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Particle Zoo

https://www.particlezoo.net/products/tau?variant=32201289801
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Mysteries of the Universe
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Dark Matter
● At large scale within Λ-CDM universe
● At smaller scale – galaxy rotation curves
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Phenomena out of the Standard Model
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● Gravity
● Dark matter
● Dark Energy
● Neutrino masses
● Matter-antimatter asymmetry
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Searching for Beyond Standard Model phenomena
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Direct approach
(producing BSM particle)

Indirect approach
(spotting traces of BSM)

Direct 
searches at 

LHC
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Belle II – Indirect way
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Belle II – Intensity frontier
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Belle & LHC record
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Belle II – Intensity frontier
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LHCb
9 fb-1

First generation
of B factories
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Belle II results in last 16 months
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Belle II – Future?
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First generation
of B factories
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pp and ee collisions
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● The ee collisions are cleaner than pp, but less B mesons are produced
(1 ab-1 in e+e- ~ 1 fb-1 in pp) LHCb

9 fb-1
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Lepton flavor univ. & precision measurements
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3.1 sigma

LHCb outreach portal

The Guardian, March 2021

https://lhcb-outreach.web.cern.ch/2021/03/23/strengthened-hints-for-a-violation-of-lepton-universality-in-b-decays/
https://www.theguardian.com/science/2021/mar/23/large-hadron-collider-scientists-particle-physics
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Lepton flavor univ. & precision measurements
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1.0 sigma

LHCb outreach portal

CERN courier, December 2022

https://lhcb-outreach.web.cern.ch/2022/12/20/improved-lepton-universality-measurements-show-agreement-with-the-standard-model/
https://home.cern/news/news/physics/lhcb-brings-leptons-line
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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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Masses of leptons
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Tau lepton mass is exciting on its own!



page 15

(Old) Definition of kilogram

FZU Division seminar  |   22 June 2023  |  Radek Žlebčík

Precision drift up to 70 x 10-9  in 100 years

90% platinum and 10% iridium
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Electric force

(New) Definition of kilogram since 2019
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Kibble balance precision: 36 x 10-9

Veritasium: Redefination of kg

Planck 
constant

Speed of light

1 second
(Ceasium 133)

Electric Induction

From quantum 
effects

https://www.youtube.com/watch?v=Oo0jm1PPRuo
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Masses of leptons
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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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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

FZU Division seminar  |   22 June 2023  |  Radek Žlebčík

SLAC
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Methods
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B factories : Ecms = 10.58 GeV

τ factories  : Ecms =   3.56 GeV



page 22

Give me a scale!

FZU Division seminar  |   22 June 2023  |  Radek Žlebčík

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



page 30

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



page 32FZU Division seminar  |   22 June 2023  |  Radek Žlebčík

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
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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

Ecm (GeV)

R
b

0 

0.5 

1 

1.5 

2 

2.5

10.56 10.57 10.58 10.59 10.6 10.61

Rb =

ee → BB



page 39FZU Division seminar  |   22 June 2023  |  Radek Žlebčík

Y4S resonance

ee → BB

ee → BBɣ
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Y4S resonance

ee → BBɣ
(+spread)

Ecm (GeV)

R
b
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BaBar2008
resonance 
scan data

Rb =

ee → BB

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.



page 42FZU Division seminar  |   22 June 2023  |  Radek Žlebčík

Time dependence of collision energy
Uncorrected energy from 

+       radiation correction
±   Y4S shape correction
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Unblinding
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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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