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Introduction



SM OF PARTICLE PHYSICS
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 SM: a great triumph of the 20th century science.

 Matter fundamental constituents and their interactions:



SM OF PARTICLE PHYSICS
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 However, the SM only an EF of a more fundamental theory!

flavor sector

Higgs sector

EW sector

 Up to now, SM works very well:



OPEN QUESTIONS OF SM
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 What is dark matter made of?

 Why is there more matter than anti-matter in the Universe?

 Why are the forces of Nature of such different strengths?

 Why are neutrino masses non-zero and so small?

 Why are there three generations of matter particles?

 How can we stabilize the electro-weak scale?

 … …

we need to go 

beyond the SM!



TWO WAYS FOR NEW PHYSICS
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 Direct detection @ energy frontier:  Indirect search @ intensity frontier:

complementary 

to each other

flavor physics

b s

𝛾
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CURRENT EXP. STATUS
 No direct signals of new particles/interactions observed @ LHC. 

 Many interesting flavor anomalies observed @ low-energy processes.

𝝉± → 𝝅±𝑲𝑺𝝂𝝉,  𝒃 → 𝒄𝝉𝝂, 𝒃 → 𝒔 𝝁+𝝁−,  𝒈 − 𝟐 𝝁,𝒆,  𝑽𝒖𝒃,  𝑽𝒄𝒃,  𝑽𝒖𝒔, 𝚫𝑨CP(𝝅𝑲), …

Z. Ligeti, 1606.02756

✓ Evidence for New Physics

✓ Statistical fluctuation in exp.

✓ Under-estimated systematics

✓ Incorrect SM prediction or measurement

?
➢ But very interesting and mandatory to 

investigate hints of these deviations! 



𝒃 → 𝒄𝝉𝝂 AND 𝒃 → 𝒔 𝝁+𝝁− ANOMALIES
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 Observed in both charged- and neutral-current B-meson processes.

Tree-level 

𝒃 → 𝒄𝝉𝝂

Loop-level FCNC 

𝒃 → 𝒔 𝝁+𝝁−

 They are (largely) free from CKM & hadronic parameters  (“clean”);

 Quarks always confined in hadrons;        complex strong interactions! 

optimized 

observables



LFU IN THE SM
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 Lepton-gauge interactions: Lepton flavor universality

 Key observation: different leptons involved; difference due to phase 

space & helicity suppression;

Universality!

LFU test?



𝒃 → 𝒄𝝉𝝂 AND 𝒃 → 𝒔 𝝁+𝝁− ANOMALIES
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 Several exps. for 𝑹(𝑫(∗)) and 𝑹(𝑲(∗)) point to the same direction;

really hints of deviations from lepton universality?

∼3.3σ

𝟏. 𝟎𝟎𝟎 ± 𝟎. 𝟎𝟏𝟎

∼3.1σ
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𝒃 → 𝒄𝝉𝝂 anomalies



R(D) AND R(D*) ANOMALIES 
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 First observed @ BaBar in 2012

 Later Belle & LHCb also performed/confirmed same measurements.

𝑅 𝐷 ∗ =
𝐵𝑟(𝐵 → 𝐷 ∗ 𝜏𝜈𝜏)

𝐵𝑟(𝐵 → 𝐷 ∗ 𝑙𝜈𝑙)

0.44±0.02

0.75±0.04

2HDM type-II excluded!
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𝑅 𝐷 : 1.4𝜎

𝑅 𝐷∗ : 2.8𝜎

combined:  ~3.3𝜎

EXP. STATUS @2019 SPRING

 WA as of 2021:  Other observables:

𝑅 𝐽/𝜓 =
𝐵𝑟(𝐵𝑐 → 𝐽/𝜓𝜏𝜈𝜏)

𝐵𝑟(𝐵𝑐 → 𝐽/𝜓𝑙𝜈𝑙)

= 0.71±0.17±0.18 (Exp.)

= 0.258±0.004 (SM)

LHCb 1711.05623

 The measured 𝑹(𝚲𝒄) is not consistent with the 𝑹(𝑫(∗)) anomaly.

𝑅 Λ𝑐 =
𝐵𝑟(Λ𝑏 → Λ𝑐𝜏𝜈𝜏)

𝐵𝑟(Λ𝑏 → Λ𝑐𝑙𝜈𝑙)

= 0.242±0.026±0.04±0.059 (Exp.)

= 0.324±0.004 (SM)

LHCb 2201.03497 
 Sum rules based on HQS:

δ=0 holds under any NP existence as long as 𝐶𝑇 ≪ 1



WHAT SHOULD WE DO
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 𝒃 → 𝒄𝝉𝝂𝝉 decay: 𝑾±-mediated tree-level process; massive 𝝉 makes it 

sensitive to mediators: 

 Check SM predictions: BGL vs CLN parametrizations of 𝑩 → 𝑫(∗) FFs;  

Exp. data+Lattice/LCSR+unitarity bounds+HQE to higher orders

𝑾′±,  𝑯±, LQs, …

R(D*)R(D)

 Latest SM predictions: 𝑹 𝑫 = 𝟎. 𝟐𝟖𝟖 ± 𝟎. 𝟎𝟎𝟒, 𝑹 𝑫∗ = 𝟎. 𝟐𝟒𝟗 ± 𝟎. 𝟎𝟎𝟏
F. Bernlochner et al., 2206.11281

https://inspirehep.net/authors/1061022
https://arxiv.org/abs/2206.11281


WHAT SHOULD WE DO
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 State-of-the-art results for 𝑩 → 𝑫(∗) FFs;  

 EM corrections to 𝑹(𝑫+) & 𝑹(𝑫𝟎) by 𝟓% & 𝟑%, 

for soft-photon energy cut at 20-40MeV; 
Boer/Kitahara/Nisandzic, 1803.05881



WHAT SHOULD WE DO
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 Difficult to explain the 𝑹(𝑫(∗)) anomalies in SM;          possible NP?  

𝑅 𝐷 : 1.4𝜎

𝑅 𝐷∗ : 2.8𝜎

combined:  ~3.3𝜎

 Many NP explanations!



THEORETICAL BASICS
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 𝒃 → 𝒄𝝉𝝂𝝉 decay: 𝑾±-mediated tree-level process in the SM;

 Most general low-energy effective Lagrangian for 𝒃 → 𝒄𝝉𝝂𝝉:

seen at hadronic level, 

but in full SM theory.

𝒎𝑾 ≫ 𝒎𝒃

seen at hadronic level, 

but in 𝐻eff framework.

𝒪𝑉𝐿 = ( ҧ𝑐𝛾𝜇𝑃𝐿𝑏)(തℓ𝛾
𝜇𝑃𝐿𝜈ℓ)



THEORETICAL BASICS
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 Decay amplitude for 𝑩 → 𝑫(∗)𝝉𝝂 decay:

 Hadronic sector 〈𝑯|ത𝒄𝚪𝒃|𝑩〉: Lorentz invariance & parity conservation

For 𝑩 → 𝑷 transition, 3 FFs.

leptonic sector



THEORETICAL BASICS
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 Hadronic sector 〈𝑯|ത𝒄𝚪𝒃|𝑩〉: Lorentz invariance & parity conservation

For 𝑩 → 𝑽 transition, 7 FFs.

 These FFs are now precisely predicted 

with the help of LQCD & LCSR.



THEORETICAL BASICS
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 Differential decay rates for 𝑩 → 𝑫𝝉𝝂:

 Observables:

 Differential decay rates for 𝑩 → 𝑫∗𝝉𝝂:

… …



CORRELATION WITH OTHER OBSERVABLE
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 Many 𝒃 → 𝒄𝝉𝝂-mediated processes: how about their correlations? 

➢ Inclusive decay 𝑩 → 𝑿𝒄𝝉𝝂:

already saturate the 

inclusive decay width!

➢ Purely leptonic decay 𝑩𝒄 → 𝝉𝝂:  𝟎 ത𝒄𝜸𝝁𝜸𝟓𝒃 𝑩𝒄
− = −𝒊𝒇𝑩𝒄𝒑𝝁

➢ Exclusive & inclusive baryonic decay:

𝚲𝒃 → 𝚲𝐜𝝉𝝂 and  𝚲𝒃 → 𝑿𝐜𝝉𝝂, … 



SCALAR NP: CELIS/JUNG/LI/PICH, 1612.07757
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 Low-energy effective Lagrangian with 𝑯± mediators:

 Scalar NP contributions to 𝒃 → 𝒄𝝉𝝂 processes:

➢ any values of  𝑹(𝑫) & 𝑹(𝑫∗) can 
be trivially explained. 

➢ preferred scalar couplings from 
𝑹(𝑫∗) quite huge.



SCALAR NP: CELIS/JUNG/LI/PICH, 1612.07757
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 Constraints from other 𝒃 → 𝒄𝝉𝝂 observables:

 Differential decay widths 𝒅𝚪 𝑩 → 𝑫 ∗ 𝝉𝝂 /𝒅𝒒𝟐

➢ although the exp. data very uncertain, already  

constraining, especially for  𝑩 → 𝑫𝝉𝝂!



SCALAR NP: CELIS/JUNG/LI/PICH, 1612.07757
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 Decay width of 𝑩𝒄
− → 𝝉𝝂: [Li+ ’16; Alonso+’16; Akeroyd+’17]

➢𝑩𝒄
− → 𝝉𝝂 is an obvious 𝒃 → 𝒄𝝉𝝂 transition;

➢ with large scalar couplings, its width 

even oversaturate the 𝐵𝑐 total width;

➢excludes second real solution in 𝜟𝒄𝒃
𝝉 plane, 

or even scalar NP for 𝑹(𝑫∗).



SCALAR NP: CELIS/JUNG/LI/PICH, 1612.07757
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 Global fit with scalar NP: real couplings

➢𝑹(𝑫) and 𝑹(𝑫∗)

➢𝒅𝚪 𝑩 → 𝑫 ∗ 𝝉𝝂 /𝒅𝒒𝟐

➢𝑹 𝑿𝒄 =
𝑩𝒓(𝑩→𝑿𝒄𝝉𝝂𝝉)

𝑩𝒓(𝑩→𝑿𝒄𝒍𝝂𝒍)

➢𝑩𝒓 𝑩𝒄 → 𝝉𝝂 < 𝟒𝟎%

➢global fit @ 95% CL

➢when complex couplings  

are allowed.   



SCALAR LQ: LI/YANG/ZHANG, 1605.09308
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 One single scalar LQ with 𝑴𝝓 ∼ 𝟏𝐓𝐞𝐕 and (𝟑, 𝟏, −𝟏/𝟑) added to SM;

[Bauer and Neubert,1511.01900]

 𝝓 interacts with fermions via:

 Both tree- and loop-level 

four-fermion operators generated:  (ഥ𝒖𝒊𝒅𝒋)(ഥ𝝂ℓ),  (ഥ𝒖𝒊𝒖𝒋)(തℓℓ),  (ഥ𝒅𝒊𝒅𝒋)(ഥ𝝂𝝂)

𝑩 → 𝑫(∗)𝝉𝝂, 𝑩𝒄 → 𝝉𝝂, 𝑩 → 𝑿𝒄𝝉𝝂, 𝑩 → 𝑿𝒔ഥ𝝂𝝂, 𝑩 → 𝑲(∗)ഥ𝝂𝝂, 𝑲 → 𝝅ഥ𝝂𝝂, ….



SCALAR LQ: LI/YANG/ZHANG, 1605.09308
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 Total 𝑯𝐞𝐟𝐟 for 𝒃 → 𝒄𝝉𝝂 transitions: integrating out 𝝓;

 𝑪𝑽, 𝑪𝑺, 𝑪𝑻: WCs at matching scale 𝑴𝝓; featured by tensor operator; 

 𝑪𝑺, 𝑪𝑻: scale dependent; needs to be run down to 𝝁𝒃;



SCALAR LQ: LI/YANG/ZHANG, 1605.09308
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 Four best-fit solutions for 𝑹(𝑫
(∗)
) along with acceptable 𝒒𝟐 spectra;

 𝑷𝑨 sollution: explains naturally 𝑹(𝑫
(∗)
), 𝑹(𝑲) and 𝒈 − 𝟐 𝝁, while 

satisfying other constraints without fine-tuning; 

[Freytsis, Ligeti, Ruderman, 

1506.08896]

[Bauer & Neubert,1511.01900]

Phys. Rev. Lett. 116, 141802 (2016)



SCALAR LQ: LI/YANG/ZHANG, 1605.09308
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 Question: the four best-fit solutions could be discriminated from 

each other by other 𝒃 → 𝒄𝝉𝝂 processes, especially by 𝑩𝒄 → 𝝉𝝂?

 𝚪(𝑩𝒄 → 𝝉𝝂) with LQ-exchanged contribution:

 𝑷𝑩 & 𝑷𝑫 already excluded by 𝜞(𝑩𝒄 → 𝝉𝝂) , as the predicted decay 

widths have already overshot the total width; need only 𝑷𝑨 & 𝑷𝑪!



SCALAR LQ: LI/YANG/ZHANG, 1605.09308
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 𝑷𝑨 & 𝑷𝑪 solutions: can be discriminated from each other?

 𝑷𝑨 & 𝑷𝑪 contribute mainly to the SM-like operator ത𝒄𝜸𝝁𝑷𝑳𝒃 ത𝝉𝜸
𝝁𝑷𝑳𝝂𝝉:

@ 𝝁𝒃 = 𝒎𝒃 = 𝟒. 𝟏𝟖𝐆𝐞𝐕

nearly same absolute values, both enhancing the SM result by ∼

12%, but the sign of solution 𝑃𝐶 is flipped relative to the SM. 

 𝑷𝑨 & 𝑷𝑪: tiny values but opposite signs for scalar/tensor operators. 



EFT ANALYSIS: HU/LI/YANG, 1810.04939
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 Most general 𝑺𝑼 𝟑 𝑪 ⊗𝑼 𝟏 𝑸-invariant 𝓛𝒆𝒇𝒇 @ 𝝁𝒃 = 𝒎𝒃 scale:

 Observables considered:

𝑷𝐋
𝑫∗ = 𝟎. 𝟔𝟎 ± 𝟎. 𝟎𝟖 ± 𝟎. 𝟎𝟒 vs

𝑷𝐋
𝑫∗ = 𝟎. 𝟒𝟓𝟓 ± 𝟎. 𝟎𝟎𝟑

➢ Ratios 𝑅(𝐷) and 𝑅(𝐷∗);

➢ Differential distributions 𝑑𝛤 𝐵 → 𝐷 ∗ 𝜏𝜈 /𝑑𝑞2;

➢ Leptonic decay rate 𝐵𝑟 𝐵𝑐 → 𝜏 𝜈𝜏 ≤ 10 30 %;

➢ Longitudinal polarization fraction 𝑃L
𝐷∗;

➢ Polarization fraction of the 𝜏 lepton 𝑃𝜏
𝐷∗; 

~1.5σ

Belle, 1901.06380

Belle, 1612.00529

https://arxiv.org/abs/1612.00529


EFT ANALYSIS: HU/LI/YANG, 1810.04939
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 Global fit:

 dashed: 𝑩𝒓 𝑩𝒄 → 𝝉 𝝂𝝉 ≤ 𝟏𝟎%;         

𝜟𝑿 = 𝑿 − 𝑿𝑺𝑴

[see also Murgui 

etal, 1904.09311]

𝑪𝑳𝑳
𝑺 already excluded! 

𝑪𝑹𝑳
𝑺 can but only at 𝟑𝝈!     



EFT ANALYSIS: HU/LI/YANG, 1810.04939
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 Global fit:

➢ 𝑷𝐋
𝑫∗ & 𝑷𝝉

𝑫∗ very potential to distinguish different contributions;

➢ difficult to accommodate 1σ 𝑷𝐋
𝑫∗ for any 𝑪𝒊; even excluded 𝑪𝑳𝑳

𝑻 !

𝜟𝑿 = 𝑿 − 𝑿𝑺𝑴

𝛥
𝑃 𝜏
𝐷
∗

𝛥
𝑃
𝐿𝐷
∗

[see also Murgui 

etal, 1904.09311]



EFT ANALYSIS: HU/LI/YANG, 1810.04939
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 Global fit within the SMEFT:       [Buchmuller, Wyler ‘86; Grzadkowski etal, 1008.4884]

 Operators contributing to 𝒃 → 𝒄𝝉𝝂:

 Basic procedure:

➢ Evolution from 𝚲𝐍𝐏 to 𝚲𝐄𝐖; [http://einstein.ucsd.edu/smeft/]

➢ Matching SMEFT onto WET at 𝚲𝐄𝐖; 

➢ Evolution from 𝚲𝐄𝐖 down to 𝝁𝒃;



EFT ANALYSIS: HU/LI/YANG, 1810.04939
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 Matching result without 𝑪𝑽𝑹, because it is explicitly LFU in SMEFT; 

➢ Terms ∝ 𝑽𝒖(𝒄)𝒃 neglected, need keep only 𝒏 = 𝟑;

➢ With 3-loop QCD & 1-loop EW/QED evolutions;

 Here 𝝁𝒃 = 𝟒. 𝟏𝟖𝐆𝐞𝐕 and 𝚲 = 𝟏𝐓𝐞𝐕; 



EFT ANALYSIS: HU/LI/YANG, 1810.04939
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 Fit result with only a single WC at each time; 

➢ 𝐶𝑙𝑒𝑞𝑢
1

3332
already excluded by R(D(∗)) at 3σ;

➢ 𝐶𝑙𝑒𝑑𝑞 3332
can explain R(D(∗)) only marginally at ~2σ; 

➢ 𝐶𝑙𝑞
3

3323
or 𝐶𝑙𝑒𝑞𝑢

3

3323
can explain R(D(∗)) at ~1σ;   

Dashed: 𝑩𝒓 𝑩𝒄 → 𝝉 𝝂𝝉 ≤ 𝟏𝟎%

➢ Δ𝑃𝜏(𝐷
∗) helpful to discriminate 

between 𝐶𝑙𝑞
3

3323
and 𝐶𝑙𝑒𝑞𝑢

3

3323
;



EFT ANALYSIS: HU/LI/YANG, 1810.04939
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 Fit result with only a single WC at each time; 

➢ Δ𝑅(𝐽/𝜓) and Δ𝑅(𝑋𝑐) further exclude some allowed intervals of 𝐶𝑙𝑞
3

3323
and 𝐶𝑙𝑒𝑞𝑢

3

3323
!

➢ Tensor solution not favored by 𝑃𝐿(𝐷
∗): 𝑃𝐿 𝐷∗ = 0.142 ± 0.001 vs 0.60 ± 0.08 ± 0.04.

Dashed: 𝑩𝒓 𝑩𝒄 → 𝝉 𝝂𝝉 ≤ 𝟏𝟎%



EFT ANALYSIS: HU/LI/YANG, 1810.04939
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 Fit result with simultaneous two WCs at a time; 

➢ strongest from 𝑹(𝑫(∗));

➢ 𝑩𝒓 𝑩𝒄 → 𝝉 𝝂𝝉 ≤ 𝟏𝟎% very 

complementary, making 

parts of the allowed 

regions already excluded;

✓ Green: 𝑅(𝐷) & 𝑅 𝐷∗

✓ Cyan:  𝑅(𝐽/𝜓)

✓ Blue: 𝑅 𝑋𝑐

✓ Red: 𝐵𝑟 𝐵𝑐 → 𝜏 𝜈𝜏 ≤ 10%



SUMMARY OF 𝒃 → 𝒄 ANOMALIES
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 Since 2012, 𝑹 𝑫(∗) anomalies triggered a lot of attention; If confirmed with more precise    

data from LHCb & Belle II, first indication of LFUV.

 Most preferred solution: a global modification of 𝑪𝑳𝑳
𝑽 associated with (ത𝒄𝜸𝝁𝑷𝑳𝒃)(ത𝝉𝜸

𝝁𝑷𝑳𝝂);

 Various specific UV models with few 

TeV mediators;

 Interplay with anomalies in neutral-

current B decays;

 Many UV-complete NP models;
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𝒃 → 𝒔 anomalies



𝒃 → 𝒔 ANOMALIES 
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 Differential angular distributions of 𝑩 → 𝑲∗ → 𝑲𝝅 ℓ+ℓ−



𝒃 → 𝒔 ANOMALIES 
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 Since 𝑷𝟓
′ anomaly @ 2013, several anomalies observed;
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PROSPECTS FOR 𝑹(𝑯𝒔) MEASUREMENTS
 Projected uncertainty for various 𝑹(𝑯𝒔) ratios from Belle-II and LHCb:

𝟏. 𝟏 < 𝒒𝟐 < 𝟔. 𝟎𝐆𝐞𝐕𝟐 extrapolated from Run 1 data

➢We will obtain definite answers for 

LFUV test in 𝒃 → 𝒔ℓ+ℓ− decays.



OPTIMAL PROBES OF NP
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 𝒃 → 𝒔ℓ+ℓ− decays: loop-induced FCNC processes; sensitive to NP;

 Caution: NP could be easily mimicked by 

hadronic effects;

 NP scale probed:  



THEORETICAL BASICS
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 Separate the different scales involved;

𝒎𝑾 ≫ 𝒎𝒃

seen at hadronic level, 

but in full SM theory.

seen at hadronic level, 

but in 𝐻eff framework.

 𝑯𝐞𝐟𝐟 for 𝒃 → 𝒔𝒍𝒍 transitions:

𝑂1,2 = ҧ𝑐𝛾𝜇 1 − 𝛾5 𝑏 ҧ𝑠𝛾𝜇 1 − 𝛾5 𝑐



THEORETICAL BASICS
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 Matrix elements of 𝑩 → 𝑲(∗)ℓ+ℓ− decays:

 Helicity amplitudes of 𝑩 → 𝑲(∗)ℓ+ℓ− decays:

➢ Main sources of uncertainties 

come from the FFs and from 

the hadronic parameters.

A. Khodjamirian et al.,

JHEP 09 (2010) 089;

B. T. Blake et al., EPJC 78 

(2018) 6, 453;

C. C. Bobeth et al., EPJC 

78 (2018) 6, 451;

how about multiple 

soft-gluon emission?



THEORETICAL BASICS
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 Expected 𝒒𝟐 spectrum 

of 𝑩 → 𝑲(∗)ℓ+ℓ− decays:

➢ at low 𝒒𝟐 region, 

QCDF applies; ➢ at high 𝒒𝟐 region, 

OPE applies;



GLOBAL FIT

2022/06/07 李新强 华中师大 B anomalies and possible explanations  49

 Possible to explain everything simply requiring NP effect in 𝑪𝟗
𝝁
:

◆ Remind: 𝑪𝟕 = −𝟎. 𝟐𝟗, 𝑪𝟖 = −𝟎. 𝟏𝟔, 𝑪𝟗 = 𝟒. 𝟐𝟎, 𝑪𝟏𝟎 = −𝟒. 𝟎𝟏



GLOBAL FIT

2022/06/07 李新强 华中师大 B anomalies and possible explanations  50

 Latest fit for 𝜹𝑪𝟗 and 𝜹𝑪𝟕: T. Hurtha, F. Mahmoudib, S. Neshatpour, 2006.04213

◆ Remind: 𝑪𝟕 = −𝟎. 𝟐𝟗, 𝑪𝟖 = −𝟎. 𝟏𝟔, 𝑪𝟗 = 𝟒. 𝟐𝟎, 𝑪𝟏𝟎 = −𝟒. 𝟎𝟏

 Un-known power corrections 

parametrized as: 18 free parameters

➢ while the central values are all non-zero, within 

the 1σ range they are compatible with zero 

when taken individually.



GLOBAL FIT
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 Prospect of the fit to 𝜹𝑪𝟗: T. Hurtha, F. Mahmoudib, S. Neshatpour, 2006.04213

◆ Remind: 𝑪𝟕 = −𝟎. 𝟐𝟗, 𝑪𝟖 = −𝟎. 𝟏𝟔, 𝑪𝟗 = 𝟒. 𝟐𝟎, 𝑪𝟏𝟎 = −𝟒. 𝟎𝟏

 Another global fit: M. Ciuchini etal, 2011.01212

new LHCb data 

strengthen evidence 

of non-vanishing h’s.



GLOBAL FIT
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 Prospect of the fit to 𝜹𝑪𝟗 & 𝜹𝑪𝟏𝟎: Nico Gubernari et al., 2206.03797

◆ Remind: 𝑪𝟕 = −𝟎. 𝟐𝟗, 𝑪𝟖 = −𝟎. 𝟏𝟔, 𝑪𝟗 = 𝟒. 𝟐𝟎, 𝑪𝟏𝟎 = −𝟒. 𝟎𝟏

A novel parametrization of non-local form factors!

 A large tension 

is observed in   

𝑩 → 𝑲𝝁+𝝁−!



GLOBAL FIT
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◆ Remind: 𝑪𝟕 = −𝟎. 𝟐𝟗, 𝑪𝟖 = −𝟎. 𝟏𝟔, 𝑪𝟗 = 𝟒. 𝟐𝟎, 𝑪𝟏𝟎 = −𝟒. 𝟎𝟏

 Another global fit: M. Ciuchini etal, 2011.01212

𝑃5
′ accommodated with sizable hadronic effects.

∆𝐶9,𝜇 = −∆𝐶10,𝜇

Preferred scenario with 𝐶2223
𝐿𝑄

= 0.77 ± 0.13, corresponds to 

∆𝐶9,𝜇 = −∆𝐶10,𝜇 = −0.54 ± 0.09 for Λ = 30TeV.

SMEFT



SPECIFIC NP MODELS
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 How to reproduce the needed extra contributions to ∆𝐶9,𝜇 = −∆𝐶10,𝜇:

➢ How about the constraints 

from other processes such 

as the mass difference of 

neutral mesons?

➢ Further possible implications 

for other processes like 𝑏 →

𝑠𝜈 ҧ𝜈, or collider physics?



SUMMARY OF 𝒃 → 𝒔 ANOMALIES
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Thank You for your attention!

◼ Contrast to 𝑹 𝑲 ∗ , angular observables suffer from unknown LD contributions.  

◼ Although efforts to estimate PCs are ongoing, a real estimate not established yet.  

◼ Significance of tensions depends on theoretical assumptions on the size of PCs.  

◼ Whether tensions in the angular observables are signs of NP or just due to under-

estimated hadronic corrections? Need more effects!


