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Outline
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• Introduction

• Joint efforts on 𝜸 measurements

• Synergy on measurements of CKM matrix element magnitudes

• Conclusion



CP violation in SM
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• CP violation essential in explaining matter-antimatter difference in universe

• Complex phases in CKM matrix and PMNS matrix generate CP violation in SM

• CKM matrix：unitary matrix connecting interaction and mass eigenstates

Interaction eigenstates Mass eigenstates

• However, CP violation in SM model only contribute tiny to antimatter problem 

in universe

• Need more sources of CP violation 

幺正矩阵，标准模型唯一限制条件



Unitary test
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• Closure test of unitary triangle etc

• All measurements consistent with each other? Yes

• Is current precision enough? No
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𝜶 + 𝜷 + 𝜸 = (𝟏𝟕𝟗&𝟔+𝟕)°

𝜶 + 𝜷 + 𝜸 = (𝟏𝟕𝟗. 𝟗&𝟏.𝟕+𝟏.𝟗)°

Direct measurements:

Global fits:

2024/05/12

• Unitarity condition: only requirement in SM



CKM angle 𝜸
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• Measured through 𝒃 → 𝒄 and 𝒃 → 𝒖 interference 

• Tree level processes → SM candle, NP normally enters loop diagrams

• Loop level processes suppressed, theoretically clean, 𝛅𝛄/𝛄 ~ 10-7

• All QCD parameters (hard to calculate) obtained from experimental 

measurements (global fit)

2024/05/12



Probe 𝜸 in different methods 
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𝐷! and *𝐷! decay to same final 

states to interference

Sensitivities of 𝜸 from many channels, important to measure as many as possible 
2024/05/12



Global combination
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LHCb-CONF-2022-003

Measurements from b-decays

Charm (and b) inputs

Also constrain D mixing parameters

2024/05/12



A table for strong phase measurements
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Decay modes Strategy Quantities BESIII status LHCb status

𝑫 → 𝑲𝑺
𝟎𝒉#𝒉$ binned 𝒄𝒊, 𝒔𝒊 3 fb-1 published; 

8 fb-1 ongoing;
9 fb-1 published; (5° VS 1°)

𝑫 → 𝑲𝑺
𝟎𝒉#𝒉$ Fourier 𝒂𝒄𝒊 , 𝒂𝒔𝒊 , 𝒃𝒄𝒊 , 𝒃𝒔𝒊 8 fb-1 ongoing; 9 fb-1 ongoing

𝑫 → 𝑲±𝝅∓𝝅#𝝅$ global and binned 𝑹𝑲𝟑𝝅, 𝜹𝑲𝟑𝝅,
𝑹𝑲𝟑𝝅𝒊 , 𝜹𝑲𝟑𝝅𝒊

3 fb-1 published；
New data 
ongoing

9 fb-1 published; (6° VS 6°)

𝑫 → 𝑲#𝑲$𝝅#𝝅$ global and binned 𝑭#, 𝒄𝒊, 𝒔𝒊 16 fb-1 ongoing 9 fb-1 published (MD);
 9 fb-1 ongoing (MI); (12° VS 10°)

𝑫 → 𝝅#𝝅$𝝅#𝝅$ global and binned 𝑭#, 𝒄𝒊, 𝒔𝒊 3 fb-1 ongoing 9 fb-1 ongoing (MI); (9° VS 3°)

𝑫 → 𝑲±𝝅∓𝝅𝟎 global 𝑹 = 𝟎. 𝟕𝟗𝟐 ± 𝟎. 𝟎𝟑𝟑 3 fb-1 published
New data 
ongoing

9 fb-1 published;

𝑫 → 𝑲𝑺
𝟎𝑲∓𝝅± global 𝑹 = 𝟎. 𝟕𝟎 ± 𝟎. 𝟎𝟖 8 fb-1 ongoing 9 fb-1 published;

𝑫 → 𝑲𝑺
𝟎𝝅#𝝅$𝝅𝟎 global and binned 𝑭# = 𝟎. 𝟐𝟑𝟖 ± 𝟎. 𝟎𝟏𝟕,	

𝒄𝒊, 𝒔𝒊
3 fb-1 ongoing 9 fb-1 ongoing

𝑫 → 𝑲#𝑲$𝝅𝟎 global 𝑭# = 𝟎. 𝟕𝟑 ± 𝟎. 𝟎𝟔,	
𝒄𝒊, 𝒔𝒊

8 fb-1 published 9 fb-1 published;

𝑫 → 𝑲#𝝅$ global 𝜹 3 fb-1 published 9 fb-1 published;



Charm mixing data
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• Neutral charm meson can mix and thus affect the decay rate

𝐱, 𝐲 : mixing parameters 𝒒/𝒑 : CP parameters

• Strong parameters same as those from charm threshold data

• With the inputs of charm mixing related parameters, strong parameters 

can be constrained: global determination 

• Charm mixing offers valuable constrains even with current LHCb data for 

ADS modes



Constraints from global fit
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• Uncertainties from charm threshold 

around 8°, while including LHCb 

measurements from charm and beauty 

gives around 3°

• With 20 fb-1, BESIII will give around 4°

• Strong parameters receive more 

constrains from charm decays

• Add beauty part further help reducing 

uncertainties 



Global combination results
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LHCb-CONF-2022-003

• Compatible with indirect determination

𝛾 = (63.8&*./+*.1)°

𝛾 = (65.5&)./+,.,)°

• Dominant by 𝑩+ decays

• Different decays contribute differently, 
global combination gives best sensitivity

• Sensitivity on y parameters improves

CKMfitter

2024/05/12



CKM observables: magnitude
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• |𝑽𝒖𝒅|: superallowed nuclear 𝜷 decays

• |𝑽𝒖𝒔|: 𝑲 → 𝝅𝒍𝝂,𝑲 → 𝒍𝝂, 𝝉 → 𝑲𝝂 etc. + form factors, decay constants

• 𝑽𝒄𝒔 , |𝑽𝒄𝒅|: (semi-)leptonic charm decays + Lattice inputs

• 𝑽𝒖𝒃 , 𝑽𝒄𝒃 : (semi-)leptonic B decays + Lattice inputs

• 𝑽𝒕𝒅 , |𝑽𝒕𝒔|: 𝚫𝐦𝐝, 𝚫𝐦𝐬 + bag parameters, decay constants

From S. Descotes-Genon

2024/05/12



General on magnitude measurements
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• Leptonic decays, only need decay constant of the decaying particle

Precise BF measurements

• Semi-leptonic decays, form factor needed (2 when P is Pseudo-scalar, more for vector and fermions)

BF as function of 𝒒𝟐

• Meson mixing, decay constant and bag parameters

Δm7 =
𝐺8)

6𝜋)
𝑉9:∗ 𝑉9%

)𝑀;
) 𝑆' 𝑥9 𝐵:𝑓<:) 𝑀<:H𝜂<
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BESIII contributions
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Gives the magnitudes of the triangles; could also be used to test QCD

|𝑽𝒄𝒔|

𝒇𝑫𝒔"
Talk by Z. Lu



Contribution of BESIII to CKM global fit
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Leptonic decays Semi-leptonic decays Neutrino-nuclear + 𝑾 →
𝒄𝒔 no lattice needed

• BESIII offers the world best direct measurements on |𝑽𝒄𝒅| and |𝑽𝒄𝒔|

• However, still much worse than from indirect constrain; need improvements

𝑽𝒄𝒔 = 𝟎. 𝟗𝟖𝟒 ± 𝟎. 𝟎𝟏𝟎
𝑽𝒄𝒅 = 𝟎. 𝟐𝟏𝟖𝟓 ± 𝟎. 𝟎𝟎𝟔𝟎

𝑽𝒄𝒔 = 𝟎. 𝟗𝟕𝟐𝟗&𝟎.𝟎𝟎𝟎𝟕+𝟎.𝟎𝟎𝟏𝟐

𝑽𝒄𝒅 = 𝟎. 𝟐𝟐𝟖𝟓 ± 𝟎. 𝟎𝟎𝟓𝟒
𝑽𝒄𝒔 = 𝟎. 𝟗𝟔𝟕𝟎 ± 𝟎. 𝟎𝟎𝟖𝟎
𝑽𝒄𝒅 = 𝟎. 𝟐𝟑𝟎 ± 𝟎. 𝟎𝟏𝟏

𝑽𝒄𝒔 = 𝟎. 𝟗𝟕𝟑𝟓𝟖&𝟎.𝟎𝟎𝟎𝟐𝟖+𝟎.𝟎𝟎𝟎𝟏𝟒	 𝑽𝒄𝒅 = 𝟎. 𝟐𝟐𝟒𝟖𝟑&𝟎.𝟎𝟎𝟎𝟐𝟑+𝟎.𝟎𝟎𝟎𝟑𝟏Indirect:
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LHCb contributions

• Measured using 𝐵*! → 𝐷*+𝜋,, 

𝐵! → 𝐷(∗)𝜇𝜈𝑋

Precision of 0.38% and 0.03%!!!
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• LHCb not only contributes to |𝑽𝒖𝒃| and |𝑽𝒄𝒃|，but also |𝑽𝒕𝒒|

• Uncertainties mainly from Bag parameters (3%) obtained from lattice

Δ𝑚^ = 0.5065 19 ps_`
Δ𝑚a = 17.7656 57 ps_`

Nature Physics 18 (2022) 1-5
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CKM status over years
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Conclusion
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• Understanding matter-antimatter problem through unitarity test of CKM matrix 

is important

• Joint efforts from beauty to charmed data (LHCb), charm threshold data (BESIII) 

and charm mixing data (LHCb) are key to establish world-best sensitivity on 

𝜸	angle and on charm mixing parameters

• Global efforts also needed on measurements of CKM matrix element magnitude, 

especially from charmed data
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Thank You for Your Attention



QCD: key inputs to extract EW parameters
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• Factorization assumption:

Γ = Weak EM (QCD)

Experimental measurements

Physics of interest

Precisely calculated by QED

Lattice

Theoretical inputs as important as experimental measurements 

ΓJ
ΓK
=

Weak J

Weak K

EM J

EM K

QCD J

QCD K

Ratios generally preferred both experimentally and theoretically

2024/05/12


