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Abstract2

The Belle II experiment at the SuperKEKB energy-asymmetric e+e− collider is an upgrade3

of the B factory facility at KEK in Tsukuba, Japan. The experiment began operation in4

2019 and aims to record a factor of 50 times more data than its predecessor. Belle II5

is uniquely capable of studying the so-called "XYZ" particles: heavy exotic hadrons con-6

sisting of more than three quarks. First discovered by Belle, these now number in the7

dozens, and represent the emergence of a new category within quantum chromodynam-8

ics. We present recent results obtained from Belle II data, and the future prospects to9

explore both exotic and conventional quarkonium physics.10

1 Introduction11

Hadrons are composite particles, made up of two or more quarks, or a combination of quarks12

and gluons, or merely gluons. They can be classified in different categories, depending on13

the constituent elementary particles inside them. Mesons (qq̄) and baryons (qqq) are the14

conventional hadrons according to the Gell-Mann Zweig idea of the constituent quark model.15

However we know that more exotic combinations exist. Models motivated by quantum chro-16

modynamics (QCD) predict the existence of hadrons with more complex structures than simple17

mesons or baryons.18

The charmonium and bottomonium spectrum were well established from experiments, and19

in a good agreement with predictions from potential models. In 2003, the X (3872) [1] was20

first observed by the Belle experiment. Then several new resonances were observed from the21

B factories, LHC experiments, BESIII and others, for which more models were elaborated. But22

so far the information has been insufficient to frame all these new states in a unique model.23

2 SuperKEK and Belle II24

In order to constrain theoretical models and understand the new charmonium and bottomo-25

nium states, we need data. LHCb has so far performed very well, but is limited in analyzing26

radiative decays involving low-energy photons. SuperKEKB [2] is an upgrade of the already27

existing KEKB facility in Tsukuba, Japan, where an asymmetric e+e− collider running at the28

center of mass (CM) energy of the Υ (4S) resonance (
p

s = 10.58 GeV) is designed to collect29
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up to 50 ab−1 of integrated luminosity data. The Belle II [3] detector is placed around the30

interaction point, and so far has accumulated approximately 120 fb−1 of data. An illustration31

of the SuperKEKB and the Belle II detector is shown in figure 1.

Figure 1: Schematic representation of the SuperKEKB rings (left) and the Belle II
detector (right).

32

3 Studies of charmonium at Belle II33

3.1 Search for the X (3872)34

Figure 2: Distribution of J/ψπ+π− invariant mass with a fit to the X (3872) signal
superimposed for the charged (left) and the neutral (right) B channels.

The B±/0→ J/ψπ+π−K±/0 decay mode is studied to search for the X (3872) state. Using the35

available 62.8 fb−1 of data, Belle II re-discovered the X (3872), finding in the charged B channel36

14.4±4.6 events [4]. The results are shown in figure 2. The most promising channel to analyze37

the X (3872) is B±/0→ D0D̄0π0K±/0; however, statistics are not yet sufficient for such analysis38

at Belle II. The main goal of this analysis will be the measurement of the total width of the39

X (3872). Belle II might be able to distinguish among different parametrizations, i.e. the Flatté40

or Breit Wigner parameterization. Monte Carlo simulations performed of the measurement of41
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the X (3872) width in the D0D0π0 channel demonstrate that Belle II can measure an upper42

limit down 200 keV, once the full integrated luminosity of 50 ab−1 is available.43

3.2 Study of cc̄ processes in ISR44

Initial state radiation (ISR) processes are a unique physics opportunity at B factories, providing45

a clear signature of a resonant state - if it is observed - since the quantum number of such a state46

must be the same of the ISR photon, i.e. J P C = 1− −. A clear observation of ψ(2S) states is47

possible at Belle II in the ISR process e+e−→ π+π−J/ψ. The J/ψmeson is reconstructed from48

e+e− or µ+µ− within a mass range of 75 MeV/c2 from the nominal value [5]. A selection on49

the missing mass squared (|M M2(J/ψπ+π−)| < 2 GeV/c2) is required. The results acquired50

by using data corresponding to an integrated luminosity of 37.8 fb−1 are shown in figure 3.51

Figure 3: ψ(2S) state peaking in the J/ψπ+π− invariant mass distribution for the
ISR process e+e−→ π+π−J/ψ.

4 Studies of bottomonium at Belle II52

In the e+e−γISR → π+π− ISR production, the transitions γISRΥ (2S) → π+π−Υ (1S)(ℓ+ℓ−)53

and γISRΥ (3S) → π+π−Υ (1S, 2S)(ℓ+ℓ−) are observed. Also the direct transitions Υ (2S) →54

π+π−Υ (1S)(ℓ+ℓ−) are observed. The acquired results using 72 fb−1 of data collected by Belle55

II are shown in figure 4. This preliminary study, conducted on a very small sample compared56

to the whole planned data sets, already shows the potential in this field. A plan to study such57

Υ (nS) → Υ (mS) transitions in detail has been approved and the goal is the study of both58

conventional and exotic states, as well as lepton-flavor violation as probe of new physics.59
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Figure 4: Results for the ISR bottomonium search using 72 fb−1 of data.

5 Conclusion60

The Belle II experiment is performing well. In the first two years of data taking we have already61

collected half of the BaBar integrated luminosity, which was collected over eight years. With a62

50 ab−1 data sample, interesting analyses are expected in the charmonium and bottomonium63

sectors. So far we can show only re-discovery channels, testifying to the good performance of64

the detector.65
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