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Global Fits of b→sl+l- Transitions

Many thanks to M. Fedele, A. Paul and M. Valli,
and a big hug to Quim!
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The Flavour Path to NP, 5/6/24

● b→sl+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

Why b→sl+l- Decays



Luca Silvestrini 3

 

The Flavour Path to NP, 5/6/24

● b→sl+l- transitions in the SM mediated by Z-
penguins, electroweak boxes and photonic 
penguins

● Z-penguins and electroweak boxes hard-GIM 
suppressed, i.e.            ; charm and up negligible

● photonic penguins soft-GIM suppressed, i.e.            ; 
logarithmic IR sensitivity:          from mixing with 
charm current-current operators

Short- and long-distance
in b→sl+l- decays



Luca Silvestrini 4

 

The Flavour Path to NP, 5/6/24

● Two semileptonic operators at the hadronic scale, C9V and C10A:
– C10A purely generated at the electroweak scale, C10A(mb)~C10A(MW) 

● C10A is a short distance quantity
– C9V dominated by RG log, with sizable scale dependence:                 

                 

● EW scale contribution not dominant, sensitive to scales  ≤ mb, 
C9V not a short distance quantity

● scale dependence canceled by matrix element of four-quark 
operators

● it is already evident in perturbation theory that the hadronic 
matrix element provides a contribution to C9V that cannot be 
separated from the short-distance one, unless the matrix 
element can be explicitly calculated

Short- and long-distance
in b→sl+l- decays
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Short- and long-distance
in b→sl+l- decays

● Unfortunately, life is not that easy…

● On-shell intermediate states n are not resonances in the q2=m2
mm 

spectrum, neither are they represented by a cut in q2

● One should not identify long-distance contributions with 
charmonium and DD states. This is incomplete and leads to 
incorrect parameterizations, which in turn might lead to incorrect 
conclusions... 

LHCb, 2405.17347

for x0, y0 > 0

https://arxiv.org/abs/2405.17347
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Short- and long-distance
in b→sl+l- decays

LHCb, 2405.17347; [41] is Khodjamirian, Mannel & Wang '12; [30] is 
Khodjamirian et al '10.

https://arxiv.org/abs/2405.17347
http://arxiv.org/abs/1211.0234
http://arxiv.org/abs/1006.4945
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Isidori, Polonski & Tinari 2405.17551

https://arxiv.org/abs/2405.17551
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My Pedestrian Attitude
● Waiting for a calculation of charming penguins in QCD, let us take 

a conservative attitude and use data
● Parametrize charming penguins as smooth functions of q2, Taylor-

expanded for small q2:

● Evidently with this pedestrian but efficient choice h(0)- is 
equivalent to a shift of C7 and h(1)- is equivalent to a shift of C9. All 
other parameters represent genuine hadronic contributions.
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Data-Driven vs
Model-Dependent: LUV
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Data-Driven vs
Model-Dependent: LUV

Bold: model-dependent. The second and last scenarios are fully equivalent in the
SMEFT and LEFT parameterizations, so ΔICs are identical.
The SM is always slightly preferred in the Data-Driven approach, while NP is
strongly preferred in the Model-Dependent case.
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LU ΔC9 or Charming Penguins?
● ΔC9 is not only degenerate 

with the corresponding 
term in the hadronic 
amplitude, but also with 
other terms in the 
expansion

● More precise data could 
help resolving this kind of 
degeneracy; however, the 
fundamental one between 
ΔC9 and h(1)- requires a 
theoretical calculation.



Luca Silvestrini 15

 

The Flavour Path to NP, 5/6/24

Miracles… 

LHCb, 2312.09102

skepticalinquirer.org

Let’s check this...

https://arxiv.org/abs/2312.09102
https://skepticalinquirer.org/
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● LHCb writes the amplitudes as

without explicitly identifying the possible ΔC7 and ΔC9 
components in Hl. Then uses the analyticity-inspired 
conformal mapping                                    in local and non-
local form factors:

 

ΔC9, our pedestrian q2 expansion 
and the z-expansion
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● It is easy to check that each 
order of the polynomial 
expansion of Hl(z) contains a 
q2-independent term, so that 
the hadronic ΔC9 receives 
new contributions at each 
order in z; 

● Truncating the expansion too 
early might lead to an 
apparent model-independent 
determination of ΔC9.

ΔC9, our pedestrian q2 expansion 
and the z-expansion
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G. Martinelli @ Planck2024



Luca Silvestrini 20

 

The Flavour Path to NP, 5/6/24

Conclusions
● b→sl+l- transitions potentially affected by charming penguins
● In spite of the many (very) recent theoretical efforts, we still 

have to rely on models if we want to disentangle possible NP in C9 
from hadronic effects

● With current data, no firm model-independent conclusion can be 
drawn on the presence (or absence) of evidence for sizable 
hadronic effects. But please remember: absence of evidence is 
not evidence of absence!

● Forthcoming experimental and theoretical progress will allow us to 
improve our understanding of charming penguins and hopefully 
clarify whether NP is hiding there or not!
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