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M EASUREM ENT OF THE GLUON POLARISATION AT COM PASS

G .BRONA ,on behalf of the COM PA SS collaboration
U niversity of W arsaw , Faculty of Physics, 00{681 W arsaw , Polnd

COM PA SS m easurem ents of the ghion polarisation in nucleon, G=G, are reviewed. Two
di erent approaches based on tagging the Photon G uon Fusion process are described. T hey
rely on the open charm m eson or high{pr hadron pairs detection. T he obtained results are:

057 041 (stat:) 0:d7 (syst:) for the open cham , 006 031 (stat:) 0:06 (syst:) and
0016 0058 (stat:) 0:055 (syst:) Hrhigh{pr HrQ? < 1 (Gev=c)” and 02 > 1 (G eV =c)’
regin es, respectively.

1 Introduction

In the fram ework of Q CD the nuclkon spin can be decom posed into four contributions: from
quarks { ,from gluons { G and from angularm om enta of quarks and gluons { L. 4 and Lg:

I (2 gy )+ Lg( )+ Lg( %) (1)

2 2
where 2 isa scalke at which the nuclkon is probed. is determ Ined precisely In a QCD  t
to the g7 structure function data and is 0.30 0.01(stat.) 0.02(evol) at 3 (Gev =c)2m. This
m ethod also gives G =G albeit w ith large uncertainty due to the lin ited kinem atical range of
the g; m easuram ents. O ne of the goals 0f COM PA SS is a determ nation of the G =G quantity.
The m ethod relies on tagging the Photon G luon Fusion (PGF') process with high{pr hadron
pairs, a channel studied also by HERM ES and SM C . In COM PA SS also a direct channel
based on the PG F tagging w ith the open cham m eson production and decay is used.

TheCOmmon M uon and P roton A pparatus for Structure and Spectroscopy (COM PA SS) is

a two-stage m agnetic spectrom eter located at CERN SPS muon beam line which delivers 160
G &V /c positive muons of ntensity 2 19 particles per 16 8s SPS cycle. M uons in the beam are
naturally polarised. T he polarisation is 0.76 (for 2002 and 2003) and 0.81 (for 2004 data taking
period). The COM PA SS target is com posed of two solid state °LiD cells, each 60 an long and 3
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an in diam eter. T he spins of the deuterons In the cells are polarised in the opposite directions,
parallel and anti{parallel to the beam polrisation. The °Libasically consists of a deuteron
plus *He core; a dilution factor of about 0.4 is obtained for the target m aterial. T he average
polarisation of the target deuterons is 50% . D irections of polarisation are Ipped every 8 hours.
T he tw in{target and the spin reversals are needed to cancel false asym m etries originating from

di erent spectrom eter acceptances for the two target halves and from the tin e variations of the
beam ux. Particles produced in the interactions are traced and denti ed in two spectrom eters
equipped w ith tracking and identi cation detectors (includingR ICH ),m agnets and calorin etry5 .

2 D eterm ination of G=G

T he analysis isbased on them easurem ent of the cross sections asym m etry of the Photon G luon
Fusion (PGF) interactions w ith di erent relative spin orientations of the projctile and of the
target nucleon. Thisasymmetry,A Y ,iscoupled to G=G via:

N G
A :RPGFéLLT"'ABG (2)

where 81,1, isthe partonic asymm etry, Rpgr is the fraction of PG F events in the selected sam ple
and Agg is the background asymm etry. Two m ethods to extract G are discussed below .

2.1 The open cham m ethod

The mass of a charm quark is much larger that of u, d and s quarks. The intrinsic cham
content of the nucleon at COM PA SS kinem atics is negligible. A 1so the production of the cham
quarks iIn the fragm entation process is highly suppressed. The only reaction that has a sig-
ni cant contribution to the cham production is PGF process. T he cham ed quarks fragm ent
subsequently into chamm ed hadrons. T he detection and identi cation of them provides a clear
tag for the PGF . T he studies rely on the detection of D ° m esons in their K decay channel
T he m esons are reconstructed by pairing each two charged tracks from a given event and cal-
culating the Invariant m ass of the systam . T he signalto-background ratio is sm all, of the order
of 1:10. Therefore, a second, m ore exclusive decay channel is studied: D ! D O 1 K . In
this channela cuton theD m ass is in posed and the signalto-background ratio is increased to
approxin ately 1:1.

Each open chamm event is characterised by di erent value of4;,;, . TheRpgr , corresponding
in the open chamm channel to the signalto-dbackground ratio, is a function of the K  invariant
m ass. T herefore a weighted m ethod of the G =G extraction is applied. Each event is weighted
with its 411 and Rpgr - This requires know ledge of the 411, on an eventby-event bases. A's
In the analysis only one chamm ed m eson is required, the reaction kinem atics is unknown and
the 411, cannot be calculated. Thus the param eterisation based on the m easured kinem atical
variables is introduced providing the estin ation of the 411, for each event. T he param eterisation
is obtained using N euralN etw orks trained on the sam ple prepared with AROM A generator In
LO QCD .The correlation between the generated and reconstructed 4;;, is 82% .

Them apr contrdbutions to the system atic error are listed in Tab[dl. T he background asym —
m etry is checked in the signalsidebands, in the w rong charge com binations and by sin ultaneous

tting the signal and the background asym m etries. T he data is divided into subsam ples, each
containing events recorded in approxin ate a week long intervals. For each the G=G is calcu-
lated. D ispersion of the values isused to estin ate the false asym m etries arising from the detector
instabilities. T he param eter sets in AROM A are varied and a num ber of 41,1, param eterisations
is prepared and used to check the stability of the obtained G =G . Around 300 di erent tsare
used for tting the signaland the background and the calculation of the Rpgr -
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Figure 1: Invariantm ass of the K pairs com ing from D 0 untagged and tagged with D sam ples.

Table 1: M ajpr contributions to the systam atic uncertainty. T hey are estin ated independently for both channels
and found to be equal. The contribution from the uncertainties of the beam and target polarisations, dilution
factor and the correlation between the signalstrength and the 411, added in quadratures are presented as \O ther".

Background asymm etry | 0.07 | Fitting | 0.09
False asym m etries 010 | Other | 0.07
Param eters of AROM A | 0.05

A prelin nary result from the open charmm analysis for 20022004 data is:

h?i= 0:57 041 (stat:) 0:17 (syst:) (3)

T he average fraction of the nucleon m om entum carried by the ghion, x4, for the selected sam ple
is015with RM S of 0.08. The 2 isgiven by the m ass of the chamm quark and the D ° m eson

transverse m om entum w ith respect to photon: 2= 4(m 2+ p?) and equall3 (G eV =)°.

2.2 The high{pr m ethod

The high{pr m ethod relies on a sam ple of PG F events w ith light quark pair production. W ith
the selection of two high{pr hadrons a fraction ocf PGF events is enhanced and reaches 30% .
The high{pr analysis is perform ed in two kinem atical regines: Q2 > 1 (GeV=c)® and Q2 <
1 Gev=c).

For the high{pr analysis with Q% > 1 (GeV =c)2 the sam ple contains a large fraction of
the Leading Order ( g ! ) and QCD - om pton interactions ( g ! gq) apart from the PGF.
T he fraction of the resolved photon processes is assum ed to be negligble. The cut x < 005
suppresses the Leading O rder and Q CD € om pton contributions. T hus:

. G
A MU= Regrhar " i — (4)

Theratio Rpgr isestimnated from M C sinultion using the LEPTO 6.5.1 generator.

About 90% of events containing two high {pr hadrons have Q 2<1 (Gev =<:)2 . Here apart
from the PGF, Leading O rder and Q CD € om pton the resolved photon processes have to be
taken into account. T hey contribute to m ore than 50% of interactions. T hree channels involving
resolved photon dom inate: gqg ! ggq,a9 ! 99,99 ! gg. The totalasymm etry is:
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Figure 2: G uon polarisation G=G (x4) at 2 =3Gev? obtained from NLO QCD analysis (curves) and from
m easurem ents (points).
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w here the superscript  denotes the parton distribbutions describing the resolved photon struc-
ture. T he fractions of the processes as well as the average 4;,;, for each of them are estim ated
with a M C sinulation using PYTHIA 6.2. The large num ber of param eters not m easured di-
rectly but estin ated from the sin ulation results in a m odeldependence of the resulting G =G
value. T his dependence is encom passed In a system atic error (see also o ).

T he prelin inary results from thehigh{pr analysisfrom the 20022003 dataatQ? > 1 (G &V =<:)2

and for 20022004 data at 02 < 1 (G eV =c)’ are:

G
h?iz 0:06 031 (stat:) 006 (syst:) (6)

G ,
h?1= 0016 0058 (stat:) 0055 (syst:) (7)

The average x4 for the rst one is 0.13 with an RM S of 0.08 while for the second one it is
0:095+OO:(3048 . The scale 2, given by the transverse m om entum of the outgoing partons w ith
respect to photon, is 3 (G &V =c)2 for both sets.

In F . [2 these direct m easurem ents are com pared to param eterisation of G (x 4) obtained
In a NLO t to the gy data including the new deuteron results?. Two solutions for G (xgq)
were found, one positive and one negative, both resultihg n snalljGj 02 03 for 2 =3
Gev =c)2 . T he error band corresponds to the change of ? by unity. W ith the present precision
m easuram ents cannot distinguish between two possible scenarios. H ow ever they are in line w ith
a anallvalueof G.
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