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Overview

• Lepton Flavour Universality
• 𝑅" theoretical predictions and measurement at LHCb
• ℛ(𝐷 ∗ ) expected values and measurements at the B-
factories
• ℛ(𝐷∗)	 measurement at LHCb
• Prospects for other semitauonic measurements at LHCb
• Conclusions
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Lepton Flavour Universality

• In the SM Lagrangian the couplings between gauge 
bosons and the different lepton families are expected to 
be the same

àBranching Ratios of semileptonic decays in 𝑒, 𝜇 and 𝜏
differ only for phase space and helicity-suppressed 
contributions
• LFU Violation would be a clear signal of New Physics
• Very strong limits on LFUV have been already 
provided by various studies in EW sector: e.g. 𝑍 → ℓ/ℓ0
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[Phys.Rept.427:257-454,2006]



𝑅"
• Rare decay (EW penguin and 
box diagrams) → ℬ~1005

• Highly sensitive to virtual 
particles predicted by SM 
extension (e.g. neutral and 
heavy 𝑍′ boson)
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• Precise theoretical predictions in 
𝟏 < 𝒒𝟐 < 𝟔	𝐆𝐞𝑽𝟐/𝒄𝟒 region (where 
𝐵/ → 𝐽/𝜓 ℓ/ℓ0 𝐾/ is excluded)
• SM expectation: 𝑅" = 1 ± 𝒪(100I)

RK =
B(B+ ! K+µ+µ�)

B(B+ ! K+e+e�)

[PRL 111, 162002 (2013)]



𝑅" at LHCb

• Measure relative to 𝐵/ → 𝐽/𝜓 ℓ/ℓ0 𝐾/ mode (lepton 
universality assumed in 𝐽/𝜓 → 𝑒/𝑒0 and 𝐽/𝜓 → 𝜇/𝜇0)
• Large bremsstrahlung from 𝑒 à energy recovered 
from ECAL clusters
• 𝐾/𝑒/𝑒0 data are split into three independent samples 
according to the trigger selection
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PRL 113, 151601 (2014)
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𝑅" at LHCb

Diagonal bands due to radiative tails of 𝐽/𝜓 and 𝜓(2𝑆) decays
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𝑅" at LHCb - Results

• Combination of the three independent 
measurements (different trigger channels)

• Dominant sources of systematic error: 
parametrization of 𝐽/𝜓 𝑒/𝑒0 𝐾/ mass
distribution and estimate of trigger 
efficiencies
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ℛ 𝐷(∗)

• Interactions with enhanced couplings to the third family of 
leptons are present in many NP models (e.g. charged Higgs)
• 𝐵NO → 𝐷(∗)/𝜏0𝜈̅R decay is a sensitive probe for effects of LFUV
• Ratio of branching fractions calculated precisely within the 
SM
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R(D(⇤)) =
B(B̄0 ! D(⇤)+⌧�⌫̄⌧ )

B(B̄0 ! D(⇤)+µ�⌫̄µ)

• BaBar reported measurements of ℛ 𝐷∗ and ℛ 𝐷 with 
deviations of 2.7σ and 2.0σ from the SM
• Belle measurements of ℛ 𝐷∗ and ℛ 𝐷 do not show a 
significant deviation from the SM

ℛ 𝐷∗ = 0.252 ± 0.003
	ℛ 𝐷 = 0.300 ± 0.008

[PRL 109, 101802 (2012)]

[PRD 92, 072014 (2015)]



ℛ(𝐷∗) at LHCb

• Signal: 𝐵NO → 𝐷∗/𝜏0𝜈̅R, with 𝜏0 → 𝜇0𝜈R𝜈̅V
• Normalization: 𝐵NO → 𝐷∗/𝜇0𝜈̅V
• Challenges: 3 neutrinos, no narrow peaks to fit
• Main backgrounds: 𝐵 → 𝐷∗∗𝜇𝜈, 𝐵 → 𝐷∗𝐻X𝑋 with 𝐻X →
𝜇𝜈V𝑋
• Important to find kinematic variables discriminating
between signal and background

9Phenomenology	Symposium	- May	10,	2016F.	Betti	- INFN	Bologna	&	LHCb	Collaboration

PRL 115, 111803 (2015)



ℛ(𝐷∗) at LHCb - Analysis Strategy

• Isolation: use MVA to suppress events 
with additional tracks from the same 𝐵
• Approximation:

used to compute 𝑞[, 𝐸V∗, 𝑚^_``
[

• 18% resolution on 𝑝b
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ℛ(𝐷∗) at LHCb - Fit

• 3D template fit on 𝑞[, 𝐸V∗, 𝑚^_``
[ distributions

• Templates of signal and normalization extracted from simulations
• Templates of background extracted from simulations validated 

against data
• Form Factors floating in the fit

11Phenomenology	Symposium	- May	10,	2016F.	Betti	- INFN	Bologna	&	LHCb	Collaboration

)4/c2 (GeVmiss
2m

-2 0 2 4 6 8 10

 )4
/c2

C
an

di
da

te
s /

 ( 
0.

3 
G

eV

0

10000

20000

30000

40000

50000

60000

70000 LHCb

* (MeV)µE
500 1000 1500 2000 2500

C
an

di
da

te
s /

 ( 
75

 M
eV

 )

0

5000

10000

15000

20000

25000

30000
LHCb

)4/c2 (GeV2q
0 2 4 6 8 10 12

 )4
/c2

C
an

di
da

te
s /

 ( 
3.

25
 G

eV

0
20
40
60
80

100
120
140
160
180
200
220

310×
LHCb

Data
ντ D*→B 

X')Xν l→(c D*H→B 
ν D**l→B 
νµ D*→B 

Combinatorial
µMisidentified 

PRL 115, 111803 (2015)



ℛ(𝐷∗) at LHCb - Results

Systematic uncertainties 
dominated by:
• simulation statistics
• background due to fake 𝜇
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R(D⇤) = 0.336± 0.027(stat)± 0.030(syst)
𝟐. 𝟏𝝈 larger than 

the SM expectation
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Prospects for other final states

• Ongoing analysis of 𝐵NO → 𝐷∗/𝜏0𝜈̅R, with 𝝉0 → 𝝅0𝝅/𝝅0𝝂𝝉, 
in LHCb
oReconstruct 𝜏 decay vertex with good precision à suppress 
𝐷∗3𝜋𝑋 background

oSuppress remaining double charm background using 
isolation criteria

oExpected precision competitive with muonic measurement

• LHCb is also studying 𝐵NO → 𝐷/𝜏0𝜈̅R, ΛiO → ΛX
∗ /𝜏0𝜈̅R, 𝐵X0 →

𝐽/𝜓𝜏0𝜈̅R, 𝐵NjO → 𝐷j/𝜏0𝜈̅R with muonic and hadronic 𝜏 modes
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Conclusions

• Semileptonic decays in LHCb provide a good test for LFU
• Measurement of 𝑅" agrees with SM at 𝟐. 𝟔𝝈 à statistical 
precision will be improved with Run II data, dedicated 
studies on trigger efficiency will decrease systematic 
uncertainties
• Measurement of ℛ(𝐷∗) agrees with SM at 𝟐. 𝟏𝝈 à statistical 
error will decrease with Run II while a proper fast simulation 
will allow to decrease the dominant systematic
• Hadronic 𝓡(𝑫∗) ongoing à is expected to have a very 
competitive precisionà stay tuned
• Many other analysis ongoing à 𝑅"∗, 𝑅m, ℛ(𝐷j), ℛ(𝐽/𝜓), 
ℛ(ΛX)
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Backup slides



The LHCb detector
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• Single arm spectrometer in 
2 < 𝜂 < 5 range

• Excellent vertex resolution 
(10	µm in transverse plane 
for primary vertex, 16	µm
for secondary )

• Excellent IP resolution 
(~20	µm)

• Very good momentum 
resolution (𝛿𝑝/𝑝~0.5%−
0.8%)

• Excellent PID capabilities
• Very good trigger efficiency 

(~90%)


