
Flavour lectures
Accompanying slides
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Flavour physics experiments - Belle
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● 1999-2010 (11 yrs)
● Data collected at ϒ

(4S) (bb̅) @ 
10.58GeV 

● 771M BB̅ pairs (+/-, 
0) produced approx. 
at rest

● Some data collected 
at ϒ(5S) for Bs 
studies

Asymmetric 
e+-e- collider 
called KEKB
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Flavour physics experiments - Belle

PRLFirst 
observation 
of X(3872) 
tetraquark 
candidate

Determination of gamma from Belle only
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Nature of tetraquark remains 
unknown : D0- D 0* molecule?

http://www.utfit.org/foswiki/pub/UTfit/Old/summer2006/gamma/belle/ckm-gamma-belle.html
https://arxiv.org/abs/hep-ex/0309032


Flavour physics experiments - BaBar
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● 1999-2008 (9 yrs)
● Data collected at ϒ(4S)  => 384M BB̅ 

pairs

Asymmetric 
e+-e- collider 
called PEP-II 
at SLAC



Flavour physics experiments - BaBar
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Excess of tauonic 
semi-leptonic B decays 
over l= e/mu, R(D(*))

First obs. of ground state of 
bottonium corresponding to 
mass ~ 9.4GeV

5Made in 2012, AFTER datataking

https://arxiv.org/pdf/0807.1086.pdf
https://arxiv.org/pdf/1205.5442.pdf


Flavour physics experiments - CLEO(-c)
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● 1979-2008 (29 yrs)
● Symmetric e+-e- 

collider called 
CESR at Cornell 
University

● Collisions at 
3.5-12GeV for b- 
and c- physics 
(CLEO-c)

LONGEST RUNNING PARTICLE 
PHYSICS EXPERIMENT



Flavour physics experiments - CLEO(-c)

PRL

arxivPRL

First observation of 
FCNC b->sγ

Key charm input for CPV 
measurements

Discovered 𝜰(4S) and 
confirmed 𝜰(3S)  
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Discovered 13 new 
Charm baryons

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.44.1108
https://arxiv.org/pdf/1010.2817.pdf
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.71.674


Flavour physics experiments - LHCb (U0)
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● 2011-2018 (7 yrs)
● Collisions from symmetric p-p collider called 

LHC
● Collisions at 7-13.6 TeV



Flavour physics experiments - LHCb

particles.html
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Measurement of ∆ms
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6 sigma CPV in pππ resonant region

Discovered 64 of the 72 
new hadrons at LHC

4o precision 
on gamma

First observation of CPV in Charm mesons and 
later in baryons

https://www.nikhef.nl/~pkoppenb/particles.html
https://arxiv.org/pdf/2503.16954
https://arxiv.org/abs/2104.04421
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CPT



SM puzzles

Quark and lepton masses span 12 orders 
of magnitude 11



Flavour multiplets - SU(3) mesons

Pseudoscalar mesons of spin-0 form a nonet Vector mesons of spin-1 form a nonet
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JP=0- JP=1-



Flavour multiplets - SU(3) baryons

Combinations of three u, d or s quarks with a spin-3/2 
form the uds baryon decuplet

Combinations of three u, d or s quarks with a spin-1/2 
form the uds baryon octet
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https://www.hep.phy.cam.ac.uk/~mkenzie/teaching/flavour/lecture1.pdf


Dalitz plots
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K*(892) (J p=1-)
K* and π + in 
“P wave”
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Cronin and Fitch experiment - CPV in Kaons
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https://www.nikhef.nl/~h71/Lectures/2020/lecture6-slides.pdf


Cronin and Fitch experiment - CPV in Kaons
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https://www.nikhef.nl/~h71/Lectures/2020/lecture6-slides.pdf


Beauty and Top observation
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https://www.hep.phy.cam.ac.uk/~mkenzie/teaching/flavour/lecture1.pdf


CKM higher orders

● Phase in |Vts| is only apparent at O(λ4)
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Neutral meson oscillation
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https://www.hep.phy.cam.ac.uk/~mkenzie/teaching/flavour/lecture1.pdf


Neutral meson oscillation
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https://www.hep.phy.cam.ac.uk/~mkenzie/teaching/flavour/lecture1.pdf


Master equations
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https://www.hep.phy.cam.ac.uk/~mkenzie/teaching/flavour/lecture1.pdf


Vub measurements
HFLAV
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https://inspirehep.net/literature/2100284


Vub measurements
HFLAV

~3.3𝜎
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https://inspirehep.net/literature/2100284


LHCb GLW measurements
arxiv
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https://arxiv.org/pdf/2012.09903.pdf


BPGGSZ method
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CKM progress

Before B- 
factories and 

LHC

Tevatron 
and B 

factories

LHC 
inclusion
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CKM progress

Before B- 
factories and 

LHC

LHC 
inclusion

LHC 
inclusion
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CKM progress

Before B- 
factories and 

LHC

LHC 
inclusion

LHC 
inclusion
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CKM progress

←Why is this 
interesting?
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EFTs
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https://physicstravelguide.com/equations/dirac_equation#tab__concrete

https://physicstravelguide.com/equations/dirac_equation#tab__concrete


Resources
Matt Kenzie flavour lectures and a reading list

https://www.hep.phy.cam.ac.uk/~mkenzie/teaching/flavour/

https://www.hep.phy.cam.ac.uk/~mkenzie/teaching/flavour/reading.pdf

Niels Tuning flavour lectures

https://www.nikhef.nl/~h71/Lectures/2020/ppII-cpviolation-14022020.pdf

Sophie Renner Implications workshop lectures on EFTs

https://indico.cern.ch/event/1330361/contributions/

More on SMEFT

https://link.springer.com/content/pdf/10.1140/epjc/s10052-023-11821-3.pdf

https://indico.in2p3.fr/event/22195/contributions/86017/attachments/59873/81148/eftlectures.pdf
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https://www.hep.phy.cam.ac.uk/~mkenzie/teaching/flavour/
https://www.hep.phy.cam.ac.uk/~mkenzie/teaching/flavour/reading.pdf
https://www.nikhef.nl/~h71/Lectures/2020/ppII-cpviolation-14022020.pdf
https://indico.cern.ch/event/1330361/contributions/
https://link.springer.com/content/pdf/10.1140/epjc/s10052-023-11821-3.pdf
https://indico.in2p3.fr/event/22195/contributions/86017/attachments/59873/81148/eftlectures.pdf

