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Abstract

The investigation of transverse spin and transverse momentum effects in deep inelastic scattering is one of the key

physics programs of the COMPASS collaboration.

Three channels have been analyzed at COMPASS to access the transversity distribution function: The azimuthal
distribution of single hadrons, involving the Collins fragmentation function, the azimuthal dependence of the plane
containing hadron pairs, involving the two-hadron interference fragmentation function, and the measurement of the

transverse polarization of A hyperons in the final state.

Azimuthal asymmetries in unpolarized semi-inclusive deep-inelastic scattering give important information on the
inner structure of the nucleon as well, and can be used to estimate both the quark transverse momentum k7 in an
unpolarized nucleon and to access the so-far unmeasured Boer-Mulders function. COMPASS has measured these

asymmetries using spin-averaged °LiD data.
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1. Introduction

Most of our knowledge of the inner structure of
the nucleon is encoded in parton distribution functions.
They are used to describe hard scattering processes in-
volving nucleons. While a lot of understanding has been
achieved on the longitudinal structure of a fast mov-
ing nucleon, very little is known about its transverse
structure [1]. Recent data on single spin asymmetries
in semi-inclusive deep-inelastic scattering (SIDIS) off
transversely polarized nucleon targets [2, 3] triggered a
lot of interest towards the transverse momentum depen-
dent and spin dependent distribution and fragmentation
functions [4].

The SIDIS cross-section in the one-photon exchange
approximation contains eight transverse-momentum de-
pendent distribution functions [5]. Some of these can be
extracted in SIDIS measuring the azimuthal distribution
of the hadrons in the final state [6]. Three distribution
functions survive upon integration over the transverse
momenta: These are the quark momentum distribution
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q(x), the helicity distribution Ag(x), and the transver-
sity distribution Arg(x) [7]. The latter is defined as the
difference in the number density of quarks with momen-
tum fraction x with their transverse spin parallel to the
nucleon spin and their transverse spin anti-parallel to the
nucleon spin [8].

To access transversity in SIDIS, one has to measure
the quark polarization, i.e. use the so-called ’quark po-
larimetry’. Several techniques are used at COMPASS:
a measurement of the single-spin asymmetries (SSA) in
the azimuthal distribution of the final state hadrons (the
Collins asymmetry), a measurement of the SSA in the
azimuthal distribution of the plane containing final state
hadron pairs (the two-hadron asymmetry), and a mea-
surement of the polarization of final state hyperons (the
A-polarimetry). In these proceedings, I will focus on
new results for the two-hadron asymmetry, while results
for the other channels are shown elsewhere [9].

The chiral-odd Boer-Mulders function is of special
interest among the other transverse-momentum depen-
dent distribution functions [10]. It describes the trans-
verse parton polarization in an unpolarized hadron. The
Boer-Mulders function generates azimuthal asymme-
tries in unpolarized SIDIS, together with the so-called
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Cahn effect [11], which arises from the fact that the
kinematics is non-collinear when k7 is taken into ac-
count.

2. The COMPASS experiment

COMPASS is a fixed target experiment at the CERN
SPS accelerator with a wide physics program focused
on the nucleon spin structure and on hadron spec-
troscopy. COMPASS investigates transversity and the
transverse momentum structure of the nucleon in semi-
inclusive deep-inelastic scattering. A 160 GeV muon
beam is scattered off a transversely polarized NH3 or
6LiD target.

The scattered muon and the produced hadrons are
detected in a wide-acceptance two-stage spectrometer
with excellent particle identification capabilities [12].
The data with a transversely polarized NH; target
shown here were taken in the 2007 run.

3. Two-hadron asymmetry

The chiral-odd transversity distribution Arg(x) can
be measured in combination with the chiral-odd po-
larized two-hadron interference fragmentation function
Hf(z, Mizw) in SIDIS. M,,, is the invariant mass of the
h*h~ pair. The fragmentation of a transversely polar-
ized quark into two unpolarized hadrons leads to an az-
imuthal modulation in ®rg = ¢ + ¢ — « in the SIDIS
cross section. Here ¢y is the azimuthal angle between
R and the lepton scattering plane and Ry is the trans-
verse component of R defined as:

R=(z-p1—21- ) +22). (1

p1 and p, are the momenta in the laboratory frame of
A" and A~ respectively. This definition of R7 is invariant
under boosts along the virtual photon direction.

The number of produced oppositely charged hadron
pairs Nj+,- can be written as:

Ny+p- = No(] +f'Pt'DNN'ARS ~SiIlCDRS sm0) (2)

Here, 0 is the angle between the momentum vector of
A" in the center of mass frame of the A4~ -pair and the
momentum vector of the two hadron system [4].

The measured amplitude Agrg is proportional to the
product of the transversity distribution and the polarized
two-hadron interference fragmentation function
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Figure 1: Two-hadron asymmetry 4gs as a function of x, z and M,,,,
compared to predictions of [16]. The lower bands indicate the sys-
tematic uncertainty of the measurement.

D}z, M;,)) is the unpolarized two-hadron interference
fragmentation function. The polarized two-hadron in-
terference fragmentation function H* can be expanded
in the relative partial waves of the hadron pair system,

which up to the p-wave level gives [4]:
H{ = H"" + cos@- H""P. 4)

Where H;"" is given by the interference of s and p
waves, whereas the function H f’p P originates from the
interference of two p waves with different polarization.
For this analysis the results are obtained by integrating
over 6. The sin 6 distribution is strongly peaked at one
and the cos @ distribution is symmetric around zero.
Both the interference fragmentation function
Hi(z, M? ) and the corresponding spin averaged frag-

mnv

mentation function into two hadrons Df/’(z, ]V[iznv) are
unknown, and need to be measured in e*e” annihilation

or to be evaluated using models [4, 13-15].

4. Results for hadron pairs

The two-hadron asymmetry as a function of x, z and
My, is shown in Fig. 1. A strong asymmetry in the va-
lence x-region is observed, which implies a non-zero
transversity distribution and a non-zero polarized two
hadron interference fragmentation function H*. In the
invariant mass binning one observes a strong signal
around the p’-mass and the asymmetry is negative over
the whole mass range.

The lines are calculations from Ma et al., based
on a SU6 and a pQCD model for transversity [16].
The calculations can describe the magnitude and the x-
dependence of the measured asymmetry, while there are
discrepancies in the M;,,-behavior.
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