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● bsl+l- transitions are FCNC
– cannot occur at tree-level in the SM
– they arise at one loop through penguins and 

boxes
– they are particularly sensitive to possible NP 

contributions
– since VubVus* << VcbVcs* ≈ VtbVts*, top and charm 

quarks dominate loop contributions

b  s l+l- decays
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1) Assume NP heavier than EW scale:
– NP contributions invariant under SM gauge group
– Can be written in terms of SMEFT operators 

built with Qi, ui, di, Li, ei, Higgs and SU(3) x SU(2) 
x U(1) gauge fields:

EFT for b  s l+l- decays in 
three steps

+ L2, e2  L1, e1
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2) Expand H around its vev, integrate out W±, Z and t:
– W, Z, t & NP contributions can be written in terms of 

WET operators built with diL,R, uiL,R, liL,R, photons & gluons:

EFT for b  s l+l- decays in 
three steps

p=u,c
q=u,d,s,c,b
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2) Expand H around its vev, integrate out W±, Z and t:
– W, Z, t & NP contributions can be written in terms of 

WET operators built with diL,R, uiL,R, liL,R, photons & gluons:

EFT for b  s l+l- decays in 
three steps

p=u,c
q=u,d,s,c,b

NP contributions
from SMEFT operators
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2) Expand H around its vev, integrate out W±, Z and t:
– W, Z, t & NP contributions can be written in terms of 

WET operators built with diL,R, uiL,R, liL,R, photons & gluons:

EFT for b  s l+l- decays in 
three steps

p=u,c
q=u,d,s,c,b

Run from EW scale to mb: C9 gets a large 
log(MW2/mb2) from mixing with Q2c 
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2) Expand H around its vev, integrate out W±, Z and t:
– W, Z, t & NP contributions can be written in terms of 

WET operators built with diL,R, uiL,R, liL,R, photons & gluons:

EFT for b  s l+l- decays in 
three steps

p=u,c
q=u,d,s,c,b

Small coefficients or doubly
Cabibbo suppressed
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EFT for b  s l+l- decays in 
three steps

3) Compute matrix elements of WET 
operators:

● Bs  mm only from <Q10>, no large logs, very clean
● B K(*) l+l- from:

● Q9, Q7 and Q10 at tree level; 
● Q1,2c at one loop:

● O(4paS) (factorizes in the mb limit, perturbative) 
or

● O(16p2L/mb) (power correction, nonperturbative)

Charming penguins
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THE CHARM CONTRIBUTION
● Computable in the infinite mb limit (QCDF)
● In the real world, nonperturbative power corrections due to the 

intermediate ccsd state are important
● Nonperturbative methods working in Euclidean spacetime 

(lattice, QCDSR) cannot (yet) cope with rescattering in B decays
● Two classes of power corrections:

– BK(*) + (ccl+l-): has known analytic structure in q2; can be estimated 
at low q2 using LCSR

– B (ccsd)K(*)l+l-, e.g. B (Ds(*) D(*))K(*)l+l: unrelated to q2 singularities, 
no estimate available. Notice: BESIII observes a near-threshold 
structure in the K recoil in e+e-  (Ds(*) D(*)) K

Bjorken; Beneke, Buchalla, Neubert & Sachrajda; Beneke, Feldmann & Seidel

Ciuchini et al

Maiani & Testa

Khodjamirian et al; Gubernari et al.

arXiv:2011.07855

https://doi.org/10.1103/PhysRevLett.83.1914
https://doi.org/10.1140/epjc/s2005-02181-5
https://doi.org/10.1016/S0550-3213(97)00388-X
https://doi.org/10.1016/0370-2693(90)90695-3
https://arxiv.org/abs/1006.4945
https://arxiv.org/abs/2011.09813
http://arxiv.org/abs/2011.07855
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WHAT IS AFFECTED BY 
CHARMING PENGUINS?

● Charming penguins do not affect observables 
independent on photon exchange, i.e. on C7,9:
– BR(Bq  l +l -)

● In the Standard Model, charming penguins do not 
affect Lepton Universality (LU) ratio predictions, which 
are 1 up to lepton mass effects and QED corrections:
– RK, RK*, RpK, ...

● Anything else, including LU ratios beyond the SM, is 
affected by charming penguins.  
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HOW TO PERFORM AN 
EFT FIT

● Current evidence of LUV calls for NP, but LU ratios 
beyond the SM in general depend on charming penguins: 
determine simultaneously EFT coefficients and charming 
penguins from a global fit of all bsl+l- observables
– Fully Data Driven: no assumption about charming penguins 

(except for Taylor expansion in q2); equivalent to, but more 
powerful than, fit of LUV ratios only 

– Partly Model Dependent: assume LCSR result for charming 
penguins at small q2 only

– Fully Model Dependent: assume LCSR result and analytic 
structure in q2

See also Isidori et al.

https://arxiv.org/abs/2110.09882
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ONE-DIMENSIONAL NP 
SCENARIOS

● Dramatic effect of 
charming penguins on the 
C9NP scenario

● Moderate effect on CLQ, 
small effect on C10NP

● Using IC=-2<logℒ>+4s2logℒ, 
C9NP is largely preferred 
using LCSR + analyticity, 
while CLQ and C10NP are 
preferred with more 
conservative assumptions
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TWO-DIMENSIONAL NP 
SCENARIOS

Inference on NP coefficients depends on assumptions on charming penguins. 
In Data Driven fit, DIC similar to 1D CLQ and C10

NP scenarios.
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FOUR-DIMENSIONAL NP FIT
● Dependence on 

charming penguins 
evident

● 4D scenario is 
favoured using 
QCDSR + 
analyticity, 
disfavoured in Data 
Driven approach 
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CONCLUSIONS
● Evidence for LUV in bsl+l- transitions very exciting
● Unbiased NP inference calls for a conservative 

treatment of charming penguins
● A purely data driven approach is the way to go, 

already offering remarkable insight on NP thanks 
to the huge experimental progress

● It’s time for a joint th+exp effort to optimize our 
hunt for NP!
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