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Abstract

The production of vector mesons in SIDIS is a particularly interesting channel to study
the polarized fragmentation and related phenomena. Preliminary COMPASS results for
the first measurement of inclusive p° Collins and Sivers transverse-spin asymmetries are
presented here for the first time. The analysis is based on the data-set collected by COM-
PASS in 2010 using a 160 GeV/c u" beam and a transversely polarized NH; target. The
asymmetries are extracted as function of Bjorken-x, of the total transverse momentum
of the oppositely charged hadron pair and of the fraction of available energy z carried by
the pair. Indications for positive Collins and Sivers asymmetries are obtained as expected
from models.

1 Introduction

Transverse spin asymmetries (TSAs) in Semi-Inclusive Deep Inelastic Scattering (SIDIS) like
the Collins, dihadron and Sivers asymmetries are being measured since 2005. TSAs have been
measured in SIDIS off proton, deuteron or neutron targets for unidentified charged hadrons
or for identified pions, kaons and protons by the HERMES [1], COMPASS [2,3] and JLab [4]
collaborations. Valuable information on the nucleon structure encoded in parton distribution
functions (PDFs) and on the fragmentation process encoded in fragmentation functions (FFs)
have been extracted from such asymmetries. The most remarkable results concern the extrac-
tion of the transversity and the Sivers PDFs that turned out to be different from zero. Similar
results for the transversity function have been obtained from the measurement of the dihadron
asymmetries [3,5].

An other interesting and unexplored class of TSAs are those related to the inclusive pro-
duction of vector mesons which probe a new and unknown class of FFs [6]. For instance,
models suggest that the Collins effect for the production of p mesons is opposite and smaller
by a factor of three with respect to that of positive pions [7,8]. The measurement of TSAs
for vector mesons is challenging due to the lower statistics than pseudoscalar mesons and the
high combinatorial background. Although their knowledge is crucial to shed light on the spin-
dependence of the fragmentation process, they had never been measured. In this article we
present preliminary results of the first ever measurement of the Collins and Sivers asymmetries
for inclusive production of p° in SIDIS off transversely polarized protons performed recently
by the COMPASS Collaboration.
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2 THE DATA SAMPLE

The data sample used for this analysis is introduced in Sec. 2. The procedure followed for
the extraction of TSAs is explained in Sec. 3 and the final p® TSAs are presented in Sec. 4.
The conclusions are given in Sec. 5.

2 The data sample

We have analyzed the full SIDIS data sample collected in 2010 by scattering a u* beam with
160 GeV/c momentum off a transversely polarized NH; target, already used for many pub-
lished results [2,3]. We require the virtuality of the exchanged photon to be Q? > 1.0 (GeV/c)?
and the invariant mass of the final hadronic system W > 5GeV/c?. Also the Bjorken x variable
is taken 0.003 < x < 0.7 and the fraction of the photon energy carried by the scattered muon
0.1 < y < 0.9. On the hadron side, for each hadron the fractional energy is required to be
larger than 0.1 and the transverse momentum with respect to the exchanged photon direction
larger than 0.1 GeV/c.

Then, all the pairs hyh, = h*h~,h*th*,h"h™ in the same event have been selected as fol-
lows. The cut on missing energy E,,;;c > 3.0 GeV has been applied to reject the exclusive hth™
pairs. The missing energy is defined to be E,;;c = (M)% —MS)/ZMP, where M)% =(q+P, —P)?
with g, P, and P the four-momenta respectively of the exchanged photon, of the target proton
and of the hadron pair, and M, is the proton mass. The fractional energy of the pair z = z; +2,
is required to be larger than 0.3, in order to enhance the fraction of p° mesons. The addi-
tional cuts z < 0.95, 0.1GeV/c < Py < 4.0GeV/c with P} = B;7 + Pyp being the transverse
momentum of the pair, and 0.35GeV/c? < My, < 3.0GeV/c? have been applied.

o 800 x10°
= - COMPASS preliminary
3 F ‘ ‘
© T T | —total
600 I - background
Foe [Jsignal
400 | | f,=0.18
200 - |
S
T S SRR B
0.5 1 15 2

M, (GeVic?)

Figure 1: Total invariant mass distribution of h*h™ pairs (continuous empty his-
togram), estimated background from the h*h* and h—h™ pairs (points) and the signal
distribution (filled histogram).

The final invariant mass distribution of h*h™ pairs is shown by the continuous empty his-
togram in Fig. 1. The p°(770) peak is clearly visible as well as the structures corresponding to
the f,(980) and f,(1240) mesons. As it can be seen the combinatorial background under the
p°(770) peak is large. The points show the normalized invariant mass distribution of h*h™
and h™h™ pairs, that we take as background distribution. This recipe gives a good estimation
of the background in the signal region, although the agreement is not good at low invariant
mass. Also, the systematic uncertainty in the background estimation has been included in the
systematic uncertainty of the final p° asymmetries. The filled histogram shows the background
subtracted yield of h™h™ pairs.



3 PROCEDURE FOR THE EXTRACTION OF TSAS

3 Procedure for the extraction of TSAs

We divided the invariant mass range in four regions, defined as region I for My;, € [0.35, 0.52]
GeV/c?, region II for My, € [0.60,0.94] GeV/c?, region I1I for My, € [1.02,1.22] GeV/c?
and region IV for My, € [1.22,3.0]GeV/c?, as shown by the vertical lines in Fig. 1. The
region II is the "p° region" which contains the p° peak, whereas regions I and III are the
"side band" regions given by the combinatorial background.

The strategy applied for the extraction of the p® TSAs consists in the following steps:

Evaluate the p° fraction f, in the p° region.

a.
b. Measure the transverse spin asymmetry alsjlrrrl(d)") of the h*h™ pairs in the p° region.

. sin(¢x)
Measure the background transverse spin asymmetry AUT,b;‘

Subtract the background transverse spin asymmetry to obtain the final asymmetry by
using

from the side band regions.
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The azimuthal angle ¢y indicates either the Collins angle ¢ o1 = ¢ + ¢s — 7 or the Sivers
angle ¢s;, = ¢, — Ps. The angle ¢y, is the azimuthal angle of the transverse momentum Py
of the h™h™ pair whereas ¢g is the azimuthal angle of the target transverse polarization. Both
angles are defined in the so called GNS frame where the exchanged photon and the target
nucleon are collinear with respect to each other and the X — Z plane is the lepton scattering
plane. The Z axis is taken along the exchanged photon momentum and the X axis along the
transverse momentum of the scattered muon.

The transverse spin asymmetries have been extracted in six bins of x, z and Py by using
standard COMPASS methods [9].

To measure the fraction of p® mesons in the invariant mass region II, the background
distribution, shown by the points in Fig. 1, is subtracted from the total h™h~ distribution.
The resulting signal distribution is shown by the filled histogram in Fig. 1 where the peaks
corresponding to p°(770), f,(980) and f,(1270) mesons are clearly visible. A fit of the signal
distribution with the sum of three Breit-Wigner functions shown in the figure demonstrates
that the subtraction procedure is clean. Finally, the fraction f, of p° mesons in region II is
calculated dividing the p° counts by the total h*h™ pairs in the same region.

This procedure has been applied to all x, z and Py bins and the values of f; are shown in
Fig. 2. We find f; to be almost constant and about 0.18 as function of x and it increases with
P and 2. In particular the high value (about 0.38) in the last z bin can be understood in terms
of the string fragmentation model [10].
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Figure 2: The p° signal fraction as function of x (left plot), z (middle plot) and Py
(right plot).
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Figure 3: Upper panel: Collins asymmetry in region I as function of x (left plot),
z (middle plot) and Pr (right plot). Middle panel: corresponding asymmetries in
region I (full points) and II (open points). Lower panel: final Collins asymmetry
for p° mesons. The errorbars show the statistic uncertainties only. The systematic

uncertainties for the p® asymmetry have been estimated to be o, = 0.304;-

sys

4 TSAs for p° mesons

The Collins asymmetry afji?(d)“hws_n) in the p° region is shown in the upper panel of Fig. 3 as

function of x, z and Py. In spite of the large statistical uncertainties, the asymmetry is positive
and in particular at low Py and for intermediate z values. The corresponding asymmetries in
the side band regions I and III are shown in the middle panel of the same figure. They are

similar and compatible with zero.

The final Collins asymmetryAﬁl}whhws_n) for p° mesons is shown in the lower panel of Fig.

3. The uncertainties are statistical only. It has been obtained using in each bin the background
asymmetryAi}r;(fghhws_n) according to Eq. (1). The background asymmetry is calculated as the
arithmetic average of the asymmetries in regions I and II1I. In spite of the large uncertainties,
the p° Collins asymmetry is positive in all kinematic bins and a clear effect can be seen for
Pr < 0.5GeV/c. This is consistent with the expectations from polarized quark fragmentation
models [7,8].

The Sivers asymmetries are shown in Fig. 4. The uncertainties are again statistical only.

The asymmetry aﬁ?whh_%) in the p° region is large and positive but also the background

asymmetry in the side band regions is large, as can be seen from Fig. 4. The final Sivers
asymmetry for p° mesons A%I}((bhh_%) is shown in the bottom panel in Fig. 4. Also in this case

we find a hint for a positive asymmetry, as can be expected from considerations based on the
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Figure 4: Upper panel: Sivers asymmetry in region II as function of x (left plot), z
(middle plot) and P (right plot). Middle panel: corresponding asymmetries in re-
gion I (full points) and I (open points). Lower panel: final Sivers asymmetry for p°
mesons. Statistic uncertainties only. Systematic uncertainties for the p® asymmetry

have been estimated to be o, = 0.30,;4;-
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parton model and the measurements of the Sivers asymmetries for unpolarized hadrons [1,2],

compatible with the side bands asymmetries.

5 Conclusion

The COMPASS Collaboration has performed the first measurement of the Collins and Sivers
transverse spin asymmetries for p° mesons inclusively produced in SIDIS off transversely po-
larized protons. In spite of the low statistics, an indication for a positive Collins asymmetry is
found, as expected from models of the polarized fragmentation process. The result provides
relevant information for the tuning of the free parameters of models. Also an indication for a
positive Sivers asymmetry is found, in agreement with the parton model. Most important, this
work shows the feasibility of the measurement of TSAs for inclusive vector meson production
which could be done with much higher precision at future facilities.
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