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The inclusive cross sections for di-hadrons of charged pions and kaons (e+ e− → hhX), hyperons
and charmed baryons in e+ e− annihilation are reported. For di-hadrons of charged pions and
kaons, the cross sections are obtained as a function of the total fractional energy and invariant mass
for any di-hadron combination in the same hemisphere and di-hadron fragmentation functions are
probed. For hyperons and charmed baryons, the direct production cross sections after subtracting
the feeddown contributions from heavy particles are compared for the first time. We also report
the first observation of transverse Λ polarization in e+ e− colliders. The analyses are based on a
data set recorded by the Belle detector from e+ e− collisions produced by the KEKB collider
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1. Introduction

2. Baryon production
Cross sections differential in the fractional momentum x p as well as the total production rates
were extracted for various hyperons as well as charmed baryons [23]. While the hyperons qualitatively follow the distribution of other light hadrons by rapidly falling off toward higher fractional
momenta, the charmed baryons behave differently. They are peaking at relatively high values of
around 0.6 to 0.7 with the higher mass particles peaking at higher values. In this behavior they
are also consistent with other charmed hadrons where the charm quark keeps a large fraction of its
energy when fragmenting into a charmed hadron. In contrast, for light hadrons the quarks found
in any particular hadron do not necessarily be the same as the fragmenting parton and therefore
much lower fractional momenta are more common. In addition, also the polarizing fragmentation
of a Λ was measured to be nonzero [24]. This polarizing fragmentation function is of substantial
theoretical interest as it is the fragmentation counterpart to the Sivers distribution function. This
measurement suggests, that different parton flavors fragmenting into a Λ produce different polarization. When correlating the polarization of the Λ with a detected pion or kaon in the opposing
hemisphere, on sees the polarizations even have different signs particularly at low fractional energies of the Λ where strange quark fragmentation is not the dominating contribution. At higher
fractional energies, strange quark fragmentation becomes more relevant and the polarizations show
the same sign for both pion charge combintations.

3. Di-hadron production
Belle has also measured di-hadron fragmentation functions as a function of the fractional energies of the two hadrons [25]. The measurements can be separated into those where the two
hadrons appear in the same hemisphere as given by the thrust axis, or in opposite hemispheres. In
1
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Electron-positron annihilation is a very clean process to study the fragmentation of highenergetic partons into final state hadrons as no hadrons exist in the initial state. The fragmentation functions can only be obtained experimentally since they are nonperturbative objects and
cannot even be calculated on the Lattice. Once those fragmentation functions are extracted, they
are universal and can be used in other processes such as semi-inclusive DIS or hadron production
in hadron collisions where they help to disentagle the nucleon structure. In particular, the participating flavors can be resolved and spin dependent distribution functions can be extracted. Various
fragmentation related measurements were extracted from the Belle experiment such as single light
hadron cross sections [1], asymmetries of transverse spin dependent fragmentation functions [2, 3]
as motivated by theory [4, 5, 6, 7]. These measurements have been already used in various global
fits [8, 9, 10, 11, 12, 13, 14, 15] and then were applied to obtain the quark, gluon helicities [16]
and transversity [17, 18, 19, 20, 21, 22] from SIDIS and RHIC data. The Belle experiment was
operating at the KEKB collider using a 3.5 GeV positron beam colliding with an 8 GeV electron
beam. The majority of the data was taken at a center of mass energy of 10.58 GeV in order to
produce B mesons from the ϒ(4S) resonance where about 75% of the hadronic cross section is
produced via continuum production of quark anti-quarks pairs of light and charmed flavors. For
comparison a smaller dataset was taken at 10.52 GeV where the ϒ resonance cannot contribute.
The Belle detector consists of a typical collider detector taking into account the nonzero boost of
the center-of-mass system in the laboratory frame.
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4. Outlook
Apart from the discussed measurements, various other are currently ongoing. Of the highest interest for the theoretical community are the transverse momentum dependent fragmentation functions
2
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the same hemisphere both hadrons can be considered to be originating from the same parton as
their fractional energy sum does not exceed unity. Two hadrons in opposite hemispheres can be
considered as originating from different partons as their energy sum reaches up to two. In the latter
case one can use the different charge and hadron type combinations to gain access to the flavor
information in fragmentation which is normally inaccessible in single hadron framentation in e+ e−
annihilation due to the sum over all kinematically available quark and antiquark flavors. For the
same-hemisphere di-hadrons also the cross sections as a function of invariant mass and combined
fractional energy is of interest as it provides the unpolarized baseline for the previously measured
chiral-odd interference fragmentation function. The combination of these two fragmentation functions is very relevant to accessing the quark transversity distribution in SIDIS [19, 20] and at RHIC
[22]. Belle has measured the di-hadron cross sections for all 6 charge and hadron type combinations (for pions and kaons) [26]. The invariant mass behavior of opposite sign hadrons shows the
typical di-hadron resonances such as ρ, K ∗ , Φ as well as various weakly decaying ones such as
KS0 and D0 if one choses not to remove weak decays. The same sign hadron pairs generally show
smooth distributions as now resonating peaks are expected although in all charge combinations
smaller bumps are visible. These are related to hadrons coming from different steps in the decay
chain of heavier, particularly charmed resonances. The pion pair cross sections as a function of
invariant mass and fractional energy z are displayed in Fig. 1.
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which can be accessed in electron-positron annihilation in different ways. One way selects only
a single hadron in the final state and calculates the transverse momentum of this hadron with respect to the thrust axis. Another possibility is to study the relative transverse momentum between
two hadrons in opposite hemispheres where a convolution over the transverse momentum of two
fragmentation functions is present. Both of these types of analysis are currently ongoing and are
expected to be finalized soon while various other fragmentation related studies continue.
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