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Introduction 

•  Will discuss future of RX measurements at LHCb 

•  Divide discussion into :  
–  Short term prospects  (~ year) 
–  Further into the future (→ 2019)  
–  Other measurements to help characterise any anomaly 

•  Material necessarily speculative  
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Short term prospects 
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RK update – 1.0<q2<6.0 GeV2  
•  Published RK analysis used 3fb-1 Run-I data and found  

~250 B+→K+e+e- candidates in 1.0<q2<6.0 GeV2  
 RK = 

4 

•  Correct for bremsstrahlung using 
calorimeter photons (ET>75MeV) 

•  Migration of events into/out of 
the 1 < q2 < 6 GeV2 region  
corrected using MC 

•  Double ratio with resonant decay 
B+ ! J/#(e+e-) K+ measured 

•  In 3fb-1 LHCb determines 
 
 
(consistent with SM at 2.6") 

 

Johannes Albrecht 

Test of lepton universality 
Lepton universality?

Correct for bremstrahlung using
calorimeter photons
(with ET > 75MeV).

Migration of events into/out-of the
1 < q2 < 6GeV2/c4 window is
corrected using MC.

Take double ratio with
B+� J/⇥K+ decays to cancel
possible systematic biases.

In 3 fb�1 LHCb determines
RK = 0.745+0.090

�0.074(stat)
+0.036
�0.036(syst)

which is consistent with SM at 2.6�.
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Once upon a time …
› LHCb tested Lepton Universality using B+→K+ll decays and observed a

tension with the SM at 2.6ss

› Consistent with observed BR(B+→K+µµ) if NP does not couple to electrons
› Observation of LFU violations would be a clear sign of NP

Simone Bifani 8

2.6ss form SM
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•  Work in progress to update with the 
additional data already have in-hand  
–  Improvements to offline processing 
–  Run-II data in-hand gives 0.3+1.6 fb-1 but,  
–   with nearly twice cross-section, slightly better trigger :                                  

~250 → ~800 B+→K+e+e- candidates (1.0<q2<6.0 GeV2 ) 

•   → Can expect stat. error on RK to go down a factor ~1.8 

•  Systematics likely to differ but expect to be data-driven 	
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Figure 2: Number of candidates for B0! K⇤0`+`� final states with (left) muons and (right)
electrons as a function of the dilepton invariant mass squared, q2, and the four-body invariant
mass of the B0. In each plot, the contributions due to the charmonium resonances are clearly
visible at the J/ and  (2S) masses. The empty region in the top left corresponds to the
kinematic limit of the B0! K⇤0`+`� decay, while the empty region in the top right corresponds
to the requirement that rejects the B+! K+`+`� background (see section 6).

B0! K⇤0µ+µ� candidates, at least one of the two leptons must satisfy the requirements
of the hardware muon trigger.

For the B0! K⇤0J/ (! µ+µ�) decay mode, a dimuon mass interval within 100 MeV/c2

of the known J/ mass is selected to identify candidates. It is not possible to apply a tight
q2 requirement to identify the B0! K⇤0J/ (! e+e�) mode as, despite the bremsstrahlung
recovery, the e+e� invariant mass distribution has a long radiative tail towards low values.
This tail can be seen in figure 2. The q2 interval used to select B0! K⇤0J/ (! e+e�)
candidates is between 6.0 and 11.0 GeV2/c4, with the lower limit corresponding to the
upper boundary of the central-q2 bin.

The separation of the signal from the combinatorial background is based on neural-
network classifiers [47]. The same classifier is used for the resonant and nonresonant
modes, but muon and electron channels are treated separately. The classifiers are trained
using simulated B0! K⇤0`+`� decays, which have been corrected for known di↵erences
between data and simulation (see section 4), to represent the signal. Data candidates
with K+⇡�`+`� invariant masses larger than 5400MeV/c2 and 5600 MeV/c2 are used
to represent background samples for the muon and electron channel, respectively. To
best exploit the size of the available data sample for the training procedure, a k-folding
technique [46] is adopted with k = 10. The variables used as input to the classifiers are:
the transverse momentum, the quality of the vertex fit, the �2

IP

, the �2

VD

(the �2 on the
measured distance between the PV and the decay vertex), and the angle between the
direction of flight and the momentum of the B0 candidate, the K+⇡� and the dilepton
pairs; the minimum and maximum of the kaon and pion p

T

, and of their �2

IP

; the minimum
and maximum of the lepton p

T

values, and of their �2

IP

; and finally, the most discriminating
variable, the quality of the kinematic fit to the decay chain (this fit is performed with a
constraint on the vertex that requires the B0 candidate to originate from the PV). In each
fold, only variables that significantly improve the discriminating power of the classifier
are kept.

For the muon modes, a requirement on the four-body invariant mass of the B0 candidate
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RK update – other q2 regions 

5 

•  Very little rate for q2<1.0 GeV2 (no 
photon pole)  

•  Working to add high q2 bin – 
difficulty same for RK and RK* 
–  Rare decays with higher K* 

resonances can leak into signal 
region from below  

–  ψ(2S)K* decays can leak into   
signal region on the upper side  

–  Signal sandwiched between these 
and hence difficult to fit reliably  

part reco.

K`+`� veto

m(K⇡e+e�)
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m(Ke+e�)



Rφ

•  Can make analogous measurements using Bs→φl+l- 
decays → Rφ 
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T. Blake, C. Langenbruch, D. Loh & M. Kreps

What q2 range?
• So far analysis has focussed on the 

1 < q2 < 6 range. We are looking at 
expanding the analysis to include 
q2 < 1 and 15 < q2 < 19. 

• We have two interesting 
advantages over RK* at large q2: 

➡ Partially reconstructed 
backgrounds are small  
(and better separated). 

➡ There is no need to veto over-
reconstructed J/ѱK± decays.
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at large q2 
•  Signal suppressed by fs/fd~0.25 

and B(φ→K+K-)=½ but has 
experimental advantages:   
–  Narrow mass helps reduce 

partially reconstructed bkgrds  
–  Absence of higher resonances 

that decay φπ suppresses 
backgrounds – largest involves 
missing K, rather than missing π in 
RK

(*) analyses  



RK* update  

•  3fb-1 Run-I analysis found  
–  ~90 B0→K*0e+e- candidates in 0.045<q2<1.1 GeV2 and 

~110 B0→K*0e+e- candidates in 1.1<q2<6.0 GeV2  

•  → Can expect existing errors to go down a factor ~1.5 
and to add high q2 measurement 
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Results − II

› The compatibility of the result in the low-q2 with respect to the SM
prediction(s) is of 2.2-2.4 standard deviations
› The compatibility of the result in the central-q2with respect to the SM
prediction(s) is of 2.4-2.5 standard deviations

Simone Bifani 33CERN Seminar
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•  Analysis will be updated with Run-II data 
–  Improvements to offline processing 

already included in recent result  
–  Can expect to gain from further       

0.3+1.6 fb-1 data (at twice cross-section)  
–  Will include high q2 bin  



Timescale & further RX analyses 

•  Aiming to have above updates “relatively soon” – should 
be sufficient to confirm any discrepancy with real 
significance, independent of (important) combination with 
angular, muon mode BF data etc. 

•  Several additional final states are under study : pK, Kππ,  
higher K* resonances, KS and K*+ and will follow 
–  Run I statistics in muon modes:  pKµµ  ~600 

          Kππµµ  ~360 
          K**µµ  ~230 
          KSµµ  ~30 
          K*+µµ  ~40 
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Further into the future 
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Further into the future 

•  Remainder of Run-II will add further ~2fb-1 / year i.e. 
Run-II total ~6fb-1  

•  Twice cross-section cf Run-I : Full Run-I+Run-II dataset 
will effectively have 5x statistics of Run-I 

•  Will analyses continue to be statistically dominated with 
these datasets? Majority effects data-driven but IMHO 
imagine will start to hit systematics in some areas  
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Running strategy 

•  Given precision is driven entirely by the e- mode, are 
changes to LHCb strategy possible that might improve 
prospects? 
–  Cannot envisage hardware improvements for either Run-II or 

Run-III – can only consider software  
–  Currently dedicate ~25% of first level trigger bandwidth to e-  
–  If increased proportion of bandwidth, how much might gain?      
→ IMHO looks “expensive”  
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Other measurements 
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Other measurements 

•  Would obviously like to make measurements to help 
characterise any discrepancy  
–  Can try and compare b→s and b→d transitions e.g. to see if RK 

= Rπ   
–  Run I + Run II data set would give ~500 π+µ+µ- events  → with 

RK = Rπ expect 50 π+e+e- events – might be able to see decay   
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Figure 1. Tree-level contributions to B ! K⇤µ+µ� (left diagram) and Bs– ¯Bs mixing (right
diagram) from Z 0-boson exchange.
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Other measurements 

•  Would obviously like to make measurements to help 
characterise any discrepancy  
–  With a leptoquark could presumably get NP diagram with 

different b→d suppression and/or different lepton flavours 
–  Effort starting on (K,K*,φ)eµ searches; even some effort on µτ 

and ττ modes 
–  Isospin asymmetries add little to this characterisation?  

•  Unlike at Belle, at LHCb the K0, K*+ modes come with a significant 
hit in experimental efficiency 
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Conclusions 

•  LHCb will produce a further round of RX measurements, 
adding the Run-II data  
–  Improved precision 
–  Additional q2 bins  
–  New decay modes  

•  Precision driven by electron modes, difficult to improve 
efficiency substantially in the near future 

•  Full Run-II dataset will give a factor ~5 more statistics 
than Run-I on timescale that Belle-2 will start physics 
running  
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