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Role of flavour physics
n Key open HEP questions

q Why antimatter disappear?
q Any BSM physics and what is 

the form?

n Precision study of flavour and CP violation can probe BSM physics
q Looking for new sources of CP violation

n Precision flavour measurements to overconstrain CKM matrix
q Looking for new phenomena in rare or forbidden decays

n Flavour changing neutral current
n Lepton flavour universality violation
n Lepton flavour number violation
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Experiments for HFP
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ATLASCMS

Belle II BES III

LHCb

Advantages of 𝒆!𝒆" collider:
lower BKG,  𝑩#𝑩(𝑫#𝑫) production in pair (can measure 
absolute BF, or polarization via quantum correlation), 
advantages in (semi)leptonic and neutral channels…

around 𝚼(𝟒𝑺):
~𝟐𝟐𝟎 )b!" up to Nov. 
2021,  <1/4 of the total 
Belle data

E ∈ (3.77, 4.95) GeV:
~𝟐𝟕 fb!" up to Nov. 
2021

Hadron collider: Large cross-section
LHCb: dedicated detector for flavour physics



CKM matrix 
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Precision measurement of CKM elements
-- Test EW theory 
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Three generations of quark? Unitary matrix?

Expected precision < 2% at BESIII

B factories + LHCb + 
LQCD

• Precision measurement of CKM matrix elements 
• A precise test of SM model
• New physics beyond SM?

CKM matrix elements are fundamental SM parameters that 
describe the mixing of quark fields due to weak interaction. 



How to measure
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1

a

B ⟶ pp, rp, rr

B ⟶DK
B ⟶yKS

-eibs|Vts|

db triangle

n Test of Unitarity by measuring 
q Angles (CP violating) and 

sides (CP conserving)



𝐕𝐮𝐛/𝐕𝐜𝐛
n 𝐕𝐮𝐛/𝐕𝐜𝐛 is fundamental input to constrain SM

n Measure differential 
decay rates of:
q Inclusive semileptonic

decays: theoretically clean
q Exclusive (semi)leptonic

decays: theoretical 
uncertainties

n Large tenson between 
inclusive and exclusive 
determinations
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PRL 126 (2021) 081804

𝐵#$ → 𝐷#!𝜇%𝜈&𝐵#$ → 𝐾!𝜇%𝜈& high 𝑞'𝐵#$ → 𝐾!𝜇%𝜈& low 𝑞'

Low 𝑞!: LCSR FF" = 4.14 ± 0.38 ps#$
%!"
%#"

low = 0.061 ± 0.004

High 𝑞!: LQCD FF" = 3.32 ± 0.46 ps#$
%!"
%#"

high = 0.095 ± 0.008

Run1

𝐕𝐮𝐛/𝐕𝐜𝐛 in 𝑩𝒔𝟎 → 𝑲&𝝁'𝝂𝝁
n Measure 𝐑𝐁𝐅 = 𝐁𝐅 𝑩𝒔𝟎 → 𝑲>𝝁?𝝂𝝁 /𝐁𝐅 𝑩𝒔𝟎 → 𝑫𝒔>𝝁?𝝂𝝁

n Determine 𝐕𝐮𝐛/𝐕𝐜𝐛 through 𝐑𝐁𝐅 = 𝐕𝐮𝐛/𝐕𝐜𝐛 𝟐 𝐅𝐅𝑲/𝐅𝐅𝑫𝒔
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Inclusive 𝑩 → 𝑿𝒖ℓ'𝝂
n Full Belle dataset 711fb-1

q Hadronic tagging with 
Neural Networks ( 𝜀~ 0.25%)

q Measure partial BF in 𝐸ℓ𝐵 > 1 GeV, 
and convert to |Vub|

9

Can fully assign each final 
state particle to either the 
tag or signal side 

→ Allows to reconstruct Xu

PRD 104 (2021) 012008

Δℬ(EℓB > 1 GeV ) = (1.59 ± 0.07stat ± 0.16sys) x 10-3

This work



n Tension between inclusive and exclusive determinations

b→ ulν

• Inclusive: high background 
V() = 4.19 ± 0.17 ×10!*

V+) = 42.19 ± 0.78 ×10!*

• Exclusive: need LQCD  inputs 
V() = 3.51 ± 0.12 ×10!*

V+) = 39.10 ± 0.50 ×10!*

b→ clν

𝐕𝐮𝐛/𝐕𝐜𝐛 puzzle
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Take fDLQCD as input：

|Vcd|=(0.2210±0.0058±0.0047) (µ+n mode)

PRL 123, 211802 

Extraction of |𝐕𝐜𝒅(𝒔)|

Most precise measurement

• Input 𝒇𝑫𝒔% = 𝟐𝟒𝟗. 𝟗 ± 𝟎. 𝟓 MeV 
from LQCD calculations 
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𝝓𝒔: sensitive to new physics in 𝑩𝒔𝟎 mixing. 
Golden channel: 𝑩𝒔𝟎 → 𝑱/𝝍𝝓(→ 𝑲#𝑲$)
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Neutral Bs-Bs system 

•  Schrödinger’s equation describes time evolution  

i d
dt

Bs t( )
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New physics (NP) naturally affects M12. Possibility of 
new physics in Γ12 not excluded.  

Bs,H = pBs + qBs, Bs,L = pBs − qBs

•  Diagonalizing Hamiltonian leads to two mass 
eigenstates with masses MH(L) and decay width ΓH(L)  

Bs mesons change flavour during their lifetime     

+ NP NP?

𝑩𝒔𝟎 mixing phase 𝝓𝒔

n Mixing induced CPV phase of 𝐵HI:

n Value is precisely predicted
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𝜙H = 𝜙J − 2𝜙K

𝜙HLM = −2𝛽H = −36.5>N.O?N.P mrad
(Ignoring small penguin contribution)

sb triangle 

𝜷𝒔



Collab. Decay Modes 𝝓𝒔 (mrad) 𝚫𝚪𝐬 (𝐩𝐬!𝟏)
ATLAS 𝐽/𝜓𝐾%𝐾! −87 ± 41 0.0657 ± 0.0057

CMS 𝐽/𝜓𝐾%𝐾! −21 ± 45 0.1032 ± 0.0106

LHCb 𝐽/𝜓𝐾%𝐾!,	 𝐽/𝜓𝜋%𝜋!, 𝐷#%𝐷#! −𝟒𝟐 ± 𝟐𝟓 0.0813 ± 0.0048

HFLAV Above+CDF+D0 −50 ± 19 0.082 ± 0.005

SM prediction from CKMfitter −𝟑𝟕 ± 𝟏 0.091 ± 0.013

World average
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Some tensons between measurements

LHCb, EPJC 80 (2020) 601
ATLAS, EPJC 81 (2021) 342
CMS, PLB 816 (2021) 136188



When LHC started Current status 

And significant improvements in 𝜸

LHCb: 

𝜸 = 𝟔𝟓. 𝟒!𝟒.𝟐%𝟑.𝟖 °

Previous WA: 

𝜸 = 𝟕𝟑. 𝟓!𝟓.𝟏%𝟒.𝟐 °

arXiv:2110.02350

LHC: pushing the frontier
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Anomalies 
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𝐻 = − RS"
O VTUVTV

∗ ∑X 𝐶X 𝑂X +
Y
Z#$
% 𝑂[

(])

New physics can affect Wilson coefficients 𝐶7 and/or add new operators 𝑂8

7: photon penguin; 9,10: EW penguin; S,P: （pseudo-）scalar penguin

FCNC 𝒃 → 𝒔ℓ'ℓ& decays
n FCNC 𝒃 → 𝒔ℓ?ℓ> decays described by effective Hamiltonian

n Sensitivity to Wilson coefficients

n Theoretically clean probes of NP
q Pure leptonic decays
q Special angular observables
q Ratio between 𝑒/𝜇/𝜏

16



𝒃 → 𝒔𝝁'𝝁& branching fractions

17

JHEP 06(2014)133 arXiv: 2105.14007

JHEP 04(2017)142 Phys.Lett.B 753 (2016) 424 

𝐵() → 𝜙𝜇*𝜇#𝐵* → 𝐾*𝜇*𝜇#

𝐵) → 𝐾∗)𝜇*𝜇#

n Measurements
use the 𝑱/𝝍 → 𝝁?𝝁>
channels for normalization

n Measured values 
consistently below SM
predictions

Caveat: significant theory 
uncertainties from
hadronic form factors

𝐵) → 𝐾∗)𝜇*𝜇#



Electron Bremstrahlungs recovery

𝐑𝑲(∗) =
𝐁(𝑩 → 𝑲 ∗ 𝝁#𝝁$ )
𝐁(𝑩 → 𝑲(∗)𝒆#𝒆$)

=
𝐁 𝑩 → 𝑲(∗)𝝁#𝝁$ /𝐁 𝑩 → 𝑲(∗)𝑱/𝝍 → 𝝁#𝝁$

𝐁 𝑩 → 𝑲(∗)𝒆#𝒆$ /𝐁 𝑩 → 𝑲(∗)𝑱/𝝍 → 𝒆#𝒆

Lepton flavour universality test

n 𝐑𝑲(∗) = 𝟏. 𝟎𝟎𝟎 ± 𝟎. 𝟎𝟎𝟏 in the SM, with uncertainties related to form 
factors largely cancelled

n Experimental challenge: electron reconstruction
n Double ratio technique   

18



Lepton flavour universality test
n Several anomalies in 𝒃 → 𝒔ℓ?ℓ> decays emerged over the past decade:

19

JHEP 05 (2020) 040

q Test of LFU in 𝚲𝐛𝟎 → 𝒑𝑲$ℓ#ℓ$ with Run1+2016 data

R*+ 0.1 < 𝑞, < 6.0 GeV, = 0.86$-.//#-./0 ± 0.05

q Test of LFU in 𝑩𝟎 → 𝑲∗𝟎ℓ#ℓ$ with Run1 data

R+∗< 0.045 < 𝑞, < 1.1 GeV, = 0.66$-.-1#-.// ± 0.05
R+∗< 1.1 < 𝑞, < 6.0 GeV, = 0.69$-.-1#-.// ± 0.05

(2.1-2.3𝝈 from SM)
(2.4-2.5𝝈 from SM)

JHEP 08 (2017) 055

arXiv:2105.14007

q Test of LFU in 𝑩# → 𝑲#ℓ#ℓ$ with full Run1+Run2 sample 

R+= 1.1 < 𝑞, < 6.0 GeV, = 0.846$-.-23 $-.-/,#-.-0, #-.-/2

(𝟑. 𝟏𝝈 from SM)



LHCb-PAPER-2021-038q New result with full Run1+Run2 sample 

R+>< 1.1 < 𝑞, < 6.0 GeV, = 0.66$-./2 $-.-0#-.,- #-.-, (𝟏. 𝟓𝝈 from SM)

Results from 𝑲𝒔
𝟎 channels

20

R+∗= 0.045 < 𝑞, < 6.0 GeV, = 0.70$-./2 $-.-0#-./4 #-.-2 (𝟏. 𝟒𝝈 from SM)

Caution: Needs Belle2/CMS confirmation and
Looking forward to LHCb’s electron efficiency 
validation from 𝝓 → 𝒆%𝒆!/𝝓 → 𝝁%𝝁!



𝐑𝑫 and 𝐑𝑫∗
n Measured by BarBar, Belle and LHCb
n Tension between measurements and 

SM predictions

21

𝐑𝑫 ∗ =
𝓑 𝐁 → 𝑫 ⋆ 𝛕g𝝂𝝉
𝓑 𝐁 → 𝑫 ∗ 𝐥g𝝂𝒍

𝟐. 𝟗𝝈1. 𝟒𝝈
3. 𝟒𝝈

(with 𝑹𝑫&𝑹𝑫∗ correlation considered)



.𝑩 → 𝑫∗𝒍.𝝂 angular analysis
n Interpretation to Belle data [PRD 100 (2019) 052007]
n One dimensional fit to J𝑩 → 𝑫∗𝒆 𝝁 L𝝂 angular variables to test LFU

n A 4𝝈 tension between fit result & SM prediction

22

• Most of the tension arises from muon mode

< 𝐴56
7 >89= 0.198 ± 0.012

< 𝐴56
7 >:;<= 0.2300 ± 0.0059

• Indicate a potential interest of angular 
analysis of 𝒃 → 𝒄𝒍𝝂 process

arXiv: 2104.02094



Charm mixing
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n After many effort, 𝑫𝟎-J𝑫𝟎 oscillation was observed
n But mass difference and CP-violation poorly known

n Mainly used for new physics search

P|𝑫𝟏,𝟐 = 𝒑 P|𝑫𝟎 ± 𝒒 P|T𝑫𝟎

24

𝑫𝟎 − .𝑫𝟎 mixing 

𝒚 = 𝚪𝟏$𝚪𝟐
𝟐𝚪

= 𝟎. 𝟔𝟖$𝟎.𝟎𝟕#𝟎.𝟎𝟔 % ≠ 𝟎

𝒙 = 𝐦𝟏$𝐦𝟐
𝚪

= 𝟎. 𝟑𝟕 ± 𝟎. 𝟏𝟐 %

World average (WA)



n Different decays identified through Dalitz plot 

Two methods: 
(1) Amplitude model fit to the Dalitz-plot and t

L.M.Zhang et. al. (Belle) PRL 99 (2007) 131803
T.Peng et. al. (Belle) PRD 89, 091103 (2014)

(2) “Bin-flip” method
R.Aaij et. al. (LHCb) PRL 127 (2021) 111801

Interference bwt resonances probes 𝒙 and 𝒚

!⃣

#⃣

$⃣

!⃣

#⃣

$⃣
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𝑫𝟎 → 𝑲𝑺
𝟎𝝅#𝝅$ decays for mixing measurement



Two methods: 
(1) Amplitude model fit to the Dalitz-plot and t

L.M.Zhang et. al. (Belle) PRL 99 (2007) 131803
T.Peng et. al. (Belle) PRD 89, 091103 (2014)

(2) “Bin-flip” method
R.Aaij et. al. (LHCb) PRL 127 (2021) 111801

Interference bwt resonances probes 𝒙 and 𝒚

!⃣

#⃣

$⃣
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𝑫𝟎 → 𝑲𝑺
𝟎𝝅#𝝅$ decays for mixing measurement

n Different decays identified through Dalitz plot 



𝑥@A = 0

Yield ratio of -b and b

Result and WA
n Bin-Flip method
n First measurement of 𝒙 > 𝟎 for 7𝝈

27
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Huge impact on WA of 𝒙 and CPV ! 

CPV well constrained

Before AfterPRD 99, 012007 (2019)

PRL 127 (2021) 111801



n𝑫 → 𝑲𝑺/𝑳
𝟎 𝝅*𝝅# Constraint on g

measurement ~ 0.90PRL 124 (2020)241802

2.93 𝐟𝐛"𝟏@𝑬𝒄𝒎 = 𝟑. 𝟕𝟕𝟑 𝐆𝐞𝐕
𝒆!𝒆" → 𝛙 𝟑𝟕𝟕𝟎 → 𝑫;𝑫

n𝑫 → 𝑲𝑺/𝑳𝟎 𝑲%𝑲!

Constraint on g measurement ~ 1.30

PRD102(2020)052008 n𝑫 → 𝑲!𝝅%𝝅%𝝅! 𝐚𝐧𝐝𝑲!𝝅%𝝅𝟎

Constraint on g measurement ~ 60

JHEP 2021 (5)  (2021) 164 

Quantum entangled 𝐷$𝐷$ Strong 
phase measurements

n Important for measurements of 𝜸 angle and 𝑫𝟎 − J𝑫𝟎 mixing

28



Hadron spectroscopy
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New conventional hadrons

30

PRD103 (2021) 012004

PRL126 (2021) 122002

𝑫𝒔𝟎 𝟐𝟓𝟗𝟎 *

Ξb(6227)0 Ξb(6327)0

Ξb(6333)0

𝑀 𝐵%𝐾! −𝑀(𝐵) [MeV]

EPJC 81 (2021) 601

Two 𝐵(∗

arXiv:2110.04497

Ξb(6100)-

PRL 126 (2021) 252003



Hidden-charm tetra(penta)-quarks

31

𝒁𝒄𝒔 𝟒𝟎𝟎𝟎 ±
𝒁𝒄𝒔 𝟒𝟐𝟐𝟎 ±

PRL 127 (2021) 082001

𝒁𝒄𝒔 𝟑𝟗𝟖𝟓 ±

PRL 126 (2021) 102001

Science Bulletin 66 (2021) 1278
arXiv:2108.04720

LHCb

𝑷𝒄𝒔 𝟒𝟒𝟓𝟗 𝟎

𝑷𝒄 𝟒𝟑𝟑𝟕 !

𝑅": 3921.3 MeV Ø 𝑀 = 4014.4 ± 4.1 ± 0.5 MeV
Ø Γ = 6 ± 16 ± 12 MeV
Ø Local: 3.0𝜎; Global: 2.8𝜎
Ø 𝑋+ ?

arXiv:2105.06605



𝑻𝒄𝒄# (𝒄𝒄(𝒖(𝒅)
q Significant peak in the 𝑫𝟎𝑫𝟎𝝅* mass

q Slightly below the 𝐷∗#𝐷- threshold:
q Consist with decay via an off-shell 𝐷∗#

arXiv:2109.01056, arXiv:2109.01038

Unitarized Breit-Wigner function (more appropriate close to threshold)

32

http://arxiv.org/abs/2109.01056
http://arxiv.org/abs/2109.01038


𝑻𝒄𝒄# (𝒄𝒄(𝒖(𝒅)
q Consist with 𝑱𝑷 = 𝟏* isoscalar

q Contribute to 𝐷-𝐷- and
𝐷-𝐷# (𝜋/𝛾 is missing)

q No peaks in 𝐷#𝐷-𝜋# and 𝐷#𝐷#
=> 𝑇DD## not found
=> Support that 𝑻𝒄𝒄# is an isoscalar

arXiv:2109.01056, arXiv:2109.01038

? ?

Answer: To find the predicted deep-bounded 𝒃𝒃-𝒖-𝒅 ?
33

http://arxiv.org/abs/2109.01056
http://arxiv.org/abs/2109.01038


LHCb 
Upgrade 1

Belle II

9 fb-1

Phase 1b UpgradeLHCb

~50 fb-1

Phase 2

300 fb-1

Phase 1b

123 10   pairsbb» ´

50 ab-1
2025          20272021 2030 20352018

Phase I

~23 fb-1

Future

BES III

Continue to run for 5-10 years
Increase Ecm=> 5.6 GeV

(proposed)

220fb-1

955 10  BB pairs» ´

Phase 2 
Upgrade

May/2022-Dec/2024

Prepare
Ecm = 2-7 GeV
Lpeak= 0.5~1.0 x1035/cm2s

STCF？Construction?

34



Summary
q CP violation in quark sector is measured with higher precision and broadly consistent 

with the CKM picture 
• Hint of leptonic CP violation at T2K experiment  

q A few anomalies in 𝒃 → 𝒔ℓ#ℓ$ transitions  persist, such as hints of LFUV
• Any connection with the anomaly in muon g-2? 

q Many new type of exotic hadrons are observed, molecule vs tightly bounded?  

q Exciting opportunities expected with Belle-II, BESIII and upgraded LHCb detector 
(50 𝐟𝐛$𝟏), its phase-2 upgrade (300 𝐟𝐛$𝟏),  and  ATLAS & CMS B physics programs at 
HL-LHC
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Backup



Data taking plans at BES-III and Belle-II
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Belle IIBES III

Current data (around 𝚼(𝟒𝑺)): 220 fb-1

Required data: 50 ab-1

*The blue texts indicate the newly taking data after 2019. 
[See also BESIII white paper: CPC 44 (2020) 4, 040001]

0.15 fb-1

0.2 fb-1

0.15 fb-1

4.0 fb-1

6.3 fb-1



LHC Run 3 data-taking plan

38

q LHC Run3: Recommissioning with beam @ 5th May, 2022, End @ Dec, 2024

q LHCb:
q ℒ = 2×1022s-1cm-2

q Full software trigger and read-out system @ 40 MHz
q New tracking detectors
q Data-taking plan

2022 2023 2024
Beam energy [TeV] 6.8

Collisions at 
IP1/5(ATLAS/CMS) & 
IP2/IP8 (ALICE/LHCb)

2736/2736 & 2250/2376 

Bunch length [ns] 1.2 1.2 1.2
Bunch charge [1011] 1.4 1.8 1.8
Time in pp[106 s]* ~ 6

Time in PbPb [106 s]* ~ 1.2

LHCb lumi* [fb-1] <10 <10 <10
CMS/ATLAS lumi* [fb-1] <70 <100 <100

* From LHC Programme Coordination (LPC)

Best run parameters for Run3

38



𝛾𝛾 → 𝛾𝜓(2𝑆) at Belle

n First measurement on 𝛾𝛾→𝛾𝜓(2𝑆) 
n 𝑅$ near 3.92 𝐺𝑒𝑉/𝑐!: 4.0𝜎, good candidate of 𝑋(3915)/𝑍(3930)
n 𝑅! near 4.01 𝐺𝑒𝑉/𝑐!: New state!

q Study on look-elsewhere effect show a global significance of 2.8𝜎.
q The predicted 2!! partner of 𝑋(3872)？

Preliminary

X.L. Wang, B.S. Gao, W.J. Zhu, et al., Belle Collaboration, 
arXiv:2105.06605

980 Ab#$

𝑅": 3921.3 𝑀𝑒𝑉/𝑐# Ø 𝑀 = 4014.4 ± 4.1 ± 0.5 MeV/𝑐+
Ø Γ = 6 ± 16 ± 12 MeV
Ø Local: 3.0𝜎; Global: 2.8𝜎
Ø 𝑋+ ?

F.K. Guo, PRD88, 054007 (2013)
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𝑲𝝅 puzzle confirmed 

𝐴34 𝐾*𝜋) = 0.025 ± 0.015 ± 0.006 ± 0.003

q Anomaly in CP asymmetries of 𝑩 → 𝑲𝝅 decays

q Most precise 𝑨𝑪𝑷 𝑲#𝝅𝟎 with LHCb Run2 data 

𝛥𝐴34 𝐾𝜋 = 𝐴34 𝐾*𝜋) − 𝐴34 𝐾*𝜋# ≈ 0.124 ± 0.021

𝛥𝐴34 𝐾𝜋 ≈ 0 expected based on isospin symmetry. 5.5𝜎 discrepancy!

WA: 𝐴34 𝐾*𝜋) = 0.040 ± 0.021 𝐴34 𝐾*𝜋) = 0.031 ± 0.013

𝜟𝑨𝑪𝑷 𝑲𝝅 = 𝟎. 𝟏𝟏𝟓 ± 𝟎. 𝟎𝟏𝟒 (𝟖𝝈 from zero)

PRL 126 (2021) 091802
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CPV in 𝑩𝒔𝟎 → 𝑲#𝑲$

AHI 𝑡 =
ΓJ6BC→L 𝑡 − Γ6BC→L 𝑡
ΓJ6BC→L 𝑡 + Γ6BC→L 𝑡

=
−CLcos ΔmM𝑡 + SLsin(ΔmM𝑡)

cosh ΔΓM𝑡
2 + ALNsinh

ΔΓM𝑡
2

q Flavour-tagged time-dependent analysis with 2015+2016 data 

𝐒𝐊𝐊 = 𝟎. 𝟏𝟐𝟑 ± 𝟎. 𝟎𝟑𝟒 ± 𝟎. 𝟎𝟏𝟓
C88 = 0.164 ± 0.034 ± 0.014
A889 = −0.83 ± 0.05 ± 0.09

JHEP 03 (2021) 075

First observation of time-dependent 
CP violation in 𝑩𝒔𝟎 decays!
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𝑩𝒔𝟎 → 𝝓𝝁#𝝁$ angular analysis  
arXiv:2107.13428

q Results in general consistent with SM expectations

q Untagged angular observables  

CP average: 𝐹D, 𝑆E, 𝑆F, 𝑆G CP asymmetries: 𝐴HIJK , 𝐴L, 𝐴M, 𝐴N
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Angular analysis: 𝑩𝟎 → 𝑲∗𝟎𝝁#𝝁$

p+

q! qKµ+

µ-

W
2

K-
K*

Bq

• 8 independent CP-averaged observables: FL, AFB, S3,4,5,7,8,9

• Form factors cancel at leading order: 𝑷𝒊; = 𝑺𝒊/ 𝑭𝐋(𝟏 − 𝑭𝐋)
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Update on 𝑩𝟎 → 𝑲∗𝟎𝝁#𝝁$
q Tension of 𝑷𝟓P with SM seen in Run 1 result persists with new data 

PRL 125 (2020) 011802 

Run 1 Run1+2016
4.0 < 𝑞! < 6.0 GeV! 2.8𝜎 2.5𝜎
6.0 < 𝑞! < 8.0 GeV! 3.0𝜎 2.9𝜎
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𝑷𝟓) comparison 

PRL 125 (2020) 011802 

PRL 118 (2017) 111801
JHEP 10 (2018)  047 

PLB 781 (2018)  517 

JHEP 09 (2010) 089
JHEP 12 (2014) 125
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𝑩# → 𝑲∗#𝝁#𝝁$ PRL 126 (2021) 161802 

q First analysis of 𝑩# → 𝑲∗#𝝁#𝝁$ using full Run1+Run2 sample

𝑷𝟓P : pattern consistent with that seen in 𝐵- → 𝐾∗-𝜇#𝜇$

𝑷𝟐 =
𝟐
𝟑
𝑨𝑭𝑩/(𝟏 − 𝑭𝑳): tension of 3.0𝜎 with SM in 6.0 < 𝑞, < 8.0 GeV,
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Δ𝑚O,
Δ𝑚O
Δ𝑚P

arXiv:2104.04421

𝑩𝒔𝟎 → 𝑫𝒔S𝝅!

ΔmU = 17.7656 ± 0.0057 ps$/

SM prediction: Δm= = 18. 4#$.!*).? ps#$ 𝑷 𝒕 ∼ 𝒆"𝚪𝐬𝐭 𝐜𝐨𝐬𝐡 𝚫𝚪𝐬𝐭
𝟐

± 𝐜𝐨𝐬 𝚫𝐦𝐬𝐭

Luzio, Kirk, Lenz, JHEP 12 (2019) 009

Improvement on 𝚫𝐦𝐬

n Run2 analysis of 𝑩𝒔𝟎 → 𝑫𝒔g𝝅*

n LHCb combination
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A34 𝑡 =
Γ@A'(→C 𝑡 − ΓA'(→C 𝑡
Γ@A'(→C 𝑡 + ΓA'(→C 𝑡

≈ −𝜂Csin𝜙( sin Δm=𝑡

N(signal) Luminosity
(fb-1)

tagging power 𝝈𝒕 features

ATLAS 453 570 80.5 1.75% 70 fs new Inner B-Layers 
improve 𝜎U

CMS 48500 96.4 ~10% (in muon 
tagger)

75 fs new DNN  OS muon 
tagger

LHCb 117 000 1.9 4.73% 45 fs excellent K/𝜋 separation & 
vertex reconstruction

Time-dependent flavour tagged analysis
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n Signal reconstruction & selection

n Tagged 4-dimensional time-angular fit 

LHCb, EPJC 80 (2020) 601
ATLAS, EPJC 81 (2021) 342
CMS, PLB 816 (2021) 136188

𝑩𝒔𝟎 → 𝑱/𝝍𝝓 analyses
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PRD 99, 012007 (2019)Bin-Flip 
n “Bin-Flip” method: time-dependent yield ratio between –b and b bin

q Most detector effects cancel
q Fix 𝑿𝒃 = (𝑪𝒃, 𝑺𝒃) parameters from CLEO+BES results
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𝒛𝑪𝑷 ± 𝜟𝒛 ≡ − 𝒒/𝒑 ±𝟏 𝒚 + 𝒊𝒙
𝒙𝑪𝑷 ≡ −𝐈𝐦 𝒛𝑪𝑷
𝒚𝑪𝑷 ≡ −𝐑𝐞 𝒛𝑪𝑷
𝚫𝒙 ≡ −𝑰𝒎 𝚫𝒛
𝚫𝒚 ≡ −𝐑𝐞 𝚫𝒛
If CP-conservation, q/p=1
𝚫𝐱 = 𝚫𝐲 = 𝚫𝐳 = 𝟎
𝒙𝑪𝑷 = 𝐱 𝒚𝑪𝑷 = 𝐲

Fit parameters: 
4 mixing+CPV + 𝑟F
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