
RECENT QUARKONIA, TAU AND LOW MULTIPLICITY
MEASUREMENTS FROM BELLE AND BELLE II
La Thuile 2024 - Les Rencontres de Physique de la Vallée d’Aoste
La Thuile (Aosta) Italy

Tuesday 5th March, 2024

Robin Leboucheron behalf of the Belle and Belle II collaborations

mailto:rlebouch@phas.ubc.ca


Belle and Belle II experiments Quarkonia Tau lepton Low multiplicity Outlook and conclusion

Belle and Belle II experiments
Belle II strength for τ− and low multiplicity physics:

• Hermetic detector: good missing energy and neutralreconstruction • Special triggers dedicated to low-multiplicity events
• Excellent vertexing and tracking capabilities

e-  (7 GeV)

e+ (4 GeV)

DEPFET: depleted p-channel field-effect transistor
WLSF: wavelength-shifting fiber
MPPC: multi-pixel photon counter

KL and muon detector (KLM)
Resistive Plate Counter (barrel outer layers)
Scintillator + WLSF + MPPC (end-caps , inner 2 barrel layers)

Particle Identification (PID)
Time-of-Propagation (TOP) counter (barrel)
Aerogel Ring-Imaging Cherenkov (ARICH) counter  (forward)

Central Drift Chamber (CDC)
He(50%)C2H6(50%), small cells, fast electronics

Vertex Detector (VXD)
2 layers DEPFET pixel detectors (PXD, partially installed) 
4 layers double-sided silicon strip detectors (SVD)

Electromagnetic Calorimeter (ECL)
CsI(Tl) crytals
waveform sampling (energy, time, pulsion-shape)

Magnet
1.5T superconducting

Trigger
Hardware < 30kHz
Software < 10kHz
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Hadron spectroscopy at Belle and Belle II

Below the BB̅ threshold states are well described by potential 
models. 
Above BB̅ threshold states exhibit unexpected properties: 

Hadronic transitions to lower bottomonia are strongly 
enhanced.  
The  transitions are not suppressed compared to  
transitions. Strong violation of Heavy Quark Spin Symmetry.  

 or  : observed near the  
thresholds, properties are consistent with  molecules.

η π+π−

Z+
b (10610) Z+

b (10650) B(*)B̄*
B(*)B̄*

Bottomonium Scheme

Exotic admixtures: molecule, compact tetraquark, hybrid. 

Recent quarkonium results from Belle II / Renu Garg / HQL 2023 2

Conventional bottomonium (pure  state) 

Bottomonium like states (mix of  and ) 

Purely exotic states ( )

bb̄
bb̄ BB̄

Zb

Υ(10753)
Open bottom threshold

• Below BB threshold: well described bypotential models
• Above the BB threshold (Υ (4S), Υ (5S) and
Υ (6S)): show unexpected properties

• Hadronic transitions to lower bottomonia arestrongly enhanced
• Strong violation of Heavy Quark Spin Symmetry

⇒ Exotic admixtures: molecule, compacttetraquark, hybrid

Progress of Theoretical and Experimental Physics.2020 (2020) p. 083C01
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Hadron spectroscopy at Belle and Belle II

New Belle II energy scan

To study the Υ (10753), a new energy scan data taking wasperformed by Belle II:
• Fill Belle energy gaps
• Total integrated luminosity of 19fb−1 with 9.8fb−1 at the
Υ (10753) energy

Already proves its efficiency by the rediscovery of Υ (10753) in anew decay e+e− → ω(→ π+π−π0)χbJ(→ γΥ (1S))

Phys. Rev. Lett. 130 (2023) p. 091902
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Belle II – Study of e+e− → Υ (nS)π−π+

Confirm the existence of Υ (10753) in its discovery mode•Measure the di-pion spectrum• Looks for any Zb contributions
• Reconstruct e+e− → π+π−Υ (nS)(→ µ−µ+)
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CLEOparametrisation

Phase space

• Observation of theΥ (10753) in agreement with the Bellemeasurement
M(Υ (10753)) = 10756.3 ± 2.7 ± 0.6 MeV/c2
Γ(Υ (10753)) = 29.7 ± 8.5 ± 1.1 MeV

• Υ (1S): M(π+π−) distribution is consistent with phase space• Υ (2S): M(π+π−) large values are enhanced (similarly to Υ (2S) → Υ (1S)π+π−)• No signals of intermediate Z+b (10610/10650) resonances are observed
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Belle II – Search for Υ (10753) → ωηb(1S)/χb0(1P)

Test the tetraquark interpretation for the
Υ (10753):• Predicts a strong transition of ωηb(1S)compared to Υπ+π−

• There is no convenient way to reconstruct ηb
• Only reconstructω → π+π−π0

• Search for a signal bump in the recoil mass
Mrecoil(π+π−π0) distribution

Mrecoil(π+π−π0)=
√(

Ec.m.−E∗
c2

)2−
(

p∗
c

)2

where Ec.m.: total energy of the e+e− in thecentre of mass
E∗, p∗: energy and momentum of π+π−π0 inthe centre of mass

ωηb(1S) ωχb0(1P)

• No significantχb0 and ηb(1S) signals are observed
σ(e+e− → ωχb0(1S)) < 8.7 pb
σ(e+e− → ωηb(1S)) < 2.5 pb• This result does not support the prediction of the tetraquark model
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Belle II – Energy dependence of e+e− → B(∗)B(∗)

The open flavour final states B(∗)B(∗) make dominant
contribution to bb cross-section• Their measurements are critical for understanding thestructure of bb states• Can be used to extract Υ states parameters

• Cross sections at the four energies are consistent with
Belle’s results.• σ(e+e− → B∗B∗) increase rapidly above B∗B∗ thresholdsimilar to D∗D∗ ⇒resonance or bound state?
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τ lepton physics

SuperKEKB as a τ factory:
• e+e− collider produce τ leptons pairs at high rate

e−

e+

τ−

τ+

γ

σ(e+e− → τ+τ−)= 0.92 nb

σ(e+e− → BB)= 1.05 nb

• cross section equivalent to BB process

τ decays:
• Massive enough to decay into lighter lepton & hadrons
• Mostly one or three charged particles in final states
• Challenging reconstruction with neutrinos in the final state

Quarkonia, tau and low multiplicity from Belle and Belle II – Robin Leboucher 8/19
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Belle II – Lepton Flavour Universality measurement

• Test if theW gauge bosons have the same couplings g as the threegenerations of leptons ge = gµ = gτ as predicted in the SM(
gµ
ge

)2
τ

∼ Rµ =
B(τ− → µ−νµντ )

B(τ− → e−νeντ )

• Event selection is performed with rectangular cuts and neural network
• 94% purity with 9.6% signal efficiency for the combined sample

• Mains systematics coming from PID (0.32%) and trigger (0.1%)
• Most precise e/µ universality from τ− decays in a single measurement with362fb−1

Rµ = 0.9675 ± 0.0007(stat) ± 0.0036(sys)

Figure 6: The fitted distribution of the lepton candidate momentum for the muon (left)
and the electron channel (right) with the observed data. The lower plot shows the ratio
between data and the fitted number of events. The hatched area indicates the possible
variation of the fitted yields due to systematic e↵ects, with the constraints of the nuisance
parameters reduced to their fit uncertainties and correlations taken into account.

Figure 7: The most precise determinations of Rµ (left) and |gµ/ge|⌧ (right) from previous
individual measurements [11, 12] and the fit from the Heavy Flavor Averaging Group [15],
compared with the result of this work. For the left plot, the shaded areas represent the
statistical uncertainties, while the error bars indicate the total uncertainties. The vertical
dashed line indicates the standard model prediction, including mass e↵ects.
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Figure 6: The fitted distribution of the lepton candidate momentum for the muon (left)
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between data and the fitted number of events. The hatched area indicates the possible
variation of the fitted yields due to systematic e↵ects, with the constraints of the nuisance
parameters reduced to their fit uncertainties and correlations taken into account.

Figure 7: The most precise determinations of Rµ (left) and |gµ/ge|⌧ (right) from previous
individual measurements [11, 12] and the fit from the Heavy Flavor Averaging Group [15],
compared with the result of this work. For the left plot, the shaded areas represent the
statistical uncertainties, while the error bars indicate the total uncertainties. The vertical
dashed line indicates the standard model prediction, including mass e↵ects.
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Lepton Flavour Violation (LFV) searches

The lepton flavour is accidentally conserved in the SMLepton flavour violation is only allowed by:• Neutrino oscillationsO(10−55)far beyond current experimental sensitivities• New Physics modelsO(10−8)
e.g. Leptoquarks for τ− → ℓ−V0 deals with R(K∗0)anomalies

τ− µ−

γ

ντ νµ

W

(a) τ− → µ−γ via Standard Model with neutrino oscillation

τ− µ−
LQ

q q

V0

(b) τ− → ℓ−V0 via leptoquark interaction

Progress of Theoretical and Experimental Physics. 2019 (2019) p. 123C01; arXiv:2203.14919Observation of such decays will be a clear signature of New Physics
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Belle II – τ → 3µ Lepton Flavour Violation decay

Flagged as Belle II golden channel• Accessible:• good reconstruction of τ− mass and energy• low SM background• Also probed by LHC experiments
Signal efficiency challenge:

• BDT classifier: reject main backgrounds
e+e− → qq using signal, "Rest of Event" andkinematic features

• εsig ≃ 20.41% (3× Belle Physics Letters B.
687 (2010) pp. 139–143)

• Observed 1 event in 424fb−1 of data• Set 90% CL upper-limit on the BF
B(τ → µµµ) < 1.9 × 10−8

• New most stringent results compared to Belle 2.1 and CMS 2.9× 10−8
• Performances confirmed by a conventional 3× 1 tagging approach
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]

BelleII (Preliminary)Data: Ldt = 424fb 1 5  SR20  SRSidebandsData

101
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0 1 2 3 4 5
B( ± ± ±) 1e 80.00.20.40.60.81.01.2CL s BelleII (Preliminary)± ± ±

Ldt = 424fb 1 Expected CLs ± 2Expected CLs ± 1Expected CLs medianObserved CLs
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Belle – τ → ℓV0 Lepton Flavour Violation decay

New mediators (vector leptoquark) mayenhance such decay, up toO(10−10) andaccommodate for flavour anomalies in LFUtests
Phys. Rev. D. 104 (2021) p. 055017
Signal efficiency challenge:

• Use more tag τ+ final statechannels
• BDT classifier: reject mainbackgrounds e+e− → qq

Belle has no significant excess in 980fb−1
B(τ → eV0) < (1.7 − 2.4) × 10−8

B(τ → µV0) < (1.7 − 4.3) × 10−8

• The limit is improved by 30% wrt the previous Belle results
Belle II results on τ− → ℓ−ϕ channel using an untagged approachwith 189fb−1 (2023):

B(τ → eϕ) < 23 × 10−8

B(τ → µϕ) < 9.7 × 10−8

J
H
E
P
0
6
(
2
0
2
3
)
1
1
8

(a) τ → µρ0 (b) τ → µφ

(c) τ → µω (d) τ → µK∗0

(e) τ → µK∗0

Figure 4. Observed event distributions of M!V 0 vs. ∆E after the τ → µV 0 event selection. Black
points are the data, blue squares show the signal MC distribution with an arbitrary normalization.
The red elliptical lines are the signal regions. The estimations of the number of background
events are done using the data between the red horizontal lines outside the blind regions (the gray
dashed rectangles).

– 10 –

Mode ε(%) NBG σsyst (%) Nobs Bobs (×10−8)
τ± → µ±ρ0 7.78 0.95± 0.20 (stat.) ±0.15 (syst.) 4.6 0 < 1.7
τ± → e±ρ0 8.49 0.80± 0.27 (stat.) ±0.04 (syst.) 4.4 1 < 2.2
τ± → µ±ϕ 5.59 0.47± 0.15 (stat.) ±0.05 (syst.) 4.8 0 < 2.3
τ± → e±ϕ 6.45 0.38± 0.21 (stat.) ±0.00 (syst.) 4.5 0 < 2.0
τ± → µ±ω 3.27 0.32± 0.23 (stat.) ±0.19 (syst.) 4.8 0 < 3.9
τ± → e±ω 5.41 0.74± 0.43 (stat.) ±0.06( syst.) 4.5 0 < 2.4
τ± → µ±K∗0 4.52 0.84± 0.25 (stat.) ±0.31 (syst.) 4.3 0 < 2.9
τ± → e±K∗0 6.94 0.54± 0.21 (stat.) ±0.16 (syst.) 4.1 0 < 1.9
τ± → µ±K̄∗0 4.58 0.58± 0.17 (stat.) ±0.12 (syst.) 4.3 1 < 4.3
τ± → e±K̄∗0 7.45 0.25± 0.11 (stat.) ±0.02 (syst.) 4.1 0 < 1.7

New world-leading results
Quarkonia, tau and low multiplicity from Belle and Belle II – Robin Leboucher 12/19
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Belle – BSM heavy neutrino searches
Experimental neutrino oscillation evidence has demonstrated that neutrinos are massive
→ can be introduced by several candidates like heavy, right-handed or sterile neutrinos

Search for a heavy neutrino in τ− → π−νh(→ π±ℓ∓) with 988fb−1
• No narrow peak found in the 0.2 < M(νh) < 1.6 GeV/c2 whileexcluding the K0S region
• Establish 95% CL on the heavy neutrino mixing

Normal hierarchy

Inverted hierarchy

Majorana limit

Dirac limit

Phys. Rev. Lett. 131 (2023) p. 211802

Search for a sterile neutrino in τ− → π−N(→ µ+µ−ντ )with 915fb−1
• No significant observed signal found while excluding the K0S
• Establish a limit on the mixing coefficient |VτN|2 between ντ and N

arXiv:2402.02580
Quarkonia, tau and low multiplicity from Belle and Belle II – Robin Leboucher 13/19
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Dark matter searches

B factories at e+e− collider can access the mass range favoured by light-dark sectors

Light dark sector weakly couples to SM through various light mediators

Quarkonia, tau and low multiplicity from Belle and Belle II – Robin Leboucher 14/19
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Belle II – Search for Z′ boson

New gauge boson Z′ coupling only to the 2nd and 3rd
generation of leptons (Lµ − Lτ ) via g′:• dark matter puzzle• long-standing (g − 2)µ anomaly

e−

e+

µ−

τ−

µ+

τ+

µ−, τ−

ν, χ

µ+, τ+

ν, χ

g′

γ

Z′

Depending on the Z′ candidate mass the final state can be:
• νν

• χ, χ

• µ−µ+

• τ−τ+

Fully invisible Phys. Rev. Lett. 130 (2023) p. 231801
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Belle II – Search for τ+τ− resonance in e+e− → µ+µ−τ+τ−

e−

e+

µ−

µ+

τ−

τ+
g′

γ
Z′

• Search for τ+τ− resonance in recoil mass(against dimuons)
⇒ also sensitive to leptophilic scalar S and ALPs

No significant excess was observed in 62.8fb−1
• 90% CL upper limits on the cross-section
σ
(
e+e− → Xµ+µ−)

B
(
X → τ+τ−), with X = Z′, S, ALP and on thecoupling constantUpper limits to the Lµ � L⌧ model448

Upper limits on the coupling constants of the models are obtained from the upper limits449

on the cross sections, making use of the quadratic dependence. As an example, for the450

case of the Lµ � L⌧ model,451

UL(g0)90%CL =

s
g02

ref · UL(�)90%CL

�ref

, (1)

where g0
ref is a reference coupling constant used in the MadGraph5@NLO generator to452

compute a reference cross section (�ref).453

Figure S10: Observed 90% CL upper limits on the g0 coupling of the Lµ � L⌧ model as a
function of the Z 0 mass. Also shown are constraints from Belle II [23, 24] for invisible Z 0

decays, and from BABAR [20], Belle [21], and CMS [22] (95% CL) searches for Z 0 decays to
muons, along with constraints (95% CL) derived from the trident production in neutrino
experiments [53–55]. The red band shows the region that could explain the observed value
(within two standard deviations) of the muon anomalous magnetic moment [2].

25

Z′

section varies in the range 8.8%–10.0% depending on the
Z0 mass. We account for systematic uncertainties by
approximating their effects as a Gaussian smearing of
the signal efficiency.
The significance is evaluated as

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2 logðL=L0Þ

p
where L

and L0 are the likelihoods of the fits with and without
signal. The largest local significance observed is 3.0σ,
corresponding to a global significance of 1.8σ, at a recoil
mass of 9.695 GeV=c2 [43]. Since we do not observe any
significant excess above the background, we derive 90%
C.L. upper limits on the process cross section σ½eþe− →
Xð→ τþτ−Þ μþμ−% ¼ σðeþe− → μþμ−XÞ × BðX → τþτ−Þ
with X ¼ Z0; S, ALP, using the frequentist procedure
CLS [52,53]. The limits are shown in Fig. 3. Expected
limits are defined as median limits from background-only
simulated samples that use background yields observed

from the fits to data. The combination of the variations
originating from the MLP ranges and of the overlap
between the fit intervals induces an oscillatory behavior.
The resulting upper limits are dominated by sample size,
with systematic uncertainties worsening them on average
by 1% compared to the case in which they are neglected.
The cross section results are translated into upper limits

on the coupling constant g0 of the Lμ − Lτ model [43], on
the coupling strength ξ of the leptophilic scalar S, and on
the coupling jCllj=Λ for an ALP decaying to leptons:
values as low as 2.5 × 10−2, 51, and 200 TeV−1 are found,
respectively. The last two are shown in Fig. 4 as functions
of the resonance mass. For the leptophilic scalar model, we
constrain the coupling ξ to be smaller than approximately
200 for masses above 6.5 GeV=c2, which are the first
results in that region. For the model with the ALP decaying
to leptons, these are the first results for the ALP-τ coupling.
In summary, we search for a resonance decaying to τþτ−

in eþe− → μþμ−τþτ− events in a data sample of eþe−

collisions at 10.58 GeV collected by Belle II in 2019–2020,
corresponding to an integrated luminosity of 62.8 fb−1. We
find no significant excess above the background and set
upper limits on the cross section, ranging from 0.7 to 24 fb,
for masses between 3.6 and 10 GeV=c2. We derive
exclusion limits on the couplings for three different models:
the Lμ − Lτ model; a leptophilic scalar model, for which we
probe for the first time masses above 6.5 GeV=c2; and a
model with an ALP decaying to leptons, for which we set
world-leading limits over the entire mass range considered.
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FIG. 4. Observed 90% C.L. upper limits and corresponding
expected limits as functions of mass on (top) the leptophilic scalar
coupling ξ and on (bottom) the ALP coupling to leptons jCllj=Λ
in the hypothesis of equal couplings to the three lepton families
and zero couplings to all other particles. Also shown are (top)
constraints for S decaying in electrons or muons from a BABAR

search [25] and (bottom) constraints for an ALP decaying to
leptons from a reinterpretation [17,18] of BABAR searches. The
red band in the top plot shows the region that explains the muon
anomalous magnetic moment ðg − 2Þμ ' 2σ.
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The significance is evaluated as

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
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and L0 are the likelihoods of the fits with and without
signal. The largest local significance observed is 3.0σ,
corresponding to a global significance of 1.8σ, at a recoil
mass of 9.695 GeV=c2 [43]. Since we do not observe any
significant excess above the background, we derive 90%
C.L. upper limits on the process cross section σ½eþe− →
Xð→ τþτ−Þ μþμ−% ¼ σðeþe− → μþμ−XÞ × BðX → τþτ−Þ
with X ¼ Z0; S, ALP, using the frequentist procedure
CLS [52,53]. The limits are shown in Fig. 3. Expected
limits are defined as median limits from background-only
simulated samples that use background yields observed

from the fits to data. The combination of the variations
originating from the MLP ranges and of the overlap
between the fit intervals induces an oscillatory behavior.
The resulting upper limits are dominated by sample size,
with systematic uncertainties worsening them on average
by 1% compared to the case in which they are neglected.
The cross section results are translated into upper limits

on the coupling constant g0 of the Lμ − Lτ model [43], on
the coupling strength ξ of the leptophilic scalar S, and on
the coupling jCllj=Λ for an ALP decaying to leptons:
values as low as 2.5 × 10−2, 51, and 200 TeV−1 are found,
respectively. The last two are shown in Fig. 4 as functions
of the resonance mass. For the leptophilic scalar model, we
constrain the coupling ξ to be smaller than approximately
200 for masses above 6.5 GeV=c2, which are the first
results in that region. For the model with the ALP decaying
to leptons, these are the first results for the ALP-τ coupling.
In summary, we search for a resonance decaying to τþτ−

in eþe− → μþμ−τþτ− events in a data sample of eþe−

collisions at 10.58 GeV collected by Belle II in 2019–2020,
corresponding to an integrated luminosity of 62.8 fb−1. We
find no significant excess above the background and set
upper limits on the cross section, ranging from 0.7 to 24 fb,
for masses between 3.6 and 10 GeV=c2. We derive
exclusion limits on the couplings for three different models:
the Lμ − Lτ model; a leptophilic scalar model, for which we
probe for the first time masses above 6.5 GeV=c2; and a
model with an ALP decaying to leptons, for which we set
world-leading limits over the entire mass range considered.
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FIG. 4. Observed 90% C.L. upper limits and corresponding
expected limits as functions of mass on (top) the leptophilic scalar
coupling ξ and on (bottom) the ALP coupling to leptons jCllj=Λ
in the hypothesis of equal couplings to the three lepton families
and zero couplings to all other particles. Also shown are (top)
constraints for S decaying in electrons or muons from a BABAR

search [25] and (bottom) constraints for an ALP decaying to
leptons from a reinterpretation [17,18] of BABAR searches. The
red band in the top plot shows the region that explains the muon
anomalous magnetic moment ðg − 2Þμ ' 2σ.
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Belle II – Search for µ+µ− resonance in e+e− → µ−µ+µ−µ+

e−

e+

µ−

µ+

µ−

µ+
g′

γ
Z′

• Search for µ+µ− resonance in the reduced
dimuon massMR ≡

√
M2(µµ)− 4m2

µ

⇒ also sensitive to leptophilic scalar S

No significant excess was observed in 178fb−1
• 90% CL upper limits on the cross-section
σ
(
e+e− → Xµ+µ−)

B
(
X → µ+µ−), with X = S, Z′ and on thecoupling constant

11

1 10
]2c[GeV/Z'm

4−10

3−10

2−10

1−10

1

 U
L 

on
 g

'

Belle II preliminary
-1 L dt = 178 fb∫

Trident

Charm-II (95% CL)

CL)
CCFR (95%σ 2± 

µ(g-2)

BaBar

Belle
CMS (95% CL)

Belle II (invisible)

90% CL UL   σ 1± Expected UL 
 σ 2± Expected UL 

1 10
]2c[GeV/Sm

4−10

3−10

2−10

1−10

1

S
 U

L 
on

 g

Belle II preliminary
-1 L dt = 178 fb∫

σ 2± 
µ(g-2)

90% CL UL   σ 1± Expected UL 
 σ 2± Expected UL 

Figure 14: Observed 90% CL upper limits and corresponding
expected limits on (top) the Lµ � L⌧ model coupling g0 and
on (bottom) the muonphilic scalar model coupling gS . Also
shown in the top panel are constraints from Belle II [22, 23]
for invisible Z0 decays, and from BaBar [19], Belle [20], and
CMS [21] (95% CL) searches for Z0 decays to muons, along
with constraints (95% CL) derived from the trident produc-
tion in neutrino experiments [53–55]. The red band in each
panel shows the region that explains the muon anomalous
magnetic moment (g � 2)µ ± 2�.
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Figure 14: Observed 90% CL upper limits and corresponding
expected limits on (top) the Lµ � L⌧ model coupling g0 and
on (bottom) the muonphilic scalar model coupling gS . Also
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for invisible Z0 decays, and from BaBar [19], Belle [20], and
CMS [21] (95% CL) searches for Z0 decays to muons, along
with constraints (95% CL) derived from the trident produc-
tion in neutrino experiments [53–55]. The red band in each
panel shows the region that explains the muon anomalous
magnetic moment (g � 2)µ ± 2�.
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Belle – Search for dark leptophilic scalar

The dark leptophilic scalarϕL can only couple
to leptons:• long-standing ( g − 2)µ anomaly• dark matter abundance• lepton flavour universality violations• leptophilic scalar constraints are still loose

e−

e+

τ−

τ+

ℓ−

ℓ+
ξ

γ
ϕL

• Search process
e+e− → τ−τ+ϕL(→ ℓ−ℓ+)where ℓ = e, µ

• Reject the main backgrounds with BDT

Results

No significant excess was observed in 626fb−1
• 90% CL upper limits on the cross-section
σ
(
e+e− → ϕLτ−τ+

)
B (ϕL → ℓℓ), with ℓ = e, µ and on the couplingconstant

• no ϕL with massM(ϕL) < 4GeV that can explain the observed excess in
(g− 2)µ

Quarkonia, tau and low multiplicity from Belle and Belle II – Robin Leboucher 18/19
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Outlook and conclusion

The observation of the Υ (10753) is confirmed, its nature remains unclear
⇒ but several studies are ongoing to push forward
Several new world best limit on high-profile τ LFU/LFV searches (τ → ℓV0 and τ → 3µ)Proving that Belle and Belle II are also τ -factories
Belle II has unique sensitivity for light dark sectors searches and is complementary to other experimentsExcellent performance with displaced vertices and missing energy allows the world’s leading results
Belle II has successfully concluded Run1 with 424fb−1, and the first results show excellent performances
Now, after 18 months of shutdown, we aim to collect data at 1035 cm−2s−1 and reach the 1 ab−1 by the end of the year!
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Backups

Belle II Luminosity and LS1 plans

LS1 plans:

Quarkonia, tau and low multiplicity from Belle and Belle II – Robin Leboucher 2/10



Backups

Belle II – Observation of Υ (10753) → ωχbJ(1P)

Search for e+e− → ω(→ π+π−π0)χbJ(→ γΥ (1S)):

• VisibleΥ (10753) peak in collision energy
⇒ Confirm the Υ (10753)
⇒ Observation of a new decay channels
• σ

(
e+e−→χbJ(1P)ω

)
σ(e+e−→Υ (nS)π+π−)

∼ 1.5 at Υ (10753)0.15 at Υ (5S) ⇒ Υ (10753) andΥ (5S) have different structures

Quarkonia, tau and low multiplicity from Belle and Belle II – Robin Leboucher 3/10



Backups

Belle II – τ mass measurement
Reconstruct:

e+e− →[τsig → πππντ ]

[τtag → ℓνν/π(π0)ν]

And then exploit the Pseudomass techniquedeveloped by ARGUS:
unbinned maximum likelihood fit of the
pseudo mass:

Mmin=

√
M2

3π + 2
(√

s/2 − E∗3π
) (

E∗3π − P∗3π
)

≤ Mτ

Dominated by systematics uncertainties
Source Uncertainty

MeV/c2
Knowledge of the colliding beams:
Beam energy correction 0.07Boost vector ≤ 0.01Reconstruction of charged particles:
Charged particle momentum correction 0.06Detector misalignment 0.03Fitting procedure:Estimator bias 0.03Choice of the fit function 0.02Mass dependence of the bias ≤ 0.01Imperfections of the simulation:Detector material budget 0.03Modeling of ISR and FSR 0.02Momentum resolution ≤ 0.01Neutral particle reconstruction efficiency ≤ 0.01Tracking efficiency correction ≤ 0.01Trigger efficiency ≤ 0.01Background processes ≤ 0.01
Total 0.11

World’s most preciseMτ measurement:

Mτ = 1777.09 ± 0.08stat ± 0.11sys MeV/c2

Using
Demonstration of Belle II capability to provide high
precision measurement
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Backups

τ mass measurement

Motivations:

• Lepton masses are fundamental parameters of the SM
• Current precision on τ mass is 103 worse than muon mass
• Its precision impacts LFU test analysis

e+e− → [τsig → πππντ ][τtag → ℓνν/π(π0)ν]

Pseudomass techniquedeveloped by ARGUS
• Exploit the kinematics of the 3πsystem with only four tracks and noadditional high-energy photons
• PseudomassMmin:

Mmin =

√
M2

3π + 2
(√

s/2 − E∗3π
) (

E∗3π − P∗3π
)
≤ Mτ

• Cutoff position at the τ mass is extracted from a fit with an empiricalfunction fit
• Detector resolution⇒ smeared edges
• ISR⇒ tail atMmin > Mτ

wQuarkonia, tau and low multiplicity from Belle and Belle II – Robin Leboucher 5/10
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Backups

τ mass measurement

• Measurement dominated by systematics uncertainties: Mmin =

√
M2

3π + 2(
√

s/2 − E∗3π)(E∗3π − P∗3π )

Source Uncertainty
MeV/c2

Knowledge of the colliding beams:
Beam energy correction 0.07Boost vector ≤ 0.01Reconstruction of charged particles:
Charged particle momentum correction 0.06Detector misalignment 0.03Fitting procedure:Estimator bias 0.03Choice of the fit function 0.02Mass dependence of the bias ≤ 0.01Imperfections of the simulation:Detector material budget 0.03Modeling of ISR and FSR 0.02Momentum resolution ≤ 0.01Neutral particle reconstruction efficiency ≤ 0.01Tracking efficiency correction ≤ 0.01Trigger efficiency ≤ 0.01Background processes ≤ 0.01
Total 0.11

Beam energy callibration

Use Bmeson hadronic decays methodand Υ (4S) lineshape measurement toget√s

Momentum scale factor

• Cure bias due to imperfectmagnetic field
• Extract polar angle cosθtrackdependant correction:comparing D0 → Kπ mass peakw.r.t PDG mass
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Backups

Belle –Michel parameters measurement

Michel parameters arise from bilinear combinations of coupling constants between the τ− and theW bosonAny deviations on them are prints of BSM physics: new gauge bosons, the presence of massive neutrinos
The ξ′ defines the longitudinal polarization of the daughter µ− when τ− is unpolarized

• Useµ− decays in flight
τ− → µ−(→ e−νeνµ)νµντ

• Require two tracks on the signal side:
• One µ− from the IP and ending in the CDC
• One e− not from the IP and close to the muon⇒ kink J.

High Energ. Phys. 2022 (2022) p. 35

Ee− in the µ− rest frame ( GeV) Emission angle in the µ− rest frame
• First direct measurement of the Michel parameter ξ′ in the τ− → µ−νµντ

decay with 988fb−1 of Belle
ξ
′ = 0.22 ± 0.94 (stat) ± 0.42 (syst)
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Backups

Belle II – τ → ℓα LFV decay

Motivations:

• Decays with new LFV α bosons (ALPs) are predicted in many models
Strategy:

• Approximate τsig pseudo-rest frame as:
Esig ≈

√
s/2& p̂sig ≈ −p⃗τtag/

∣∣∣⃗pτtag ∣∣∣

• Two body decay: search for a bump in normalized lepton energy spectrum over
τSM → ℓνν irreducible background

Results:

• No signal found in 62.8fb−1
• Set 95% CL upper-limit on BF ratio:

B(τ → ℓα)/B(τSM → ℓνν)

• Between 2 to 14 times more stringent than previous limits, ARGUS
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Backups

Belle II – τ → ℓϕ LFV decay

Signal efficiency challenge:
• Untagged reconstruction: drop any requirementson the tag side
• Cut-based preselections on missing momentum toreject e+e− → ℓ−ℓ+(XX) backgrounds
• BDT classifier: reject main backgrounds(e+e− → qq, τ− → 3πντ ) using signal andkinematic features
• Expected background evaluated from data

reduced sidebands with scaling from simulation:Poisson counting in signal peaking region:
Mτ and∆Eτ = Esig −

√
s/2

εsig ≃ 6.1%(6.5%) for e(µ)modes,
2× Belle

• No significant excess in 189fb−1
• Set 90% CL upper-limit on the BF with CLs method

BUL(τ → eϕ) = 23 × 10−8

BUL(τ → µϕ) = 9.7 × 10−8

• First successful application of the untagged approach in τ -pair analysis atBelle II
Quarkonia, tau and low multiplicity from Belle and Belle II – Robin Leboucher 9/10
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Backups

Belle II – Search for long-lived (pseudo)scalar in b → s transitions

S could mix with SM Higgs with mixing angle θs (naturallylong-lived for θs << 1 ). ForMS < MB, decay to dark matterkinematically forbidden by relic density constraint
First model-independent search for dark scalar Sfrom B decays in rare b → s transition

• 8 exclusive channels probed
B+ → K+S
B0 → K∗0S with S → ee, µµ, ππ, KK

• Bump hunt in the reduced mass spectrum
Mreduced

S→x+x−
=

√
M2

S→x+x−
− 4m2

x

• No significant excess was found in 189fb−1
• First model-independent 95% CL upper-limit on
B(B → KS) × B(S → x+x−)
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