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▪ Precision measurements of particles containing b and c quarks mainly produced in the forward direction at LHC

▪ A single-arm forward spectrometer covering the pseudo-rapidity range 2 < 𝛈 < 5

▪ Precise vertexing, tracking, particle identification and reconstruction

p/K/𝞹 PID

LHCb: Large Hadron Collider Beauty Experiment
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• Run1
• 1 fb−1 @ 7 TeV - (2011)

• 2 fb−1 @ 8 TeV – (2012)

• Run2
• 6 fb−1 @ 13 TeV – (2015 -2018)



▪ The rates of the decay processes are parametrized in different ways 
by CKM matrix elements 

▪ Overconstraint the CKM elements precisely is one of the key goal of 
the Flavour Physics

Physics motivation: CKM matrix and Unitarity Conditions 

𝐕𝐮𝐝𝐕𝐮𝐛
∗ + 𝐕𝐜𝐝𝐕𝐜𝐛

∗ + 𝐕𝐭𝐝𝐕𝐭𝐛
∗ = 𝟎

Unitarity condition

Unitarity triangle in the ( ത𝜌, ҧ𝜂) complex plane 

▪ 4 parameters: 𝐴, 𝜆, 𝜌, 𝜂

▪ 3 angles

▪ 1 complex phase 

▪ Parameters are obtained and tested 

wrt data (rich pheno and large mass range):

Nucleons, K, D, 𝐵(𝑠) and top quark physics 
𝑉𝐶𝐾𝑀 =
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▪ In order to verify the unitarity of the CKM matrix 

▪ Complex phase 𝛾 = arg(−
𝑉𝑢𝑑𝑉𝑢𝑏

∗

𝑉𝑐𝑑𝑉𝑐𝑏
∗ ) which is source of CP violation 

can be measured from the processes mediated

▪ Only angle accessible at Tree-level (direct measurement)

▪ theoretically clean 

▪ ”Standard Candle” of the Standard Model 

▪ Interference between b→c and b→ u quark transitions

▪ Precise measurements of the magnitudes of the CKM matrix 
elements : mixing, branching fractions

▪ Sub-degree level of measurements to be compared with the 
CKMfitter global fit to challenge the Standard Model

▪ Loop-level (indirect measurement) – sensitive to New Physics (NP)
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Physics motivation: CKM matrix and Unitarity Conditions 



▪ Discrepancy between these will indicate ”New Physics”

▪ Many different channels used to measure the angles and sides of the triangle

Physics motivation : Unitarity triangle 

Direct measuments
(Pure SM like)

Indirect measurements
(Possible sensitivity to NP)

[CKMFitter]
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http://ckmfitter.in2p3.fr/


CKM angle 𝜸 in 𝑩± → 𝑫𝑲± with 𝑫 → 𝑲∓𝝅±𝝅±𝝅∓ NEW  preliminary
LHCb-PAPER- 2022-017

▪ Sensitivity to 𝛾 determined by the interference between favoured b→c and suppressed b→u quark transitions    
in the tree level

▪ Analysis based on Run1+Run2 data sample corresponding to an integrated luminosity of 9𝑓𝑏−1
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𝛿𝐵 , 𝑟𝐵 𝜎(𝛾) ∝
1

𝑟𝐵
2

𝛾 ∝ −arg(𝑉𝑢𝑏)interference



•CKM angle 𝜸 in 𝑩± → 𝑫𝑲± with 𝑫 →
𝑲∓𝝅±𝝅±𝝅∓

CKM angle 𝜸 in 𝑩± → 𝑫𝑲± with 𝑫 → 𝑲∓𝝅±𝝅±𝝅∓ NEW  preliminary  LHCb-PAPER- 2022-017
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▪ This analysis based on the study “ Improved sensitivity to the phase γ through binning phase 
space in 𝑩− → 𝑫𝑲−, 𝑫 → 𝑲+𝝅−𝝅−𝝅+” by  T. Evans, J. Libby, S. Malde and G. Wilkinson 
[Physics Letters B, 802 (2020)]

▪ A binning scheme is proposed in the phase space of 𝑫𝟎 → 𝑲+𝝅−𝝅−𝝅+ to maximise the sensitivity to  
CKM angle γ (The coherence factor RD is larger in bins 2 and 3 and less diluted)

▪ First use of this approach, based on a four bins choice 

Bin 1 Bin 2 Bin 3 Bin 4

https://arxiv.org/pdf/1909.10196.pdf
https://reader.elsevier.com/reader/sd/pii/S0370269319309104?token=3578ED7BC0AA78A1AD359287F12400D6357D4176D6298700C366B22305CBE9D2971093F80925E6B2519C652EE1661948&originRegion=eu-west-1&originCreation=20220827221601


•CKM angle 𝜸 in 𝑩± → 𝑫𝑲± with 𝑫 →
𝑲∓𝝅±𝝅±𝝅∓

CKM angle 𝜸 in 𝑩± → 𝑫𝑲± with 𝑫 → 𝑲∓𝝅±𝝅±𝝅∓

▪ The measurement for 𝑫 → 𝑲∓𝝅±𝝅±𝝅∓ decay mode in four bins 
of D-decay phase space

➢D decay hadronic parameters from CLEO-C, BESIII                                        
([JHEP05 (2021) 164])

▪ One of the most precise measurement by a single charm D    
meson decay mode

▪ Large difference between the invariant mass of  charged  𝐵+

and 𝐵− hadrons designate CP asymmetry

Largest 𝓐𝑪𝑷 ~ 85% !

Largest 𝓐𝐂𝐏 ~ -85%

𝓐𝐂𝐏 ~ −𝟒𝟕%

𝓐𝐂𝐏 ~ − 𝟐𝟖

𝓐𝐂𝐏 ~ 𝟏𝟏%
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𝑩− 𝑩+

NEW  preliminary  LHCb-PAPER- 2022-017

https://link.springer.com/content/pdf/10.1007/JHEP05(2021)164.pdf


CKM angle 𝜸 in 𝑩± → 𝑫𝑲± with 𝑫 → 𝑲∓𝝅±𝝅±𝝅∓

▪ 𝑫 → 𝑲∓𝝅±𝝅±𝝅∓ decay provides a important contribution to the CKM                      
angle 𝛾 combination: (best sensitivity from 𝐷 → 𝐾𝑠

0𝜋+𝜋− [JHEP02 (2021) 169]

▪ High branching fraction
▪ Absence of neutral pions

▪ Confidence intervals for 𝜸 vs B-hadronic parameters in the cartesian parameterisation 
(𝑥𝐾 , 𝑦𝐾) and (𝑥𝜋, 𝑦𝜋) 

▪ B-hadronic parameters:

▪ 𝑟𝐵 = (94.6−3.1−0.5−2.3
+3.1+0.5+3.0) × 10−3

▪ 𝛿𝐵 = (134.6−6.0−0.7−8.7
+6.0+0.7+8.6)°

▪ The CKM angle 𝛾 is measured to be

𝜸 = (𝟓𝟒. 𝟖−𝟓.𝟖−𝟎.𝟔−𝟒.𝟑
+𝟔.𝟎+𝟎.𝟔+𝟔.𝟕)°

➢compatible with the measurements from                                                                        
[Eur. Phys. J. C (2021) 81: 226], [JHEP12 (2021) 141]

𝜸 = (𝟔𝟓. 𝟒−𝟒.𝟐
+𝟑.𝟖)°

▪ This result will reduce the uncertainty on the CKM angle 𝛾 combination  with 
measurements from B and D decays
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No CPV 
𝛾 = 0

No CPV
𝛾 = 0

No CPV
𝛾 = 0

No CPV
𝛾 = 0

𝑩± → 𝑫𝑲±

𝑩± → 𝑫𝝅±

𝒓𝑩
𝟐 = 𝒙𝟐 + 𝒚𝟐

NEW  preliminary  LHCb-PAPER- 2022-017

https://link.springer.com/content/pdf/10.1007/JHEP02(2021)169.pdf
https://arxiv.org/abs/1909.12524
https://link.springer.com/content/pdf/10.1140/epjc/s10052-020-8156-7.pdf
https://link.springer.com/content/pdf/10.1007/JHEP12(2021)141.pdf


Constraints on the CKM 𝜸 from 𝐵± → 𝐷(ℎ±ℎ′∓𝜋0)ℎ± decays  

▪ Analysis based on Run1+Run2 data sample corresponding to an integrated luminosity of 9𝑓𝑏−1

▪ ℎ can be either kaon or pion

03/09/2022 CIPANP 2022 HS-LPC 11

LHCb-PAPER-2021-036
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https://cds.cern.ch/record/2798917/files/LHCb-PAPER-2021-036.pdf


Constraints on the CKM 𝜸 from 𝐵± → 𝐷(ℎ±ℎ′∓𝜋0)ℎ± decays  
LHCb-PAPER-2021-036

▪ B candidates 𝐵∓ → 𝐷𝐾∓ 𝑎𝑛𝑑 𝐵∓ → 𝐷𝜋∓ ,  where charm meson 
reconstructed in quasi-GLW  and ADS method:

▪ 𝐷 → 𝜋+𝜋−𝜋0

▪ 𝐷 → 𝐾+𝐾−𝜋0

▪ 𝐷 → 𝐾+𝜋−𝜋0

▪ 𝑫 → 𝝅+𝑲−𝝅𝟎(𝐬𝐮𝐩𝐩𝐫𝐞𝐬𝐬𝐞𝐝)

▪ First observation of B− → [π−K+π0]K− suppressed mode with a significance 
of  𝟕. 𝟖 𝛔 !

▪ Evidence of a large CP asymmetry !

𝐴𝐴𝐷𝑆(𝐾) = −0.38 ± 0.12 ± 0.02

▪ Measurement of 11 CP violation observables with world best 
precision

▪ Signal yields from each decay modes used in the analysis:

𝒜𝐶𝑃~38%

03/09/2022 CIPANP 2022 HS-LPC 12

First observation!
Phys. Lett. B 740 (2015) 1

▪ RD Coherence factor ~1

𝑩− 𝑩+

https://cds.cern.ch/record/2798917/files/LHCb-PAPER-2021-036.pdf
https://reader.elsevier.com/reader/sd/pii/S0370269314008247?token=ADD4515B530C107BBC48400F3D23381F49BD2FE240F5E251929CCDC1316EEE36E61A12B6BBDDD6E86E88A1BF84454B4E&originRegion=eu-west-1&originCreation=20220827232911


Constraints on the CKM 𝜸 from 𝐵± → 𝐷(ℎ±ℎ′∓𝜋0)ℎ± decays  
LHCb-PAPER-2021-036

▪ Confidence regions  of the strong phase vs the CKM angle 𝛾

▪ Results  interpreted in terms of: 

▪ 𝜸 = (𝟓𝟔−𝟏𝟗
+𝟐𝟒)°

▪ 𝛿𝐵 = (122−23
+19)°

▪ 𝑟𝐵 = (9.3−0.9
+1.0)°× 10−2
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LHCb γ comb.

➢ Consistent with the LHCb 𝛾 combination! [JHEP12 (2021) 141]
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https://cds.cern.ch/record/2798917/files/LHCb-PAPER-2021-036.pdf
https://link.springer.com/content/pdf/10.1007/JHEP12(2021)141.pdf


Simultaneous determination of CKM angle 𝛾 and charm mixing parameters
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▪ Measurements are performed from beauty and charm sectors which are sensitive to 𝛾 and charm mixing 
parameters.

JHEP12 (2021) 141
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https://link.springer.com/content/pdf/10.1007/JHEP12(2021)141.pdf


Combination of CKM 𝜸 and charm mixing parameters JHEP12 (2021) 141

New 

Updated & New

▪ Combination of measurements sensitive to CKM angle 𝞬 performed

▪ 151 observables to determine 52 free parameters with all frequentist 
treatment

➢ Inputs from beauty sector

➢ Inputs from charm sector 
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https://link.springer.com/content/pdf/10.1007/JHEP12(2021)141.pdf


• Most precise determination of 𝞬 from a single experiment, Belle-II experiment is 
coming on stage

• Different B modes agree at 2𝞼 level

• Combination of Unitarity Triangle angle 𝞬 measurements of the LHCb            

with excellent agreement with the global fit results: 

• New  average : 𝜸 = (𝟔𝟓. 𝟒−𝟒.𝟐
+𝟑.𝟖)° (direct measurement)  

• 𝐵𝑠
0 → 𝐷𝑠

∓𝐾±(𝜋𝜋) analysis used Run 1 & Run 2   [LHCb-CONF-2020-003]

• constraint on 𝞬 ~ 20° level of precision and the most probable value 
seems to be high wrt the 𝐵+and 𝐵0 measurements

• Coherence with

𝜸 = (𝟔𝟓. 𝟔−𝟐.𝟕
+𝟎.𝟗)° 𝜸 = (𝟔𝟓. 𝟖 ± 𝟐. 𝟐)°

(CKM fitter, frequentist)             (UT fit, Bayesian)

• Compatible with previous LHCb combination:  

𝜸 = (𝟕𝟒−𝟓.𝟖
+𝟓.𝟎)° [LHCb-CONF-2018-002]

Time-dependent and tagging analysis 

𝐵𝑠
0 → 𝐷𝑠

∓𝐾±(𝜋𝜋)

Combination of CKM 𝜸 and charm mixing parameters JHEP12 (2021) 141
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https://lhcb-conf-2020-003/
https://cds.cern.ch/record/2319289/files/LHCb-CONF-2018-002.pdf
https://link.springer.com/content/pdf/10.1007/JHEP12(2021)141.pdf


➢Most precise charm mixing parameters determined by combining for the first time

• 𝑥 ≡
Δ𝑀

Γ
= 0.400−0.053

+0.052 % 𝑦 ≡
ΔΓ

2Γ
= 0.630−0.030

+0.033 %

• World average:  𝑥 ≡
Δ𝑀

Γ
= 0.409−0.049

+0.048 % 𝑦 ≡
ΔΓ

2Γ
= 0.615−0.055

+0.056 %

Combination of CKM 𝜸 and charm mixing parameters JHEP12 (2021) 141

➢ Precision improved by a factor of 2 in y!

• 𝑞

𝑝
= 0.997 ± 0.016 𝜙 = (−2.4 ± 1.2)°

03/09/2022 CIPANP 2022 HS-LPC 17

• See the talk Fred Blanc@ICHEP22 Bologna (recent improvements on charm mixing )

https://link.springer.com/content/pdf/10.1007/JHEP12(2021)141.pdf


First Observation of the decay 𝑩𝒔
𝟎 → 𝑲−𝝁+𝝊𝝁 and a measurement of 𝑽𝒖𝒃 /|𝑽𝒄𝒃|

▪ Analysis uses 2012 data sample corresponding to an integrated luminosity of 2 fb−1 @8 TeV

03/09/2022 CIPANP 2022. HS-LPC 18
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https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.126.081804


First Observation of the decay 𝑩𝒔
𝟎 → 𝑲−𝝁+𝝊𝝁 and a measurement of 𝑽𝒖𝒃 /|𝑽𝒄𝒃|

▪ 𝑉𝑢𝑏 /|𝑉𝑐𝑏| is measured through the relation of the ratio of 𝐵𝐹 of 𝐵𝑠
0 → 𝐾−𝜇+𝜐𝜇 signal and 𝐵𝑠

0 → 𝐷𝑠
−𝜇+𝜐𝜇

normalization channels

𝑅𝐵𝐹 ≡
ℬ(𝐵𝑠

0→𝐾−𝜇+𝜐𝜇)

ℬ(𝐵𝑠
0→𝐷𝑠

−𝜇+𝜐𝜇)
=

𝑁(𝐵𝑠
0→𝐾−𝜇+𝜐𝜇)

𝑁(𝐵𝑠
0→𝐷𝑠

−𝜇+𝜐𝜇)

𝜖(𝐷𝑠
−)

𝜖(𝐾−)
× ℬ 𝐷𝑠

− → 𝐾−𝐾+𝜋− =
𝑉𝑢𝑏

2

𝑉𝑐𝑏
2 ×

𝐹𝐹𝐾

𝐹𝐹𝐷𝑠

𝐪𝟐 < 𝟕 𝐆𝐞𝐕𝟐

experiment
Theory inputPDG

𝐪𝟐 > 𝟕 𝐆𝐞𝐕𝟐

𝚾 = 𝐊,𝐃𝐬

N(𝑩𝒔
𝟎 → 𝑲−𝝁+𝝊𝝁)𝒉𝒊𝒈𝒉= 𝟔𝟑𝟗𝟗 ± 𝟑𝟕𝟎

N(𝑩𝒔
𝟎 → 𝑲−𝝁+𝝊𝝁)𝒍𝒐𝒘= 𝟔𝟗𝟐𝟐 ± 𝟐𝟖𝟓

▪ Binned maximum-likelihood fit 𝑚𝑐𝑜𝑟𝑟 of the 𝐵𝑠
0 to obtain the signal and normalization yield

▪ 𝑚𝑐𝑜𝑟𝑟 defined as : 𝑚𝑐𝑜𝑟𝑟 = 𝑚(𝑋𝜇)
2 +

𝑝⊥
2

𝑐2
+ 𝑝⊥/𝑐

▪ Signal in two regions of 𝑞2 :

▪ 𝑉𝑐𝑏 by normalization channel 𝐵𝑠
0 → 𝐷𝑠

−𝜇+𝜐𝜇
modelled by LQCD   [Phys Rev D. 101 074513]

▪ 𝑞2 is reconstructed up to twofold ambiguity

using vertex and Λ𝑏
0 const [JHEP 02, 021 (2017)]

> 7 [PRD 100, 034501 (2019)](LQCD)
< 7 [JHEP 08,112 (2017)] (LCSR) N (𝑩𝒔

𝟎→ 𝑫𝒔
−𝝁+𝝊𝝁) = 𝟐𝟎𝟏𝟒𝟓𝟎 ± 𝟓𝟐𝟎𝟎

FF:form factor
𝜖: efficiency
LCSR: light cone sum rule
LQCD: lattice Quantum Chromodynamics 
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https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.126.081804
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.074513
https://link.springer.com/content/pdf/10.1007/JHEP02(2017)021.pdf
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.034501
https://link.springer.com/article/10.1007/JHEP08(2017)112


First Observation of the decay 𝑩𝒔
𝟎 → 𝑲−𝝁+𝝊𝝁 and a measurement of 𝑽𝒖𝒃 /|𝑽𝒄𝒃|

❑ ℬ 𝐵𝑠
0 → 𝐾−𝜇+𝜐𝜇 = [1.06 ± 0.05(𝑠𝑡𝑎𝑡) ± 0.08(𝑠𝑦𝑠𝑡)] × 10−4

❑ |𝑉𝑢𝑏|/ 𝑉𝑐𝑏 (𝑙𝑜𝑤) = 0.0607 ± 0.0015 𝑠𝑡𝑎𝑡 ± 0.0013 𝑠𝑦𝑠𝑡 ± 0.0008(𝐷𝑠) ± 0.0030(𝐹𝐹)

❑ |𝑉𝑢𝑏|/ 𝑉𝑐𝑏 (ℎ𝑖𝑔ℎ) = 0.0946 ± 0.0030 𝑠𝑡𝑎𝑡 −0.0025
+0.0024 𝑠𝑦𝑠𝑡 ± 0.0013(𝐷𝑠) ± 0.0068(𝐹𝐹)

▪ First observation of suppressed semileptonic 𝐵𝑠
0 → 𝐾−𝜇+𝜐𝜇 decay and the ratio branching fraction measured:

▪ The ratio 𝐕𝐮𝐛 /|𝐕𝐜𝐛| is obtained in two 𝑞2 reqions :  

▪ Discrepancy between the 𝐕𝐮𝐛 /|𝐕𝐜𝐛| values is related to the difference in theoretical calculations of the FF

𝑅𝐵𝐹 =
𝑉𝑢𝑏

2

𝑉𝑐𝑏
2
×
𝐹𝐹𝐾
𝐹𝐹𝐷𝑠
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https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.126.081804


Precise determination of the 𝐵𝑠
0 − ത𝐵𝑠

𝑜 oscillation frequency ∆𝑚𝑠

• This analysis uses the full Run 2 data sample  corresponding to an integrated luminosity of 6 fb−1

• 𝐵𝑠
0 mesons can oscillate to its anti-particle ത𝐵𝑠

𝑜 ~ 3 × 1012 per second
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https://www.nature.com/articles/s41567-021-01394-x.pdf


Precise determination of the 𝐵𝑠
0 − ത𝐵𝑠

𝑜 oscillation frequency  
Nature Physics 18, (2022) 1-5

▪ Most precise result of the 𝜟𝒎𝒔 = 𝒎𝑯 −𝒎𝑳 (heavy (H) and light (L) 
mass eigenstates) oscillation frequency :

Δms = 17.7683 ± 0.0051(stat) ± 0.0032(syst)ps−1

➢ Current Δ𝑚𝑠 precision improved by a factor of 2!

▪ The asymmetry distribution between the tagged-unmixed and tagged-
mixed samples is defined as:

➢ Time-dependent analysis of 𝐵𝑠
0 → 𝐷𝑠

−𝜋+
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▪ Fit to the 𝐵𝑠
0 → 𝐷𝑠

−𝜋+ decay time distribution :

https://www.nature.com/articles/s41567-021-01394-x.pdf


Precise determination of the 𝐵𝑠
0 − ത𝐵𝑠

𝑜 oscillation frequency  
Nature Physics 18, (2022) 1-5

▪ Precise oscillation frequency measurement by LHCb 

▪ Combined result from all LHCb measurements using Run 1 & Run 2 data:

▪ The result is compatible with SM prediction:  

Δms = 17.7656 ± 0.0057ps−1

Δms = 18.4−1.2
+0.7ps−1

➢ Δ𝑚𝑠

[JHEP 12 (2019) 009]

Latest result 

Δms = 17.7683 ± 0.0051 ± 0.0032ps−1
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17.4 17.6 17.8 18 18.2

Dm
s
 (ps

-1
)

Average 17.765 ± 0.006 ps
-1

LHCb D
-
sp

+

(6 fb
-1

 Run 2)
17.768 ± 0.005 ± 0.003 ps

-1

LHCb D
-
sp

+
p

-
p

+

(9 fb
-1

 Runs 1+2)
17.757 ± 0.007 ± 0.008 ps

-1

CMS J/yf
(96.4 fb

-1
 Run 2)

17.51 
+ 0.10

  ± 0.03 ps
-1

17.51  
- 0.09

LHCb J/yK
+
K

-

(3.0+1.9 fb
-1

 Runs 1+2)
17.694 ± 0.041 ± 0.011 ps

-1

LHCb D
-
sp

+

(1.0 fb
-1

 Run 1)
17.768 ± 0.023 ± 0.006 ps

-1

LHCb D
-
sm

+
X

(1.0 fb
-1

 Run 1)
17.93 ± 0.22 ± 0.15 ps

-1

LHCb D
-
sp

+
,D

-
sp

+
p

-
p

+

(0.036 fb
-1

 2010)
17.63 ± 0.11 ± 0.02 ps

-1

CDF2 hadr+semilept
(1 fb

-1
)

17.77 ± 0.10 ± 0.07 ps
-1

Heavy Flavour
Averaging Group

➢ History of Δ𝑚𝑠

https://www.nature.com/articles/s41567-021-01394-x.pdf
https://arxiv.org/pdf/1909.11087.pdf


Conclusions

▪ LHCb shows great success at flavor physics program with Run 1 and Run 2

▪ Largest CP violation observed ~ 85% by a single charm decay mode 𝐵± → 𝐷 𝐾±, 𝐷 → 𝐾∓𝜋±𝜋±𝜋∓

▪ First observation of 𝐵± → [𝜋±𝐾∓𝜋0]𝐾± with a significance of  7.8 𝜎

▪ 𝜸 combination with a best sensitivity to date by a single experiment 

▪ First observation of the 𝐵𝑠
0 → 𝐾−𝜇+𝜐𝜇 decay  and measure Vub /|Vcb| in two 𝑞2 regions

▪ Most precise determination of 𝐵𝑠
0 − ത𝐵𝑠

𝑜 oscillation frequency 𝛥𝑚𝑠 in of 𝐵𝑠
0 → 𝐷𝑠

−𝜋+ with full Run 2 
data

▪ With Run 3 and Run 4, LHCb expect to collect 50 fb−1 data

▪ LHCb aims more precise measurements with increased data samples and higher collision energy

Stay Tuned !



Thank you for your attention!
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▪ Identification: ε ℎ → ℎ ~90%,𝑚𝑖𝑠𝑠 𝜀 ℎ → ℎ ~5%, 𝜀𝜇~97%

▪ IP resolution: 𝜎𝐼𝑃 = 20𝜇𝑚

▪ Momentum resolution:
Δ𝑝

𝑝
= 0.5 − 0.8%

▪ Mass resolution: 𝜎 𝑚𝐵→ℎℎ ≈ 22𝑀𝑒𝑉

▪ Time resolution:45-55 𝑓𝑠

LHCb: Large Hadron Collider Beauty Experiment

By W. Krupa @BEACH 2022
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Physics motivation : measurement  of CKM Unitarity
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CKM status over the years
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Combination of CKM 𝜸 and charm mixing parameters JHEP12 (2021) 141
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• Confidence intervals and best-fit values for 𝛾 when splitting the combination inputs by initial B meson species

• Confidence intervals and best-fit values for 𝛾 when splitting the combination inputs by time-dependent and time-integrated 
methods

https://link.springer.com/content/pdf/10.1007/JHEP12(2021)141.pdf


Combination of CKM 𝜸 and charm mixing parameters JHEP12 (2021) 141
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https://link.springer.com/content/pdf/10.1007/JHEP12(2021)141.pdf


CKM angle 𝜸 in 𝑩± → 𝑫𝑲± with 𝑫 → 𝑲∓𝝅±𝝅±𝝅∓ NEW * in preparation LHCb-PAPER- 2022-017
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@ICHEP by Tim Evans 

• Hadronic parameters in the cartesian form



Constraints on the CKM 𝜸 from 𝐵± → 𝐷(ℎ±ℎ′∓𝜋0)ℎ± decays  
LHCb-PAPER-2021-036

▪ 11 observables are reported
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▪ B candidates 𝐵∓ → 𝐷𝐾∓ 𝑎𝑛𝑑 𝐵∓ → 𝐷𝜋∓ ,  where charm meson 
reconstructed in quasi-GLW  and ADS method:

▪ 𝐷 → 𝜋+𝜋−𝜋0

▪ 𝐷 → 𝐾+𝐾−𝜋0

▪ 𝐷 → 𝐾+𝜋−𝜋0

▪ 𝑫 → 𝝅+𝑲−𝝅𝟎(𝐬𝐮𝐩𝐩𝐫𝐞𝐬𝐬𝐞𝐝)

→First determination of the CP content of 𝐷 → 𝜋+𝜋−𝜋0

and 𝐷 → 𝐾+𝐾−𝜋0

Analysis by M. Nayaka, J. Libbya,∗, S. Maldeb, C. Thomasb, G. 
Wilkinsonb,c, R. A. Briered, P. Naike, T. Gershonf, G. Bonvicinig

https://arxiv.org/pdf/2112.10617.pdf


First Observation of the decay 𝑩𝒔
𝟎 → 𝑲−𝝁+𝝊𝝁 and a measurement of 𝑽𝒖𝒃 /|𝑽𝒄𝒃|

▪ Systematic uncertainties are summarized in the table
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https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.126.081804


Precise determination of the 𝐵𝑠
0 − ത𝐵𝑠

𝑜 oscillation frequency  
Nature 18, (2022) 1-5
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https://www.nature.com/articles/s41567-021-01394-x.pdf

