; from the Durham data
base [10]: BB [11], GRSV [12] and LSS05 [13]. We have
chosen Q% = 3 (GeV/c)? as reference Q? because it is close
to the average @Q? of the COMPASS DIS data. The three
parameterizations are quite similar in the range of the
COMPASS data and have been averaged. The resulting
values of gl = (g7 + g7')/2 are shown as open squares in
Fig. 3. For clarity we now use g which is g{ corrected for
the D-wave state of the deuteron:

9t (2,Q%) = ¢i(z,Q%)/(1 - L5wp) (6)

with wp = 0.05+£0.01 [14]. It can be seen in Fig. 3 that the
curve representing the average of the three fits does not
reproduce the trend of our data for x < 0.02 and there-
fore cannot be used to estimate the unmeasured part of
g at low z. In view of this, we have performed a new
NLO QCD fit of all g; DIS data from deuteron target [5—
8] including the COMPASS data, proton [5-7,15,16] and
3He [17] targets. In total 230 data points are used. The fit
is performed in the MS renormalization and factorization
scheme. The fits have been performed with two different
programs, the first one working in the (z,Q?) space [18],
the other one in the space of moments [19]. Both programs
give consistent values of the fitted PDFs and similar x2-
probabilities. Each program yields two solutions, one so-
lution with AG > 0, the other with AG < 0 (Fig. 3).

The integral of gi¥ in the measured region is obtained
from the experimental values evolved to a fixed Q2. Taking
into account the contributions from the fits in the unmea-
sured regions at low and high 2 we obtain

ry = 0.050 + 0.003(stat.)
Q2=3 (GeV/c)2 (7
+ 0.002(evol.) + 0.005(syst.).

The quoted value is the sum of a measured value plus
two small corrections at high and low z. The measured
part (0.049 & 0.003) represents 98% of the total and the
corrections only 2%. This is very different from the SMC
analysis [5] where the measured value (over the same z
range as COMPASS) was 0.037 £ 0.006 and the estimated
correction —0.018 (i.e. about 50%). The measured parts
are not expected to be the same in COMPASS and SMC
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because they are evaluated at different values of Q2 (3
and 10 (GeV/c)?, respectively) but are compatible within
2 ¢’s. The huge difference in the estimated low z contri-
bution reflects the fact that the COMPASS data do not
support the fast decrease of gf(z, Q*=3 (GeV/c)?) at low
z which was assumed in the SMC correction.

I} is an important quantity because it gives access to
the invariant matrix element of the singlet axial current ag
[9]. The relation between do and I}V has been calculated
up to the third order in ay:

CF (@) o + 5 ON

Q)= @)as  ®

with the coefficients [9]:

CY(Q%) =1-0.33333 (O‘?) ~0.54959 (%)2—4.44725 (0‘7)3

NS(92) =1 (%) = @) sy’
oNS(Q?) =1 ( : ) 3.5833( - ) 20.2153( : )
The coupling constant at Q=3 (GeV/c)? is obtained by
evolving the PDG value of as(M,) = 0.1187 £ 0.005:

(&7
T 1Q2=3(GeV/c)?

= 0.084 £ 0.003.

The value of ag is derived from hyperon 8 decay, assuming
SU(3); flavor symmetry: ag = 0.585 £ 0.025 [20]. The
resulting value of ag is

ap = 0.33 £ 0.03(stat.) = 0.05(syst.). (9)

This value is independent of Q% and directly comparable
to ag. The Ellis-Jaffe sum rule was based on the assump-
tion of unpolarized strangeness (4o = as). Since the EMC
experiment, it is known that this assumption is not valid.
From Eq. (9) we can derive the first moment of the strange
quark spin distribution:

(AS + AE)QZ—mo = é(flo — (18) =

10
—0.08 £ 0.01(stat) £+ 0.02(syst). (10)

4 Conclusion

The new measurement of the deuteron longitudinal spin
asymmetry A{ and its spin-dependent structure function
gl at Q% >1(GeV/c)? over the range 0.004 < z <0.7 have
been presented. Good agreement with the world data is
observed over the full range of z. For z < 0.03 our points
are consistent with zero and their statistical errors have
been reduced by a factor 34 compare to SMC results.
Thus the negative trend of g{ at low = observed by SMC
is not confirmed. The measured values have been evolved
to a common Q2 by a fit of the world ¢g; data and the
first moment 7' has been evaluated at Q*=3 (GeV/c)2.
From I'N we have derived the invariant matrix element of
the singlet axial current ag, which can be interpreted as
a quark polarization in the nucleon at > — oo. Thus,
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Fig. 3. The COMPASS values of gfv evolved to Q% =
3(GeV/c)?. In addition to our fits the curve obtained with
three published parameterizations (BB, GRSV and LSS05) [10]
is shown. These parameterizations lead almost to the same
values of g1’ (z,Q*=3 (GeV/c)?) and have been averaged. For
clarity the data points evolved with different fits are shifted in
x with respect to each other. Only statistical errors are shown.

at the order a2, the COMPASS data alone give a9 =
0.33 +£ 0. 03(stat) + 0.05(syst.) and the first moment of
the strange quark distribution (As+ A3%)g2_, o = —0.08+
0.01(stat.) £0.02(syst.). The quoted systematic errors ac-
count for the uncertainty from the evolution and for the
experimental systematic error, combined in quadrature.
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