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The tau lepton mass measured at Belle II
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Particle Zoo

https://www.particlezoo.net/products/tau?variant=32201289801
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Masses of leptons
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PDG 2022

https://inspirehep.net/files/850fdb9ba039c29dfbc1f071e6afd6e6
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Relative precisions of masses
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0.3 x 10-9 22 x 10-9 68000 x 10-9 36 x 10-9
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Needed precision
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300 USD

1 7 7 6.8 6MeV
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Lepton flavor universality & tau lepton mass
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Is the fraction of tau decays to electron consistent with SM?

BR  =  ----------------------------------
                      (τ lifetime)-1
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Lepton flavor universality & tau lepton mass
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BR  =  ----------------------------------
                      (τ lifetime)-1

Tau lepton mass is exciting on its own!
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Previous measurements
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SLAC
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Methods
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B factories : Ecms = 10.58 GeV

τ factories  : Ecms =   3.56 GeV

CM frame
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Give me a scale!
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τ factories B factories

BES III 70% Phys.Rev.D 90 (2014)

98%

BaBar 98% Phys.Rev.D 80 (2009)

Belle 74% Phys.Rev.Lett. 99 (2007)

Systematic uncertainties of the tau mass

https://journals.aps.org/prd/pdf/10.1103/PhysRevD.90.012001
https://arxiv.org/abs/0909.3562
https://arxiv.org/pdf/1405.1076.pdf
https://arxiv.org/pdf/0909.3562.pdf
https://arxiv.org/pdf/hep-ex/0608046
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BES III method
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Obtained tau mass (x2)

BESIII (τ factory)

Compton-scattering of laser light used to measure beam energies.

BES III 70% Phys.Rev.D 90 (2014)

https://journals.aps.org/prd/pdf/10.1103/PhysRevD.90.012001
https://arxiv.org/pdf/1405.1076.pdf
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Challenges for B factories
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5.29 GeV 4.98 GeV

B factories : Ecms = 10.58 GeV

BaBar (B factory)

BaBar 98% Phys.Rev.D 80 (2009)

CM frame

https://arxiv.org/abs/0909.3562
https://arxiv.org/pdf/0909.3562.pdf
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Pseudo-mass
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Belle II

● Belle II at asymmetric-energy
SuperKEKB e+e- collider

● B & charm & tau factory

● Clean environment of ee collisions:
→ Efficient reconstruction neutrals
→ Missing energy
→ Interaction vertex

● Data taking is getting restarted
(LS1 July 2022 - November 2023)

● Accumulated 424 fb-1

(190 fb-1 used in the tau-mass analysis)
The z-axis of the coordinate system 
points towards electron momentum
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Final-state momentum scale

Tau mass unc. from momentum-scale
0.39 MeV (BaBar) → 0.07 MeV (Belle II)

● Calibration of track momenta
using D0→Kπ as standard candle

● Momentum SFs are derived by comparing
D0 peak position with PDG value
→ SFs function of charge & cos θ

● Systematic uncertainties:
→ m(D0) PDG uncertainties
→ peak position modeling
→ detector misalignment

Validation channels:
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Calibration of the collision energy
Exploiting proximity to the BB production threshold

From LHCb
Precision: 4 x 10-5

Our business
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Y4S resonance

Mean B meson energy biased towards 
M(Y4S) due to beam energy smearing

ee → BBɣ
(+spread)

Ecm (GeV)
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Time dependence of collision energy
Uncorrected energy from 

+       radiation correction
±   Y4S shape correction
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Belle II results
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Belle II results
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Conclusions

● Belle II        determination has much higher accuracy
than Belle / BaBar

● Belle II achieved even slightly better precision than 
BESIII (tau-factory)

● Substantial part of the        uncertainty comes from 
external inputs, e.g. Y4S resonance shape
→ plan to reduce external-input dependence
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