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Lepton Flavour Universality

• Lepton Flavour Universality is one of many « ad hoc » symmetries
and « pillars » of the Standard Model
• Baryon number, lepton number, (charged) lepton flavour,…

• It postulates that the properties of the three charged leptons (e,m,t) 
are the exactly the same beside their mass

• This does not need to be the case in many New Physics models

• First hints of Lepton Flavour Universality violation appeared 10 years
ago with BABAR publication regarding semi-tauonic B decays

• This field became « the hottest game » in town with results coming
both from charged and neutral currents
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CC LFUV characteristics

• Abundant reaction BR ~1%

• High precision of SM prediction ~1%

• Charged Higgs, Leptoquarks are the usual suspects

• Sensitivity in the TeV range: direct search possible at the LHC : however many scenarios still open 
after taking into account the present direct exclusions domains

• If the  present WA average is correct, , R(D*)/R(D*)SM=1.1: Large new physics effects !!

• Possibility to measure the effects for various B parents and charm spectators : the importance of 
the spin : Λ𝑏

0 → Λ𝑐
+t-n̅t

• Sensitivity not only on the yield but also in the internal characterics of the event (q2 and angular
distributions)

• New physics can couple differently to Vcb and Vub transitions

• Therefore , very important to get a high statistics sample as pure as possible !

FPCP Conference, June 5 2017, Prague 3
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Combined interpretation in a ~TeV vector
leptoquak model (U1)
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Role of the direct LHC searches
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In this model, Lepton Flavour violation should
be seen (B→mt, Kmt)
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Two measurements from LHCb using two
different t decay modes
1) Simultaneous measurement of  R(D)and R(D∗) with Run 1
[D°μ−] and [D*+μ −] data  (t➔mnn)
• Higher branching fractions and higher efficiency - [D°μ−]
sample ∼ 5× bigger than [D*+μ −]
• LHCb-PAPER-2022-039 in preparation

• CERN seminar : http://cds.cern.ch/record/2837207

2) R(Λ𝑐
+) measurement (t➔ppp)

LHCb-PAPER-2021-044  arxiv:2201:03497
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PhysRevLett128,191803 (2022)
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Two Complementary measurement techniques

t-→m-nt nm                           t
-→ p –p+p – (p 0 )nt

• Pros

• Direct measurement of R(D,D*)  

• High statistics

• Cons

• Double charm background 
control must be very good 
(mostly D+)

• Sensitive to D** m-nm

• Pros
• The possibility to measure the t

vertex is the key to reject the 
background and obtain a high purity
sample

• The 3p dynamics of the t decay is
very specific : possible to distinguish t 
decays from the main double charm
background from Ds decays

• Cons
• Access to R(D) requires an external

BR

• Lower statistics
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Simultaneous measurement of R(D) and R(D*) 
using muonic t decays
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Why Lepton Flavour Universality
tests with Λ𝑏

0 are interesting ?

• Lepton Flavour Universality violation hints in the meson sector R(D*)-R(D) :  
3.2 s away from SM in the latest 2022 HFLAV update

• With spin ½ spectator, the baryonic channel adds a very complementary test

• Similar precision on SM prediction with lattice QCD computations

R(Λ𝑐
+)SM= 0,324 ± 0,004 F. Bernlochner et al., Physical Review D 99 055008 (2019)

with input from  Lattice QCD FF:  W. Detmold, C. Lehner, S. Meinel, Physical Review D 92 034503 (2015) 

• But different NP couplings: could help pin down NP source 

• Unique to LHCb. Never searched for before! 

EDSU2022, La Réunion, November 8th 2022 16

R(Λ𝑐
+) ≡B(Λ𝑏

0 → Λ𝑐
+t-n̅t)/B(Λ𝑏

0 → Λ𝑐
+ m−n̅m)



NP expectations for R(Λ𝑐
+)  in various models

A. Datta et al., Journal of High Energy Physics 1708 (2017) 131
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NP predictions with all present constraints from the meson sector

R(Λ𝑐
+) can be below

or well above SM , 
when satisfying
R(D*)-R(D) 
constraints
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Caveat : R(𝜦𝒄
+) should be ( 1.15 ± 0.04)*SM prediction when taking in 

account R(D) and R(D*) according to M. Blanke et al.
Phys. Rev. D 100, 035035 (2019)



R(Λ𝑐
+) analysis workflow with t-→p-p+p–(p0)nt

• Tight Λ𝑐
+ PID selection in pKp mode. Λ𝑐

+ sideband template used in the 
signal fit to remove the background under the Λ𝑐

+ peak

• Combine with detached p-p+p– triplet forming t – candidates

• Prompt background rejection thanks to vertex topology

• Reconstruct decay kinematics

• 𝐷𝑠
− and 𝐷0 exclusive peaks to control double charm background

• Anti-𝐷𝑠
− to reject double charm background

• Normalisation channel : Λ𝑏
0 → Λ𝑐

+p-p+p– (without Λ𝑐
∗+p-) [same final state 

and similar dynamics]
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« Prompt » background rejection
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Prompt rejection  ~5x103 level
after the 5s inversion cut
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Distribution of the 3p mass after final selection
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BR(𝑫𝒔
− →3pX)~ 30xBR(𝑫𝒔

− → ppp)

No candidates above the 𝐷𝑠
−

mass : completely dominated
by double charm background

LHCb-PAPER-2021-044 
arxiv:2201:03497

𝐷𝑠
(∗,∗∗)−

, 𝐷(∗)0K-, 𝐷(∗)+K0

The double charm
background



The exclusive Λ𝑐
+𝐷𝑠

− 𝑋 control sample
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Fit to the Lb→L+
cp

–p+p- mass distribution                                      Projection on q2

LHCb-PAPER-2021-044 arxiv:2201:03497



3D Fit results

• The fit is a 3D binned (6x6x6) maximum likelihood template fit to the 
data 

• 3 variables :
• t decay time

• q2

• Anti-𝐷𝑠
− BDT

• Fit results : 

EDSU2022, La Réunion, November 8th 2022 24

Signal yield = 349 ± 40
Lc

*tn =35
N 𝐷𝑠

− =2757 ± 80
N 𝐷+= 443 ± 55
N 𝐷0 = 186 ± 7
Combinatorial 679 

c2/dof=1.3



Fit projections : t decay time and BDT
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Fit projection :  q2   

Low  BDT                             High BDT(>0.66)

EDSU2022, La Réunion, November 8th 2022 26

LHCb-PAPER-2021-044 arxiv:2201:03497



Largest systematic : template shapes
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• Using B(Λ𝑏
0 → Λ𝑐

+ 𝜋−𝜋+𝜋−)no Λ𝑐
∗+ =(0. 614 ± 0.094)%  [PDG2020],

B(Λ𝑏
0 → Λ𝑐

+t-n̅t)=(1,50 ± 0,16 (stat) ± 0,25 (sys) ± 0,23 (ext)) % 
(SM expectation=(1.8± 0.1 )%

• Using B(Λ𝑏
0 → Λ𝑐

+ m−n̅m) = (6.2 ±1.4)% [PDG2020], 

R(Λ𝑐
+)=0.242 ± 0.026 (stat) ± 0.040 (syst) ± 0.059 (ext)

EDSU2022, La Réunion, November 8th 2022

K(Λ𝑐
+) ≡B(Λ𝑏

0 → Λ𝑐
+t-n ̅t)/B(Λ𝑏

0 → Λ𝑐
+p-p+p–) 

K(Λ𝑐
+) = 2.46 ± 0,27 (stat) ± 0,40 (syst)

Physics results

28

(SM expectation=0.324 ± 0.004)
F. Bernlochner et al., Physical Review D 99 055008 (2019) 
with input from W. Detmold, C. Lehner, S. Meinel, Physical Review D 92 034503 (2015) 

LHCb-PAPER-2021-044 
arxiv:2201:03497



Constraints on New Physics models
(including all meson-based results)
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A. Datta et al., Journal of High Energy Physics 1708 (2017) 131

Our result excludes regions of the parameter
space of effective theories with only one 

vector, axial-vector or tensor coupling



Semitauonic prospects in LHCb

• Many more semitauonic results expected soon using the muonic and 
hadronic t decay channel : 
• R(D*) using 2015-2016 data 

• D* polarization measurement

• R(Λ𝑐
+) using the full Run2 data

• R(D+)

• Work is also ongoing on R(Ds), R(J/y), full angular analysis
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Conclusions
• New simultaneous measurement of R(D) and R(D*)using muonic channel

• Discrepancy level between new WA and SM prediction 3.2 s

• « Le canard est toujours vivant »

• The decay Λ𝑏
0 → Λ𝑐

+t-n ̅t has been observed for the first time with a significance of 6.1 s

• K(Λ𝑐
+)  = 2.46 ± 0.27 (stat) ± 0.40 (syst)

• B(Λ𝑏
0 → Λ𝑐

+t-n̅t)= (1,50 ± 0,16 (stat) ± 0,25 (sys) ± 0,23 (ext))  %

• R(Λ𝑐
+)=0.242 ± 0.026 (stat) ± 0.040 (syst) ± 0.059 (ext)

• Everything compatible with SM (~1 s below)

• A fraction of the parameter space of effective theories with only one vector, axial-vector
or tensor couplings can be excluded
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Backup slides
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Λ𝑏
0 → Λ𝑐

+p-p+p– normalisation peak
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Comparison of the 3p mass distribution for Λ𝑐
+3p and 

D*3p events before and after Λ𝑐
∗+p events removal

33

Normalisation yield after Λ𝑐
∗+

subtraction:        8584 ± 102
LHCb-PAPER-2021-044 

arxiv:2201:03497
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Regarding Λ𝑐
+p+p-p+ mode: PDG2020

For Λ𝑐
+p+p-p+ data, the PDG error is 14%. (a bit better for some reason than the 

combination of the 8% of the absolute BR(Λ𝑏
0
➔ Λ𝑐

+ p-) and the 13.5% ratio 
coming from the ratio.)
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Subtracting Λ𝑐
∗+p -

for a total of (20.3±4) % of the full 
Λ𝑐
+p-p+p- yield. This corresponds to 

a total error of 14.8% . 
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Regarding Λ𝑐
+m-n̅m

• 22.6% for the semileptonic channel
• Combining with the Λ𝑐

+p-p+ p- the crude number is 27%.
• It reduces to 24% by removing the 13% relative error 

mentioned in the PDG for their fLb fraction (8.4+1.1)%
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Distribution of the difference m(Λ𝑐
+p+p- )-m(Λ𝑐

+ )
in the Λ𝑏

0 → Λ𝑐
+ 𝜋−𝜋+𝜋− mass peak
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Distribution of the K+ 𝜋−𝜋+𝜋− mass for events
with one extra kaon track at the 3p vertex
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Results of the nominal fit 

EDSU2022, La Réunion, November 8th 2022 40



Baryon production from B mesons
• The only way to get Lc 3p with the inverted vertex topology is the 

production of two charmed baryons
• Two such decays exist

• Two-body mode B°→ Lc Xc BR =(0,12+_ 0.08)%  similar to signal mode
• Three-body mode B°→ Lc Lc K° (can come partially from Lc Xc (2930)

BR= (0.04+_0.009)%

The decay Xc→ X 3p (BR=1.7%) or Lc→L3p (BR=5%) is then needed
(The 3 pions have to come from the same vertex)
• Small but fd=4*fL

Important to note that mass(3p) <1.1 GeV
• B+ contribution suppressed by isolation requirements
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