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Effective weak Hamiltonian
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 𝓗𝐞𝐟𝐟 = σ𝒊𝑪𝒊𝓞𝒊: standard starting point for any theoretical analysis  

➢ Wilson coefficients 𝑪𝒊: all physics above the typical scale of a process (like 𝝁𝒃 ≃ 𝒎𝒃); 

perturbatively calculable & NNLL program now complete  [Gorbahn, Haisch '04; Misiak, Steinhauser '04]

➢ local operators 𝓞𝒊: obtained after integrating out heavy d.o.f. [Buras, Buchalla, Lautenbacher '96] 

current-current operators

QCD & EW penguin operators

semi-leptonic operators

electro- & chromo-mgn operators

 Amplitude of a given process:

𝓐 ഥ𝑩 → 𝒇 =

𝒊

𝝀𝐂𝐊𝐌 ⋅ 𝑪𝒊 ⋅ 𝒇 𝓞𝒊
ഥ𝑩

𝒇 𝓞𝒊
ഥ𝑩 𝐐𝐂𝐃,𝐐𝐄𝐃



Hadronic matrix elements
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 𝒇 𝓞𝒊
ഥ𝑩 𝐐𝐂𝐃,𝐐𝐄𝐃: how to reliably and precisely evaluate it? depending on the specific modes

➢ Hadronic decays 𝑴𝟏𝑴𝟐|𝓞𝒊|ഥ𝑩 : depends on 

spin & parity of 𝑀1,2 and FSI introduces strong 

phases, and hence direct CPV

- Combination of dynamical approaches with flavor symmetries [FAT (Li, Lüet al.)…]

a difficult, multi-scale, QCD & QED problem!

naïve fact. approach [Bauer, Stech, Wirbel ’87 ]

➢ Exclusive vs. (semi-)inclusive modes? 

𝑩 → 𝑿𝒄ℓ𝝂,𝑿𝒔𝜸,𝑿𝒔ℓℓ

𝑀1𝑀2|𝒪i| ത𝐵 = 𝑀1|ത𝑢…𝑏| ത𝐵 𝑀2| ҧ𝑑 …𝑢|0



𝑸𝒊(𝝁)

Example
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 With 𝒇 𝓞𝒊
ഥ𝑩 𝐐𝐂𝐃,𝐐𝐄𝐃 at hand, we can then do what we want to do

s

u

u

d̄

b

d̄

K −

π+B̄ 0

related to exp. 
Br & CPV

electroweak 
parameters

WCs from SM, also 
perp. calculable

non-perp. 
parameters

perp. calculable 
in QCD & QED

WCs due 
to NP

ഥ𝑩𝟎 → 𝝅+𝑲−
𝑊−

𝐾−

see talk by 杨德山



Why heavy flavor physics
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 Main goals of dedicated exp. and theo. studies

➢ what underlines the hierarchical patterns of 

masses & mixings of quarks & leptons?

➢ any new CP-violation mechanisms 

beyond the KM of the SM? 

➢ any new particles/interactions that 

are sensitive to flavor structures?

High-Intensity Frontier

High-Energy Frontier



Flavor anomalies
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 Anomalies in heavy flavor physics

✓ LFU violation in 𝑅 𝐷 ∗ =
𝐵𝑟(𝐵→𝐷 ∗ 𝜏𝜈𝜏)

𝐵𝑟(𝐵→𝐷 ∗ 𝑙𝜈𝑙)

✓ 𝑃5
′(𝐵0 → 𝐾∗0𝜇+𝜇−)?

✓ deviations between 𝐵𝑟 𝐵+ → 𝐾+𝜇+𝜇− , 

𝐵𝑟 𝐵𝑠
0 → 𝜙𝜇+𝜇− , and 𝐵𝑟 𝐵+ → 𝐾+𝜈 ҧ𝜈 ?

 Main tasks: more precise measurements & 

theoretical predictions; need collaboration!

➢ Br(𝐵0 → 𝜋0𝜋0) = 0.3 − 0.9 [ 1.55 ± 0.16 ] × 10−6

https://www.nikhef.nl/~pkoppenb/anomalies.html

➢ 𝛥𝐴𝐶𝑃 𝜋𝐾 = 𝐴𝐶𝑃 𝜋0𝐾− − 𝐴𝐶𝑃(𝜋
+𝐾−) = 11.3 ± 1.2 %

 Much progress achieved thanks to exp. & theor.:

https://www.nikhef.nl/~pkoppenb/anomalies.html


Purely leptonic decays
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 Have simplest hadronic structure; all QCD dynamics encoded in 𝒇𝑩𝒔 = 𝟐𝟑𝟎. 𝟑 ± 𝟏. 𝟑 𝐌𝐞𝐕

0|ത𝑞(0)𝛾𝜇𝛾5𝑏(0)| ത𝐵(𝑝) = 𝑖𝑓𝐵𝑝
𝜇

 Much progress achieved due to multi-loop techniques, EFTs , & LQCD, …

𝒪(𝛼𝑒) NLO EW correction 

NNLO QCD correction 

 QED effects below 𝒎𝒃 needed to match exp. precision

when structure-dep. QED effects included, 

inner structure of B meson becomes relevant

tree

FCNC

𝒪(𝛼𝑠
0) 𝒪(𝛼𝑠

1) 𝒪(𝛼𝑠
2)

For review, see P. Boerand T. Feldmann, 2312.12885 



Purely leptonic decays
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 Branching ratio [M. Cjaza and M. Misiak, 2407.03810]

Br 𝐵𝑠 → 𝜇+𝜇− = 3.64 ± 0.12 [(3.34 ± 0.27)] × 10−9

✓ parameter uncertainties dominated by |𝑉𝑐𝑏|

✓ non-parametric uncertainties mainly from 

treating 𝑚𝑡 as the pole mass

𝜂𝐵𝐵𝑆

power-enhanced 
QED correction 

 QED correction: power-enhanced & helicity-suppression partially lifted [M. Beneke, C. Bobeth, R. Szafron, 1908.07011]

tree-level amplitude power & helicity-suppression enhanced factors

convolution with the B-meson LCDA

double logarithmic enhancement due to endpoint singularity

𝜂𝐵𝐵𝑆 = 0.995−0.005
+0.003

only −0.5% effect due to partial 

cancellation between 𝑂9 & 𝑂7



Purely leptonic decays
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 Factorization formula: 𝐐𝐂𝐃 → 𝐒𝐂𝐄𝐓𝐈 → 𝐒𝐂𝐄𝐓𝐈𝐈

 QED correction to 𝑩 → ℓ𝝂 decays [C. Cornella, M. König, M. Neubert 2212.14430; see talk by 周四红 on 10.27]

➢ “universal” decay constants 

become process-dependent;

➢ sensitive to 2- and 3-particle

LCDAs of B meson

 New features with QED effect:
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 Lifetime based on HQE in 𝟏/𝒎𝒃: [J. Albrecht, 

F. Bernlochner, A. Lenz, A. Rusov, 2402.04224]

 status of SD coefficients:

Lifetime of b-hadrons
two-quark 

contribution four-quark 
contribution

 status of 

hadronic 

matrix 

elements:
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 Exp. data & SM predictions: [J. Albrecht, F. Bernlochner, A. Lenz, A. Rusov, 2402.04224]

Lifetime of b-hadrons

➢ excellent agreement between theory & data 

➢ no indication of sizeable quark-hadron duality violation 
➢ HQE also works for c-hadron lifetimes  

[H. Y. Cheng, C. W. Liu, 2305.00665]



Neutral B-meson mixings
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 For 𝑩𝒒
𝟎 meson: flavor eigenstates ≠ mass eigenstates ⇒ mix with each other via box diagrams

 Time evolution of a 

decaying particle

 Three observables for B mixings

✓ 𝑴𝟏𝟐: dispersive (off-shell) part of the box diagram

✓ 𝚪𝟏𝟐: absorptive (on-shell) part of the box diagram

✓ 𝝓 = 𝒂𝒓𝒈(−𝑴𝟏𝟐/𝚪𝟏𝟐): relative phase between them

HQE

➢ deepening our understanding of QCD

➢ indirect searches for BSM effects



Neutral B-meson mixings
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 Status of theo. predictions & exp. data [J. Albrecht, F. Bernlochner, A. Lenz, A. Rusov, 2402.04224]

= 0.535 ± 0.021 ps−1 = 18.23 ± 0.63 ps−1

= 0.5065 ± 0.0019 ps−1 = 17.765 ± 0.006 ps−1

✓ theory can reproduce data, but theo.

errors much larger than exp. ones

✓ main uncertainties still dominated by 

non-pert. bag parameters

✓ 𝑴𝟏𝟐: a 2nd-order weak interaction 

process and thus very sensitive to NP

 Generic parametrization of 

NP contribution to B mixings:

= 2.7 ± 0.4 ⋅ 10−3ps−1
= 9.1 ± 1.5 ⋅ 10−2ps−1

= 0.001 ± 0.010 Γd
= 8.3 ± 0.5 ⋅ 10−2ps−1

= 2.2 ± 0.2 ⋅ 10−5= −5.1 ± 0.5 ⋅ 10−4

= (−21 ± 17) ⋅ 10−4 = −6 ± 28 ⋅ 10−4



NP constraints from neutral B mixings
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 Exp. observables are related to the 

SM and NP parameters:

 Latest fit results by UTfit group:

consistency between data & SM of B mixing observables puts stringent constraint on NP

As
NP/As

SM less than 

20(25)% @ 68(95)% prob.



NP constraints from neutral B mixings
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 Flavor universal NP scenario: assuming NP couples 

predominantly to 3rd-generation quarks and leptons, and 

can be easily realized in NP models with a U(2)5 symmetry

 Very high scales probed by neutral meson mixings:

[R. Fleischer et al, 2208.14910]

𝑀12
𝑞
= 𝑀12

𝑞,SM
(1 + 𝜅𝑞e

𝑖𝜎𝑞)

𝜅𝑑 = 𝜅𝑠 = 𝜅, 𝜎𝑑 = 𝜎𝑠 = 𝜎

excl. |𝑽𝒖𝒃| & incl. |𝑽𝒄𝒃|

𝜅 = 0.043−0.036
+0.049, 𝜎 = 326−90

+32 °

 Analysis with dim-8 SMEFT operators: 

[Y. Liao, X. D. Ma and H. L. Wang, 2409.10305]

these Δ𝐹 = 2 processes probe up to tens of TeV, far beyond 

the sensitivity of other dim-8 operators to collider searches!



Example
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 B-mesogenesis mechanism:  [G. Elor, M. Escudero, and A. Nelson, 1810.00880; 2101.02706]

 Possible of the mechanism? [C. Miro, M. Escudero, and M. Nebot, 2410.13936]

𝑌: color-triplet scalar
𝜓: dark-sector antibaryon

𝐴SL
𝑞
> +10−4 [required by baryogenesis]

𝐴SL
𝑞,NP

(𝜓) < 4 × 10−5
500 GeV

𝑀𝑌

2

,

fine tuning the maximum values of the semileptonic asymmetries in 

the minimal realization of the B-mesogenesis mechanism needed!



Semi-leptonic B decays

2024/10/26 李新强 Theoretical review of heavy flavor physics 18

 𝑹(𝑫 ∗ ) anomalies: first observed by BaBar in 

2012; currently still having ~3.31σ deviation

𝑅 𝐷 ∗ =
𝐵𝑟(𝐵 → 𝐷 ∗ 𝜏𝜈𝜏)

𝐵𝑟(𝐵 → 𝐷 ∗ 𝑙𝜈𝑙)

 Model-indep. result for 𝑹(𝑫), 𝑹(𝑫∗) & 

𝑹(𝚲𝐜): 
[Iguro, Kitahar, Watanabe, 2405.06062; Duan, 

Iguro, Li, Watanabe, Yang, to appear soon]



Sum rule for 𝒃 → 𝒄 sector
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 Sum rule for 𝑹(𝑫), 𝑹(𝑫∗) & 𝑹 𝚲𝐜 = 𝑩𝒓(𝜦𝒃 → 𝜦𝒄𝝉𝝂𝝉)/𝑩𝒓(𝜦𝒃 → 𝜦𝒄ℓ𝝂ℓ):

𝑏 + 𝑐 = 1 & 𝑎𝑃
𝑉𝑆𝑏 + 𝑎𝑉

𝑉𝑆𝑐 = 𝑎𝐻
𝑉𝑆1,  so that 𝛿𝐻 𝐶𝑖 small

1 + 𝐶𝑉𝐿
𝑞𝜏

2

Re[(1 + 𝐶𝑉𝐿
𝑞𝜏
)𝐶𝑆𝐿

𝑞𝜏∗
]

model-indep. & holds for any tau-philic NP! 

 State-of-the-art prediction: [Duan, Iguro, Li, Watanabe, Yang, to appear soon]

➢ provide a unique prediction 

of 𝑅(Λc) model-indep.ly

NLL⊕NLP LCSR

➢ important to properly consider the 

correlations among FF parameters
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 Sum rule for 𝑹(𝑫), 𝑹(𝑫∗) & 𝑹(𝑿𝐜) = 𝑩𝒓(𝑩 → 𝑿𝒄𝝉𝝂𝝉)/𝑩𝒓(𝑩 → 𝑿𝒄ℓ𝝂ℓ):

➢ Γ 𝐵 → 𝑋𝑐ℓ𝜈ℓ = σ𝛤 𝐵 → 𝐷ℓ𝜈ℓ + 𝛤 𝐵 → 𝐷∗ℓ𝜈ℓ + 𝛤 𝐵 → 𝐷∗∗ℓ𝜈ℓ , saturate already inclusive rate?

Sum rule for 𝒃 → 𝒄 sector

𝑅𝑋𝑐
SR ≃ 0.247 ± 0.008 |

𝑅𝑋
SM,exp vs 𝑅𝑋𝑐

exp
= 0.228 ± 0.039 [Belle II, 2311.07248] 

➢ the sum rule relation provides another complementary test of the dynamics behind the decays

 Sum rule for 𝑹(𝑫∗) & 𝑹(𝑱/𝝍) = 𝑩𝒓(𝑩 → 𝑱/𝝍𝝉𝝂𝝉)/𝑩𝒓(𝑩 → 𝑱/𝝍ℓ𝝂ℓ):

𝑹𝑱/𝝍

𝑹𝑱/𝝍
𝑺𝑴 ≃

𝑹𝑫∗

𝑹𝑫∗
𝑺𝑴

𝑹𝑱/𝝍

𝑹𝑱/𝝍
𝑺𝑴 −

𝑹𝑫∗

𝑹𝑫∗
𝑺𝑴 = 𝟏. 𝟐 ± 𝟎. 𝟕

➢ satisfied within the 2σ error bars; would be 

significant once 𝑅𝐽/𝜓 measurement improved
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 Sum rule for 𝑹(𝝅), 𝑹(𝝆) & 𝑹(𝒑) in 𝒃 → 𝒖:

 Correlation among 𝑹(𝝅), 𝑹(𝝆) & 𝑹(𝒑): 

the sum rule for 𝑏 → 𝑢 more (less) sensitive to 

the scalar (tensor) NP compared to 𝑏 → 𝑐

Sum rule for 𝒃 → 𝒖 sector

B.-Y. Cui et al., 

2212.11624
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 Why 𝒃 → 𝒔ℓ+ℓ− processes:

 Effective Hamiltonian & matrix elements:

Rare FCNC decays
➢ occur firstly at 1-loop; suppressed by loop factor

➢ proportional to |𝑉𝑡𝑏𝑉𝑡𝑠
∗ |; 𝐵𝑟 𝑏 → 𝑠 ℓℓ ∼ 10−6

➢ sensitive to various NP

BSZ parametrization 

LQCD & LCSR dispersive 
bound
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 Test with the exp. data:

Rare FCNC decays

➢ The description of non-local form factors 

far more involved than expected

➢ Analyticity properties fully understood, 

constrained also by theory & experiment

➢ uncertainties still large, but controlled by 

dispersive bounds & systematically 

improvable

dispersive 
bound

 Further detailed studies required:

𝑃5
′ = 𝑆5/ 𝐹𝐿(1 − 𝐹𝐿)

➢ Novel soft-function introduced

hard-collinear

[Qin, Shen, Wang, Wang, 2023; Huang, Ji, Shen, Wang, Wang, Zhao,2023]

〈0|(ത𝑞𝑠𝑆𝑛) 𝜏1𝑛 𝑆𝑛
†𝑆ത𝑛 0 𝑆ത𝑛

†𝑔𝑠𝐺𝜇𝜈𝑆 ത𝑛 𝜏2 ത𝑛 ത𝑛𝜈𝑛 ⋅ 𝛾𝛾⊥
𝜇
𝛾5𝑆ത𝑛

†ℎ𝑣(0)| ത𝐵𝑣〉

= 2𝐹B 𝜇 𝑚𝐵න
−∞

∞

𝑑𝜔1𝑑𝜔2 e
−𝑖(𝜔1𝜏1+𝜔2𝜏2)Φ𝐺(𝜔1, 𝜔2, 𝜇)

𝑚𝑐
2 ≈ 𝑚𝑏Λ𝑄𝐶𝐷:



𝑩𝒒
𝟎 → 𝑫𝒒

(∗)−
𝑳+ class-I decays
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 At the quark-level, these decays mediated by 𝒃 → 𝒄ഥ𝒖𝒅(𝒔)

 For class-I decays: QCDF formula much simpler; 

only the form-factor term at leading power  

[Beneke, Buchalla, Neubert, Sachrajda '99-'03; Bauer, Pirjol, Stewart '01]

all four flavors different from each other, 

no penguin operators & no penguin topologies!

i) only color-allowed tree topology 𝑇 = 𝑎1

ii) spectator & annihilation power-suppressed

iii) annihilation absent in 𝐵𝑑 𝑠
0 → 𝐷𝑑(𝑠)

− 𝐾(𝜋)+ etc.

iv) they are theoretically simpler and cleaner

 Hard kernel 𝑻:  both NLO and NNLO results known;  

[Beneke, Buchalla, Neubert, Sachrajda '01; Huber, Kränkl, Li '16] 

these decays used to test factorization theorems



2024/10/26 李新强 Theoretical review of heavy flavor physics 25

Non-leptonic/semi-leptonic ratios
 Non-leptonic/semi-leptonic ratios :  [Bjorken '89; Neubert, Stech '97; Beneke, Buchalla, Neubert, Sachrajda '01]

 Updated predictions vs data:  [Huber, Kränkl, Li '16; Cai, Deng, Li, Yang '21]

free from the uncertainties from 

𝑉𝑐𝑏 & 𝐵𝑑,𝑠 → 𝐷𝑑,𝑠
(∗)

form factors

 Confirmed by Belle: 2207.00134

|𝒂𝟏 ഥ𝑩 → 𝑫∗+𝝅− | = 𝟎. 𝟖𝟖𝟒 ± 𝟎. 𝟎𝟎𝟒 ± 𝟎. 𝟎𝟎𝟑 ± 𝟎. 𝟎𝟏𝟔 [𝟏. 𝟎𝟕𝟏−𝟎.𝟎𝟏𝟔
+𝟎.𝟎𝟐𝟎]

|𝒂𝟏 ഥ𝑩 → 𝑫∗+𝑲− | = 𝟎. 𝟗𝟏𝟑 ± 𝟎. 𝟎𝟏𝟗 ± 𝟎. 𝟎𝟎𝟖 ± 𝟎. 𝟎𝟏𝟑 [𝟏. 𝟎𝟔𝟗−𝟎.𝟎𝟏𝟔
+𝟎.𝟎𝟐𝟎]15% lower than SM

ഥ𝑩 → 𝑫+𝑲−

ഥ𝑩𝒔 → 𝑫𝒔
+𝝅−
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Large power corrections?
 Sources of sub-leading power corrections: [Beneke, 

Buchalla, Neubert, Sachrajda '01; Bordone, Gubernari, Huber, Jung, van Dyk '20]

➢ non-factorizable spectator interactions

➢ annihilation topologies

➢ non-leading higher Fock-state contributions

➢ all are estimated to be power-suppressed, and no chirality-

enhancement due to 𝑉 − 𝐴 ⊗ (𝑉 − 𝐴) structure

➢ very difficult to explain why the measured values of |𝑎1(ℎ)|

several 𝜎 smaller than the SM predictions

➢ must consider sub-leading power corrections more carefully

ΛQCD
𝑚𝑏

 Non-fact. soft-gluon contributions in LCSR with 

B-meson LCDA: [Maria Laura Piscopo, Aleksey V. Rusov, '23]
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𝑩 → 𝝅𝑲 puzzle
 𝑩 → 𝝅𝑲 decays dominated by QCD penguin

Δ𝐴𝐶𝑃(𝜋𝐾) puzzle

differs from 0 by ~9𝝈

𝜟𝑨𝑪𝑷(𝝅𝑲) = 𝑨𝑪𝑷 𝝅𝟎𝑲− − 𝑨𝑪𝑷(𝝅
+𝑲−)

= 𝟏𝟏. 𝟑 ± 𝟏. 𝟐 %

 For direct CPV, tree & EW penguin also crucial 

some mechanism or sub-leading power corr.s or even 

NP to enhance 𝑪 = 𝜶𝟐 or 𝑷EW = 𝜶𝟑,EW
𝒑

? [R. X. Wang and M. Z. Yang, 2212.09054; 2401.03670]
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𝑩 → 𝑷𝑷 based on 𝐒𝐔 𝟑 𝐅 symmetry 
 Analysis based on 𝐒𝐔 𝟑 𝐅 symmetry:  

 Physical amplitudes:

 Effective weak Hamiltonian:  
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𝑩 → 𝑷𝑷 based on 𝐒𝐔(𝟑) flavor symmetry 
 Physical amplitudes:

 Enough data for the fit with only 7 RMEs in exact 𝐒𝐔 𝟑 𝑭

➢ 𝐵 → 𝑃𝑃 decay amplitudes expressed in terms of SU 3 F RMEs & C-G coefficients, and then fit to all the data 

➢ Key point: no any theoretical assumptions on RMEs ⇒ completely rigorous on group-theoretical side

➢ Indep. RMEs: 𝑉𝑢𝑏𝑉𝑢𝑠
∗ → 5, 𝑉𝑡𝑏𝑉𝑡𝑠

∗ → 2;   7 indep. RMEs = 13 real parameters 
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𝑩 → 𝑷𝑷 based on 𝐒𝐔(𝟑) flavor symmetry 
 State-of-the-art 𝐒𝐔 𝟑 𝐅 fit   [Huber, Li, Malami, Tetlalmatzi-Xolocotzi, w.i.p; D. London et al., 2311.18011] 

 More precise measurements, especially of the missing observables (e.g. 𝑩𝒔
𝟎 → 𝑲𝟎ഥ𝑲𝟎 and 

𝑩𝒔
𝟎 → 𝝅𝟎ഥ𝑲𝟎) may help to figure out true dynamical mechanism behind charmless B decays

✓

ሚ𝐶

෨𝑇
= 1.65 (∆S=0), 0.85 (∆S = 1), 1.23 (SU 3 F) vs 0.13 ≤

ሚ𝐶

෨𝑇
= 0.23 ≤ 0.43 based on QCDF

✓ for combined ∆S = 0 & ∆S = 1 decays: very poor fit, with 3.6σ disagreement with the SU 3 F limit

✓ a 1000% SU 3 F-breaking effect required, much large than naive expectation of 𝑓𝐾/𝑓𝜋 − 1 ∼ 20%
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Summary
 With exp. and theor. progress, we are now entering a precision era for flavor physics

 Several deviations between data & SM observed            NP signals beyond the SM?

 More precise exp. measurements, theor. predictions, & LQCD inputs needed 

many opportunities to explore SM & BSM physics in heavy flavor physics

https://arxiv.org/pdf/0710.3799
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back-up



QED corrections in other processes
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 QED corrections to semi-leptonic & hadronic B decays [M. Beneke et al, 2008.10615; 107.03819]

➢ confronted with precision exp. data, QED effects need included in a systematic manner

➢ some virtual QED radiations lead to qualitatively new effect: logarithmic dependence 

on 𝒎ℓ violates LFU, new isospin violation sources from different quark charges 𝑸𝒒

➢ virtual photons with 𝚲𝐐𝐂𝐃 < 𝝁 < 𝒎𝒃 resolve the inner hadronic structure, and generally 

not included in typical Monte Carlo implementations like PHOTOS

➢ QED factorization theorems for many processes still unknown; we need a consistent 

treatment of QED effects between theoretical & exp. analyses

 Why QED corrections? [P. Boer and T. Feldmann, 2312.12885 ]

QED corrections turn out to be 1 order of 

magnitude smaller than NNLO QCD

uncertainties



Rare FCNC B decays
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 Another interesting FCNC decays: 𝑩 → 𝑲(∗)𝝂ഥ𝝂

➢ there are no photon-penguin diagrams

➢ theoretically cleaner than 𝒃 → 𝒔ℓℓ decays 

due to absence of LD 𝒄ത𝒄-loop contributions 

 State-of-the-art SM prediction:

≃ 𝟑% uncertainty 

≃ 𝟏𝟓% uncertainty 

sensitive to NP



Rare FCNC B decays
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 Belle-II first evidence of 𝑩+ → 𝑲+𝝂ഥ𝝂:  

exp. data ≃ 2.7σ above the SM prediction

[X. G. He, X. D. Ma, M. A. Schmidt, G. Valencia and R. R. 

Volkas, 2403.12485; 

B. F. Hou, X. Q. Li, M. Shen, Y. D. Yang and X. B. Yuan,  

2402.19208; 

F. Z. Chen, Q. Y. Wen and F. R. Xu,  2401.11552] 

[see talk by 袁兴博 on 10.28]

➢ the deviation can easily accommodated by an EFT with operators coupled 

to 3-generation leptons

➢ verify the excess via 𝐵𝑟 𝐵0 → 𝐾𝑠𝜈 ҧ𝜈 , 𝐵𝑟(𝐵 → 𝐾∗𝜈 ҧ𝜈) & 𝐹𝐿
𝐾∗ @ Belle II

 NP signal: new heavy mediator in loop or 

new light invisible particle in final state?
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 Combined analysis of 𝒃 → 𝒖 & 𝒃 → 𝒄 sectors in SMEFT:

 LEFT WC at EW scale:

Analysis in SMEFT with flavor symmetry
➢ 𝑈 2 5 flavor symmetry:

➢ left-handed vector & right-handed scalar 

NP have same sizes in 𝑏 → 𝑢 & 𝑏 → 𝑐

 Projections in 𝑹 𝑫 − 𝑹 𝝅 & 𝑹 𝑫∗ − 𝑹(𝝆) planes: 

𝐵𝑟 𝐵 → 𝜏𝜈 exp(𝐶𝑆𝑅)

𝐵𝑟 𝐵 → 𝜏𝜈 exp(𝐶𝑆𝑅)

𝐵𝑟 𝐵 → 𝜏𝜈 exp(𝐶𝑉𝐿)

𝐵𝑟 𝐵 → 𝜏𝜈 exp(𝐶𝑉𝐿)


