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Abstract. The future polarized Drell-Yan measurement at COMPASSés@nted. The Drell-Yan
events produced by the collision of a pion beam with an unjaad or transversely polarized pro-
ton target will allow to access the transverse momentum midgr@ parton distribution functions of
hadrons. Sivers, Boer-Mulders, pretzelosity and trarstyefunctions will be studied. This mea-
surement is complementary to the ones performed in COMPAS®mi-inclusive deep inelastic
scattering of muons off a transversely polarized targetyigiing an important test of QCD in the
non-perturbative regime.
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The COMPASS experiment has been studying the transverseentam dependent
parton distribution functions (TMD PDFs) of the nucleon aelteron from semi-
inclusive deep inelastic scattering (SIDIS) processes pblarized muon beam off a
transversely polarized target. By measuring the azimusisginmetries of produced
hadrons originating from different target spin configuras one accesses the convo-
lution of a target nucleon PDF with a fragmentation functadrthe produced hadron.
In this way, important effects like Collins, Sivers, and @aire studied. Such dynamics
effects give us information about the interplay betweem sgiomentum and intrinsic
transverse momentum inside the hadrons. Another way tsaciddD PDFs is via the
Drell-Yan process, with the difference that the measur@tathal asymmetries are pro-
portional to a convolution of 2 PDFs, corresponding to taegel beam quarks interven-
ing in the annihilation process. TMD PDFs which are time regkodd, as is the case
of Sivers and Boer-Mulders, are expected to change sign wbeessed from SIDIS
or from Drell-Yan. This is considered to be a crucial testlod T™MD factorization ap-
proach. The COMPASS experiment will do the Drell-Yan measent in the dimuon
channel with unpolarized and transversely polarized taage art~ beam, thus being
able to check not only the sign change prediction, but als@eixSivers, Boer-Mulders,
pretzelosity, and transversity [1].

COMPASS has a two-stage spectrometer, with two dipole ntagmal a large num-
ber of tracking detectors, allowing for an angular coverfigen 15 to 140 mrad [6].
Two target cells are installed inside a superconductingrsmt/dipole, at a temperature
of 50 mK. The cells are oppositely polarized, and the spirfigaration is periodically
inverted, such that systematic effects are minimized. Vistesn allows for either longi-
tudinal or transverse polarization of the target nucleoiib vespect to the beam direc-
tion. With solid state ammonia (N4)l as target material, one can reach a packing factor
of 50%, with a fraction of polarizable material of 0.22, aihe fpolarization reached is
of the order of 90%.

COMPASS is located in the M2 beam line of the SPS/CERN, whioliges either
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FIGURE 1. One option for the target region configuration in the Dredin¥setup.

muon or hadron beams, in a momentum range of 50 to 280 GeV& optimization
studies indicate that @ beam at 190 GeV/c is a good choice for the Drell-Yan
measurement. This beam has a small contamination of 4% kaodsless than 1%
antiprotons. The radiation safety conditions limit the foemtensity allowed in the
experimental hall to & 107 particles/second.

The hadro-production cross-section being much larger thenDrell-Yan one, it
becomes mandatory to prevent these hadronic products tlanethe detectors. This
goal is achieved by adding a thick hadron absorber immdgliai@vnstream of the
target. The optimization of such an absorber is still ongpbut in the preferred design
it shall be made of aluminum oxide and be more than 2 metecs loside the absorber,
along the beam line, a beam plug made of tungsten will beliadtan order to stop all
the beam which do not interact in the target cells. Figurees@nts one of the options
for the target region configuration.

In such a measurement it is also very important to have a dintrigger. Such trigger
will be based on two large area hodoscopes, with homothetyaaget pointing features.

In the polarized Drell-Yan measurement we are interestedtijnin the so-called
high mass region, of dimuons with invariant mass. M, < 9 GeV/&. This mass
region has the advantage of being very clean from both coatdiial and physics back-
grounds. The Drell-Yan cross-section is nevertheless émagunting to only fractions
of nanobarn. The intermediate mass regiofi B, < 2.5 GeV/& has 5 times larger
cross-section, but a non-negligible background contanainaln this mass range the
open charm contamination is estimated at the level of 15%lz&combinatorial back-
ground is at least as large as the signal. The mass regioa dffitesonance is of special
interest, not only because of the higher Drell-Yan crosgise as compared to the one
in the high mass region, but also because of the so-called/{p¥duality. The J§y and
the y being both vector particles, one can consider an analogydeet Drell-Yan and
the JIp production viagq annihilation, which is believed to dominate at the energies
this measurement. The possibility of varying thddeam energy may allow to study the
J/Y production mechanisms in addition to checking the dualydthesis.

A detailed simulation for both the Drell-Yan and the backgrd processes was per-
formed, using PYTHIA LO generator, and a GEANT based simutedf the spectrom-
eter. The geometrical acceptance for high mass dimuondts Bre than 50% of the
accepted events are identified in the large angle spectenrfigdS), while almost 40%
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TABLE 1. Statistical errors expected in the azimuthal asym-
metries, assuming two years of data taking.

2<Myu <25 J/Yregion 4<My,<9

GeV/c? GeVi/c?
A 0.0020 0.0013 0.0045
A" 0.0062 0.0040 0.0142
AP 0.0123 0.0080 0.0285
AP 0.0123 0.0080 0.0285

have one of the muons identified in the small angles specta(fAS).

Assuming a beam intensity of 610’ particles per second, one expects an instan-
taneous luminosity of .2 x 10°2 cm—2s~1, which means an event rate of high mass
Drell-Yan events of 800 per day. In two years of data-takimg integrated luminosity
will be 2900 pb ! and one can collect 230 thousand such events.

With an unpolarized or transversely polarized ammoniagiqargnd art~ beam, one
can assume u-quark dominance annihilation, and study theafmmuthal asymmetries:

COSB pSINGs ASNEPHE) and ASNAP~%)  which are proportional to the following con-
volutions of PDFs, respectively: both Boer-Mulders of iming hadrons, unpolarized
of beam with Sivers of target nucleon, Boer-Mulders of beaom pvith pretzelosity of
target nucleon, and Boer-Mulders of beam pion with transityeof target nucleon. The
COMPASS measurement will be probirg > 0.1, i.e. mostly valence quarks, and the
theory predictions are for sizable asymmetries, in theoofl@ to 15%, in this case.

Table 1 presents the expected statistical errors in the m®fries, assuming two years
of Drell-Yan data-taking. Such statistical accuracy wilba to do a study in severad
and dimuonpr bins. In figure 2 the expected statistical accuracy of thenasgtries
is shown together with some theory predictions availabletifi@ Drell-Yan case at
COMPASS, from [2], [3], [4] and [5].

Beam tests were performed in 2007, 2008 and 2009 in ordeutty she feasibility
of the measurement. The radiation conditions in the COMPA&ISwere monitored,
showing that up to a beam intensity ok@.0’ particles/s the radiation dose stays below
the safety limits. The target temperature does not increigseficantly with the incident
pion beam at the proposed intensity. The relaxation timehef target polarization
is measured to be in the order of thousands of hours. The beats have shown
no problems with the detector occupancies, even for theeglatoser to the hadron
absorber, that still detect some amount of punch-througimh@mentum particles.

The JI) particles collected in the beam tests have shown a goodragreewith the
expected from Monte-Carlo, thus validating our simulasiomhe beam test of 2009
used a prototype hadron absorber and beam plug. The datzteallin three days lead
to more than 3000 §/ events reconstructed. The reconstructed vertexes cleaoly the
separation between the two target cells as well as the evggisating from interactions
in the hadron absorber. The combinatorial background tiegufrom pion decays is
estimated using the sample of like-sign muon pairs. Thesmasof the hadron absorber
reduces the combinatorial background by a factor 10 for dinswfM,,, = 2 GeV/c.
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FIGURE 2. Statistical accuracy of the asymmetries in two years of-tiking, compared to several
theory predictions ( [2], [3], [4] and [5]) for the Drell-YaBOMPASS case in the dimuons high mass
region.

The Drell-Yan measurement with unpolarized and trans\es®arized target is part
of the COMPASS physics program already approved by CERNai ist 2012.

To conclude, one should stress that the expected statiaticaracy will allow to
check the theory prediction that the naive time reversaldd® PDFs Sivers and Boer-
Mulders have opposite signs when measured in SIDIS and il-iaa processes. Not
only these two PDFs, but also the transversity and the gostitg will be studied as a
function ofx and dimuorpt. COMPASS has the potential to become the first experiment
to access these TMDs of the nucleon in a polarized Drell-Ygeement.
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