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Fragmentation function measurements with the Belle detector
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C. Hulse,∗5 and G. Schnell∗5,∗6

The transition of quasi-free, high-energetic partons
into confined hadrons cannot be described from first
principle QCD as the related parton and hadron
masses are typically too low to apply perturbative
QCD. The fragmenation functions (FF), describing
this transition, therefore need to be measured exper-
imentally, similarly to the parton distribution func-
tions (PDFs) in the nucleon. Their definition is also
rather similar as for example the fragmentation func-
tion Dh

1,q(z, Q) describes the number density of pro-
ducing a hadron h from a parton q with fractional en-
ergy z = Eh/Eq and at an energy scale Q. Until re-
cently most data was obtained close to the Z resonance
in e+e− annihilation, while little data at smaller scales
was available and therefore the gluon fragmenation was
not well constrained. The Belle experiment at KEK
has collected more than a 1 ab−1 of luminosity close
to the Υ(4S) resonance at

√
s = 10.58 GeV and about

63 pb−1 were used to extract unpolarized fragmena-
tion functions in the process e+e− → hX which was
published recently1). The results can be seen in Fig. 1
as a function of the fractional energy z = 2Eh/

√
s. Be-

fore this measurement very little low-energy scale data
and almost no high-z data was available. It is expected
that this data will soon be used in a global QCD anal-
ysis to parametrize the flavor dependence of pion and
kaon fragmenation functions. In addition the analy-
sis of unpolarized fragmenation functions continues in
Belle with the aim to extract direct flavor informa-
tion via the use of di-hadrons in opposite hemispheres.
In this case the different combinations of favored (eg.
u → π+) and disfavored (eg. u → π−) fragmenation
functions can be disentangled by the various charge
combinations of the two detected hadrons. It is ex-
pected that preliminary results will be available soon.
Also the extraction of the explicit transverse momen-
tum dependence of fragmenation functions is ongoing
which so far is only assumed to be of a certain form in
various global fits, but explicit measurements are not
available so far.

Furthermore, the published results on the spin de-
pendent fragmentation function measurements2) are in
the process to be augmented to also access the flavor
dependence by not only concentrating on charged pi-
ons, but also on charged kaons and neutral mesons as
well as their transverse momentum dependence. Also
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Fig. 1. Charged pion and kaon differential cross sections as

a function of the fractional energy z. The error bands

describe the total systematic uncertainties.

here the inclusion of various hadron types allows the
flavor decomposition of the corresponding spin depen-
dent fragmenation functions. By making use of them,
the flavor decomposition of the quark transversity dis-
tribution of the nucleon in semi-inclusive deep-inelastic
scattering and proton-proton experiments. Also here a
QCD gobal transversity analysis for either the Collins
function related measurements3) or the interference
related measurements4) is available with the present
data.
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Probing flavor asymmetry of antiquarks of the proton
in the E906/SeaQuest experiment
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E906/SeaQuest is an extension of the earlier Drell-
Yan experiments at Fermi National Accelerator Lab-
oratory (Fermilab), such as E772 and E866/NuSea1),
and it studies the internal structure of the proton at
the parton level using the Drell–Yan process. In the
leading order, the Drell–Yan process is described by
the quark–antiquark annihilation process: q + q̄ →
γ∗ → µ++µ−. SeaQuest uses a 120-GeV proton beam
extracted from the Fermilab Main Injector.

The ratio d̄/ū was measured in the Bjorken x range
0.015 < x < 0.35 in the E866 experiment. The sta-
tistically precise part of the data in the range 0.015 <
x < 0.2 tends to agree with several models, such as the
meson cloud model. However, the data appear to devi-
ate from these models in the larger x region. SeaQuest
will determine the ratio up to x = 0.45 more precisely
than the E866. The SeaQuest spectrometer consists of
four tracking stations. Each station has drift chambers
or drift tubes for tracking and hodoscopes for trigger.
The Japanese group is in charge of the drift chambers
of the third station. Two drift chambers are aligned
at the station to cover the large acceptance. SeaQuest
completed a two-month commissioning run in spring
2012. After an upgrade, a two-year physics run began
in fall 2013.

In the commissioning run, we successfully recon-
structed the di-muon mass distribution, and a J/ψ
peak was clearly observed (Fig. 1). The mass reso-
lution was ∼ 0.3 GeV, which meets the requirement.
This proves that the detectors and tracking software
work adequately. After the commissioning run, three
main hardware upgrades were performed. The first one
was an upgrade of the beam quality. During the com-
missioning run, we observed high-multiplicity events
because the beam had high instantaneous intensity.
This made the track reconstruction difficult. An im-
provement of the duty factor was confirmed in the cur-
rent run. The beam tuning is now ongoing, and we
will have a full-intensity beam (1012 protons per sec-
ond) once it is completed. The second main upgrade
is the installation of a Cherenkov detector in the beam
line to measure the beam intensity at 53 MHz RF fre-
quency. This allows us to determine the absolute cross
section of the Drell–Yan process and to generate a veto
trigger in order to avoid the high-intensity part of the
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beam. The last main upgrade is the improvement of
the hodoscopes and drift chambers. For hodoscopes,
we upgraded the existing PMT bases with a new cir-
cuit board to achieve higher rate capabilities. For drift
chambers, one new chamber was constructed to ensure
a larger acceptance at the third station. The cham-
ber has 5,300 wires, and we manually constructed it in
2012. The chamber was installed at the bottom part
of the third station. The construction of another new
drift chamber is ongoing. It will be also installed at
the first station.

After the current physics run began, we were work-
ing on the optimization of every component for stable
data accumulation. Our current focus is to optimize
the trigger system. The system examines the hit pat-
tern of the hodoscopes to identify the pattern charac-
teristics of the high-mass muon pairs produced from
the Drell–Yan process or J/ψ decay. We are now try-
ing to suppress the background as much as possible
through the hit-pattern study. The preliminary result
of the mass distribution shows a suppression of the
background compared to the distribution obtained in
the commissioning run. Once the optimization is com-
pleted, we will start taking the Drell–Yan data. The
data accumulated in the next two years will have a
significant impact on our understanding of the inter-
nal structure of the proton.

Fig. 1. Di-muon mass distribution reconstructed using the

data taken in the commissioning run. The J/ψ peak is

clearly observed. The inset shows the mass distribution

in which the normalized background is subtracted.
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