Eur Phys J C 33, s01, 5398 <00 (2004)
Digital Object Identifier (DOI) 10.1140/epjcd/s2004-03-1651-0

EPJ C direct

electronic only

Status of the COMPASS experiment at CERN

Barbara Badetek?, on behalf of the COMPASS Collaboration

CERN, EP Division, CH - 1211 Geneva 23, Switzerland
On behalf of the COMPASS Collaboration

Received: 12 November 2003 / Accepted: 7 January 2004 /
Published Online: 11 February 2004 — (© Springer-Verlag / Societa Italiana di Fisica 2004

Abstract. Status of the COMPASS experiment at CERN is given.

PACS. 1 3.60.Hb, 12.38.-t, 13.30.-a, 13.88.

1 Introduction

The COMPASS (or NA5R) is a two-phase experiment, si-
tuated at the M2 muon beam from the CERN SPS [I]. In
its present, muon beam phase the experiment is designed
to access the gluon polarisation AG/G in the nucleon, lon-
gitudinal (Aq) and transverse (Arq) spin dependent par-
ton distributions in the nucleon, nucleon structure func-
tion g; at low- and moderate x, A hyperon polarisation
and spin transfer in the fragmentation, (AD{;) and finaly
the vector meson production and decay. In this paper a
short account of the status of COMPASS after the 2002
run will be given.

2 Setup

The first physics data were taken in 2002, using the positi-
ve muon beam of 160 GeV arriving in 4.8 s long spills every
16.2 seconds. The muon flux was 2.8x10® per spill. The
beam was about 76% polarised, 3% momentum spread
(RMS) and emittance about 10 (20) mmxmrad (RMS)
in the horizontal (vertical) direction. It was incident on a
6LiD polarised solid-state target, consisting of two cells,
oppositely polarised up to 57% by the dynamical nuclear
polarisation and of angular acceptance for produced par-
ticles about 70 mrad. Both longitudinal and transverse
target polarisations were used.

The detector is a two-stage spectrometer; the large-
and small-angle spectrometers cover £180 mrad and 430
mrad acceptance respectively and each comprises tracking
and particle identification detectors as well as a conven-
tional dipole magnet of bending powers 1 and 4.4 Tm.
Spectrometer performance in 2002 is described in detail
in [2]. All the results shown here come from the 2002 run.
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Fig. 1. COMPASS kinematic acceptance

3 Acceptance and data flow

A total amount of 260 TBytes of data were collected. For
the longitudinal target polarisation this corresponded to 3
800 x10% events, out of which about 570x10° events con-
tained incident and scattered muons and 29 x10° events
also corresponding to @2 >1 GeV2. Integrated luminosity
was 1.2 fm~! and 0.3 fm ™!, respectively for the longitudi-
nal and transverse polarisation. The kinematic acceptance
covered by the data is shown in Fig. Il Very small values
of Q% (and ) are accessed; this was a goal since the charm
production cross section is high there. It will also permit
to test the Regge predictions for g; since at low Q? the
covered interval in z is wide, cf. [3].

4 Gluon polarisation, AG/G

The gluon polarisation in the nucleon, AG/G, will be ac-
cessed through measurements of the spin cross section
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Fig. 2. Expected statistical error on the x As part of the quark
contribution to the nucleon spin

asymmetries in the photon—gluon fusion process (g7* —
qq) tagged either by a charmed DY(D?) meson or by the
high transverse momentum hadron pair in the final state.
The former reaction is very clean due to the charmed me-
son decay in the K7 channel with the cross section high
at low Q?; the RICH identification of kaons is essential
here. The latter is very abundant but flooded by the back-
ground of the QCD Compton scattering and of the lead-
ing order processes. Estimated statistical accuracy of the
AG/G measurement via the high-pt hadron pairs and
based on 2002 data is about 0.3 (0.1) for Q? >1 GeV?
(no Q? cut) sample. For the open charm production no
accuracy estimates can be given at present.

5 Spin dependent parton distributions, Aq

Large statistics of the semi-inclusive processes at Q2 > 1
GeV? together with a good identification of the final state
hadrons will permit the flavour decomposition of the quark
contribution to the nucleon spin. In Fig. 2] an example
of the statistical error estimate for the xAs for the 2002
COMPASS data is shown, together with measurements of
HERMES. The lower limit in « for the COMPASS data
will be an order of magnitude smaller than the one for
HERMES.

6 Transverse spin dependent parton
distributions, Arq

Semi—inclusive deep inelastic scattering off a transversely
polarised target permits to measure the transverse spin
dependent parton distributions, complementing the spin
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Fig. 3. Expected statistical accuracy for the Collins

asymmtery for positive leading hadron. See text for details

averaged and longitudinal spin dependent distributions in
the full (leading twist) description of the nucleon. These
distributions correspond to the quark polarisation along
the nucleon spin direction when the nucleon is polarised
transversely to the virtual photon. Non-relativistically
they are identical with Aq but in a relativistic picture
of the nucleon they may differ due to the fact that lon-
gitudinal and transverse operators do not commute. Two
types of polarimeters may be used in the measurements:
mesonic ones (Arq extraction via the azimuthal depen-
dence of a leading hadron in the Collins effect) and bary-
onic ones (Arq extraction from the transverse polarisation
of the produced hyperon A). In 2002 about 20% of the
data were collected with the transversely polarised ®LiD
target. Corresponding statistical accuracy of the Collins
asymmetry for events with positive leading hadron and
additional cuts: Q% > 1 GeV?, 0.1 <y < 0.9, z" > 0.25
and p% > 0.1 GeV is shown in Fig. Bl More details about
the transversity analysis is given in [4].

7 Longitudinal polarisation of the A° hyperon

Longitudinal polarisation of the A hyperon in the cur-
rent fragmentation region (xp >0) provides a possibility
to measure the spin transfer in the fragmentation, AD§7
as well as to test the strange sea symmetry in the nucleon.
The A° (A9) hyperons are clearly identified in the data,
Fig. @l Their polarisation was measured via the angular
asymmetry of their positive decay product. In the A cms
(with an x axis along virtual photon, v* and y perpendic-
ular to v* and the target nucleon momenta) the angular
distribution, dN/dcos#;, of that positive particle is given
by (1 + aP;cosb;)/2 where i = x,y, z, P is the polarisation
vector and =0.64240.013 is the hyperon decay parame-
ter. In Fig. [ ratios of the measured to simulated values of
cosf; are shown for the K meson and A° (A9) hyperons.
The data correspond to about 1/6 of the 2002 statistics.
Cuts: Q% > 1 GeV?, 0.2 <y < 0.9 and the decay vertex
situated outside the target were imposed. All the distri-
butions for the K® meson (which is spinless) and cosf, for
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Fig. 4. Angular distributions of K° mesons and A hyperons
normalised to the (unpolarised) Monte Carlo calculations. Er-
rors are statistical. The first column shows the K® and A (A)
signals

the hyperons should be flat. Deviations from flateness in
all other distributions point towards longitudinal (cosf,)
or transverse (cosf,) polarisation of hyperons. There is a
hint of a small P, polarisation of the A. The analysis is de-
scribed in more detail in [5]. The data demonstrate a very
good COMPASS potential for the A hyperon polarisation
measurement.

8 Vector meson production and decay

A very clear signal of the hadronic (7 and KK) decay
channels of the p° and ¢ mesons is seen in the data. Statis-
tics is large in the whole range of measured Q2 values, from
the (quasi-real) photoproduction up to the deep inelastic
region. This permits a high precision investigations of the
v*N = VN reaction, known to be diffractive even at large
Q? and important in the studies of pomeron/multigluon
exchanges. Among the goals one should also mention the
extraction of the density matrix elements and tests of the
s channel helicity conservation (SCHC), measurements of
the double spin asymmetry (possibly related to AG/G at
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Fig. 5. Angular distributions in the p° decay for four bins of
Q2. Errors are statistical. The angle @ is measured in the p°
rest frame, ¥ = ¢ — @ if the s channel helicity is conserved and
¢ and & are angles between p° production and decay planes
and production and scattering planes respectively

high Q?), and exploratory studies of generalised parton
distributions at large Q2.

One dimensional projections of the p° decay distribu-
tions are shown in Fig. B They are based on 1/6 of the
2002 statistics, are acceptance uncorrected and comprise
the following cuts: scattered muon energy > 20 GeV, muon
energy transfer > 30 GeV, Q% > 0.05 GeV?, modulus of
the four-momentum transfer to the target corrected by its
minimal kinematically allowed value is smaller than 0.5
GeV? and -2 < (M2 - M?)mton)/ZMpmton < 2.5 GeV (M,
is the missing mass of undetected final state particles),
see [6] for details. The data show that the fraction of lon-
gitudinally polarised p mesons seems to be close to zero
at small Q2 and growing with Q2. The azimuthal distri-
butions are consistent with an approximate SCHC.
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