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Talk statistics

WIN2023 2

• Six plenary talks: 2 theory overviews + 4 experiment summaries, covering CKM, LFV/LFU, g-2 etc

• Six sessions of parallel talks: 25 talks (8 from theory)  



Flavor physics
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• Focus on quarks and charged leptons

• To understand matter anti-matter asymmetry (CP violation), new forces or new particles coupled to 

fermions through quantum fluctuation, dark matter etc.

• Colored quarks confined inside hadron, QCD crucial 

• QCD extremely interesting on its own (low energy behaviors)

The world made by Fermions
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Precision physics

246 GeV. According to such an assumption of heavy NP, the amplitudes describing a flavour changing
transition of a fermion  i to a fermion  j can be cast into the following general form

A( i !  j + X) = A0

✓
cSM

v2
+

cNP

⇤
2

◆
. (1)

Since in many cases cSM ⌧ 1, NP effects can have a large impact even if ⇤ � v. For instance, in the
quark sector the reason that often cSM ⌧ 1 stems from the facts that:

(i) cSM can be proportional to small entries of the Cabibbo-Kobayashi-Maskawa (CKM) matrix and/or
to small SM Yukawa couplings;

(ii) cSM may include a loop factor 1/(16⇡2
), if the corresponding transition is forbidden at tree level,

as is the case for flavour-changing neutral-current (FCNC) transitions or meson-antimeson mixing
transitions.

As a result, these low-energy processes can probe indirectly, via quantum effects, scales of order v/
p

cSM.
These can easily exceed those directly reachable via production of on-shell states in current and planned
accelerators. As an explicit example, in the case of B – B̄ mixing, p

cSM ⇠ |Vtd|/(4⇡) ⇠ 10
�3, hence

this observable can probe NP scales up to 10
3 TeV in models with cNP ⇠ 1.

The precise values of the NP scale probed at present vary over a wide range, depending on the
specific observable and the specific NP model (cNP can span a large range, too). However, the form of
Eq. (1) does allow us to predict how the bounds will improve with increasing datasets. For the observ-
ables that are SM dominated, are already observed, and whose uncertainties are dominated by statistics,
the corresponding bound on ⇤ scales as N1/4, where N is the relative increase in the number of events.
The same scaling occurs for forbidden or highly suppressed SM processes, i.e., in the limit cSM ⌧ cNP,
if the search is not background dominated. Thus, with two orders of magnitude increase in statistics
one can probe scales roughly 3 times higher than at present. This is well above the increase in NP scale
probed in on-shell heavy particle searches at high-pT that can be achieved at fixed collider energy by a
similar increase in statistics.

While theoretical uncertainties are often important, there are enough measurements which are
known not to be limited by theoretical uncertainties. Improved experimental results will therefore di-
rectly translate to better NP sensitivity. There are also several cases of observables sensitive to NP where
the theoretical uncertainties are mainly of parametric nature (e.g., our ability to precisely compute cSM

is dominated by the knowledge of CKM elements, quark masses, etc.). For such cases, we can expect
significant increase in precision with higher statistics thanks to the improvement in the reduction of para-
metric uncertainties. This also highlights the importance of a broad flavour physics programme where
the focus is not only on rare or CP violating processes “most likely” affected by NP but also on core SM
measurements which help to reduce the theoretical uncertainties.

1.1.3 Current anomalies and historical comments
Due to the generic sensitivity to high scales, flavour physics has historically played a major role in
developing and understanding the Standard Model. Flavour physics measurements signalled the presence
of “new” particles well before these were directly observed (this was the case for charm and top quarks
from KL ! µ+µ� decays and K-meson mixing, and from B-meson mixing, respectively). With the
completion of the SM, and the increasingly precise tests that the SM predictions have successfully passed,
one may draw the naive conclusion that the discovery potential of precision experiments has declined in
the last decades. However, the opposite is true. First of all, a qualitative change in our understanding
has been achieved during that time. Before the asymmetric B factory experiments, BaBar and Belle, it
was not known whether the SM accounted for the dominant or just a small part of CP violation observed
in kaon mixing. We now know that the bulk of it is due to the SM Kobayashi-Maskawa mechanism.
However, even after decades of progress, for most FCNC amplitudes the NP is still allowed to contribute
at ⇠ 20% of the SM contribution.
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Energy scale for SM: 𝑣 ~100 GeV

NP scale: Λ

Indirect searches

Trojan horse

Lamb shift

Talk by H. Yin



Outline
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• CKM physics

• New physics searches with leptons 

Spectroscopy

Disclaimer: material selected based on personal taste, my 
apologies if your favorites are not shown  



Outline
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• CKM physics

• New physics searches with leptons

• Spectroscopy



CKM matrix
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Interaction eigenstates Mass eigenstates

• Unitary condition implies:

Talk by H. Yin, X. He 

𝛂, 𝛃, 𝛄 all related to the 
single weak phase, 
response for CPV

Four free parameters

Over constraining through 
different measurements, 
looking for discrepancies



Angle 𝜷
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Talk by K. Li



Angle 𝜸
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Talk by Y. Han



Synergy between LHCb and BESIII
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Talk by Z. Lu

Already several Joint meetings and joint 
analyses ongoing



QCD in flavor physics
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Γ = Weak EM (QCD)

Experimental measurements

Physics of interest

Precisely calculated by QED

Where Lattice/other QCD tools can help

Decay constant Form factor Decay constant, bag parameters



Example of magnitude measurement
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Talk by Z. Lu

Gives the magnitudes of the triangles; could also be used to test QCD

|𝑽𝒄𝒔|

𝒇𝑫𝒔"



Constraining QCD predictions
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Talk by L. Li

• Form factors obtained through 
full angular fit

• Quite some discrepancies found; 
need further understanding



Search for new physics with precise CPV measurements
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Talk by K. Li

• Once precisely measured, can be used to give SM predictions



FCNC: rare kaon decays
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Talk by Y. Hsiung and C. Biino 

𝑲𝑳
𝟎 → 𝝅𝟎𝝂,𝝂

𝑲# → 𝝅#𝝂,𝝂

𝑺𝑴:~	𝟖×𝟏𝟎$𝟏𝟏



Belle II
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Angle 𝜷 𝑲𝝅 puzzle

Angle 𝜶
Angle 𝜸	

Talk by Y. Guan and C. Shen 

Similar as Belle

Good at final states with 𝛑𝟎 and 
missing particles



Is the precision enough?
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𝑉&'𝑉&'∗ + 𝑉&)𝑉&)∗ + 𝑉&*𝑉&*∗ − 1

= −0.00230$+.+++-.#+.++-/0 1𝜎
−0.00230$+.+++11#+.++-.2 2𝜎
−0.00230$+.+++34#+.++-1- 3𝜎

10$4

𝜶 + 𝜷 + 𝜸 = (𝟏𝟕𝟗$𝟔#𝟕)°

𝜶 + 𝜷 + 𝜸 = (𝟏𝟕𝟗. 𝟗$𝟏.𝟕#𝟏.𝟗)°

Direct measurements:

Global fits:

Disaster for new physics searches if we don’t 
understand CKM elements precisely

From A. Buras



CP violation in hyperon decays
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Talk by Y. Guan and H. Shen 

SM ~𝟏𝟎$𝟓, need STCF



Outline
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• CKM physics

• New physics searches with leptons

• Spectroscopy



g-2
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Experiment updates in the near future
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Talk by C. Chen



Theoretical focus
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Talk by L. Jin



Tension in HVP prediction
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Talk by L. Jin and C. Chen



CLFV: muon
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Glimpse on history and future

(~ 3 years)

• Mu2e aims at 𝟖×𝟏𝟎!𝟏𝟕 with data from 2025~2026

• COMET 7×𝟏𝟎!𝟏𝟓 with data from 2024~2025 and 
then 4.6×𝟏𝟎!𝟏𝟕 with phase II (~10-18 with 
optimization)

• Many complementary studies from collider 
experiments (BESIII, LHCb, Belle/Belle II, NA62 
etc. ), sensitive to different new physics scenarios

Talk by C. Wu, Y. Xu, S. Huang and Y. Wang



CLFV: tau

WIN2023 25

𝟐. 𝟗×𝟏𝟎$𝟖  with 131 fb-1 data (17 + 18)

Future: 1𝟎$𝟗 ~ 1𝟎$𝟏𝟎 

Talk by C. Wu and C. Jiang

Larger NP contributions



LFU:  𝑹(𝑫(∗)), two new measurements from LHCb
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Talk by L. Sun



LFU:  𝑹(𝑫(∗)), tension remained
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Talk by L. Sun



Complete set of angular asymmetries
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Consistent with SM predictions

Talk by C. Shen



LFU:  𝑹(𝑲(∗)), some tension disappeared
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Talk by L. Sun



LFU from Belle II
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Talk by C. Shen



New global fit results on NP

WIN2023 31

• Many tensions still remains, but do we understand QCD 
tools used to predict well?

• NP favors in 𝑪𝟗𝝁𝑵𝑷 only, and prefers 𝑪𝟗𝝁𝑵𝑷 = 𝑪𝟗𝒆𝑵𝑷

• Build models based on anomalies (charged higgs, leptoquarks)   

U = LFU, V = LFUV

Talk by X. Yuan, T. Kitahara and T. Nomura



LFV, LNV, BNV, dark sector
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Talk by Y. Zhan and D. Lin

• Also interesting studies from Babar on dark sectors in 𝑩 → 𝚲𝝍𝑫, 𝒑𝝍𝑫, 𝑲𝒂(𝜸𝜸)



Complementary high energy searches
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Talk by A. Vicente

𝒁 → 𝒆𝝁

𝑯 → 𝒆𝝉, 𝝁𝝉

𝒁′ → 𝝁𝝉

• Synergy between low energy searches and high energy observables in Z and H decays 



Outline
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• CKM physics

• New physics searches with leptons

• Spectroscopy



New hadrons
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Particle Zoo 2.0

Still missing summary from BaBar, CDF, D0 etc 

Talks by D. Zhang and C. Shen



20 years ago
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Sep, 2003

2307 citations

100

150

• First heavy exotic candidate containing 𝒄"𝒄, opening a new field of research (𝑫𝒔𝟎∗ 𝟐𝟑𝟏𝟕  and 𝑫𝒔𝟏∗ (𝟐𝟒𝟔𝟎) at the same year)

Particle X = 𝑐 ̅𝑐 + 𝑐 ̅𝑐qq + 𝑐q ̅𝑐q 𝑐 ̅𝑐 qq+ +        …



Highlights: doubly charged exotic
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Talk by D. Zhang



Highlights: hidden charm exotic with strangeness
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𝑐 ̅𝑐𝑠$𝑢: 𝐽/𝜓𝐾P

𝑐 ̅𝑐𝑠𝑑̅: 𝐽/𝜓𝐾QR

4.6𝝈

• Similar masses but very different width, nature still under unknown

Talk by D. Zhang



Highlights: hidden charm exotic with strangeness
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Talk by D. Zhang



Highlights: exotic with 4c
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• All three LHC experiments (LHCb, 

ATLAS, CMS) see resonances in 

di-𝑱/𝝍 mass

• Existence of two resonances 

established, one with evidence

• Long waited, extremely interesting

Talk by Z. Hu



Summary of a summary
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2021

2030?



Bright Future
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LHCb ATLAS CMS

Belle II BESIII

mu2e

COMET

NA62KOTO

+ Mu3e
   STCF
  CEPC
   FCC-ee/hh
   SHiP
   ……

g-2



Thank you for your attention
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Synergy between LHCb and BESIII (1)
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Talk by Z. Lu


