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Theory vs experiment: Current status

Observable SM (QCDF) Experiment Deviation

106𝐵𝑅 ത𝐵𝑑 → 𝐾0 ഥ𝐾0 1.09−0.20
+0.29 1.21 ± 0.16 0.4𝜎

107𝐵𝑅 ത𝐵𝑑 → 𝐾∗0 ഥ𝐾∗0
𝐿 2.27−0.74

+0.99 6.04−1.78
+1.81 1.8𝜎

105𝐵𝑅 ത𝐵𝑠 → 𝐾0 ഥ𝐾0 2.80−0.62
+0.89 1.76 ± 0.33 1.6𝜎

106𝐵𝑅 ത𝐵𝑠 → 𝐾∗0 ഥ𝐾∗0
L 4.36−1.65

+2.23 2.62−0.75
+0.85 0.9𝜎

106𝐵𝑅 ത𝐵𝑑 → ഥ𝐾∗0𝜙 𝐿 4.89−1.99
+2.09 4.96−0.30

+0.31 0.3𝜎

107𝐵𝑅 ത𝐵𝑠 → 𝐾∗0 𝜙 𝐿 2.19−0.94
+1.05 5.56−2.27

+2.78 1.3𝜎

105(𝐵𝑅 ത𝐵𝑠 → 𝐾∗0 ഥ𝐾0 +𝐵𝑅 ത𝐵𝑠 → 𝐾∗0 ഥ𝐾0 ) 0.83−0.25
+0.50 1.98 ± 0.28 ± 0.50 1.4𝜎

106𝐵𝑅 ത𝐵𝑑 → ഥ𝐾0𝜙 4.28−1.50
+2.71 7.3 ± 0.7 1.3𝜎



Theory vs experiment: Current status

Observable SM (QCDF) Experiment Deviation

𝐿𝐾∗ ഥ𝐾∗ 19.53−6.64
+9.14 4.43 ± 0.92 2.6𝜎

𝐿𝐾 ഥ𝐾 26.00−3.59
+3.88 14.58 ± 3.37 2.4𝜎

𝐿𝐾∗𝜙 22.04−4.88
+7.06 8.80−2.97

+6.07 1.5𝜎



𝑳𝑲∗𝑲∗: Error Budget



Form Factors

Relative errors: 16% numerator. 13% denominator

Relative errors: 6.8% numerator. 3.6% denominator



                                 Assumptions

▪ We work in the QCDF framework.

▪ These deviations are assumed to be due to new short distance dynamics.

▪ These only affect the operators already present in the WET at the 𝑚𝑏 scale.

▪ To start with, we further assume that such dynamics affects one operator at a 
time.

▪ As we will see, we will have to remove the previous assumption later on.



     Operator basis and SM Wilson Coefficients
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Effect of the mixed modes (ഥ𝑩𝒔 → 𝐾∗ ഥ𝐾 + 𝑐. 𝑐.) and (ഥ𝑩𝒅 → ഥ𝐾𝜙) on        
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𝑵𝑷  plane



Effect of the mixed modes (ഥ𝑩𝒔 → 𝐾∗ ഥ𝐾 + 𝑐. 𝑐.) and (ഥ𝑩𝒅 → ഥ𝐾𝜙) on        
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𝑵𝑷  plane



Effect of the mixed modes (ഥ𝑩𝒔 → 𝐾∗ ഥ𝐾 + 𝑐. 𝑐.) and (ഥ𝑩𝒅 → ഥ𝐾𝜙) on        

     𝑪𝟖𝒈𝒅,𝒔
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Effect of the mixed modes (ഥ𝑩𝒔 → 𝐾∗ ഥ𝐾 + 𝑐. 𝑐.) and (ഥ𝑩𝒅 → ഥ𝐾𝜙) on        

     𝑪𝟖𝒈𝒅,𝒔
𝑵𝑷  plane



     Recap: Lessons from one operator scenarios 

▪ Assuming NP affects either 𝑄4𝑑,𝑠 or 𝑄8𝑔𝑑,𝑠 we find common overlaps for PP and VV modes.

▪ Result of including 𝐾∗𝜙 modes  with 𝐾(∗)𝐾(∗)modes is that the “allowed” range of NP values is 
greater for 𝑏 → 𝑑 as compared to 𝑏 → 𝑠.

▪ This pattern is broken when one includes the branching ratios for the pseudoscalar-vector 
modes.

▪ Assuming NP affects 𝑄4𝑑,𝑠, one finds overlaps separately among 𝐾𝜙 & 𝐾∗𝜙 and 𝐾∗𝐾 + 𝑐. 𝑐. 

& 𝐾(∗)𝐾(∗) modes but not together.

▪ Assuming NP affecting 𝑄8𝑔𝑑,𝑠, simultaneous overlap of 𝐾(∗)𝜙 is possible but not for 𝐾∗𝐾 + 𝑐. 𝑐. 

with 𝐾(∗)𝐾(∗). 

▪ No common one operator explanation is possible. Two operators (𝐢𝐧𝐯𝐨𝐥𝐯𝐢𝐧𝐠 𝑸𝟔)?! 



          Two operator scenarios: Algorithm

▪ Assuming NP affects two (𝑏 → 𝑠, 𝑑) operators, the L observable depends on 4 NP Wilson coefficients and 
cannot be represented in a 2-D plane.

▪ However, the branching ratios now depend on 2 parameters and can be represented in 2-D plots.

▪ Prepare a grid for 𝑏 → 𝑠, 𝑑 NP Wilson coefficients 𝐶𝑖𝑠,𝑑 , 𝐶𝑗𝑠,𝑑  for the scenario 𝑄𝑖𝑠,𝑑 − 𝑄𝑗𝑠,𝑑  and look for 

values that explain 𝐿𝐾(∗)𝐾(∗) and 𝐿𝐾∗𝜙 simultaneously. This will essentially result in a list of quadruplets 

[𝐶𝑖𝑠, 𝐶𝑗𝑠, 𝐶𝑖𝑑 , 𝐶𝑗𝑑].

▪ Now find regions of common overlap among the 𝑏 → 𝑠 and 𝑏 → 𝑑 branching ratios in the corresponding 2-
D planes separately, if any. 

▪ Overlay the 𝐶4𝑠(𝑑), 𝐶8𝑔𝑠(𝑑) couplets from the quadruplets on the 2-D 𝑏 → 𝑠(𝑑) plot and identify those that 

fall on the common regions.

▪ Identify the quadruplets which the couplets falling in the common region correspond to. These quadruplets 
are the sets of Wilson coefficients that explain all the L’s and branching ratios simultaneously.



          Two operator scenarios: 𝑸𝟒 − 𝑸𝟔



          Two operator scenarios: 𝑸𝟔 − 𝑸𝟖𝒈



          Two operator scenarios: 𝑸𝟒 − 𝑸𝟖𝒈



                             Comparison: 𝑺𝑴



                          Comparison: 𝑸𝟒−𝑸𝟔



                          Comparison: 𝑸𝟔−𝑸𝟖𝒈



                          Comparison: 𝑸𝟔−𝑸𝟖𝒈



                                    Conclusions

▪ Proposed optimized “L” observables which are ratios involving penguin dominated decay 
modes related by a d to s transition: only used while modelling the divergent annihilation and 
hard spectators.

▪ Dominant sources of uncertainties for theoretical SM estimates of the L’s are form factors .

▪ All the VV, PP L’s and branching ratios have overlaps assuming NP affects either 𝑄4𝑑,𝑠 or 

𝑄8𝑔𝑑,𝑠.

▪ However, the inclusion of the currently measured VP modes ruin this setup. 

▪ The simplest NP scenarios that result in common overlap among all the VV, PP and PV 
branching ratios along with the three L’s are 2 operator scenarios 𝑄4𝑓 − 𝑄6𝑓 and 𝑄6𝑓 − 𝑄8𝑔𝑓.

▪  𝑄6𝑑,𝑠 is important!



             Future directions and discussons

▪ Correlated form factors (LCSR)?

▪ Correlated measurement of Branching fractions (LHCb is already working on these modes: Last talk yesterday by Ben 
and Davide).

▪ New ways of tackling annihilations: Fits. Breaking of unitarity. Analysis ongoing.

▪ Beyond Beneke etal: Symmetries and symmetry breakings. CP asymmetry measurements.

▪ 𝐿𝐾∗𝜙
𝑒𝑥𝑝

 has asymmetric errors. However, a correlated measurement in the future, as well as an increase in the precision of 

𝑓𝐿( ത𝐵𝑠 → 𝐾∗0𝜙) and 𝐵𝑅( ത𝐵𝑠 → 𝐾∗0𝜙) will help decrease the asymmetry.

▪ Measurement on 𝐵𝑅 ത𝐵𝑑 → ഥ𝐾0𝜙  from both Belle and Babar are more than two and one decades old respectively. 
Maybe updated measurement can change this scenario.

▪ Measurement on 𝑏 → 𝑑 𝐵𝑅 ത𝐵𝑠 → 𝐾0𝜙  and 𝐵𝑅 ത𝐵𝑑 → 𝐾∗0 ഥ𝐾0 + 𝑐. 𝑐. . Will permit construction of L’s for mixed modes.

▪ First exploratory works. Working on rigorous statistical analysis taking asymmetric distributions into account: Stay tuned!
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