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Test of lepton flavor universality by the measurement of the
B0 → D! − τ + ντ branching fraction using three-prong τ decays

R. Aaij et al.*

(LHCb Collaboration)

(Received 8 November 2017; published 25 April 2018)

The ratio of branching fractions RðD!−Þ≡ BðB 0 → D!−τþντÞ=BðB 0 → D!−μþνμÞ is measured using
a data sample of proton-proton collisions collected with the LHCb detector at center-of-mass energies
of 7 and 8 TeV, corresponding to an integrated luminosity of3fb−1. The τ lepton is reconstructed with three
charged pions in the final state. A novel method is used that exploits the different vertex topologies of
signal and backgrounds to isolate samples of semitauonic decays of b hadrons with high purity. Using
the B 0 → D!−πþπ−πþ decay as the normalization channel, the ratio BðB 0 → D!−τþντÞ=BðB 0 →
D!−πþπ−πþÞ is measured to be 1.97% 0.13% 0.18, where the first uncertainty is statistical and the
second systematic. An average of branching fraction measurements for the normalization channel is used to
derive BðB 0 → D!−τþντÞ ¼ ð1.42% 0.094% 0.129% 0.054Þ%, where the third uncertainty is due to the
limited knowledge of BðB 0 → D!−πþπ−πþÞ. A test of lepton flavor universality is performed using the
well-measured branching fraction BðB 0 → D!−μþνμÞ to compute RðD!−Þ ¼ 0.291% 0.019% 0.026%
0.013, where the third uncertainty originates from the uncertainties on BðB 0 → D!−πþπ−πþÞ and BðB 0 →
D!−μþνμÞ. This measurement is in agreement with the Standard Model prediction and with previous
measurements.

DOI: 10.1103/PhysRevD.97.072013

I. INTRODUCTION

In the Standard Model (SM) of particle physics, lepton
flavor universality (LFU) is an accidental symmetry broken
only by the Yukawa interactions. Differences between the
expected branching fraction of semileptonic decays into the
three lepton families originate from the different masses of
the charged leptons. Further deviations from LFU would be
a signature of physics processes beyond the SM.
Measurements of the couplings of Z and W bosons to

light leptons, mainly constrained by LEP and SLC experi-
ments, are compatible with LFU. Nevertheless, a 2.8
standard deviation difference exists between the measure-
ment of the branching fraction of the Wþ → τþντ
decay with respect to those of the branching fractions of
Wþ → μþνμ and Wþ → eþνe decays [1].
Since uncertainties due to hadronic effects cancel to a

large extent, the SM prediction for the ratios between
branching fractions of semitauonic decays of B mesons
relative to decays involving lighter lepton families, such as

RðDð!Þ−Þ≡BðB 0→Dð!Þ−τþντÞ=BðB 0→Dð!Þ−μþνμÞ; ð1Þ

RðDð!Þ0Þ≡BðB −→Dð!Þ0τ−ν̄τÞ=BðB −→Dð!Þ0μ−ν̄μÞ; ð2Þ

is known with an uncertainty at the percent level [2–5].
For D! decays, recent papers [5,6] argue for larger uncer-
tainties, up to 4%.These decays therefore provide a sensitive
probe of SM extensions with flavor-dependent couplings,
such as models with an extended Higgs sector [7], with
leptoquarks [8,9], or with an extended gauge sector [10–12].
The B → Dð!Þτþντ decays have recently been subject to

intense experimental scrutiny. Measurements of RðD0;−Þ
and RðD!−;0Þ and their averages RðDÞ and RðD!Þ have
been reported by the BABAR [13,14] and Belle [15,16]
Collaborations in final states involving electrons or muons
from the τ decay. TheLHCbCollaborationmeasuredRðD!Þ
[17] with results compatible with those from BABAR, while
the result from the Belle Collaboration is compatible with
the SMwithin 1 standard deviation. Themeasurements from
both the BABAR and Belle Collaborations were performed
with events that were “tagged” by fully reconstructing the
decay of one of the two B mesons from theϒð4SÞ decay to a
fully hadronic final state (hadronic tag); the other B meson
was used to search for the signal. In all of the above
measurements, the decay of the τ lepton into a muon, or
an electron, and two neutrinos was exploited.More recently,
the Belle Collaboration published a measurement [16] with
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Measurement of the Ratio of the B0 → D!− τ + ντ and B0 → D!− μ+ νμ
Branching Fractions Using Three-Prong τ-Lepton Decays

R. Aaij et al.*

(LHCb Collaboration)

(Received 8 November 2017; revised manuscript received 5 March 2018; published 25 April 2018)

The ratio of branching fractions RðD!−Þ≡ BðB0 → D!−τþντÞ=BðB0 → D!−μþνμÞ is measured using a
data sample of proton-proton collisions collected with the LHCb detector at center-of-mass energies
of 7 and 8 TeV, corresponding to an integrated luminosity of 3fb−1. For the first time, RðD!−Þ is
determined using the τ-lepton decays with three charged pions in the final state. The B0 → D!−τþντ yield is
normalized to that of the B0 → D!−πþπ−πþ mode, providing a measurement of BðB0 → D!−τþντÞ=
BðB0 → D!−πþπ−πþÞ ¼ 1.97& 0.13& 0.18, where the first uncertainty is statistical and the second
systematic. The value of BðB0 → D!−τþντÞ ¼ ð1.42& 0.094& 0.129& 0.054Þ% is obtained, where
the third uncertainty is due to the limited knowledge of the branching fraction of the normalization
mode. Using the well-measured branching fraction of the B0 → D!−μþνμ decay, a value of RðD!−Þ ¼
0.291& 0.019& 0.026& 0.013is established, where the third uncertainty is due to the limited knowledge
of the branching fractions of the normalization and B0 → D!−μþνμ modes. This measurement is in
agreement with the standard model prediction and with previous results.

DOI: 10.1103/PhysRevLett.120.171802

In the standard model (SM) of particle physics, flavor-
changing processes such as semileptonic decays of b
hadrons are mediated by aW boson with universal coupling
to leptons. Differences between the expected branching
fraction of semileptonic decays into the three lepton
families originate from the different masses of the charged
leptons. Lepton universality can be violated in many
extensions of the SM with nontrivial flavor structure.
Since uncertainties due to hadronic effects cancel to a
large extent, the SM prediction for the ratios between
branching fractions of semitauonic decays of B mesons
relative to decays involving lighter lepton families, such as
RðDð!Þ−Þ≡ BðB0 → Dð!Þ−τþντÞ=BðB0 → Dð!Þ−μþνμÞ and
RðDð!Þ0Þ≡ BðB− → Dð!Þ0τ−ν̄τÞ=BðB− → Dð!Þ0μ−ν̄μÞ, is
known with an uncertainty at the percent level [1–4].
The inclusion of charge-conjugate modes is implied
throughout. These decays therefore provide a sensitive
probe of SM extensions with mass-dependent couplings,
such as models with an extended Higgs sector [5], or
leptoquarks [6,7].
Measurements of RðD0Þ, RðD−Þ, RðD!−Þ, andRðD!0Þ

have been reported by the BABAR [8,9] and Belle [10,11]

Collaborations in final states involving electrons or muons
from the τ decay. The LHCb Collaboration published a
determination of RðD!−Þ [12], where the τ lepton was
reconstructed using leptonic decays to a muon. The first
simultaneous measurements of RðD!−Þ, RðD!0Þ, and τ
polarization, using τ decays with one charged hadron in the
final state, has recently been published by the Belle
Collaboration [13]. All these measurements yield values
that are above the SM predictions with a combined
significance of 3.9 standard deviations [14].
This Letter reports the first determination of RðD!−Þ

using the three-prong τþ → πþπ−πþν̄τ and τþ →
πþπ−πþπ0ν̄τ decays. A more detailed description of this
measurement is given in Ref. [15]. The D!− meson is
reconstructed through the D!− → D̄0ð→ Kþπ−Þπ− decay
chain. The visible final state consists of six charged tracks;
neutral pions are ignored in this analysis. A data sample of
proton-proton collisions, corresponding to an integrated
luminosity of 3fb−1, collected with the LHCb detector at
center-of-mass energies

ffiffiffi
s

p
¼ 7and 8 TeV is used.

In order to reduce experimental systematic uncertainties,
the B0 → D!−πþπ−πþ decay is chosen as a normalization
channel. This leads to a measurement of the ratio

KðD!−Þ≡ BðB0 → D!−τþντÞ
BðB0 → D!−3πÞ

¼
Nsig

Nnorm

εnorm
εsig

1

Bðτþ → 3πν̄τÞ þ Bðτþ → 3ππ0ν̄τÞ
;

ð1Þ
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• Benedetto Gianluca Siddi
• Started my PhD in Ferrara in 2015 working on 

Lepton Flavour Universality Tests
• Topic of my PhD thesis
• Two articles (PRD and PRL) came out from 

the analysis
• In the meantime started to work on the 

implementation of a Parametrized Fast 
Simulation option to be integrated in the LHCb 
Simulation framework

• PhD thesis defended in February 2018
• INFN Fellow in scientific computing in Ferrara 

from January 2018
• Continuing the work on FastSimulation and 

future upgrades for LHCb and simulation part 
of TimeSpot project

Delphes 

• Is a modular framework for fast simulation, 
written in C++, available as library. 
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Delphes in LHCb Gauss

�3

FastMC: Integration of Delphes in LHCb simulation 
framework

The role of Monte Carlo simulation in high energy physics experiment is to mimic the behaviour 
of a detector to understand experimental conditions and performance 
Systematics uncertainties in most of the analysis are dominated by the MC
Large MC samples  ➞ large resources
New simulation options needs to be investigated

Requirements for a FastMC:
Two orders of magnitude faster than GEANT4
Less CPU consuming
Reconstructed particle information in order to use the standard LHCb 
tools for analysis
As close as possible to the full simulation
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• FastSim speed assumed to 
be 1/10 of FullSim
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Fast simulation with Delphes in LHCb

G. Corti 

  The first step – Gauss 

Gauss	is	a	framework	
  It	fully	exploits	the	Gaudi	architecture	and	‘plug-and-play’	philosophy	

LHCb A&S Week, CERN, 10 May 2016 6 Fitting all together 

Random number reset

Random number reset
Pile-up number determination

(veto empty events)

Signal
Generation in t=0

/Event/Gen/HepMCEvents

Vertex Smearing

Generation -> 
G4 Primary Vertex

Simulation inside the detector

Fill MCParticle/MCVertex/
MCHits in /Event/MC/Particles

Digitization

EvtGen

Pythia
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  The first step – Gauss 

Gauss	is	a	framework	
  It	fully	exploits	the	Gaudi	architecture	and	‘plug-and-play’	philosophy	

LHCb A&S Week, CERN, 10 May 2016 6 Fitting all together 

Reconstruction

{
G. Corti 

  Gauss sequence 

Things	can	be	easily	replaced	at	the	whole	event	level	via	the	
Gauss()	configurable	sequencing	(once	they	are	available	J)	

LHCb A&S Week, CERN, 10 May 2016 7 Fitting all together 

Delphes	

PGun	
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  The first step – Gauss 

Gauss	is	a	framework	
  It	fully	exploits	the	Gaudi	architecture	and	‘plug-and-play’	philosophy	

LHCb A&S Week, CERN, 10 May 2016 6 Fitting all together 
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• Delphes + modifications for LHCb, has been integrated in LHCb simulation framework Gauss.
• It takes in input particles generated from the generator part of Gauss,
• It writes as output objects in the format necessary for LHCb analysis framework.

• No lower level reconstructed objects!

Delphes

HepMC 
Reader

Delphes workflowPropagator 
inside 

constant 
magnetic field

Momentum 
smearing for 

different 
particles types

Merge all 
smeared 

tracks in a 
single particles 

container

Efficiency 
smearing
module

• Working on implementing relevant quantities of reconstructed tracks, e.g., covariance matrices, fit 𝝌2, ghost 
probabilities

• Work to be done :
• Particle Identification probabilities, calorimeter response for charged and neutral particles. 
• Finalize the output of the objects filled with the information needed to be used in the LHCb analysis 

framework in order to perform physics analyses
• Review the code in order to make it thread safe and multithreading to be used in the new LHCb Framework.


