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

Belle and Belle II experiments
Belle II strength for �� 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

ˆ BelowBBthreshold: well described by
potential models

ˆ Above theBBthreshold(� (4S), � (5S) and
� (6S)): show unexpected properties

ˆ Hadronic transitions to lower bottomonia are
strongly enhanced

ˆ Strong violation of Heavy Quark Spin Symmetry

) Exotic admixtures: molecule, compact
tetraquark, 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� (10753), a new energy scan data taking was
performed by Belle II:

ˆ Fill Belle energy gaps
ˆ Total integrated luminosity of 19 �� 1 with 9.8 � � 1 at the

� (10753) energy

Already proves its e�ciency by the rediscovery of� (10753) in a
new decaye+ e� ! ! (! � + � � � 0)� bJ(! 
� (1S))

Phys. Rev. Lett.130 (2023) p. 091902

Quarkonia, tau and low multiplicity from Belle and Belle II � Robin Leboucher 4/19



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

Belle II � Study ofe+ e� ! � (nS)� � � +

Con�rm the existence of� (10753) in its discovery mode
ˆ Measure the di-pion spectrum
ˆ Looks for anyZb contributions

ˆ Reconstructe+ e� ! � + � � � (nS)( ! � � � + )

� (1S)
4:1�

� Belle
ˆ Belle II

� (2S)
7:5�

� (3S)
0:2�

CLEO
parametrisation

Phase space

ˆ Observation of the� (10753) in agreement with the Bellemeasurement

M(� (10753)) = 10756:3 � 2:7 � 0:6 MeV=c2

�( � (10753)) = 29:7 � 8:5 � 1:1MeV

ˆ � (1S): M(� + � � ) distribution is consistent with phase space
ˆ � (2S): M(� + � � ) large values are enhanced (similarly to� (2S) ! � (1S)� + � � )
ˆ No signalsof intermediateZ+

b (10610=10650) resonances are observed
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Belle II � Search for� (10753) ! !� b(1S)=� b0(1P)

Test the tetraquark interpretationfor the
� (10753):
ˆ Predicts astrong transitionof !� b(1S)
compared to� � + � �

ˆ There is no convenient way to reconstruct� b

ˆ Only reconstruct! ! � + � � � 0

ˆ Search for a signal bump in the recoil mass
Mrecoil(� + � � � 0) distribution

Mrecoil(�
+ � � � 0)=

r �
Ec.m.� E�

c2

� 2
�

�
p�
c

� 2

whereEc.m.: total energy of thee+ e� in the
centre of mass
E� ; p� : energy and momentum of� + � � � 0 in
the centre of mass

!� b(1S) !� b0(1P)

ˆ No signi�cant � b0 and � b(1S) signals are observed
� (e+ e� ! !� b0(1S)) < 8:7pb
� (e+ e� ! !� b(1S)) < 2:5pb
ˆ This result does not support the prediction of the tetraquark model
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Belle II � Energy dependence ofe+ e� ! B( � )B( � )

The open �avour �nal states B(� ) B(� ) make dominant
contribution to bb cross-section
ˆ Their measurements are critical for understanding the
structure ofbb states
ˆ Can be used to extract� states parameters

ˆ Cross sections at the four energies are consistent with
Belle's results.
ˆ � (e+ e� ! B� B� ) increase rapidly aboveB� B� threshold
similar toD� D� ) resonance or bound state?

Solid Belle+Belle 2 �t
Dashed Belle �t
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� lepton physics

SuperKEKBas a� factory:

ˆ e+ e� collider produce� leptons pairs at high rate

e�

e+

� �

� +




� (e+ e� ! � + � � )= 0:92nb

� (e+ e� ! BB)= 1:05 nb

ˆ cross section equivalent toBBprocess

� decays:

ˆ Massive enough to decay intolighter lepton & hadrons
ˆ Mostlyone or three charged particlesin �nal states
ˆ Challenging reconstruction with neutrinos in the �nal state
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Belle II � Lepton Flavour Universality measurement

ˆ Test if theW gauge bosons have the same couplingsg as the three
generations of leptonsge = g� = g� as predicted in the SM

�
g�

ge

� 2

�
� R� =

B(� � ! � � � � � � )

B(� � ! e� � e� � )

ˆ Event selection is performed with rectangular cuts and neural network

ˆ 94% purity with 9.6% signal e�ciency for the combined sample

ˆ Mains systematics coming from PID (0.32%) and trigger (0.1%)

ˆ Most precisee=� universality from� � decays in a single measurement with
362 � � 1

R� = 0:9675� 0:0007(stat) � 0:0036(sys)

ExtractR� by �tting the lepton momentum[1:5; 5] GeV=c

e� � e� �� � � e� �

Quarkonia, tau and low multiplicity from Belle and Belle II � Robin Leboucher 9/19

Preliminary



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

Lepton Flavour Violation (LFV) searches

The lepton �avour is accidentally conserved in the SM
Lepton �avour violation is only allowed by:
ˆ Neutrino oscillationsO(10� 55)
far beyond current experimental sensitivities
ˆ New Physics modelsO(10� 8)
e.g.Leptoquarks for� � ! ` � V0 deals withR(K� 0)
anomalies

� � � �




� � � �

W

(a)� � ! � � 
 via Standard Model with neutrino oscillation

� � � �
LQ

q
q

V0

(b) � � ! ` � V0 via leptoquark interaction

Progress of Theoretical and Experimental Physics. 2019 (2019) p. 123C01; arXiv:2203.14919

Observation of such decays will be a clear signature of New Physics
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Belle II � � ! 3� Lepton Flavour Violation decay

Flagged as Belle II golden channel
ˆ Accessible:

ˆ good reconstruction of� � mass and energy
ˆ low SM background

ˆ Also probed by LHC experiments

Signal e�ciency challenge:

ˆ BDT classi�er: reject main backgrounds
e+ e� ! qq using signal, "Rest of Event" and
kinematic features

ˆ " sig ' 20:41% (3� Belle Physics Letters B.
687 (2010) pp. 139�143)

ˆ Observed 1 event in 424 �� 1 of data
ˆ Set 90% CL upper-limit on the BF

B (� ! ��� ) < 1:9 � 10� 8

ˆ New most stringent results compared to Belle 2:1 and CMS 2:9 � 10� 8

ˆ Performances con�rmed by a conventional 3� 1 tagging approach
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Belle � � ! ` V0 Lepton Flavour Violation decay

New mediators (vector leptoquark) may
enhance such decay, up toO (10� 10) and
accommodate for �avour anomalies in LFU
tests
Phys. Rev. D. 104 (2021) p. 055017

Signal e�ciency challenge:

ˆ Use more tag� + �nal state
channels

ˆ BDT classi�er: reject main
backgroundse+ e� ! qq

Belle has no signi�cant excess in 980 �� 1

B (� ! eV0) < (1:7 � 2:4) � 10� 8

B (� ! � V0) < (1:7 � 4:3) � 10� 8

ˆ The limit is improved by 30% wrt the previous Belle results

Belle II results on� � ! ` � � channel using an untagged approach
with 189 � � 1 (2023):

B (� ! e� ) < 23 � 10� 8

B (� ! �� ) < 9:7 � 10� 8

Mode " (%) NBG � syst(%) Nobs Bobs
�
� 10� 8

�

� � ! � � � 0 7.78 0:95 � 0:20 (stat.)� 0:15 (syst.) 4.6 0 < 1:7
� � ! e� � 0 8.49 0:80 � 0:27 (stat.)� 0:04 (syst.) 4.4 1 < 2:2
� � ! � � � 5.59 0:47 � 0:15 (stat.)� 0:05 (syst.) 4.8 0 < 2:3
� � ! e� � 6.45 0:38 � 0:21 (stat.)� 0:00 (syst.) 4.5 0 < 2:0
� � ! � � ! 3.27 0:32� 0:23 (stat.)� 0:19 (syst.) 4.8 0 < 3:9
� � ! e� ! 5.41 0:74 � 0:43 (stat.)� 0:06( syst.) 4.5 0 < 2:4

� � ! � � K� 0 4.52 0:84 � 0:25 (stat.)� 0:31 (syst.) 4.3 0 < 2:9
� � ! e� K� 0 6.94 0:54 � 0:21 (stat.)� 0:16 (syst.) 4.1 0 < 1:9
� � ! � � �K� 0 4.58 0:58 � 0:17 (stat.)� 0:12 (syst.) 4.3 1 < 4:3
� � ! e� �K� 0 7.45 0:25� 0:11 (stat.)� 0:02 (syst.) 4.1 0 < 1:7

New world-leading results
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