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- Rare decays anomalies (LHCb)
- Semileptonic anomalies 

(LHCb + BaBar/Belle)



Effective Lagrangian - b→sll
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Wilson Coefficient
Short distance 

Operators
Long distance 

NP can modify WC or 
contribute with new operators 
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Phys. Rev. Lett. 125, 011802 (2020)

- Discrepancy in P5’ first observed in 2013 with 1fb-1

- Discrepancy confirmed in 2016 (3fb-1 ) and 2020 (5fb-1)
- And in B+→K*+μμ with 9fb-1  
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Other b→sμμ anomalies
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NEW (FPCP2021)!

CHIPP Plenary 2021



The problem with C9
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● b→sμμ  discrepancies can be explained with the same shift in C9/10 
simultaneously

● Charm loop affects C9 and is difficult to compute theoretically

● Long debate in the community  https://arxiv.org/abs/1406.0566, https://arxiv.org/abs/1512.07157, 

https://arxiv.org/abs/1910.12924, https://arxiv.org/abs/1503.03328 

● Ongoing attempts to disentangle measure charm loop from data 
https://arxiv.org/abs/1805.06378, http://arxiv.org/abs/1709.03921, https://arxiv.org/abs/2011.09813, 
https://arxiv.org/abs/2011.12856  
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Testing Lepton Universality

8 Nico Serra - Universitat Zurich

Electron emit bremsstrahlung photons spoiling q2, inv mass and momentum resolutions:

● More complicated and difficult J/ψ veto
● Harder trigger, reconstruction, PID, smaller efficiency wrt muons

EPJC 76 (2016) 8, 440 
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Testing LFU with a double ratio 
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● Double ratio very stable against efficiency mismodeling 
● Systematics cancel out at first order in the double ratio
● Decays  B+,0 → J/ψ Κ+,* and B+,0 → ψ(2S) Κ+,* great 

control channels 
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Other b →sll LFU tests at LHCb

10 Nico Serra - Universitat Zurich

LHCb Coll. JHEP 1708 (2017) 055

LHCb 3fb-1 
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First evidence of violation to LFUV
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https://arxiv.org/abs/2103.11769

Deviation of 3.1σ with respect to SM, i.e.  first evidence for LFU violation in this decay
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Measuring rJ/ψ
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Measuring the single ratio rJ/ψ is one of the main cross check
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Theory fits
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Matias et al https://arxiv.org/pdf/2104.08921.pdf Altmannshofer et al.  https://arxiv.org/pdf/2103.13370.pdf 

- Even Silvestrini et al. ( https://arxiv.org/abs/2011.01212) find 6σ of NP when fitting with 
their framework

- Fit with “clean” observables around 4.7σ (https://inspirehep.net/literature/1853015, 
https://arxiv.org/abs/2103.12738  )
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What about the Look-Elsewhere Effect?
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Credit Stephan Grabmeier
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https://twitter.com/trill_stephan


LEE in b→sll and hyper-conservative approach
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● Use the most general based of Operators
● Generate pseudo-experiments based on SM
● Consider the WC C9 as a nuissance parameter of the SM 
● Calculate the DLL and compare with that obtained in data

● Calculate the significance using the most conservative theory approach and 
taking into account the Look-elsewhere effect in b→ sll 

https://arxiv.org/abs/2104.05631 

D. Lancierini, G. Isidori, 
P. Owen, NS
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Combination of b→clv anomalies
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- Combined tension in R(D) and R(D*) is about 3σ
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Swiss contribution
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Some of the main measurements on the anomalies are done by CH groups:
● Measurements of angular observables (including the first) of B →K*μμ  -- UZH
● Recent RK measurement -- UZH

Ongoing measurements:
● New standard candle D(s)→φ(→ll)π  -- UZH
● LFU asymmetries in angular observables -- UZH
● World’s first measurement of RKππ  -- EPFL, UZH
● Simultaneous measurement of RK and RK* -- EPFL, UZH
● LF-Difference in WC in B → K*ll  -- UZH, EPFL
● World’s first measurement of RKπ -- UZH
● Measurement of new semileptonic LFU ratios R(D+) and R(Lc)  -- UZH
● Measurements of WC in semileptonic decays -- UZH
● Search for B+→K+ττ using the dimuon distribution of B+→K+μμ decay -- UZH
● Amplitude analysis of B*→K*μμ decay -- UZH
● Measurement of RK at high-q2 -- UZH
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Swiss contribution
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● The collaboration between experimentalists and theorists has been crucial to 
propose new methods, see for instance: 
○ https://arxiv.org/abs/1909.04608 

○ https://arxiv.org/abs/2001.04470

○ https://arxiv.org/abs/2104.0563

○ https://arxiv.org/abs/1503.04100 

○ https://arxiv.org/abs/1610.08761 

○ https://arxiv.org/abs/1805.06378 

○ https://arxiv.org/abs/1805.06401 

● Strong CH theory community working on the anomalies:
○ Gino Isidori -- UZH
○ Admir Greljo -- BERN
○ Andreas Crivellin -- PSI, UZH
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Thanks for the attention 
and stay tuned!
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LHCb Experiment
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Operator Product Expansion
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Most general basis entering the b → sll

Considering also b → sγ transitions

The O7
(‘) operators are strongly constrained by LHCb 

Theory description of our system



Amplitude K*mm
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Amplitude K*mm
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Amplitude K*mm
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Charm loop
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Charm Loop
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Bs → φμμ angular analysis
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Amplitude analysis B→ K*mm
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Amplitude analysis B→ K*mm
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DWC -- LFU Test
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DWC -- LFU Test

33 Nico Serra - Universitat Zurich



RK(*) at high-q2
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Measuring rJ/ψ
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Measuring the single ratio rJ/ψ is one of the main cross check

● We mesure rJ/ψ  as a function of many variables to test if we observe a 
dependence of the kinematics

● We also measure rJ/ψ   as a function of the opening angle and the min 
momentum of the leptons to maximise the overlap with the control channel



Measuring Rψ(2S)
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The measurement of rJ/ψ  is systematics dominating since it is a single ratio, 
another important cross check is the double ratio Rψ(2S) :



Other b →sll LFU tests at LHCb
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- Other LFU tests in b→sll at LHCb show deviation that are numerically 
coherent with the other observations 



“Global” fits from theory groups
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Even only considering “clean” observables 4.7sigmas wrt SM!



Semitauonic
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Semitauonic
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Test of LFU in b→ clv
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- Fit of E* and missing mass 
using template from the 
simulation tuned with data 

-  Background from B→D*D(s)  
and from B→D**lv taken from 
control regions



Semitauonic - LHCb
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Semitauonic - LHCb

43 Nico Serra - Universitat Zurich



Semitauonic - LHCb
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Semitauonic - LHCb
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Test of LFU in b→ clv
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Semitauonic - LHCb
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Semitauonic
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