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Abstract. Large data amount, about 1 ab−1 of integrated luminosity, collected in ex-
periments with the Belle detector provided a good possibilities for precise measurements
of the hadronic cross sections in e+e− annihilation. Main results obtained in this field
with the Belle detector as well as perspectives of the new experiments with the Belle II
detector at the SuperKEKB collider is discussed in this report.

1 Introduction

Experiments at the KEKB e+e− energy-asymmetric collider [1] with world highest luminosity, 2.1 ×
1034cm−2s−1, continued with the Belle detector [2] from 1999 to 2010. The total integrated luminosity
collected in these experiments in the centre-of-mass energy range within Υ-meson family exceeded
1000 fb−1. The main target of the Belle experiment was to discover the CP-violation (CPV) in B meson
decays and to measure its parameters. This goal was achieved in 2001 when the time dependent CP
asymmetry was observed in the decay B0 → J/ΨK0 decay [3]. However, in addition to the main
task, many other important results listed below were obtained, including precise measurement of the
hadronic cross sections in γγ and e+e− processes. This wide researches area became possible due to
the clean and well defined initial state in the e+e− experiments as well as large KEKB luminosity and
high quality of the Belle detector.

In this note we discuss results of the study of the hadrons production in e+e− annihilation obtained
by the Belle experiment via direct energy scan and by the ISR approach. Precise measurements of
the total cross sections of the e+e− annihilation into hadrons and detail study the final states produce
important information about quark interactions, spectroscopy of their bound states and provide a basis
for the calculations of the hadronic contributions to the fundamental parameters, like muon (g − 2)
value or α(M2

Z).

2 Measurements of Rb via energy scan

The total cross sections of e+e− → bb̄ and e+e− → ΥnS π
+π−(n = 1, 2, 3) processes were measured by

the Belle collaboration in the energy range from 10.63 to 11.05 GeV using the direct high luminosity
energy scan [4]. Results of these work expressed as the ratio, R, of the measured cross section to the
µ+µ− Born cross section, σ0

µµ = (4πα2)/3s = 86.85[nb]/s[GeV2], are presented in the Fig. 1.
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Figure 1. Upper three plots show RΥnS π+π− data
measured in this work with corresponding fitting
curves. Bottom plot: Rb results obtained in this work
with the fit curve (solid) and its components.
Horizontal lines correspond to |Aic|

2 (thin) and
|Ac|

2 (thick) constants. Other curves present:
| f |2 (dot-dot-dash), cross terms of resonances with
Ac (dashed) and two-resonance cross term (dot-dash).
Thin and thick curves correspond to Υ5S and Υ6S

respectively. Error bars include the statistical and
uncorrelated systematic uncertainties [4].

Since no non-resonant contributions were found in the Υ(nS )π+π− cross section these were fit-
ted by the squared module of the sum of Υ5S (Υ(10860)) and Υ6S (Υ(11020)) meson amplitudes that
provided precise values of the parameters of these resonances: M5S = 10891.1 ± 3.2+0.6

−1.7 MeV/c2,
Γ5S = 53.7+7.1+1.3

−5.6−5.4 MeV, M6S = 10987.5+6.4+9.0
−2.5−2.1 MeV/c2, Γ5S = 61+9+2

−19−20 MeV, phase difference
∆ϕ(6S − 5S ) = −1.0 ± 0.4+1.4

−0.1. The first uncertainty is statistical, the second one is systematic.
Values of Rb = σ(e+e− → bb̄)/σ0

µµ obtained in this experiment were fitted with the formula:

R(S ) = |Aic|
2 + |Ac + A5S eiϕ5S f5S (s) + A6S eiϕ6S f6S (s)|2, (1)

where fnS = MnS Γ(nS )/(s − M2
nS + iMnS ΓnS ) while Ac and Aic are coherent and incoherent constant

amplitudes, respectively. Obtained optimal curves are shown the in Fig. 1 as well. Parameters obtained
by this fit are consistent with the quoted above.

3 Measurements of the charm production cross section via ISR

In the last years a lot of new data were obtained using initial state radiation (ISR) processes [5] at B-,
c − τ and φ-factories, by the BaBar, Belle, KLOE and BES III experiments. After emission of hard
photon e+e− pair can acquire any invariant mass below the energy of the experiment. That means
that one can study the processes of e+e− annihilation in the entire range from the threshold to the
experiment energy. The ISR photon is mostly emitted at a small angle when it cannot be detected by
the detector. In case of processes with high invariant mass of the final state, a study can be performed
without photon detection. A lot of results were obtained by this way by the Belle collaboration in the
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charm sector [6–18]. However, interesting results were obtained also for the processes e+e− → φπ+π−

and e+e− → φ f0(980) in the energy range from 1.5 to 3 GeV [19] .
The Rc experimental values obtained by summing of the cross sections measured by the Belle

experiment [20] in comparison with BES III results [21] are presented in the Fig. 2. Contributions of
D+D∗−, D∗+D∗−, D0D−π+ and D0D∗−π+ are scaled following isospin symmetry. BES III data were
evaluated as the difference Rc = Rtot −Ruds. Belle results on charmonium-like XYZ states is presented

Figure 2. Rc experimental values obtained by summing of the cross sections measured by the Belle experi-
ment [20] (squares) in comparison with BES III results [21] (circles).

by R.Mizuk [22] at this conference.

4 Study of hadronic cross sections at low energies

Precise measurements of cross sections of e+e− annihilation into hadrons at low energies are highly
demanded. These measurements as well as a detail study of the final states provide important informa-
tion about interactions of light quarks and spectroscopy of their bound states. Precise determination
of the total hadron production cross section, characterized by the ratio Rh = σ(e+e− → hadrons)/σ0

µµ,
is necessary for calculations of the muon anomalous magnetic moment, aµ = (gµ − 2)/2, as well as
running electromagnetic and strong interaction constants. A special interest to the aµ was induced by
the difference at the level of 3.5 standard deviation between experimental aµ value [23] and theoretical
calculations that includes the contribution from the hadronic vacuum polarization. Recent review of
the status of theoretical calculation is given in [24].

At present the accuracy of the mentioned difference, ∆aµ = aµ(exp)−aµ(th), is mainly determined
by the experimental precision, aµ = (11659208.9±6.3)·10−10 [23]. However, recently new experiment
(FNAL-E989) aiming for the improvement of the precision by factor three started in FNAL [25]. This
experiment is based on the same principles as the previous one and reuses the same muon storage ring.
Another experiment based on a different approach having the same target precision is in preparation
at J-PARC [26]. Then, since the accuracy of the theoretical calculations of aµ is dominated by the
precision of the hadronic contribution, aH

µ the uncertainty of this value should be reduced by the same
factor.
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The BaBar experiment achieved the level of systematic accuracy in the π+π− cross section of about
1% [27] at the measurement via ISR. Two other experiments using the ISR approach, KLOE and BES
III, recently published results on the π+π− channel with the same accuracy citekloe-pipi,bes-pipi.
However, there are certain discrepancies between data of different experiments exceeding the stated
uncertainties. Thus, new and more precise measurements of the hadronic cross section are needed.

For low Mh
inv the hard photon energy as well as the total energy of the hadronic system is equal to

about half of the energy of experiment. Then the pions move in the narrow cone at opposite direction
to the photon with energies in the GeV range. These kinematical features are very different from
multiparticle events typical for B-factories and require special study of the detection efficiency as well
as track reconstruction efficiency. A proper trigger arrangement is extremely important for ISR events
study. However, in the Belle case the trigger system was not sophisticated enough and tagged low
mass ISR events as Bhabha ones with rather large probability. Since Bhabha events were prescaled
this results in a low trigger efficiency and its considerable instability. That was a main problem which
limited precise low mass hadronic cross sections measurements via ISR at the Belle.

In the Belle II experiment the Bhabha tagging at the level 1 trigger will be drastically improved
using accurate trigger cell clusters determination in the trigger electronics. In the L1 trigger we will
have several independent trigger modes, charged and neutral, to provide careful measurement and
monitoring of the trigger efficiency from the experimental data during experiment.

5 Super KEKB and Belle II

New energy-asymmetric e+e− collider, SuperKEKB, is under commissioning now at KEK (Japan)
[30]. The luminosity of this collider will exceed the previously achieved by KEKB [1] by about 40
times, amounting to 8 × 1035cm−2s−1. New experiments with the Belle II detector in the center-of-
mass (CMS) energy range within Υ-meson family (9 – 11.5 GeV) will continue and widen the studies
began at the previous experiments. The detail description of the Belle II project can be found in [30].
Schematic view of the Belle II detector is presented in Fig. 3.

The tracking system of the Belle II detector consists of the Vertex Detector (VXD) and the Central
Drift Chamber (CDC). The VXD contains the two layer Pixel Detector (PXD) and four layer Silicon
Vertex Detector (SVD). The PXD is based on DEPFET technology which allows to produce very thin
(down to 50 µm) sensors.

The central drift chamber (CDC) provides track reconstruction and its precise momentum mea-
surement; a measurement of the ionization losses of the charged particles for the identification pur-
poses; a generation of the signals for the trigger system. The momentum resolution of the Belle II
with CDC and SVD is σpt/pt = 0.11% · pt[GeV/c] ⊕ 0.30%/β, which it much better than that for the
Belle detector. The expected dE/dx resolution is about 5%.

Main charged particle identification (PID) sub-systems are based on the Cherenkov ring detection.
In the barrel part of the Belle II detector the time-of-propagation (TOP) counters [31] are employed.
This system will provide a good pion-kaon separation in the momentum range up to 3.5 GeV/c.
Identification of charged particles in the forward endcap region will be performed by the proximity-
focusing aerogel ring-imaging Cherenkov detector (ARICH). This system allows to obtain 99% of
kaon identification efficiency at 1% of pion misidentification for particles with 4 GeV/c momentum.

The existent CsI(Tl) crystal Electromagnetic Calorimeter (ECL), are planned to be used together
with the same PIN photo-diodes, preamplifiers and cables connected them to shapers. The baseline
of the upgrade of the ECL is the electronics modification following the general strategy of the Belle
upgrade.

A superconducting solenoid providing a magnetic field of 1.5 T as well as an iron yoke will be
reused from the Belle detector. The Belle KL&Muon detector (KLM) is integrated with the iron yoke
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Figure 3. Schematic view of the Belle II detector.

of the magnet. For the Belle II detector the end cap KLM parts as well as two innermost layers of the
barrel KLM part are replaced to the system based on the plastic scintillators. Remaining barrel part
keeps the RPC system.

Experiments with the Belle II detector will start in 2018. It is expected to collect 10 fb−1 of
integrated luminosity in 2021 and 50 fb−1 in 2024. The project parameters of the tracking and particle
identification at the Belle II are much better than those were at the Belle and BaBar. Thus, we can hope
for the drastic improvement of the corresponding contributions to the systematic uncertainties. High
data statistics expected at Belle II experiment will provide a possibility of the careful comparison
of the simulation and experimental efficiencies and determination of the corresponding corrections
which should improve systematics as well.

6 Conclusions

Last decade demonstrated the fruitfulness of the flavor ”factories” for hadronic cross section measure-
ments via ISR as well as by the direct scan.

At present SuperKEKB/Belle II project is in commissioning. Very high expected luminosity of
this experiment provides a possibility of the precise measurements of the hadronic cross section in a
wide energy range from production thershold to 11.5 GeV.

We hope that high statistics and improved detector will help to reduce considerably systematic
uncertainties.

To provide accurate data, especially for low mass range, we need to care about the proper trigger
system and to prepare instruments to control stability of the charge particles and photon reconstruction
efficiency during experiment.
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