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Abstract

The COMPASS experiment at the CERN SPS has taken data for deep inelastic scattering of polarised muons off

a polarised NH3 target in 2007 and 2011 and off a polarised 6LiD target in 2002-2004 and 2006.
We present our new results on the longitudinal double spin asymmetry Ap

1 and the spin-dependent structure function
gp

1 obtained from the 2011 data set. These results are used in a NLO QCD fit to the world data to obtain the polarised
parton distributions. Also an update on our results on the Bjorken sum rule, connecting the integral of the non-singlet
spin-dependent structure function with the ratio of the weak coupling constants, is given.
The gluon polarisation can be accessed directly via the photon gluon fusion process in semi-inclusive deep inelastic
scattering. This process is studied using the pT dependence of charged hadron asymmetries. The latest results indicate
a positive gluon polarisation in the kinematic region of COMPASS.

Keywords: COMPASS, deep inelastic scattering, spin, A1 , g1 , structure function, polarised parton distribution
functions, QCD analysis, Bjorken sum rule, ALL, ∆G

1. Introduction

The COMPASS experiment at CERN aims at explor-
ing the spin structure of the nucleon. For this the spin-
dependent structure function g1 is of special interest; es-
pecially as the quarks contribute only roughly 30% to
the nucleon spin. Performing the QCD analysis of the
world data on g1 gives access to the helicity distribu-
tions of quarks and gluons. Furthermore it is possible to
verify the Bjorken sum rule.The gluon polarisation ∆G
can also be extracted using a different method where
the longitudinal semi-inclusive double spin asymmetry
is used. In semi-inclusive processes also the photon-
gluon fusion contributes, which gives direct access to
the gluon polarisation.
The data were recorded at the COMPASS experiment
at the M2 beam line of the CERN SPS in the years
2002 - 2006 using a polarised 6LiD target; in 2007 and
2011 a polarised NH3 target was used. In 2011 the en-
ergy of the polarised muon beam has been increased
from 160 GeV to 200 GeV to extend the acceptance to-
wards lower values of x and higher values of Q2.
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2. Experiment

A detailed description of the experiment can be found
in Ref. [1]. The target used in the COMPASS setup in
2011 consists of three oppositely polarised cells. There-
fore scattering on targets of both polarisation directions
can be measured simultaneously. Rotating the solenoid
field of the target results in a simultaneous changing the
polarisation of all target cell. This gives a better cancel-
lation of the luminosity and acceptance differences in
asymmetry calculations.

3. Results on Ap
1

and gp
1

For the extraction of the longitudinal photon-nucleon
double spin asymmetry a simultaneous measurement
with both target polarisations is performed. To obtain
the final value of the photon nucleon double spin asym-
metry A1 the target polarisation, the beam polarisation,
the dilution factor and the depolarisation factor have to
be employed. The new results for A1 can be directly
converted into the spin dependent structure function g1
as the contributions from A2 are negligible in the COM-
PASS kinematic region, i.e. g1 = F2/(2x(1 + R)) A1.
The results for gp

1 from the 2011 data taking are shown
in Figure 1 as function of Q2 for different values of x to-
gether with the world data. Also the result of our NLO
QCD fit and its uncertainty is shown.
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Figure 1: World data on gp
1 as a function of Q2 for different x. The solid

line represents the result of our NLO QCD fit. The dashed line indicates an
extrapolation for W2 < 10 (GeV/c2)2.

4. QCD fit to the world data

The new COMPASS results on gp
1 are used together

with the world data on gp
1, gd

1 and gn
1 in the DIS region,

Q2 > 1 (GeV/c)2, in a NLO QCD fit. To avoid possible
effects due to higher twists a cut on W2 > 10 (GeV/c2)2

is applied to the data. The kinematic coverage of the
data is shown in Figure 2. The shown data are from
EMC [2], SMC [3], SLAC E143 [4], SLAC E155 [5],
HERMES [6], COMPASS [7] and CLAS [8] for the
proton data; from SMC [3], SLAC E143 [4], SLAC
E155 [9], HERMES [6], COMPASS [10] and CLAS [8]
for the deuteron data and from SLAC E142 [11], SLAC
E154 [12], JLab Hall A [13] and HERMES [14] for the
3He data.
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Figure 2: Kinematic coverage of the gp
1 and gd

1 world data. The hatched area
indicates the region with W2 < 10 (GeV/c2)2.

The fit, which is performed in the MS renormalisation

and factorisation scheme, uses the DGLAP equations to
describe the Q2 dependence of the singlet distribution
∆qS , the gluon distribution ∆g and the two non-singlet
distributions ∆q3 and ∆q8. As the DGLAP equations
only describe the Q2 dependence and no x dependence
a parametrisation has to be used at a reference scale Q0
that is chosen to be Q2

0 = 1 (GeV/c)2. The functional
form is:

∆qi(x) = ηi
xαi (1 − x)βi (1 + γix)∫ 1

0 xαi (1 − x)βi (1 + γix)dx
, (1)

where i = S , g, 3, 8 and ηi are the first moments of
each distribution at the reference scale. In case of the
non-singlet distributions these are fixed via the baryon
decay constants η8 = F + D and η3 = 3F − D, for
these distributions also γi is fixed to zero as it is not
well constrained and not needed to describe the data.
In case of the gluon distribution γg is also fixed to be
zero for the same reason. In addition also βg is fixed to
the corresponding value of the unpolarised distribution
taken from MSTW [15]. In each step during the fit it
is checked that the positivity constrain |∆q(x)| < q(x)
is valid using the unpolarised parton distributions from
MSTW [15] for u, d, s and g. An extra term penalising
possible violations is added to the χ2. For this version of
our QCD fit a special interest was put in the systematic
uncertainties. We tested different parametrisations of
the singlet and gluon distribution, also ones which use
more parameters as shown above. The largest contribu-
tion to the systematic uncertainty comes from the de-
pendence on the reference scale. This has been studied
by performing multiple fits where we have changed the
input scale from Q2

0 = 1 (GeV/c)2 to Q2
0 ≈ 70 (GeV/c)2.

This is illustrated in Figure 3 for one of our solutions.
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Figure 3: Dependence on the reference scale Q0 for one of our solutions. The
left plot shows the influence on the singlet distribution and the right one the
influence on the gluon distribution.

The result from all studies is that there are two kinds
of functional shapes that describe the data equally well
with similar χ2/NDF. For one solution γS is also fixed
to zero resulting in a negative gluon distribution; for the
other solution γS is a free parameter resulting in a posi-
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tive gluon distribution. The final result is shown in Fig-
ure 4.
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Figure 4: Result of the QCD fit to the world data. The solid lines indicate our
two solutions with their statistical uncertainties indicated as a darker band. The
lighter band corresponds to the combined systematic and statistical uncertainty
of the fit.

From the fit the first moment of the singlet distribution,
the contribution of the quarks to the total spin of the nu-
cleon is estimated to be 0.26 < ∆Σ < 0.36. Using the fit
the gluon polarisation ∆G is not well constrained. To get
access to ∆G another kind of measurement is needed.

5. Bjorken sum rule

The QCD fit can also be used to evaluate the Bjorken
sum rule, which connects the first moment of the non-
singlet structure function

gNS
1 (x,Q2) = gp

1(x,Q2) − gn
1(x,Q2) (2)

with the ratio of the weak coupling constants

ΓNS
1 (Q2) =

1∫
0

gNS
1 (x,Q2)dx =

1
6

∣∣∣∣gA

gV

∣∣∣∣CNS
1 (Q2) , (3)

where CNS
1 (Q2) is the non-singlet coefficient function,

which has been calculated in perturbative QCD [16].
To calculate the first moment only the COMPASS data
are used which are evolved to the Q2 of the 2007 data
using the results from the NLO QCD fit and are later
combined to get gNS

1 . Afterwards a second NLO QCD
fit is performed to fit the non-singlet structure function,
which requires only the non-singlet distribution ∆q3 to
describe the data. The program is the same as used in
the fit of the g1 world data. The results are used to
evolve the non-singlet structure function to a common
Q2 of 3 (GeV/c)2. A comparison of our data and the
non-singlet fit is shown in Figure 5. To evaluate the

first moment also an extrapolation to the unmeasured
region is needed (x < 0.0025 and x > 0.7). These con-
tributions are evaluated using the results from the non-
singlet fit. The dependence of the first moment ΓNS

1 on
its lower limit is shown in Figure 6. The result for
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Figure 5: Values of gNS
1 at Q2 = 3 (GeV/c)2 compared to the NLO fit. The

open square corresponds to the data point where the deuteron contribution is
taken from the NLO QCD fit.
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the first moment of the non-singlet structure function at
Q2 = 3 (GeV/c)2 is

ΓNS
1 = 0.181 ± 0.008(stat) ± 0.014(syst) , (4)

where 94% of the first moment are in the measured re-
gion. Using the non-singlet coefficient function in NLO
the ratio of the weak coupling constants can be extracted∣∣∣∣gA

gV

∣∣∣∣ = 1.22 ± 0.05(stat) ± 0.10(syst) . (5)

The largest systematic uncertainty is the one from the
beam polarisation. Other sources from the target po-
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larisation, the dilution factor, the depolarisation fac-
tor and F2 are also taken into account. A comparison
with the results from the neutron β-decay, |gA/gV | =

1.2701±0.002 [17], provides a validation of the Bjorken
sum rule on the level of 9%.

6. LO extraction of ∆G

The NLO QCD fit showed that using only inclusive DIS
data A1 is not sensitive to the gluon polarisation. There-
fore a different approach is used to get access to this
quantity, namely the pT dependence of charged hadron
asymmetries in semi-inclusive deep inelastic scattering
is studied. In addition to the leading process (LP), which
does not provide direct access to the gluon polarisation,
also two other processes are considered in the asymme-
try. These processes are the QCD Compton process
(QCDC) and the photon-gluon fusion process (PGF),
which gives an access to the gluon polarisation (Figure
7). The semi-inclusive asymmetry is given by:

Ah
LL = α · ALO

1 (xB j ) + β · ALO
1 (xC ) + γ ·∆g/g(xg) ,(6)

where α, β and γ depend on the partonic cross sec-
tion asymmetries and on the contribution with which
each process contributes. These processes have a dif-
ferent dependence on the transverse momentum pT of
the hadron with respect to the virtual photon, this fact
is used to simultaneously extract the gluon polarisation
and the LP and QCDC asymmetries. An alternative ap-
proach would be to use a model for the LO asymmetries.
This approach is described in [18] using the same data.
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Figure 7: Feynman diagrams for the different processes. Leading-order pro-
cess (left), QCD Compton (middle) and photon-gluon fussion (right).

The method used to extract the gluon polarisation was
introduced in [19] and already used to extract the gluon
polarisation from open charm events by using the sig-
nal over background ratios for reconstructed D mesons.
Here a neural network (NN) is trained using simulated
data to give expectation values for the fractions Ri, val-
ues of xi and the partonic cross section asymmetries
ai

LL (here i runs over the three simulated processes, LP,
QCDC and PGF). The input parameters for the NN are
Q2, xB j , and the longitudinal pL and transverse momen-
tum pT of the leading hadron. Figure 8 shows the kine-
matic dependence of the three processes on the input

parameters. The LP contribution is dominant at low pT

and low y whereas the QCDC component is dominant
at high pT and higher Q2 and y and the PGF process is
dominant at high pT and high y but at lower Q2.
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Figure 8: Dependence of different processes on the kinematic variables used
as an input for the neural network.

As important quantities are estimated using a Monte
Carlo simulation a good description of the detector and
the physics is needed. The simulation uses the LEPTO
event generator [20] to generate an spin-independent
MC sample of events. The detector simulation is done
in a GEANT3 based program and the reconstruction is
performed in the same way as for real events. A compar-
ison between real data and MC data is shown in Figure
9. The largest differences are found at low pT , where the
LP is dominant and therefore the discrepancy between
data and MC has a negligible impact on ∆g/g.
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Figure 9: Comparison of the longitudinal pL and transverse momentum pT
from real data and MC.
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The output from the NN is used as weights for each
event in a fit to obtain the leading-order asymmetries
and also the gluon polarisation. The final result for the
gluon polarisation ∆g/g is:

〈∆g/g〉 = 0.113 ± 0.038(stat) ± 0.036(syst) , (7)

which is valid at the scale µ2 = 〈Q2〉 = 3 (GeV/c)2 and
xg ≈ 0.10. This is the first direct measurement of a pos-
itive value in this region. It is also possible to split up
the obtained value in three bins of xg. A comparison to
the world data on ∆g/g in LO is shown in Figure 10.
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7. Conclusions

The COMPASS data taken in 2011 complete the
COMPASS results on the longitudinal double-spin
asymmetry Ap

1 and allows measuring higher values of
Q2 and lower values of x. These data are used to-
gether with the world data on g1 to extract the po-
larised parton distributions. The fit results in a range
of 0.26 < ∆Σ < 0.36 for the contribution from the
quarks to the total spin of the nucleon. Using only the
COMPASS data the result on the Bjorken sum rule has
been updated. The resulting ratio of the weak coupling
constants is |gA/gV | = 1.22 ± 0.05 ± 0.10, verifying the
sum rule within an accuracy of 9%. Additional infor-
mation on the hadrons in SIDIS allows to extract infor-
mation on the gluon polarisation in LO, for this a neu-
ral network has been trained to disentangle the differ-
ent contributions to the asymmetry. From this analysis
a gluon polarisation of 〈∆g/g〉 = 0.113±0.038±0.036 is
obtained, which is the first direct measurement of a pos-
itive gluon polarisation in this kinematic region.
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