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• heavy quarkonium to study non-
perturbative QCD


• bottomonium states above  have 
unexpected properties (e.g.  )
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Figure 10. Energy dependence of the e+e− → Υ(nS)π+π− cross sections (n = 1, 2, 3 from
top to bottom). The points with error bars are data with combined statistical and uncorrelated
systematic uncertainties; the curves are the results of the simultaneous fit to these distributions
and the Mrecoil(π+π−) distribution in the on-resonance data (Fig. 11). Shown are the results of the
default fit (red solid curve) and the fit with the new structure excluded in all channels (blue dotted
curve). The hatched histograms and the points with error bars at their maxima show the Υ(4S)
line shapes and the cross sections measured at the Υ(4S) peak in Ref. [31]. These points are not
used in the fit to the cross section energy dependence. Insets show a zoom of the low energy region,
while right side panels show a zoom of the Υ(10860) on-resonance region.

The fit results are presented in Figs. 10 and 11. For illustration, we show in Fig. 10

the cross sections measured at the Υ(4S) peak and the expected Υ(4S) line shape; these

measurements are not used in the fit. The fit results for masses and widths of the Υ(10860),

Υ(11020), and new structure are presented in Table 3. The results are slightly shifted from

the previous Belle measurements based on the same data sample [11] because we updated
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Intro

3

• charm is unique to search for CPV 
in up-type quark sector


• ongoing debate whether value is 
consistent with SM
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Figure 2: Central values and two-dimensional confidence regions in the (adK�K+ , ad⇡�⇡+) plane

for the combinations of the LHCb results obtained with the dataset taken between 2010 and
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• SuperKEKB

‣ asymmetric  collider in Tsukuba, Japan

‣ nano-beam interaction point 

‣ =  (record)

‣ tunable Ecm around  mass


• Belle II

‣ 4π spectrometer with optimal vertexing, 

tracking, PID and calorimetry capabilities

‣ 424fb-1 collected up to now 

‣ rich physics program: B and D physics, 

quarkonium, tau, low mass dark sector

e+e−

ℒ 4.7 × 1034cm−2s−1

Υ(4S)

SuperKEKB and Belle II

5

Dark Sector Physics at BaBar and Belle II (Torben Ferber)

Belle II: Detector

11

positrons e+

electrons e-

KL and muon detector (KLM): 
Resistive Plate Counters (RPC) (outer barrel) 
Scintillator + WLSF + MPPC (endcaps, inner barrel) 

Particle Identification (PID): 
Time-Of-Propagation counter (TOP) (barrel) 
Aerogel Ring-Imaging Cerenkov Counter (ARICH) 

Electromagnetic calorimeter (ECL): 
CsI(Tl) crystals, waveform sampling to measure time 
and energy (possible upgrade: pulse-shape) 
Non-projective gaps between crystals 

Vertex detectors (VXD): 
2 layer DEPFET pixel detectors (PXD) 
4 layer double-sided silicon strip detectors (SVD) 

Central drift chamber (CDC): 
He(50%):C2H6 (50%), small cells,  
fast electronics 

Magnet: 
1.5 T superconducting 
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• collected data at four different Ecm above :

‣ total of 20fb-1

‣ unique data set to explore uncharted regions

Υ(4S )



Observation of  
and search for  at 

 near 10.75 GeV 

e+e− → ωχbJ(1P)
Xb → ωΥ(1S)

s
PRL 130, 091902

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.130.091902
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• study 

‣ not a conventional  state

‣ prediction for  mixing :


✦ 

✦ (PRD 104,034036)


• search for 

‣ analog of ?


✦ BESIII: 



✦ (PRD 99, 091103)

• same final state for both studies:


‣ events with at least 4 tracks

‣ exclusive final state -> low background

Υ(10753)
bb̄

Υ(4S) − Υ(3D)
ℬ[Υ(10753) → ωχbJ(1P)] ∼ 10−3

Xb
X(3872)

Y(4220) → ππJ/ψ, γX(3872), ωχc0(1P)

8

A. Boschetti - Bottomonium physics at Belle II - 59th International Winter Meeting on Nuclear Physics 

Belle II energy scan: new result
Motivations:

➢ Prediction for                              mixing:

Li, Bai, Huang, Liu, Phys. Rev. D 104, 034036 (2021)

➢ BESIII observed

⇒ Xb analog of X(3872)?

10

,

,

Motivation

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.034036
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.091103
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• study 

‣ 2D fit to  vs.  


✦ 11  (4.5 ) at 10.745 (10.805) GeV

‣ Born cross section from signal yields

Υ(10753)
M(γΥ(1S)) M(π+π−π0)

σ σ

9

3

and π0 candidates to improve momentum resolutions.

We perform kinematic fits to the π+π−π0γΥ(1S) com-
binations constraining their four-momenta to the initial
e+e− collision four-momentum. An average of 1.18 can-
didates per event is found in data. In events with multiple
candidates, only the candidate with the smallest fit χ2 is
retained. To avoid systematic effects from the modeling
of the beam-energy spread, we do not use the momenta
after the kinematic fit.

Figure 1 shows distributions of M(γΥ(1S))
and M(π+π−π0) for events restricted to 9.75 <
M(γΥ(1S)) < 10 GeV/c2 and 0.61 < M(π+π−π0) <
0.95 GeV/c2, where signals are clearly visible at

√
s =

10.745 and 10.805 GeV.

We perform a two-dimensional unbinned likelihood fit
to the M(γΥ(1S)) versus M(π+π−π0) distributions for
data collected at

√
s = 10.745 and 10.805 GeV [51].

The fit function is a sum of four components: signals
in M(γΥ(1S)) and M(π+π−π0) distributions, peaking
background in theM(γΥ(1S)) distribution from e+e− →
π+π−π0χbJ , peaking background in the M(π+π−π0) dis-
tribution from non-χbJ backgrounds with a ω, and combi-
natorial background. Each χbJ signal shape is described
by a Crystal Ball function [52] while the ω signal shape
is described by a Breit-Wigner function (BW) convolved
with a Gaussian function. The widths of the Crystal Ball
and Gaussian functions are approximately 15 MeV/c2

and 13 MeV/c2, respectively. Signal shape parameters
are fixed from a fit to simulated signal events. A product
of linear functions is used to describe the combinatorial
background.
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FIG. 1: Distributions of (left) γΥ(1S) and (right) π+π−π0

masses in data at
√
s = 10.701, 10.745, and 10.805 GeV with

fit results overlaid.

Fit results are presented in Table I. We find significant
signals of χb1 and χb2 at

√
s = 10.745 GeV. The signif-

icances of the χb0, χb1, and χb2 signals at 10.745 GeV
and 10.805 GeV are 11σ and 4.5σ, respectively. We re-
port the first observation of ωχbJ signals at

√
s = 10.745

GeV. These significances are estimated using Wilks’ the-
orem [53]. We compute 90% Bayesian credibility upper
limits on the yields assuming uniform priors (Table I).
Systematic uncertainties in the Born cross-section mea-
surements (discussed below) are approximately included
by convolving the likelihood with a Gaussian function
whose width equals the total systematic uncertainty.

For data collected at
√
s = 10.701 GeV, the signal yield

is calculated as N sig = max(0, Nobs − N b). The ob-
served yield Nobs is obtained by counting events in the
χb0, χb1, and χb2 signal regions of 9.80 < M(γΥ(1S))
< 9.89 GeV/c2, 9.84 < M(γΥ(1S)) < 9.93 GeV/c2, and
9.86 <M(γΥ(1S)) < 9.95 GeV/c2, respectively, in which
about 95% of signal candidates are retained; the back-
ground yields N b in the χbJ signal regions are obtained
by scaling background events with the luminosity using√
s = 10.745 GeV data. The statistical uncertainty for

N sig is estimated using a Bayesian approach including
background uncertainties [54]. The upper limit at 90%
Bayesian credibility on N sig (NUL) is also determined
with the same approach. Signal yields and upper limits
are listed in Table I.

The e+e− → ωχbJ Born cross section is calculated
using

σB(e
+e− → ωχbJ) =

N sig |1−Π|2

L εBint (1 + δISR)
, (1)

where L is the integrated luminosity, ε is the reconstruc-
tion efficiency, Bint is the product of the branching frac-
tions of the intermediate states, |1 − Π|2 is the vacuum
polarization factor [6, 55], and (1+ δISR) is the radiative-
correction factor [56–58]. In calculating the radiative-
correction factor, we use the energy dependence of the
Born cross sections measured in this work. Values of
the inputs, resulting Born cross sections, and their upper
limits for non-significant signals are listed in Table I.

Combining σB(e+e− → ωχb1 and ωχb2) = (0.76 ±
0.16) and (0.29 ± 0.14) pb at

√
s = 10.867 GeV from

Belle [41] and those from this work, we show the Born
cross sections for e+e− → ωχb1 and ωχb2 as functions
of collision energy in Fig. 2. We observe a strong en-
hancement of the cross section near 10.75 GeV. We fit
these distributions with a coherent sum of a two-body
phase-space and a BW function [59]

|
√

Φ2(
√
s) +

√

12πΓeeBfΓ

s−M2 − iMΓ

√

Φ2(
√
s)

Φ2(M)
eiφ|2, (2)

where M is the mass of the Υ(10753), Γ (Γee) is its to-
tal (electron) width, Bf is the branching fraction for the
decay Υ(10753) → ωχb1 or ωχb2, Φ2 is the two-body
phase-space factor, and φ is the relative phase between
the amplitudes. In the fits, the mass and total width
in the BW function are fixed to 10752.7 MeV/c2 and

4

TABLE I: Measurements of e+e− → ωχbJ at
√
s = 10.701, 10.745, and 10.805 GeV. Σ is the signal significance; Syst is

the systematic uncertainty. The first and second uncertainties (if available) indicate statistical and systematic contributions,
respectively. The common systematic uncertainties for all energy points are 15.8%, 9.4%, and 9.3% for ωχb0, ωχb1, and ωχb2,
respectively.

Channel
√
s (GeV) N sig NUL Σ(σ) ε |1− Π|2 1 + δISR Syst (%) σB (pb) σUL

B (pb)

e+e− → ωχb0 10.701 0.0+1.1
−0.0 3.0 - 0.182 0.931 0.67 16.6 0.0+6.1

−0.0 16.6

e+e− → ωχb1 0.0+2.1
−0.0 3.9 - 0.184 0.931 0.64 10.6 0.0+0.7

−0.0 1.2

e+e− → ωχb2 0.1+2.2
−0.1 4.0 - 0.182 0.931 0.62 10.6 0.1+1.4

−0.1 2.5

e+e− → ωχb0 10.745 3.0+5.5
−4.7 12.0 0.5 0.183 0.931 0.65 25.9 2.8+5.1

−4.4 ± 0.7 11.3

e+e− → ωχb1 68.9+13.7
−13.5 - 5.9 0.183 0.931 0.65 12.7 3.6+0.7

−0.7 ± 0.5 -

e+e− → ωχb2 27.6+11.6
−10.0 - 3.1 0.184 0.931 0.65 14.5 2.8+1.2

−1.0 ± 0.4 -

e+e− → ωχb0 10.805 3.6+3.8
−3.1 9.9 1.2 0.182 0.932 1.12 24.9 4.1+4.3

−3.5 ± 1.0 11.4

e+e− → ωχb1 15.0+6.8
−6.2 26.2 2.7 0.182 0.932 1.12 20.2 0.9+0.4

−0.4 ± 0.2 1.7

e+e− → ωχb2 3.3+5.3
−3.8 12.8 0.8 0.183 0.932 1.11 29.1 0.4+0.7

−0.5 ± 0.1 1.6

35.5 MeV [5], respectively. There are two solutions for
ΓeeB(Υ(10753) → ωχb1 and ωχb2). One corresponds to
constructive interference and yields (0.63 ± 0.39(stat) ±
0.20(syst)) and (0.53 ± 0.46(stat) ± 0.15(syst)) eV (So-
lution I). The other corresponds to destructive inter-
ference and yields (2.01 ± 0.38(stat) ± 0.76(syst)) and
(1.32±0.44(stat)±0.55(syst)) eV (Solution II). The sys-
tematic uncertainties are discussed below. The fit qual-
ities for ωχb1 and ωχb2 are χ2/ndf = 0.5/1 and 0.1/1.
An alternative model with two interfering BW functions
for the Υ(10753) and Υ(10860) states shows little in-
terference and ΓeeB(Υ(10753) → ωχb1 and ωχb2) =
(1.24±0.56(stat)) and (0.92±0.37(stat)) eV (Solution I)
and (1.28± 0.57(stat)) and (1.09± 0.40(stat)) eV (Solu-
tion II). The fit qualities for ωχb1 and ωχb2 are χ2/ndf =
0.4/1 and 0.1/1. We also test a single BW of Υ(10753)
with a free mass and width to fit the energy dependence,
and find a less satisfactory χ2/ndf of 12/6.
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FIG. 2: Energy dependence of the Born cross sections for
(left) e+e− → ωχb1 and (right) e+e− → ωχb2. Circles show
the measurements reported here, triangles are the results of
the Belle experiment [41]. Error bars represent combined sta-
tistical and systematic uncertainties. Curves show the fit re-
sults and various components of the fit function.

In addition, we search for the Xb in e+e− → γXb

with Xb → ωΥ(1S) at
√
s = 10.653, 10.701, 10.745,

and 10.805 GeV. Distributions of M(ωΥ(1S)) for events

within 0.70 < M(π+π−π0) < 0.86 GeV/c2 are shown
in Fig. 3. Prominent reflections of e+e− → ωχbJ sig-
nals are observed, but no narrow structure as expected
from a Xb signal is found. We set upper limits at 90%
Bayesian credibility [54] with M(ωΥ(1S)) in the 100
MeV/c2 interval centered at the testXb mass (95% signal
efficiency). The observed yield is obtained by counting
events, and the background yield is estimated using an
unbinned maximum likelihood fit to the M(ωΥ(1S)) dis-
tribution. A straight line is used to describe the smooth
background. At

√
s = 10.701, 10.745, and 10.805 GeV,

additional normalized shapes from simulations for each
χbJ state are used to describe e+e− → ωχbJ signals.
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FIG. 3: Distributions of ωΥ(1S) mass from data at
√
s

= 10.653, 10.701, 10.745, and 10.805 GeV. The red dash-
dotted histograms are from simulated events e+e− → γXb(→
ωΥ(1S)) with the Xb mass fixed at 10.6 GeV/c2 and yields
fixed at the upper limit values.

We calculate the upper limits at 90% Bayesian credi-
bility on the products of the Born cross section for the
e+e− → γXb process and the branching fraction for
Xb → ωΥ(1S) (σUL

B (e+e− → γXb)B(Xb → ωΥ(1S))

first observation of ! Υ(10753) → ωχbJ(1P)

Results
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• search for 

‣ search for resonances in 

‣ reflection from 



‣ no evidence for signal


✦ compute upper limit on 

Xb
M(ωΥ(1S))

Υ(10753) → ωχbJ(1P)

σXb

4

TABLE I: Measurements of e+e− → ωχbJ at
√
s = 10.701, 10.745, and 10.805 GeV. Σ is the signal significance; Syst is

the systematic uncertainty. The first and second uncertainties (if available) indicate statistical and systematic contributions,
respectively. The common systematic uncertainties for all energy points are 15.8%, 9.4%, and 9.3% for ωχb0, ωχb1, and ωχb2,
respectively.
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B (pb)

e+e− → ωχb0 10.701 0.0+1.1
−0.0 3.0 - 0.182 0.931 0.67 16.6 0.0+6.1

−0.0 16.6

e+e− → ωχb1 0.0+2.1
−0.0 3.9 - 0.184 0.931 0.64 10.6 0.0+0.7

−0.0 1.2

e+e− → ωχb2 0.1+2.2
−0.1 4.0 - 0.182 0.931 0.62 10.6 0.1+1.4

−0.1 2.5

e+e− → ωχb0 10.745 3.0+5.5
−4.7 12.0 0.5 0.183 0.931 0.65 25.9 2.8+5.1

−4.4 ± 0.7 11.3

e+e− → ωχb1 68.9+13.7
−13.5 - 5.9 0.183 0.931 0.65 12.7 3.6+0.7

−0.7 ± 0.5 -

e+e− → ωχb2 27.6+11.6
−10.0 - 3.1 0.184 0.931 0.65 14.5 2.8+1.2

−1.0 ± 0.4 -

e+e− → ωχb0 10.805 3.6+3.8
−3.1 9.9 1.2 0.182 0.932 1.12 24.9 4.1+4.3

−3.5 ± 1.0 11.4

e+e− → ωχb1 15.0+6.8
−6.2 26.2 2.7 0.182 0.932 1.12 20.2 0.9+0.4

−0.4 ± 0.2 1.7

e+e− → ωχb2 3.3+5.3
−3.8 12.8 0.8 0.183 0.932 1.11 29.1 0.4+0.7

−0.5 ± 0.1 1.6

35.5 MeV [5], respectively. There are two solutions for
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constructive interference and yields (0.63 ± 0.39(stat) ±
0.20(syst)) and (0.53 ± 0.46(stat) ± 0.15(syst)) eV (So-
lution I). The other corresponds to destructive inter-
ference and yields (2.01 ± 0.38(stat) ± 0.76(syst)) and
(1.32±0.44(stat)±0.55(syst)) eV (Solution II). The sys-
tematic uncertainties are discussed below. The fit qual-
ities for ωχb1 and ωχb2 are χ2/ndf = 0.5/1 and 0.1/1.
An alternative model with two interfering BW functions
for the Υ(10753) and Υ(10860) states shows little in-
terference and ΓeeB(Υ(10753) → ωχb1 and ωχb2) =
(1.24±0.56(stat)) and (0.92±0.37(stat)) eV (Solution I)
and (1.28± 0.57(stat)) and (1.09± 0.40(stat)) eV (Solu-
tion II). The fit qualities for ωχb1 and ωχb2 are χ2/ndf =
0.4/1 and 0.1/1. We also test a single BW of Υ(10753)
with a free mass and width to fit the energy dependence,
and find a less satisfactory χ2/ndf of 12/6.
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FIG. 2: Energy dependence of the Born cross sections for
(left) e+e− → ωχb1 and (right) e+e− → ωχb2. Circles show
the measurements reported here, triangles are the results of
the Belle experiment [41]. Error bars represent combined sta-
tistical and systematic uncertainties. Curves show the fit re-
sults and various components of the fit function.

In addition, we search for the Xb in e+e− → γXb

with Xb → ωΥ(1S) at
√
s = 10.653, 10.701, 10.745,

and 10.805 GeV. Distributions of M(ωΥ(1S)) for events

within 0.70 < M(π+π−π0) < 0.86 GeV/c2 are shown
in Fig. 3. Prominent reflections of e+e− → ωχbJ sig-
nals are observed, but no narrow structure as expected
from a Xb signal is found. We set upper limits at 90%
Bayesian credibility [54] with M(ωΥ(1S)) in the 100
MeV/c2 interval centered at the testXb mass (95% signal
efficiency). The observed yield is obtained by counting
events, and the background yield is estimated using an
unbinned maximum likelihood fit to the M(ωΥ(1S)) dis-
tribution. A straight line is used to describe the smooth
background. At

√
s = 10.701, 10.745, and 10.805 GeV,

additional normalized shapes from simulations for each
χbJ state are used to describe e+e− → ωχbJ signals.
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FIG. 3: Distributions of ωΥ(1S) mass from data at
√
s

= 10.653, 10.701, 10.745, and 10.805 GeV. The red dash-
dotted histograms are from simulated events e+e− → γXb(→
ωΥ(1S)) with the Xb mass fixed at 10.6 GeV/c2 and yields
fixed at the upper limit values.

We calculate the upper limits at 90% Bayesian credi-
bility on the products of the Born cross section for the
e+e− → γXb process and the branching fraction for
Xb → ωΥ(1S) (σUL

B (e+e− → γXb)B(Xb → ωΥ(1S))

Results

10.653 10.59 0.55
10.701 10.45 0.84
10.745 10.45 0.14
10.805 10.53 0.37

s (GeV/c2) MXb
(GeV/c2) σUL

Xb
(pb)



Measurement of the energy 
dependence of the 

 and  cross 
sections

e+e− → BB̄, BB̄* B*B̄*

NEW for Moriond!
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• further investigate heavy bottomonium

‣  also observed in fits to 

 cross section

‣ need more scan points to improve 

understanding

• method


‣ fully reconstruct one  in hadronic decays

‣ identify different signals with 

Υ(10753)
e+e− → bb̄

B
Mbc

BB̄

BB̄*

B*B̄*

Υ(4S ) ISR

Mbc = (Ecm/2)2 − p2
B

Motivation

Preliminary

Invariant mass of the  meson, where the energy has been replaced with half the B Ecm

NEW for Moriond!
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• simultaneous fit to exclusive 
and total cross sections


• combine Belle I + II
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sharp increase at  threshold hints at possible resonanceB*B̄*
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Chinese Phys. C 44 083001

NEW for Moriond!

http://cpc.ihep.ac.cn/article/2020/8


What about charm?
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A charm event is different

15

c
D0(cū)

c̄c̄q

signal decay

signal decay 
products

D*+
π+

s

same sideopposite side

K+

ν̄ μ−
W−

K− π−

p K+e−

‣ → two charm hadrons + fragmentation

✦ no entanglement, inaccessible strong phase 


‣ one of main ingredients to any CPV/mixing measurement is flavor tagging

✦ standard approach: exclusive reconstruction of strong decay 

✦ a new more inclusive method is desirable to exploit correlation between 

signal flavor and charge of tagging particles

e+e−

D*+ → D0π+
s
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A charm event is different

16

c
D0(cū)

c̄c̄q

signal decay

signal decay 
products

D*+
π+

sK+

ν̄ μ−
W−

K− π−

K+e−

‣ → two charm hadrons + fragmentation

✦ no entanglement, inaccessible strong phase 


‣ one of main ingredients to any CPV/mixing measurement is flavor tagging

✦ standard approach: exclusive reconstruction of strong decay 

✦ a new more inclusive method is desirable to exploit correlation between 

signal flavor and charge of tagging particles

e+e−

D*+ → D0π+
s

first usage of opposite-tagging 
in charm decays

same sideopposite side

p



Novel method for the 
identification of neutral charmed 

mesons
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The Charm Flavor Tagger (CFT)

18

=+1 for  and -1 for 

=1 perfect prediction, =0 random guessing

q D0 D̄0

r r

• reconstruct particles most collinear with signal meson

• uses kinematic features ( , recoiling mass) and PID of tagging particles

• based on BDT, predicts  (tagging decision  and dilution )

• trained using simulation and calibrated with Belle II data

ΔR
qr q r

Preliminary

NEW for Moriond!
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The Charm Flavor Tagger (CFT)

19

=+1 for  and -1 for 

=1 perfect prediction, =0 random guessing

q D0 D̄0

r r

• reconstruct particles most collinear with signal meson

• uses kinematic features ( , recoiling mass) and PID of tagging particles

• based on BDT, predicts  (tagging decision  and dilution )

• trained using simulation and calibrated with Belle II data

ΔR
qr q r

ϵeff
tag = (47.91 ± 0.07(stat.) ± 0.51(syst.)) %

tagging power: ϵeff
tag = ϵtag⟨r2⟩

Preliminary
Preliminary

NEW for Moriond!
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The Charm Flavor Tagger (CFT)

20

• double the sample size w.r.t -tagged events

• provide discrimination between signal and background

• CFT will increase sensitivity for many charm decays:


‣

D*+

D0 → π0π0, K0
SK0

S , Kππ0, πππ0 . . .

D0 → K−π+ D0 → K+π−π0(WS)

Preliminary Preliminary

NEW for Moriond!
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Summary

• Used early Belle II data to measure lifetimes of charm hadrons 

• World-best D0, D+ and Λc+ lifetimes (first Belle II precision measurements) 

• Confirmation of LHCb result indicating that the Ωc0 is not the shortest-lived weakly decaying 
charmed baryon 

• Tiny systematic uncertainties (e.g., 2‰ for D0) demonstrate excellent performance and 
understanding of the Belle II detector, never achieved at previous B factories

19
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Preliminary

arXiv:2208.08573  

 submitted to PRD(L)

arXiv:2206.15227  
to appear in PRL

PRL 127 (2021) 21801PRL 127 (2021) 21801

D0 D+ Λc+ Ωc0

•  was believed to be the shortest-lived 
charmed baryon


• confirmed LHCb  lifetime that challenged 
earlier determinations and HQE expectations


• independent measurement from Belle II

• another confirmation of excellent 

performance and alignment of vertex 
detector

Ω0
c

Ωc

One more lifetime

21

PRD 107, L031103

3

For both the Λ0 and the Ω− candidates, the angle be-
tween its momentum and its displacement from the IP
must be smaller than 90◦. Candidate Ω0

c → Ω−π+ de-
cays are formed by combining the selected Ω− candidates
with positively charged particles that are consistent with
originating from the e+e− interaction and have momenta
greater than 0.5GeV/c. We require the scaled momentum
of the Ω0

c candidate be larger than 0.6. The scaled mo-
mentum is pcms/

√

s/4−m(Ω−π+)2, where pcms is the
momentum of the Ω0

c candidate in the e+e− center-of-
mass system, s is the squared center-of-mass energy, and
m(Ω−π+) is the reconstructed Ω0

c mass. The scaled
momentum requirement eliminates Ω0

c candidates orig-
inating from decays of B mesons and greatly suppresses
combinatorial background. A decay-chain vertex fit con-
strains the tracks according to the decay topology and
constrains the Ω0

c candidate to originate from the e+e−

interaction region [25]. The interaction region has typi-
cal dimensions of 250µm along the z axis and of 10µm
and 0.3µm in the two directions transverse to the z axis.
Its position and size vary over time and are measured
using e+e− → µ+µ− events. Only candidates with fit
probabilities larger than 0.001 and with σt values smaller
than 1.0 ps are retained for further analysis. The ver-
tex fit updates the track parameters of the final-state
particles, and the updated parameters are used in the
subsequent analysis. The Λ0 and Ω− candidates are re-
quired to have masses within approximately three units of
mass resolution (or standard deviations) of their known
values [7]. The mass of the Ω0

c candidate must be in
the range [2.55, 2.85]GeV/c2. After these requirements,
about 0.5% of events have multiple Ω0

c candidates; for
these events, the candidate with the highest vertex-fit
probability is retained. An unbinned maximum likeli-
hood fit to the m(Ω−π+) distribution is used to deter-
mine the signal purity in the signal region defined by
2.68 < m(Ω−π+) < 2.71GeV/c2 (Fig. 1). In the fit, the
Ω0

c signal is modeled with a Gaussian distribution, and
the background is modeled with a straight line. The sig-
nal region contains approximately 132 candidates with a
signal purity of (66.5± 3.3)%.

The lifetime is determined using a maximum-likelihood
fit to the unbinned (t,σt) distribution of the candidates
populating the signal region. The likelihood is defined as

L(fs, θ) = G(fs|0.665, 0.033)
∏

i

[fsPs(ti,σt i|θ) + (1− fs)Pb(ti,σt i|θ)] ,

where i runs over the candidates and θ is a short-hand
notation for the set of fit parameters, which are specified
in the following. The signal fraction fs is constrained to
the value measured in the m(Ω−π+) fit with the Gaus-
sian distribution G(fs|0.665, 0.033). The signal proba-
bility density function (PDF) is the convolution of an
exponential distribution in t with a Gaussian resolution
function that depends on σt, multiplied by the PDF of
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Figure 1: Mass distribution for Ω0
c
→ Ω

−

π
+ candidates with

fit projections overlaid. The vertical dashed lines enclose the
signal region; the shaded area indicates the sideband.

σt,

Ps(t,σt|τ, b, s) = Ps(t|σt, τ, b, s)Ps(σt)

∝

∫

∞

0

e−t′/τG(t− t′|b, sσt)dt
′ Ps(σt) .

The resolution function’s mean b is a free parameter of
the fit to account for a possible bias in the determination
of the decay time; its width is the per-candidate σt scaled
by a free parameter s to account for a possible misestima-
tion of the decay-time uncertainty. The background in
the signal region is empirically modeled from data with
m(Ω−π+) in the sideband [2.55, 2.65]∪[2.75, 2.85]GeV/c2

(Fig. 1). The sideband is assumed to contain exclu-
sively background candidates and be representative of
the background in the signal region, as verified in sim-
ulation. The background PDF is the conditional PDF
of t given σt multiplied by the PDF of σt, Pb(t,σt|θ) =
Pb(t|σt, θ)Pb(σt). The distribution in t is the sum of a
δ function at zero and an exponential component with
lifetime τb, both convolved with a Gaussian resolution
function having a free mean bb and a width correspond-
ing to σt scaled by a free parameter sb,

Pb(t|σt, τb, fτb , bb, sb) = (1− fτb)G(t|bb, sbσt)

+ fτbPb(t|σt, τb, bb, sb) ,

where fτb is the fraction of the exponential component
relative to the total background and

Pb(t|σt, τb, bb, sb) ∝

∫

∞

0

e−t′/τbG(t− t′|bb, sbσt)dt
′ .

τ(Ω0
c) = (243 ± 48(stat.) ± 11(syst.)) fs

τ(Ξ0
c) < τ(Λ+

c ) < τ(Ω0
c) < τ(Ξ+

c )
new lifetime hierarchy :

https://journals.aps.org/prd/pdf/10.1103/PhysRevD.107.L031103
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‣ beginning of a rich quarkonium physics program

✦ unique data near Ecm ~ 10.75 GeV

✦  observed for the first time

✦ , ,  cross section hint at possible resonance


‣ Charm Flavor Tagger

✦ new inclusive algorithm that exploits correlation between 

signal flavor and charge of tagging particles

✦ significantly enlarge the available sample size


‣ Measurement of  lifetime confirms new hierarchy for 
lifetime of charmed baryons 

Υ(10753) → ωχbJ(1P)
BB̄ BB̄* B*B̄*

Ω0
c

Conclusion



Backup
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• replacement of beam pipe

• replacement of photomultipliers of the central PID detector (TOP)

• installation of 2-layered pixel vertex detector

• improved data-quality monitoring and alarm system

• complete transition to new DAQ boards (PCIe40)

• replacement of aging components 

• additional shielding and increased resilience against beam backgrounds 

Long-shutdown activity and plans

24

Belle II stopped taking data in Summer 2022 for a long shutdown

Currently working on pixel detector installation:

• shipping to KEK in mid March

• final test at KEK scheduled in April
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• additional searches with  scan data

‣ di-pion transitions 

‣ inclusive search for 

‣  and search for 

Υ(10750)
e+e− → π+π−Υ(nS)
e+e− → ωηb(1S)

e+e− → ηΥ(nS) γXb

Additional bottomonium searches

25

FIG. 1: Plot of M(µµ) versus M(⇡+⇡�µ+µ�) � M(µ+µ�) for ⌥ ! µ+µ� dipion decays. The
clusters of points represent signal transitions.

2
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BABAR

Belle II
Belle

High-precision vertexing

• Silicon vertex detector 
• 2-layer pixel detector (PXD) 
• 4-layer double-sided strip detector (SVD) 

• PXD 
• Innermost layer is only 1.4 cm from the interaction region 

(×2 closer than in Belle) 
• Very low material thickness (0.1% X0/layer for 

perpendicular tracks) 
• Excellent hit position resolution 

• ×2 better impact parameter resolution than Belle/BaBar 
shows up in decay-time distribution 

2nd PXD layer only 
partially installed

D0→K–π+

9


