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Abstract
Inclusive (A1,p) and semi-inclusive (Aπ+

1,p , App1, AK+
1,p and AK−1,p ) double-spin asymmetries in deep-inelastic muon-proton scattering have been measured at COMPASS (SPS

CERN). The results have been obtained with data collected in 2007 for the longitudinal polarised NH3 solid target and beam of positive muons with energy E = 160 GeV.
We improve the statistical precision of gp1(x;Q2) by a factor of two in the low x region. Proton asymmetries have been combined with the deuteron ones [1] to extract the
non-singlet spin-dependent structure function gNS1 (x;Q2). The first moment ΓNS1 confirms the validity of the Bjorken sum-rule.
Our new semi-inclusive data were used to evaluate the ∆u, ∆d, ∆ū, ∆d̄ and ∆s ≡ ∆s̄ distributions.

Experimental layout

Polarised Deep Inelastic Scattering
µ+ + d(p)→ µ′+ +X ,
µ+ + d(p)→ µ′+ + h+X , h ≡ π+, π−,K+,K−

Quark densities:

• q(x) = q+(x) + q−(x)

• ∆q(x) = q+(x)− q−(x)

q+(x) (q−(x)): spins of the nucleon and struck quark
are in the same (opposite) directions

A1 ≡ AγN =
σ1/2 − σ3/2

σ1/2 + σ3/2
=
g1

F1
=

2x

F2
g1 =

Σqe
2
q∆q

Σqe2
qq

A|| = σ↑↓−σ↑↑

σ↑↓+σ↑↑ ≈ DA1 – can be measured in an exper-
iment; D – depolarisation factor

Methods
Number of interactions:

N = aΦnσ̄(1± fPBPTA||)

a – acceptance;
Φ – beam flux;
n = nd +

∑
A nA – full density

of nuclei of the target material;

σ =
σdnd+

∑
A σAnA

n – full cross-section
f = ndσd

nσ – dilution factor
PB , PT – beam and target polarisation

δ ≡ Nup
Ndn

N ′dn
N ′up

⇒ αA2 + bA+ c = 0

Necessary conditions:

X Beam track goes through all target cells⇒ Flux
cancelation

X 〈aup〉
〈adn〉 =

〈a′dn〉
〈a′up〉

, 〈a〉 =
∫
aΦnσd~x∫
Φnσd~x

⇒ Acceptance
cancelation

A Test Of The Bjorken Sum-Rule
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Good and comparable precision at low x for results
on gd1 and gp1 gives ideal condition for a new evalua-
tion of the non-singlet structure function

gNS1 (x) = gp1(x)− gn1 (x) = 2

[
gp1(x)− gd1(x)

(1− 3/2ωD)

]
,

where ωD is the deuteron D-state probability (ωD =
0.05± 0.01).
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Bjorken sum rule

The first moment provides a test of the Bjorken sum
rule, a fundamental result of QCD derived using cur-
rent algebra∫ 1

0

gNS1 (x)dx =
1

6

∣∣∣∣gAgV
∣∣∣∣CNS or ∆u−∆d =

∣∣∣∣gAgV
∣∣∣∣

CNS was calculated in pQCD up to α3
s(Q

2).
The Q2 dependence of the non-singlet structure func-
tion gNS1 (x,Q2) is decoupled from the singlet quark
and the gluon spin densities. Consequently a fit of
theQ2 evolution of gNS1 requires only a small number
of parameters to describe the shape of an isovector
quark density, ∆q3(x), at some reference Q2. In the
present analysis, Q2

0 = 3(GeV/c)2 is taken as refer-
ence Q2 in the fit and the following parameterisation
used for ∆q3:

∆q3(x) = η3
xα3(1− x)β3∫ 1

0
xα3(1− x)β3dx

COMPASS result [2]:

|gA/gV | = 1.28± 0.07(stat.)± 0.10(syst.)

The dominant systematic error is due to uncertainties
on the beam and target polarisation.
PDG’10, neutron β-decay: |gA/gV | = 1.2701± 0.0025

Statistics, [×106 events]
target

deutron proton
incl. 135.1 85.3
π+ 22.8 12.3
π− 20.5 10.9
K+ 4.8 3.6
K− 3.3 2.3

Open Questions
Extraction of FFs from COMPASS data is ongoing.
New COMPASS data on longitudinal polarized NH3

target were collected during the year 2011 to increase
the precision of the measurements.

Double-Spin Asymmetries
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Comparison of double-spin asymmetries of COM-
PASS as a function of x with results of HERMES.

Polarized PDFs
At LO in QCD under the assumption of independent
quark fragmentation, the double spin asymmetries
for a hadron h produced in the current fragmenta-
tion region can be decomposed into a sum of prod-
ucts of quark helicity distributions ∆q(x,Q2) times
quark fragmentation functions Dh

q (z,Q2), where z is
the fraction of the virtual photon energy taken by the
hadron h:

Ah1 (x,Q2, z) =
Σqe

2
q∆q(x,Q

2)Dh
q (z,Q2)

Σqe2
qq(x,Q

2)Dh
q (z,Q2)

In the present analysis we neglect theQ2 dependence
of the asymmetries and assume all measurements to
be valid at Q2

0 = 3(GeV/c)2. For the unpolarised
parton distributions we use the LO parametrisation
of MRST [4] and for fragmentation functions the LO
parametrisation of DSS [5].
The four semi-inclusive asymmetries of the proton,
the four of the deuteron and the two inclusive asym-
metries provide a system of ten equations with five
unknowns (∆u, ∆d, ∆ū, ∆d̄ and ∆s ≡ ∆s̄). The equa-
tions are solved by a least-square fit, independently
in each bin of x. The analysis is limited to x ≤ 0.3
because sea quark contributions become insignificant
above this limit.
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Presently (∆ū − ∆d̄) is accessible only via semi-
inclusive DIS processes. COMPASS results indicate
a slightly positive distribution. The first moment of
the distribution in the x region of the measurement
is [3]∫ 0.3

0.004

(∆ū−∆d̄)dx = 0.052±0.035(stat.)±0.013(syst.)

Unpolarised case:
∫ 1

0
(ū− d̄)dx = 0.118± 0.012
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