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Radek Žlebčík
15.4.2023
Malá Skála

Particle Zoo

Tau is a heavyweight particle plush 
but also comes in a lightweight 
shipping saver version which is 
especially nice if you live outside 
the US.

https://www.particlezoo.net/products/tau?variant=32201289801
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Improving the corridor

Malá Skála  |   15 April 2023  |  Radek Žlebčík



page 3

Improving the corridor

Malá Skála  |   15 April 2023  |  Radek Žlebčík



page 4

Improving the corridor
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(1776.86±0.12) MeV
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Why?
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Common precision
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1777

mks1101s
3 eur

https://www.mall.cz/vahy-kuchyne/max-digitalni-kuchynska-vaha-mks1101s-
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What we need
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tronix-tx4202b-4200g300 eur

1 7 7 6.8 6

https://www.tronix.cz/p/laboratorni-vaha-tronix-tx4202b-4200g-x-0-01g
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Asian business
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SLAC



page 9

Methods
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B factories : Ecms = 10.58 GeV

τ factories  : Ecms =   3.56 GeV
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Give me a scale!
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BESIII (τ factory) BaBar (B factory)

70% 98%

https://journals.aps.org/prd/pdf/10.1103/PhysRevD.90.012001
https://arxiv.org/abs/0909.3562
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BES III method
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BES III method
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Obtained tau mass (x2)
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BES III method
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Particles in the accelerator don’t have single “sharp” energy

W
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BES III method
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Beam energy spread : 1.5 MeV

Obtained tau mass (x2)

Mean CM beam energy
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BES III energy measurement : Compton scattering
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Initial laser
beam energy

(10-8 precision)
0.12 eV (11 μm)

High Purity 
Germanium

(2x10-5 precision)
5.5 MeV

Nucl.Instrum.Meth.A 659 (2011) 21-29

https://reader.elsevier.com/reader/sd/pii/S0168900211017104
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BES III energy measurement : Back to the Labs
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Scattered 
Energy

Compton 
edge

O16

740 MeV1/2

Nucl.Instrum.Meth.A 659 (2011) 21-29

https://reader.elsevier.com/reader/sd/pii/S0168900211017104
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Challenges for B factories
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5.29 GeV 4.98 GeV

B factories : Ecms = 10.58 GeV
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Problems for B factories
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5.29 GeV 4.98 GeV

B factories : Ecms = 10.58 GeV
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Pseudo-mass
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BaBar2009

1 MeV in Ecms ~ 0.09 MeV in mτ
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Belle II
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Final-state momentum scale

Fixing via known masses of the D mesons

0.39 MeV → 0.07 MeV
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Incoming energy scale

Monitoring energy variations

From 
BPMs

Accelerator instruments
don’t provide precise absolute energy!
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Exploiting the B mesons
Exploiting proximity to the BB production threshold

From LHCb
Precision: 4 x 10-5

Our business



page 24Malá Skála  |   15 April 2023  |  Radek Žlebčík

Determination of the B energy

From LHCb
Precision: 4 x 10-5

Our business
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Resonance bias
The B-factories (like Belle II) run at Y4S resonance

Non-perturbative
QCDAccelerator

Just for 
demonstration
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Y4S resonance
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Y4S resonance

ee → BB

ee → BBɣ
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Y4S resonance

ee → BBɣ
(+spread)
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ee → BBɣ
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Available Y4S resonance shapes
0.09 MeV → 0.07 MeV

Combined fit of BaBar resonance scan 
& Belle 4S data

from Belle colab.
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Time dependence of collision energy
Uncorrected energy from 

+       radiation correction
±   Y4S shape correction



page 31Malá Skála  |   15 April 2023  |  Radek Žlebčík

Belle II results
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Conclusions

● B factories allows for precise tau mass measurement

● Obtained result from blinded analysis compatible 
within 1.3σ with world average

● Substantial part of the tau mass uncertainty comes 
from external inputs
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