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Status of the “famous” flavor anomalies

𝑹𝑲∗ , LFUV

𝑹𝑲

𝑷𝟓′, LFU

▪ Courtesy: J.M., “Beyond Flavor Anomalies IV”, Barcelona, 2023.



Non leptonics: Pros and Cons

▪ FCNC Non leptonic decays : loop suppressed in the SM.

▪ Increased difficulty in controlling hadronic uncertainties w.r.t semileptonics.

▪ Theoretical tools available to reduce uncertainties:
Compute hadronic matrix elements.
Relate to other modes using symmetry.

▪ Ratios constructed out of BR’s: reduced sensitivity to endpoint divergences.

▪ Identify modes with similar sensitivity to same NP: 𝐵 → 𝐾(∗) ഥ𝐾(∗).

▪ Use them to construct observables with reduced sensitivities to had. uncertainties:

L =
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𝑏→𝑑 =

𝐴0
𝑠 2+ ҧ𝐴0

𝑠 2
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+ ҧ𝐴0
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▪ Look for modes where these effects can be clearly disentangled within uncertainties:
𝐵 → 𝐾 ഥ𝐾∗, ഥ𝐾∗𝐾.



𝑩𝒅,𝒔 → 𝑲∗𝑲∗

▪ Naive factorization: Hierarchy due to V-A structure. Dominance of longitudinal amplitudes.

▪ QCD factorization: Transverse amps order(s) of 
Λ

𝑚𝑏
suppressed. Plagued by

possible 
1

𝑚𝑏
suppressed LD effects.

▪ Purely Penguin mediated processes in the SM.

▪ Expectations: 𝑓𝐿 = 1 + 𝑂(
1

𝑚𝑏
2) (N.F.)

𝑓𝐿
𝐵𝑠 ∼ 𝑓𝐿

𝐵𝑑 ± 30% (U-spin)

▪ Experiment (LHCb 2019): 𝑓𝐿
𝐵𝑠 = 0.240 ± 0.04, 𝑓𝐿

𝐵𝑑 = 0.724 ± 0.053.

▪ QCDF predictions: 𝑓𝐿
𝐵𝑠 = 0.72−0.21

+0.16, 𝑓𝐿
𝐵𝑑 = 0.69−0.21

+0.17. (Nucl.Phys.B 774 (2007) 64-101, M.Beneke etal).

Something interesting in the 𝐵𝑠 case. NP?!



Amplitude and “𝚫”

▪ ҧ𝐴𝑓 = 𝐴 ത𝐵𝑞 → 𝑉1𝑉2 = 𝜆𝑢
(𝑞)
𝑇𝑞 + 𝜆𝑐

(𝑞)
𝑃𝑞 = 𝜆𝑢

(𝑞)
Δ𝑞 − 𝜆𝑐

(𝑞)
𝑃𝑞 (unitarity).

▪ Δ𝑞 is free of endpoint divergences. Because:

𝑇𝑞 = 𝐴𝐾∗𝐾∗
𝑞

𝛼4
𝑢 −

1

2
𝛼4,𝐸𝑊
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𝑢 + 2𝛽4
𝑢 −

1

2
𝛽3,𝐸𝑊
𝑢 − 𝛽4,𝐸𝑊

𝑢

𝑃𝑞 = 𝐴𝐾∗𝐾∗
𝑞

𝛼4
𝑐 −

1

2
𝛼4,𝐸𝑊
𝑐 + 𝛽3

𝑐 + 2𝛽4
𝑐 −

1

2
𝛽3,𝐸𝑊
𝑐 − 𝛽4,𝐸𝑊

𝑐

▪ Where, 

𝛼𝑖
𝑝
𝑀1𝑀2 ∝ 𝑉𝑖 𝑀2 +

4𝜋2

𝑁𝑐
𝐻𝑖 𝑀1𝑀2 + 𝑃𝑖

𝑝
𝑀2

▪ 𝛽𝑖
𝑝
: Penguin annihilation, 𝛽𝑖,𝐸𝑊

𝑝
: Electroweak penguin annihilation

Vertex Hard spectator Penguin

∝ 𝑋𝐻
𝑀1 ∼ ln(

𝑚𝑏

Λ𝑄𝐶𝐷
)

(soft gluon spectator int, divergent, power suppressed, universal)

∝ 𝑋𝐴
𝑀1 ~ Endpoint divergence ∼ ln(

𝑚𝑏

Λ𝑄𝐶𝐷
) (universal)

These divergences are responsible for the model dependence of the analysis.



𝑳𝑲∗𝑲∗

▪ 𝐿𝐾∗𝐾∗ = 𝜅
𝑃𝑠

𝑃𝑑

2 1+ 𝛼𝑠 2 Δ𝑠
𝑃𝑠

2
+2𝑅𝑒

Δ𝑠
𝑃𝑠

𝑅𝑒 𝛼𝑠

1+ 𝛼𝑑
2 Δ𝑑
𝑃𝑑

2

+2𝑅𝑒
Δ𝑑
𝑃𝑑

𝑅𝑒 𝛼𝑑

▪ Exp: 𝟒. 𝟒𝟑 ± 𝟎. 𝟗𝟐 SM:

▪ Tension: 𝟐. 𝟔𝝈

▪ Note: Dominant uncertainties from form factors and NOT divergences. (Somewhat) reduced
model dependence.

CKM

1 ± 0.3 (Naive SU(3))
0.91−0.17

+0.20 (Broken SU(3))
0.92−0.18

+0.20 (QCD factorization)
Dominant contribution

1 ± 0.01

23−12
+16 (Naive SU(3))

19.2−6.5
+9.3 (Broken SU(3))

𝟏𝟗. 𝟓𝟑−𝟔.𝟔𝟒
+𝟗.𝟏𝟒 (QCD factorization)



𝑳𝑲𝑲

▪ Counterpart of the “L” observable for pseudoscalar final states.

▪ LKK = 𝜌 𝑚𝐾0 , 𝑚𝐾0
BR ത𝐵𝑠→𝐾

0 ഥ𝐾0

BR ത𝐵𝑑→𝐾
0 ഥ𝐾0

=
𝐴𝑠 2+ ҧ𝐴𝑠 2

𝐴𝑑
2
+ ҧ𝐴𝑑

2

▪ No longitudinal polarization here.

▪ Form factor uncertainties less. 
Translates to less uncertainties for 𝐿𝐾𝐾 .
Less asymmetric w.r.t 𝐿𝐾∗𝐾∗.

▪ Exp: 𝟏𝟒. 𝟓𝟖 ± 𝟑. 𝟑𝟕 SM: 𝟐𝟔. 𝟎𝟎−𝟑.𝟓𝟗
+𝟑.𝟖𝟖

▪ Tension: 𝟐. 𝟒𝝈

▪ Is there a common NP explanation?



NP in 𝒃 → 𝒔



NP in 𝒃 → 𝒔

▪ 𝐶1𝑠
𝑁𝑃requires a 60% contribution in order to explain the anomalies. Discarded! (JHEP 07 (2019) 032: 

A.Lenz, GTX).

▪ 𝐿𝐾∗𝐾∗ = 19.25 − 936.23𝐶4𝑠
𝑁𝑃 + 14383.60 𝐶4𝑠

𝑁𝑃2+55.44𝐶6𝑠
𝑁𝑃+ 50.53𝐶8𝑔𝑠

𝑁𝑃+…

𝐿𝐾𝐾 = 25.90 − 380.76𝐶4𝑠
𝑁𝑃 + 1646.11 𝐶4𝑠

𝑁𝑃2 − 631.58 𝐶6𝑠
𝑁𝑃 + 4313.58𝐶6𝑠

𝑁𝑃2 + 31.92𝐶8𝑔𝑠
𝑁𝑃 +…

▪ The potential candidates for simultaneous explanation: 𝐶4𝑠
𝑁𝑃 & 𝐶8𝑔𝑠

𝑁𝑃 .

▪ 𝐶6𝑠
𝑁𝑃 cannot do the job because dependence is much starker for 𝐿𝐾𝐾 (12 times almost). 

▪ Origin of this is mainly attributed to the presence of the term (𝐶6 +
𝐶5

𝑁𝑐
) in the pseudoscalar-

pseudoscalar case as compared to the vector vector case.



NP in 𝒃 → 𝒔 but…

HOWEVER
0.4𝝈

1. 𝟔𝝈

1. 𝟖𝝈

0. 𝟗𝝈



NP in 𝒃 → 𝒔,d



Disentangling NP

▪ Consider mixed modes: ത𝐵𝑑,𝑠 → 𝐾∗0 ഥ𝐾0, ഥ𝐾∗0𝐾0

▪ For 𝑀1 = 𝐾0: 𝐿𝐾 = 𝜌 𝑚𝐾0 , 𝑚𝐾∗0
𝐵𝑅( ത𝐵𝑠→𝐾

0 ഥ𝐾∗0)

𝐵𝑅( ത𝐵𝑑→ഥ𝐾0𝐾∗0)
=

𝐴𝑠 2+ ҧ𝐴𝑠 2

𝐴𝑑
2
+ ҧ𝐴𝑑

2

SM prediction: 25.01−4.07
+4.21

NP dependence: 25.04 − 1201.22𝐶4𝑠
𝑁𝑃 + 15994.20𝐶4𝑠

𝑁𝑃2 + 149.47𝐶6𝑠
𝑁𝑃

+66.04𝐶8𝑔𝑠
𝑁𝑃 +…     

▪ For 𝑀1 = 𝐾∗0: 𝐿𝐾∗ = 𝜌 𝑚𝐾0 , 𝑚𝐾∗0
𝐵𝑅( ത𝐵𝑠→𝐾

∗0 ഥ𝐾0)

𝐵𝑅( ത𝐵𝑑→ഥ𝐾∗0𝐾0)
=

𝐴𝑠 2+ ҧ𝐴𝑠 2

𝐴𝑑
2
+ ҧ𝐴𝑑

2

SM prediction: 21.30−6.30
+7.19

NP dependence: 21.00 + 1040.25𝐶4𝑠
𝑁𝑃 + 12886.60𝐶4𝑠

𝑁𝑃2 − 1504.72𝐶6𝑠
𝑁𝑃

+27037.90𝐶6𝑠
𝑁𝑃2 − 26.72𝐶8𝑔𝑠

𝑁𝑃 +…



“Easier” observables

▪ However, tagging 𝐵𝑑 modes is challenging and costly.

▪ L𝐾 = 2𝜌 𝑚𝐾0 , 𝑚𝐾∗0
𝐵𝑅( ത𝐵𝑠→𝐾

0 ഥ𝐾∗0)

𝐵𝑅 ത𝐵𝑑→ഥ𝐾∗0𝐾0 +𝐵𝑅( ത𝐵𝑑→ഥ𝐾0𝐾∗0)
=

2

1+𝑅𝑑
𝐿𝐾 . SM prediction: 29.16−5.25

+5.49.

▪ L𝐾∗ = 2𝜌 𝑚𝐾0 , 𝑚𝐾∗0
𝐵𝑅( ത𝐵𝑠→𝐾

∗0 ഥ𝐾0)

𝐵𝑅 ത𝐵𝑑→ഥ𝐾∗0𝐾0 +𝐵𝑅( ത𝐵𝑑→ഥ𝐾0𝐾∗0)
=

2𝑅𝑑

1+𝑅𝑑
𝐿𝐾∗ . SM prediction: 17.44−5.82

+6.59.

▪ In the above: 

𝑅𝑑 =
𝐵𝑅 ത𝐵𝑑→ഥ𝐾∗0𝐾0

𝐵𝑅( ത𝐵𝑑→ഥ𝐾0𝐾∗0)
.  SM prediction: 0.70−0.22

+0.30.

▪ And finally the easiest, with the most limited NP sensitivity:

L𝑇𝑜𝑡𝑎𝑙 = 𝜌 𝑚𝐾0 , 𝑚𝐾∗0
𝐵𝑅 ത𝐵𝑠→𝐾

∗0 ഥ𝐾0 +𝐵𝑅( ത𝐵𝑠→𝐾
0 ഥ𝐾∗0)

𝐵𝑅 ത𝐵𝑑→ഥ𝐾∗0𝐾0 +𝐵𝑅( ത𝐵𝑑→ഥ𝐾0𝐾∗0)
=

𝐿𝐾∗+𝐿𝐾

2
=

𝐿𝐾+𝐿𝐾∗𝑅𝑑

1+𝑅𝑑
. 

SM prediction: 23.48−3.82
+3.95.



Pattern



Conclusions

▪ Two interesting observables in the non leptonic sector: 𝐿𝐾∗𝐾∗ , 𝐿𝐾𝐾

▪ Maybe NP: possible in both 𝑏 → 𝑠 and 𝑏 → 𝑑.

▪ Simultaneous explanations by 𝐶4,8𝑔
𝑠,𝑑 .

▪ Further observables in a futuristic chronological order of measurement to 
disentangle NP:𝐿𝑇𝑜𝑡𝑎𝑙 , 𝐿𝐾∗ , 𝐿𝐾 , 𝐿𝐾∗ , 𝐿𝐾
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