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We present measurements of Collins asymmetries [1] in tlasive processte™ — X at

a center-of-mass energy of 10.54 GeV. We use a data samp&ftof4collected by theBaBaR
experiment at the PEP-II B factory at SLAC, and considerspafrcharged pions produced in
opposite hemispheres of hadronic events. We observe dgarmaetries in the distribution of
the azimuthal angles of pion pairs in two distinct referefiaenes. The obtained results can be
compared to previous measurements performed by the Bedkriexent[2, 3], and can be used
for global analyses combinirgj e~ and SIDIS data, for the simultaneous extraction of the @slli
fragmentation function and the transversity distribufionction.
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1. Motivation for extraction of Collinsfunction in ee~ annihilation

Transverse spin-dependent effects in fragmentation processesimgeproposed by Collins,
who introduced the chiral-odd polarized fragmentation functign(z, PL2 ) [1]. It describes the
relation between the transverse spin of the fragmenting quark and the aairdiginibution of
the final-state hadrons around the quark momentum. Experimental evidernoentzero Collins
functions was found by the HERMES [4, 5] and COMPASS [6, 7] collabions, from the analysis
of semi-inclusive deep inelastic scattering (SIDIS) of leptons off tramsglye polarized hydrogen
and/or deuteron targets. The cross sections for these procesges@rdional to the convolution
of the Collins function and the chiral-odd transversity distribution function.fakt, using the
factorization theorem, the SIDIS cross section is written as:

gPeX — S DF x o(eq— eq) x Hy (1.1)
q

whereo(eq — eq) is the cross section for the electron-quark hard scatterind&ni the unpo-
larized transversity distribution function. Itis the least known among the fleseling-twist parton
distribution functions needed for a complete description of the momentum amdispibutions
of the quarks inside the nucleon[8] . In order to extract the transvetsitgtion from Eq.(1.1) an
independent measurementtdf is needed.

The measurement of the Collins function can be performed itlee annihilation process
ete” — qq — hihoX, in which the two hadronk; andh, are detected in opposite jets. A non
zero value of the Collins function produces an asymmetry in the azimuthal distritof the two
hadrons around the fragmentiq direction. The Collins asymmetry is conveniently measured
in two different reference frames. In the first frame, calllidist reference frame or RF12, the
azimuthal anglegy and@ shown in Fig.1(a) are calculated with respect to the thrust axis, that is
the axis that maximizes the longitudinal momentum of the event. The differertisd section is:

do(ete” — hihoX)
dzdz,dcosfdgdg

2332 iszfzz[(lﬁosze) @)D (z) + (1.2)

+ sin?(8)cos(u + @)H; Y (z)H; M (22)

In the second-hadron-momentum reference frame or RFQg is the azimuthal angle of one pion
with respect to the momentum of the other pion, as shown in Fig.1(b), and fheedifal cross
section is:
do(e"et — hihpX)  3a? 22 1+cos 6, P
dzdzd2qrd costhdg Q2 172 4
? 6,

Z [D1(z1)D1(z2)] +

S
+

L L

cos(2) 7 [(Zh kKt h-pr —kt -;‘)T)—Hl (2)Hy (ZZ)] ]&1.3)
M1 M3
In egs. (1.2) and (1.3P; is the unpolarized fragmentation functiaa(z,) is the fractional energy
of hadronhy (h,), Q% is theet e~ center-of-mass energy squared, and the angles are defined in Fig.1.
In conclusion, the azimuthal asymmetries induced by the Collins functiehen annihilation are
. n ol

proportional toH;-(z1) x Hy (22).
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(@) RF12 (b) RFO

Figure 1: (Color online) (a) RF12:8 = 6y is the angle between the beam and thrust agig; are the
azimuthal angles between the scattering plane and theveegsmomentuni),; around the thrust axis.
(b) RFO: 6, is the angle between the beam axis and the second hadron momeg is the azimuthal angle
between the plane spanned by the beam axis and the secont haaimentun®,, and by the first hadron’s
transverse momentuf ;. All tracks are boosted in the"e~ center of mass frame.

2. Analysis strategy

The measurement of Collins Asymmetries is performed using a sample of datdexly the
BABAR experiment at the center-of-mass energy of 10.54 GeV, that is 40 Miew ttee nominal
energy of the collider, which corresponds to the peak ofMtS) resonance. For this reason, we
refer to this data sample as the off-peak sample.

Assuming the thrust axis agj direction and selecting pions in opposite hemispheres with
respect to it, we measure the azimuthal angleg», andg. In order to select the two jets topology,
we require a thrust higher than 0.8. Only tracks identified as pions, ¢emnsigith being produced
in the primary vertex of the event, and with a fractional energy2E /Q > 0.2 are considered. The
total energy of the events is required to be higher than 7 GeV. The Coliinsnastries are obtained
by measuring the c¢®) modulation of the normalized azimuthal distributions of the selected pion
pairs, wherep = ¢ + @ or ¢ = 2@, for the two reference frames. The asymmetries resulting by
these distributions are largely affected by detector acceptance effeat#g their measurement
unreliable. We therefore perform suitable double ratios of the asymmetraslén to eliminate
the detector effects and the first order of radiative corrections fQpatticular we use the ratio of
the normalized distributions of unlike chard®,( ) over those of like chargeR() pion pairs. The
double ratio can be written as:

RIE NUY(g)/ <NV > 1+ 5525c089)Got sir? 6 o
R~ N@)/<NC> 1, s - M T coge et {CT -G},
¢ 1+ 1+coZ 0 COi (P) G
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where8 is the polar angle of the thrust axis in the RF12 fraie<(6r) or the polar angle of the
second hadron momentum in the RFO frarie< 6,), as shown in Fig.1. Fitting the double ratio
with a cosine function

R _ Ba + Aq - COS(9), (2.2)
R
the parametef, contains just the Collins effect and higher order of radiative effectsesaccep-
tance effects and radiative contributions do not depend on the chanrg#reation of the pion pairs.

Herea = 12 ora = 0 is used to distinguish the two reference frames.

3. Study of systematic effects

A crucial point for the measurement of Collins asymmetry is the identificatiotl tiexsys-
tematic effects that can influence the azimuthal distribution of the pion pairs.

Particularly significant is the dilution of the asymmetry due to the contamination eétbeted
pion pair sample by different background sources. The only two signifisackground processes
areete” — cc andete” — 171~ . Their contribution to the measured asymmetry is estimated
making use of both MC simulation and suitable data control samples, and theacseit.

Another significant dilution of the asymmetry, affecting the measurement i@ R&-fproduced
by the assumption of the thrust axis as the tgelirection, while this is only a rough approxima-
tion. An average correction factor of about 1.7 is estimated by using MC dionla

4. Preliminary results

The preliminary results are presented in 10 symmetric combinationg @) intervals, as
described in Tab.1. All significant systematic errors are evaluated atediad quadrature for each
bin. In Fig.2 theBABAR preliminary results are compared with the superseded off-peak Belle data
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0.3

1 2 3 4
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0.2 0.3 0.5 0.7 1z

Table 1: Symmetrised-bin subdivision and numbering scheme: the data sampleidedi in 10 “bins” of
Z1 andz.
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Figure 2: PreliminaryBaBar measurement of Collins asymmetries (full circle in redy, R¥-12 (top) and
RFO (bottom). By comparison the superseded Belle off-pesaldts (open circle in blue), and Belle results on
the full data sample (full green circles) are shown. Systanaad statistical errors are added in quadrature.

and the more recent combined off- and on-peak measurement obtairted Bglle Collabora-
tion [2, 3]. We should note that in the newest Belle publication [3], they estinatav correction
factor for the approximation of theq axis with the thrust axis, so that we present the first Belle
results on off-peak data corrected by the new factor for consisté&significant increase of the
asymmetries with increasing pion energies is observed, consistent witletibabexpectations.
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Figure 3: Collins asymmetnA;» (a), andAg (b), as a function ofsir? 8)/(1+ cog 6), where = 6r and
6 = 6, have been used in plot (a) and (b), respectively.

Following eq. (2.1), we studied also the dependence of the Collins asymnuetiség 6 /(1+
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cog 0) in both reference frames, as reported in Fig.3. The expected lineandkapee of asym-
metry is observed in the thrust reference frame, but it seems not to hole isettond hadron
momentum frame, wher@ = 6,. Such a behavior can be explained by the fact that the thrust axis
describes the originajq direction better than the second hadron momentum.

5. Conclusions

We reported the preliminaraBArR measurement of Collins asymmetries in the pion system,
performed using a data sample of about 45'fbollected at the energy of 10.54 GeV. The asym-
metries are studied as a function of symmetric4,)-bins of the pion fractional energies and as a
function of sirf 8/(1+ cog 8), and are compared with the results published by the Belle Collabo-
ration, finding an overall good agreement. The off-peak data samplédigtistdly limited, and we
aim to publish a more complete set of measurements performed on titaBalt data set.
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