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Abstract

The COMPASS experiment at CERN has collected a large sample of events
of inelastic scattering of longitudinally polarised muons off longitudinally polarised
protons in the non-perturbative region (four-momentum transfer squared Q2 <
1 (GeV2/c2), with a Bjorken scaling variable in the range 4× 10−5 < x < 4× 10−2.
The data set is two orders of magnitude larger than the similar sample collected
by the SMC experiment. These data complement our data for polarised deuterons.
They allow the accurate determination of the longitudinal double spin asymmetry
Ap

1 and of the spin-dependent structure function gp
1 of the proton in the region of

low x and low Q2. The preliminary results of the analysis of these data yield non
zero and positive asymmetries and of the structure function gp

1 . This is the first
time that spin effects are observed at such low x.

In processes of inelastic scattering of leptons off nucleons, the region of low values of
x corresponds to high parton densities. Among experiments with polarisation, only fixed
target experiments have been able, up to now, to probe that poorly known region. In
this kind of experiments there is a strong correlation between x and Q2, which makes low
x measurements also low Q2 ones, for which perturbative QCD is not valid. However,
there are models that allow a smooth extrapolation to the low Q2 region, while matching
the perturbative QCD behaviour at high Q2, including resummation or vector meson
dominance [1, 2]. The SMC experiment at CERN has done pioneer measurements of
longitudinal double spin asymmetries Ap

1 and of the spin-dependent structure function gp
1

of the proton down to x = 6 × 10−5 [3], but the measurements had a limited precision,
that COMPASS can now improve. Furthermore, the non-singlet structure function gNS

1 =
gp
1 − gn

1 , which decouples from gluons, can be extracted with increased precision when
combining our published and structure function gd

1 of the deuteron at low x [8] with these
new preliminary results of gp

1.
The COMPASS experiment is described in detain in [4]. It is a fixed target experi-

ment at the SPS using a tertiary, naturally polarised, muon beam. It consists of a large
acceptance two-staged spectrometer with trackers and calorimetry in its two stages, and
a RICH detector. A beam momentum of 160 GeV/c was used in 2007, changed to 200
GeV/c in 2011 to allow reaching lower values of x for a given Q2. The 1.2 meter-long
polarised target was divided in three independent cells, to allow simultaneous data taking
in two opposite spin configurations of the target material. In 2007 and 2011, the target
consisted on polarisable protons from ammonia (NH3). The polarisation of the target is
built by the process of dynamic nuclear polarisation, using a superconducting solenoid
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with 2.5 T; in the frozen spin mode, the target material is kept at temperatures down
to 50 mK using a 3He/4He dilution refrigerator. Typical values of polarisation obtained
were of the order of 85%; the dilution factor, i.e. the percentage of polarisable material,
was around 16%.
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Figure 1: (a) Average values of Q2 versus average values of x of the bins used in the Ap
1(x) and gp

1(x)
extractions, for the 2007 and 2011 data samples. (b) Similar plot, but for average values of x versus
average values of ν of the bins used in the Ap

1(ν) and gp
1(ν) extractions.

For the present analysis, data taken in 2007 and 2011 with a longitudinally polarised
target of protons (from NH3 divided in three cells, with neighbouring cells with opposite
polarisation) and a longitudinally polarised muon beam with 160 or 200 GeV, respec-
tively, were used. The main selection criteria of events were: (a) Q2 < 1 (GeV/c)2;
(b) x ≥ 4 × 10−5; (c) the fraction of the muon energy transferred to the proton, in
the laboratory, satisfied 0.1 < y < 0.9; (d) there was at least one additional track be-
sides the scattered muon in the interaction vertex (to better discriminate the target cell
in which the interaction occurred); (e) the event was not due to elastic scattering of a
muon off a target electron (which is a important contamination of the sample, peaked at
x = me/mp ∼ 5.5× 10−4), as in [8].

The number of events in the two final samples with different beam energies are, re-
spectively, 447× 106 and 229× 106, i.e. the COMPASS sample is about 150 times larger
than the SMC one. The average values, for the bins used in the analysis, of selected
kinematic variables in the final samples are presented in Fig. 1.

The number of events in the antiparallel (parallel) spin configurations are given by:

N
←⇒,

←⇐ ' aφnσ̄(1± PbeamPtargetfAp
1)

The longitudinal double spin asymmetries of the proton, Ap
1, were extracted from data

using a method [5,10] that weights each event by a factor ω = fDPb, i.e. the product of
the dilution factor, the depolarisation factor and the polarisation of the beam, in order to
reduce the statistical errors. Great care was taken to minimize possible sources of false
asymmetries. This was done, on one hand, by only selecting events for which the beam
track extrapolation crosses all the target cells, in order to have the same beam flux in all
cells; and, on the other hand by using three target cells, by reversing the spin configuration
of the target cells about every 24 hours, by measuring asymmetries independently in
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periods of data taken in about 48 hours, and by changing the combination of the target
field and the spin configuration of the target cells at least once per year of data taking,
to minimize the respective correlation.

The asymmetries were obtained independently in bins of x and in bins of the virtual
photon energy ν. Unpolarised radiative corrections taken from the program TERAD [11]
were included in an effective dilution factor, whereas polarised radiative corrections were
taken from the program POLRAD [12], and are less or equal than 25% of the statistical
errors. The asymmetries were further corrected for the presence of polarisable 14N in
the target material, the corrections being less or equal than 1% of the statistical errors.
Thorough checks on possible sources of false asymmetries (which dominate the systematic
errors) were done, and the systematic errors are expected to be smaller than the statistical
errors. The preliminary results obtained for Ap

1 are shown in Fig. 2.
The spin dependent structure function of the proton, gp

1, was also obtained indepen-
dently in bins of x and in bins of ν, the virtual photon energy, according to

gp
1 =

F p
2 (〈x〉, 〈Q2〉)

2x[1 + R(〈x〉, 〈Q2〉)]A
p
1,

where F2 was obtained from a parameterisation from the SMC within its validity range [6],
or from a model otherwise (low x and Q2) [7]; and R was taken from data or, in the case
of low x, from a parameterisation, as described in [8]. The preliminary results obtained
for gp

1 are presented in Fig. 3.
In both cases of Ap

1 and gp
1 the preliminary results obtained with different beam energies

of 160 GeV and 200 GeV are compatible within errors. No special dependence with ν
is observed. Furthermore, the results are incompatible with zero and positive in the
measured ranges. This is the first time that spin effects are observed at such low values
of x. It will now be possible to extract a more precise non-singlet structure function gNS

1

from the COMPASS results of gp
1 and gd

1 for Q2 < 1 (GeV/c)2, in order to compare it
with theoretical predictions.
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Figure 2: (a) Longitudinal double spin asymmetries Ap
1 as a function of x, obtained from 2007 and

2011 data, after corrections due to the polarised radiative asymmetry and the presence of 14N in the
ammonia target. The results for the two beam energies are compatible within errors. The systematic
errors are expected to be smaller than the statistical errors. The asymmetries are mostly incompatible
with zero and positive. (b) The same, but for Ap

1 as a function of ν.
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Figure 3: (a) Spin dependent structure function gp
1 as a function of x, obtained from 2007 and 2011

data. The results for the two beam energies are compatible within errors. The systematic errors are
expected to be smaller than the statistical errors. The asymmetries are mostly incompatible with zero
and positive. (b) The same, but for gp

1 as a function of ν.
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