RESULTS FROM THE COMPASS EXPERIMENT AT CERN
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COMPASS has accumulated so far 3 years of datagube 160 GeV polarized muon
beam from CERN and a polarized deuterium targesttioly the spin structure of the
nucleon. The most precise determination of the mlpmlarization is obtained at
%;=0.085 and a QCD scajé=3 Ge\?, from the high p hadron pair channel a?@& 1

GeV? the valueAG/G=0.016 + 0.058 + 0.055 is compatible with zefovo other

determinations are also shown, one using data®ai,Qnd the other, data from the
production of charmed Dmesons. New data on the spin structure functipargl

results from a NLO QCD global analysis are presente measurement of the Collins
asymmetry on deuterium, linked to the transvergeliarized parton distributions, is
shown. Finally, major upgrades of the spectromatedaunched in view of the 2006 run.

1. The nucleon spin and the COMPASS experiment

The main objective of the COMPASS muon physicgram is the study of
the nucleon spin, and in particular the measureroénbe gluon polarization
AG/G and of the quark spin distributions, longitwdirand transverse. The
decomposition of the nucleon spin among its cauestits, quarks, gluons and
orbital angular momentum respectively can be writis 2 = YAZ + AG + L.
Predictions from the naive quark parton model (QPENHd using a QCD
approach (and neglecting strange quark polarizatead to a large polarization
of the quarksj.e. A>=0.60 for QCD. On the contrary, measurements froen t
last decades show thay ¢he singlet axial matrix element relatedM®, is small,
~0.25. In fact, g¢ AZ in the QPM, but in QCD for certain schemeg: a
AZ - (3a J2m) AG. Thus a large value a&G could help restoring\x [D.6.
COMPASS performs a direct measurementAd(x). This requires polarized
beam and target, and the measurement of spin adyiesnaf a process sensitive
to the gluon distribution in the nucleon. The 1686MGpolarized muon beam
from CERN, with 2.1® muons per 4.8s spill and a polarization of 80% is
scattered on a polarized deuteron target. The ttangeerial,°LiD, has been



chosen its high dilution factor (fraction of poleedl nucleons ~ 50%). To reduce
false asymmetries, two 60 cm long target cells podarized in opposite
directions to about 50%. The target polarizationeigersed once every 8 hours
when polarized longitudinally, and once every wee&ken polarized
transversely. The COMPASS spectrometer is a twgesspectrometer for large
and small angle tracking, with precise momentum suesament and particle
identification [1]. Data were taken during 3 yefian 2002 to 2004.

2. Inclusive measurements and NLO QCD analysis

2.1. Spin structure function g° and QCD analysis

Using data taken with the longitudinally polarizadget, the A’ spin asymmetry
from inclusive DIS md—uX events (3>1GeV?) is measured, and the
corresponding spin-dependent structure functighigy extracted. Fig.1 shows
COMPASS results (closed points) [2,3] compared tdCSresults. The
COMPASS data are
much more precise at
Q*>1 for 0.004%<0.03,

an important region for
low x extrapolation. The
data taken in 2004, with
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Figure 1. The longitudinal spin structure functiem® as :

function of x (2002-2003 data[3]) included in a global NLO

QCD analysis of world
data (full curve in Fig.2). The analysis assumefdial parameterization of the
polarized parton distributions and takes into aotothe pQCD evolution
equations. Preliminary values obtained&arandAG (integrals) are:

AY¥ =0.25+0.02 and AG=0.4+0.2
The statistical error obtained by the fit, decreasem 0.03 to 0.02 foAX
by including COMPASS 2002-2003 data. A much langecertainty associated
to the choice of the initial parameterization ipested especially fohG. Since
g, world data cover only two decades<iand @, AG is poorly constrained.

2.2. Longitudinal spin asymmetry fat low &

The COMPASS domain extends to even lonand G (Fig.2) than shown
in 2.1 New results obtained for the longitudinal spiyrasetry A at <1



GeV are shown in Fig.3 [2], in full blue circles (pigtled data at €1 [3] in
red). COMPASS exploresvalues ten times smaller than SMC, with error bars
already a magnitude smaller. Additional data, take2004, are still to come.

0.6

= . COMPASS 2002-03, @>1 GeV?
U<‘_' 05 -l . COMPASS 2002-03, @°<1 GeV? (PRELIMINARY)

«— e E143, Q1 GeV?
> [ COMPASS 2002-03 108 ~
B1or & 0.4H v E155, Q%1 GeV?
o E @ HERMES, Q%1 GeV?

1E 10° -

0.3 E * SMC, all @

107 J

ok 3 |
. i I{T

- T7&11
0.1—
10{0'5 10° 10* 10° 107 107 1 o E } T%T },ﬁﬁ
X of—- { .%_ {_ 3 3 ¢ {%klgfﬂ :
Figure 2.x-Q? range S } R L
L T Y Y SR R
10 10 102 10* o 1

Figure 3 . The A longitudinal spin asymmetry versus x. New COMPASSults at <1 Ge\?
and lowx (5 10 <x< 0.02) : full points in blue. 2002-2003 data

3. Measuring the gluon polarization directly

A direct measurement of the gluon polarizatie performed via the spin

“\%/“' asymmetry of photon gluon fusion (PGF) events @jig.

Two channels are studied, th@pen charm’channel where
g the outgoing quarks are and ¢, and the'high transverse
/% momentum @ hadron pair’ channel (light quarks). The
P theory for theopen charmchannel is well established, but
Figure 4 The photo the statistics is low. On the contrary, for thagh pr

gluon fusion diagrai  channel, there are competing processes which cameot
Y'g— ad separated experimentally, but the statistics if.hig

3.1. Open charm channel {*g — ct)

The presence of the outgog®@ quark pair from the PGF process is signhed
by the production of a charmed Beson which can decay into atiair. There
is basically no contamination from other physicaruels. The QCD scale is
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Figure5. M(K) - M(D° for untagged B(left) , and ‘tagged’ B (right): D* — D°




N

given by the mass of the
I charm quark. Bs are
I I I also identified by tagging
D* mesons which decay
o into D° and a sofft Fig.
:° 5 shows the invariant
T LT ———— mass distribution of the
KTt pair for the untagged
Figure 6AG/G (charm channel) vs year, and averagedDos’ and for the B tagged by
a D*. In the latter case where a
soft Tt is required, the background is much reduced. Tihengpolarization is
extracted using the measured spin asymmetry andribbzing power of the
PGF process calculated at leading order. The predim results[4] obtained for
AG/G are shown in Fig.6 as a function of the yaadt averaged over the 3
years, both for the untagged<)open points) and the tagged one (labeled as D*,
closed points). Finally, the average over the 2ok is
AG/G (charm) = 0.57 + 0.4(stat).
The systematic error is smaller than the statistoa. On average, the fraction
of the momentum taken by the gluon ig><= 0.15 and the QCD scalepz=13
(GeVicY.
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3.2. High pr hadron pair channel

When the outgoing quark and antiquark of Rit&F event are light quarks,
the process is identified by the production of thedrons at high transverse
momentum p. Data at @ below or above 1(GeV/thare treated separately, since
the physical background depends on tRe&ue.

Data at *>1 (GeV/cy\: a Monte Carlo with the LEPTO generator is used to
calculate the fraction of events of all processe®lved (PGF, leading order
scattering and QCD Compton,...) , and the mean valueooesponding
analyzing powers. About 1/3 of the events are P@nts. The preliminary
result [4] using 2002-2003 data is

AG/G (high pr @*>1) = 0.06+ 0.31(stat)+ 0.06(syst).
The value is compatible with zero. It is obtained<a;>=0.13 and g*>~3
(GeV/c)? The physical background is well understood, aiveésya negligible
contribution to the asymmetry. More data, from 2004 run will come soon.

Data at Q<1 (GeVi/cY (see [5] for 2002-2003 data): The sample of data a
Q%<1 (GeVicYis 10 times larger than the one &>QGeV/cf. The PYTHIA
generator, adapted to this kinematical range, shbaisin the total, there are
about 1/3 of PGF events and 1/2 of events whereptitdon is ‘resolved’,
giving rise to several additional processes sefesitio polarized parton
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distributions in the nucleon, but also to polarizemton distributions in the
photon. In the end, the contributions of these @sees to the asymmetry appear
to be small. For the part of the polarized partastridbutions in the photon
which are not known, the bounds given by the ummdd distribution are used.
The preliminary result [4] obtained from the 20002 data is

AG/G (high pr @°<1) = 0.016 + 0.058stat)+ 0.055(syst)

The above value, measured at><= 0.085 and g>= 13(GeVi/c§ is
compatible with zero. So far, this result is thestprecise one for the direct
measurement oAG/G. In Fig.7 the twoHigh p’ points from COMPASS (©

<1, full red circle; @ >1,

o %% D Ema full square) and theharm
G 060 8 comesgicimoem result (black triangle), are
046 A COMPASS, open charm (02-04,prelim) .

A compared to the previous
0.2

‘high p/ data from SMC
RS 2 R (Q@°>>1) and HERMES (all

027 3 Q?. Note that thqs> QCD

04F _ Grevimax scale is not identical for all

-0.6[ — GRSV-std e data. The 3 curves are

ogh GRSV L QCD NLO fits to g, giving
10° 10"

integrals ofAG = 0.2, 0.6
and 2.4 respectively, af=

Figure 7.AG/G vsx, New COMPASS measurements (t 3 (GeVICY. For this given
pr low Q?=full red point, high &=full blue squarecharm: shape COMPASS data
triangle) compared to existing data and QCD #&tgit exclude large values for

the integral of AG. Note that recent RHIC Spin results op AT or jet
production) [6] also favor also a smAlG.

G

4. Transversity

4.1. Collins Asymmetry

Three structure functions are necessary to desthidbaucleon at leading twist:
Fo(¥), a(X) and R(x). The latter is linked to the distribution of temersely
polarized partondt cannot be measured in DIS, but it can be aecksssemi-
inclusive DIS with a transversely polarized targeten coupled to an adequate
fragmentation function (see [7&8] for more details)

The azimuthal asymmetry of single hadrong Bollins’ asymmetry, is
sensitive to [(x). In Fig.8, the new COMPASS results obtained wéth
transversely polarized deuteron target from 200242@ata, are shown as a
function of x, z and py, both for positive and negative hadrons. Resules a
compatible with zero. This might be due to a cdatieh between p and n.



These data, with
. +g§:‘::fs;a«a positive hadrons 2002-2004 data error bars about 3
o1 - g COMPASS times smaller than
o vasgd ] T URTPUT T U in our previous
% LAt 2, I Al ) * *Taga f . i
publication[8],
01 - - .
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L model[9] describing
o I i HERMES p data
| . t | o] and first
o538 ig ad3 PO ) LI I .
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Figure 8. Collins asymmetry on deuteronxygandpr; positive(up) and negative(down) hadrons

4.2. ‘Two hadron’ asymmetry

Another way to access the transversity iage the ‘two hadron’ azimuthal

asymmetry [7]. Results on o2

deuteron are shown in Fig.9. The £ 2002-2003 data

are also compatible with zero, an < il

thus compatible with the above - {

Collins asymmetry measurement: R l

Another _atte_mpt to measure th oAl preliminary

transversity is also done via thi .
production of As [11] although R e '

with much less statistics. Figure 9. Two hadron asymmetry on deuteron

4.3. Sivers asymmmetry

Simultaneously, another independent azimwlsginmetry is measured, the
‘Sivers’ asymmetry, which is sensitive to the ctatien between the nucleon
spin and the transverse momentum of the quarksilfRes the deuteron [7] are
shown again versus zandpr (Fig.10). Results are compatible with zero and
agree with a model [12] which describes also HERMEdata [10]. A cancella-
tion between p and n can explain the “zero” vabretlie deuteron.
Data with a transversely polarized proton targditlva taken in the future.
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Figure 10. Sivers asymmetry on dxyszandpr, for positive (up) and negative (down) hadrons.

4. Other measurements

L oof Several other measurements are
I f} % performed in COMPASS and included in
02f separate contributions to this conference.

04 All results o/\(A) physics (longitudinal
-0.6:7 ® COMPASS 2002 + 2003 data . . .

| & HeRMES quasiphooprod data @ N\ polarization, A production from
-0.8} ¥ HERMES prod. data (d) H

; ‘ ‘ transversely polarized target, spontaneous

10° 107 107 1 10 .
Q*leevy transverse hyperon production) can be

found in [11]. Studies op® production
are given in [13]. Note that the’
longitudinal spin asymmetry is found to be comgatibith 0 at low G (Fig.11).
Finally, the future prospects for COMPASS are dbésctin [14].

Figure 110° longitudinal spin asymmetry

5. Spectrometer upgrades

Major upgrades have been launched P
increase the figure of merit of the experiment f§@
the measurement oAG/G via the open charngs
channel, to increase the acceptance and to
the whole apparatus suited for higher rates (bel
and trigger), as well as to face the challengesg=
data taking with a hadron beam.

Figure 12. The new lar
acceptance target magnet
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- The new large acceptance 2.5T superconductingettanagnet (Fig.12) will
increase the acceptance from 70 to 180 mrad.
- A new microwave cavity allowing a 3-cel
target should reduce by an order of magnit
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the false asymmetries, by doing simultaneoush’
. : . . Figure 13. Measuremel

measure_ments_ with two (_jlffe_rent combinations | e 5 cal target
target spin as illustrated in Fig.13.
- To increase the purity and the efficiency in péetidentification, and also to
allow for higher beam intensities, a major upgradehe RICH is done: the
central part will be equipped with multi anode mhatultipliers for fast photon
detection, while the Csl photon detectors of theeopart will be equipped with
new fast electronics (60000 channels).
- Finally, large area trackers are being builtdape for the enlarged acceptance.

Altogether, more than a factor 2 in the feywf merit of the experiment
(charmchannel) is expected. In addition this will all @OMPASS to run with
higher intensities in the coming years.

6. Conclusion and outlook

After three years of running, many new resuiave been obtained in
COMPASS, among which the precise determinationhef gluon polarization
AG/G atxg~0.1 from thehigh pr channel. Sivers and Collins asymmetry have
been measured on the deuteron and found compatitiezero in a broad
kinematical range. In the future, more statistidslve taken, including data with
a polarized proton target. Major upgrades of thecspmeter will improve the
figure of merit of the experiment, especially f86/G from thecharmchannel.
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