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Introduction

= Large A transverse polarization was observed in unpolarized pp collision
years ago. PRL36, 1113 (1976); PRL41, 607 (1978)

= The Polarizing Fragmentation Function(FF), Di;(z,p#%), is assumed to
play an important role in the “spontaneous” polarization. It describes an
unpolarized quark fragmenting into a transversely polarized hadron.

spin puzzle

= The counterpart of the Sivers parton distribution function.

= A non-vanishing D35 could help to shed light on the spin structure of the
A, especially about the quark orbital angular momentum, a missing part of
the spin puzzle of the nucleon. PRL105.202001 (2010)

= Polarizing FF is chiral-even, has been proposed as a test of universality.

= OPAL experiment at LEP has been looking at transverse A polarization,
no significant signal was observed. Eur. Phys. J. C2, 49 (1998)

= The Large data set at Belle would allow a precise measurement.
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Data set

« Data sets: ~792 fb-" at or near Vs ~10.58 GeV
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= Thrust>0.8 to select back-to-back event topology
and suppress B decays to less than 1%.

= Signal process A > pn~(A>pr™ ) Clear A peak.

= By considering light hadron (K%, 7% ) in the opposite
hemisphere, we can emphasize or suppress one

kind of flavor which contributes to A(A). T =

PRL105,202001 (2010)

Sideband subtraction will be applied
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Reference frames

Thrust Frame Hadron Frame
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The reference vector 7 is perpendicular to the A production plane.

The p, is defined as the transverse momentum of A relative to kinematic variables
thrust axis in thrust frame and to hadron axis in hadron frame. | hrust framo
Give a polarization of P, the yield of the events follow: variables A, Py
1 dN A+ h+ X thrust frame hadron frame
N dcosf = 1+ aPcost variables ZAs Zhs Pt ZA, Zhs Dt

where « is the decay parameter: a,=0.642 + 0.013 for A and Py
a_=-0.71 4+ 0.08 for A (PDG). (5)



Analysis flow
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Cos@ distribution in A _signal region a) is corrected by
sideband subtraction—-> b)

Normalized by itself, as shown in c). 05§ Belle prefimina
The shape c) is divided by the corresponding shape from 0.7 T e)
MC, so that we obtain the efficiency-corrected curve d). o x/nar s3.02/99

Or c) shape of A events is divided by that from anti-A events '_1_0_8:_ GOZ: . 07 ;_szjeo_s !
if we assume efficiency is independent on charge, that is e), : ©)
this is called data ratios. data ratio

We fit d) and e) to get the polarization of interest.
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Fits and Extract polarlzatlon

Fit to the cos@ distributions with the simple

function 1 + pycosé . 2 S e

The polarization of interest: py/a. R e coet®
In the data ratio, polarization is obtained via W”'“jj““* Fit plots for
p()/(a+ - a—)- oo X sisies A -(K) data ratio.
In data ratios, the slope on the cosé S e

distributions are about two times larger 0.1,

than that in MC-corrected ratios, the (a, — a binning [0.2,0.3,0.4,0.5,0.7,0.9]

a_) is also about times larger than a, (a_). v anti-A

A anti-A data ratio
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Results from MC-corrected ratio and data S
ratio are consistent with each other. 0.02f- .

. _ 0.04F ® 4 i
Nonzero polarization was seen, the 0.06}- f
magnitude rises from zero to about ~5% R R TN
with growing fraction energy z, = 2E, /+/s. 4170570570.47705766707 08705




MC validation & Smearing correction
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= Zero polarization is observed in MC, as PSRN S S S A PO SPSUR LT S 8
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= Smearing effects caused by the detector

acceptance and resolution are estimated using A + X _ _ e
the weighted-MC with nonzero polarization input. § e
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= In thrust frame, the polarization is found N oL U S S S
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| _ SN
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= In hadron frame, the polarization observed in ebidustitititatianbitttutt Gnb b,
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Systematics

Vary the fit function
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= Uncertainties of decay parameters

« Combine a proton in one event and pion in the are assigned as systematic errors;@
other event to form a false A. 4




Results in thrust frame vs. (z,p)
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= Four z bins and five p; bins are applied:
z5=[0.2,0.3,0.4,0.5,0.9];
p:=[0.0,0.3,0.5,0.8,1.0,1.6] GeV

= Nonzero polarization was observed.
Interesting shape as a function of (z,, p).

 The polarization rise with higher p;
lowest z, and highest z, bin. But the
dependence reverses around 1 GeV in
the intermediate z, bins.

 Results are consistent between A and
(A) and A -(A) data ratio.

= Error bars are statistical uncertainties
and shaded areas show the systematic
uncertainties.

In the
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Results in thrust frame VSs. (zy, z;)
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= At low z,, polarizationin A+ h*™ and A+ h~ have opposite sign. The magnitude increases
with higher z,.

= At large z,, the differences between A+ h™ and A + h™ reduce. Small deviations can stillz
be seen and depend on zy,. @



Results in hadron frame vs. (7, 7,)
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= Similar results with that in the thrust frame.
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= Results from charge-conjugate modes are consistent with each other.




Quark flavor tag by the light hadron
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i — = An attempt to look at the flavor
. u tag effect of the light hadron,
based on MC. (Pythia6.2)

= The fractions of various quark
flavors going to the A\’s

02 hemisphere are shown in
02 03 04 05 06 07 08 09 different [ZA Zh] region.
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06 zy, polarization in A+ h* and
A+ h™ have opposite sign.
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Background unfoiding

Non-A backgrounds are excluded out in the
sideband subtraction.

X* decays to A strongly, is included in the signal.

Feed-down from £9(22.5%), A.(20%) decays
need to be understood.

The x%-enhanced (Z° - A +y) (Br~100%). and
A.-enhanced(A, = A + 7)(Br~1.07%) data sets
are selected and studied.

The measured polarization can be expressed as:

pmea. (1 o ZPIJ‘UP 4+ Zia

F; is the fraction of feed-down component i,
estimated from MC. P, is polarization of
component I.

Polarization of A from X° decays is found has
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opposite sign with that of inclusive A. r. Gatto, Phys. Rev. 109, 610 (1958); Phys Lett.B303,350(1993)
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Summary

The study on the transverse polarization of A(A) in the inclusive
processete” > A(A)+X andete™ - AA) + KE(rt) + X is
performed at Belle.

Nonzero transverse polarizations of A(A) is observed for the first

time at e e~ annihilation. Its magnitude as a function of z, and p;
was presented.

By selecting identified light hadrons (K*,7* ) in the opposite
hemisphere we also obtain sensitivity to the flavor dependence.
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Quark flavor tag by the Kaon
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