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Outline

• LHCb Detector 

• Semitauonic decays of b hadrons: 

•   

• Prospects for other final states 

• B0 oscillation frequency

B̄0 ! D⇤+⌧�⌫̄⌧ with ⌧� ! µ�⌫⌧ ⌫̄µ
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The LHCb Detector

• Single arm spectrometer at 
LHC in the pseudorapidity 
range 2<𝜂<5; 

• Optimized to study hadron 
decays containing b and c 
quarks: 
• CP violation, rare decays, 

heavy flavor production; 
• Excellent vertex resolution 

and separation of B vertices; 
• Good momentum and mass 

resolution; 
• Excellent PID capabilities 

(good separation K-𝛑 and 
muon identification);

• Run 1: collected 1.0 fb-1 @ √s = 7 TeV in 2011 and 2.0 fb-1 @ √s = 8 TeV in 2012 
• Run 2: collected about 320 pb-1 @ √s = 13 TeV in 2015
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B hadron semileptonic decays in tau lepton final states

Lepton universality, described in the Standard Model, predicts equal coupling between gauge 
bosons and the three lepton families. 

SM extensions bring in additional interactions, implying in some cases a stronger coupling with 
the third generation of leptons. 

Semileptonic decays of b hadrons provide a sensitive probe to such New Physics effects. 

 Presence of additional charged Higgs bosons, required by such SM extensions, can have 
significant effect on the semi-tauonic decay rate for example in

Tauonic analyses

B
0! D⇤+⌧�⌫⌧ with ⌧� ! µ�⌫⌧⌫µ

With 3⌫ long thought to be mission impossible for a hadron collider.

LHCb Week Bologna William Sutcli↵eSemileptonic B decays WG summary September 16, 2015 18 / 35

B̄0 ! D⇤+⌧�⌫̄⌧

R(D⇤) =
B(B̄0 ! D⇤+⌧�⌫̄⌧ )

B(B̄0 ! D⇤+µ�⌫̄µ)
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B hadron semileptonic decays in tau leptons final states

• Finding kinematic variables that distinguish signal from background 
• Suppressing background with additional charged/neutral particles
• Normalization channel

Analysis Challenges

• These challenges have different levels of importance and difficulty, and 
different solutions between analyses

• Especially between analyses of muonic and hadronic 𝛕 decays

• These decays are successfully studied in B factories with high purity and high 
statistics D(*)𝛕ν samples

• Despite the hadronic environment LHCb is also able to study such kind of decays 
and extend to other b hadrons thanks to the high boost of the b hadrons and 
excellent vertexing
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JACK WIMBERLEY       A&S WEEK      26 JANUARY 2016

#1: KINEMATIC VARIABLES FOR MUONIC MODE ANALYSES

▸ In normalization Hb→Hcμν, single missing neutrino 

▸ Hb momentum can be solved with two-fold ambiguity 

▸ …but for the signal (3ν) what would this mean? 

▸ Topology agnostic approximation scheme needed 

▸ Know Hb flight direction from LHCb’s excellent 
vertexing 

▸ Need magnitude of p: approximate γβ(B) = γβ(D*μ), or 

▸ Equivalent to averaging over decay angles — 
independent of the B production

6

pzB̄ =
mB

mD⇤µ
pzD⇤µ

z

y
pz

B 

PV

~ 45 fs 
proper time 
resolution

�6

• In Signal B→D*𝛕ν (𝛕→μνν) there are 3 missing 
neutrinos;

• B flight direction is well known;
• Approximate B momentum pz

B̄
= mB

mD⇤µ
pzD⇤µ

• Broad shapes in the reconstructed distributions, but the 
discriminating power is preserved

B̄0 ! D⇤+⌧�⌫̄⌧ with ⌧� ! µ�⌫⌧ ⌫̄µ [PhysRevLett.115.111803]

R(Dú≠)

B0 æ Dú≠·+‹· Vs. B0 æ Dú≠µ+‹µ

• Exploiting distinct kinematic distributions of Signal & normalization decays
• 3 missing ‹ for signal decays, only 1 for normalization decay

• 3 quantities computed in the B rest frame
• (pz)B = (mB/mDú≠µ)(pz)Dú≠µ

• m2
miss = (pB ≠ pDú≠ ≠ pµ)

2, q2 = (pB ≠ pDú≠)2 and µ energy

2)2c (GeV/miss
2m

0 5 10

Ar
bit

rar
y u

nit
s

0

0.05

0.1

0.15

)2c (MeV/muE
500 1000 1500 2000 2500

Ar
bit

rar
y u

nit
s

0

0.02

0.04

0.06

0.08

2)2c (GeV/2q
0 5 10

Ar
bit

rar
y u

nit
s

0

0.2

0.4

0.6

B0 æ Dú≠·+‹· MC (red) , B0 æ Dú≠µ+‹µ MC (blue)

B. Khanji, LHCb (CERN, Milano-Bicocca) R(Dú≠) & Vcb 4 November 2015 11 / 22

R(Dú≠)

B0 æ Dú≠·+‹· Vs. B0 æ Dú≠µ+‹µ

• Exploiting distinct kinematic distributions of Signal & normalization decays
• 3 missing ‹ for signal decays, only 1 for normalization decay

• 3 quantities computed in the B rest frame
• (pz)B = (mB/mDú≠µ)(pz)Dú≠µ

• m2
miss = (pB ≠ pDú≠ ≠ pµ)

2, q2 = (pB ≠ pDú≠)2 and µ energy

2)2c (GeV/miss
2m

0 5 10

Ar
bit

rar
y u

nit
s

0

0.05

0.1

0.15

)2c (MeV/muE
500 1000 1500 2000 2500

Ar
bit

rar
y u

nit
s

0

0.02

0.04

0.06

0.08

2)2c (GeV/2q
0 5 10

Ar
bit

rar
y u

nit
s

0

0.2

0.4

0.6

B0 æ Dú≠·+‹· MC (red) , B0 æ Dú≠µ+‹µ MC (blue)

B. Khanji, LHCb (CERN, Milano-Bicocca) R(Dú≠) & Vcb 4 November 2015 11 / 22

m2
miss = (pB � pD⇤� � pµ)

2, q2 = (pB � pD⇤�)2 and µ energy

http://arxiv.org/abs/1506.08614
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R(Dú≠)

Extract Signal & normalization yields

• Perform Likelihood binned using 3D(m2
miss, q2, Eµ) template

• Templates for signal, normalization are extracted from simulation MC
• form factors (from HQET) are floated with constrained from world average
• Templates for backgrounds are validated using control samples in data
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• Fit results yields fraction of the two decays

N (B0 æ Dú≠·+‹· )N (B0 æ Dú≠µ+‹µ) = (4.54 ± 0.46)%

• Account for (‘B0æDú≠·+‹·
/‘B0æDú≠µ+‹µ

) & B(· æ µ‹µ‹· ) æ R(Dú≠)

B. Khanji, LHCb (CERN, Milano-Bicocca) R(Dú≠) & Vcb 4 November 2015 12 / 22
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• Binned Likelihood fit using 3D templates (m2miss, q2, Eμ) 
• Templates for signal and normalization are extracted from Monte Carlo 

simulation 
• Templates for backgrounds are validated using control samples in data 
• Form Factors (from HQET) included as external constraints.

[PhysRevLett.115.111803]

R(D⇤) = 0.336± 0.027(stat)± 0.030(syst)R(D⇤) = B(B̄0!D⇤+⌧�⌫̄⌧ )
B(B̄0!D⇤+µ�⌫̄µ)

• Systematics uncertainties dominated by: 
• Monte Carlo statistics; 
• misID muon background

B̄0 ! D⇤+⌧�⌫̄⌧ with ⌧� ! µ�⌫⌧ ⌫̄µ

http://arxiv.org/abs/1506.08614


B. Siddi
INFN Ferrara

Lake Louise Winter Institute 2016
Semileptonic B decays in LHCb

R(D)
0.2 0.3 0.4 0.5 0.6

R
(D

*)

0.2

0.25

0.3

0.35

0.4

0.45

0.5
BaBar, PRL109,101802(2012)
Belle, arXiv:1507.03233
LHCb, arXiv:1506.08614
Average

 = 1.02χ∆

SM prediction

HFAG

EPS 2015

) = 55%2χP(

HFAG
Prel. EPS2015

PhysRevLett.115.111803
PhysRevD.92.072014

�8

Combination is 3.9𝞼 away from the SM value

SM precision = 1.19%

B hadron semileptonic decays in tau leptons final states
18 of 16

Esperimento R⇤
D RD

BABAR 0.332 ± 0.024 ± 0.018 0.440 ± 0.058 ± 0.042
Belle 0.293 ± 0.038 ± 0.015 0.375 ± 0.064 ± 0.026
LHCb 0.336 ± 0.027 ± 0.030 –
Media 0.322 ± 0.018 ± 0.012 0.391 ± 0.041 ± 0.028
SM 0.252 ± 0.003 0.297 ± 0.017

B. Siddi Analysis of B hadron semileptonic decays in tau leptons and development of a FastMC at LHCb

INFN Ferrara

2015
2015

2012

Average

Experiment
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Good precision in 𝛕 decay vertex 
reconstruction

discriminate between signal and the most 
abundant background source due to hadronic 
B decays

Remaining background is due to:
B ! D⇤(D(s) ! 3⇡)X

Background coming from B→D*3𝛑X can be 
suppressed by a factor 104.

suppressed using isolation tools

B̄0 ! D⇤+⌧�⌫̄⌧ with ⌧� ! ⇡�⇡+⇡�⌫⌧

Prospects for other final states

• LHCb can potentially measure 
semitauonic decays of all b hadrons 
e.g.:

•  

•   

•  

•  

• Targeting both muonic and hadronic 𝛕 
modes

• R(D) (simultaneous measurement with 
R(D*)) on D*+ and D0 𝛕ν final states

Bc ! J/ ⌧⌫

Bs ! Ds⌧⌫

⇤b ! ⇤(⇤)
c ⌧⌫

B0 ! D+⌧⌫
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Δmd with B0 —>D(*)-μ+νμ 
LHCB-CONF-2015-003

Marco Fiore on behalf of the LHCb Collaboration New results on semileptonic b decays from LHCb
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Δmd with B0 —>D(*)-μ+νμ 
LHCB-CONF-2015-003

Marco Fiore on behalf of the LHCb Collaboration New results on semileptonic b decays from LHCb
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∆md with B0 ! D(⇤)�µ+⌫µ
[LHCB-CONF-2015-003]

∆md CKM matrix elements Vtb and V*td 

CP violation

related to
probes of

B0 ! D(⇤)�µ+⌫µ

High branching fraction LHCb high efficient 
lepton identification

LHCb flavor tagging 
capabilities

High statistics samples

https://cds.cern.ch/record/2038142?ln=en
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modelled with an exponential distribution for m and a phase space distribution with
threshold for �m. Background candidates containing a D

0 originating from a b hadron
decay without an intermediate D

⇤ resonance, which contribute about 15% in the full �m

mass range, are described by the same distribution as that of the signal for m, and by the
same function used for the combinatorial background component for �m. All parameters
which describe signal and background shapes vary freely in the invariant mass fits. The
results of the 2011 and 2012 fits for the nuisance parameters are compatible within the
statistical uncertainties. Figure 2 shows the results of the fit to the B

0! D

⇤�
µ

+

⌫

µ

X

samples, projected on the two mass observables. The yields corresponding to the D

⇤ peak
in the (m, �m) distributions are (2.447± 0.007)⇥ 105 and (5.758± 0.010)⇥ 105 in 2011
and 2012 data, respectively.
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Figure 1: D� invariant mass distributions for the B0! D�µ+⌫
µ

X candidates in (left) 2011
and (right) 2012 data. Projections of the fit function are superimposed for (blue line) the full
PDF and its components: (red line) signal D� from B decays and (green line) combinatorial
background. The corresponding distributions of the normalised residuals of data with respect to
the fit (pulls) are shown below each plot.

The fraction of B

+ background in data, f

B

+ , is determined with good precision by
fitting the distribution of the BDT classifier, where templates for signal and B

+ background
are obtained from simulation. Fits are performed separately in tagging categories for 2011
and 2012 data, giving fractions of B

+ of 6% and 3% on average for the B

0! D

�
µ

+

⌫

µ

X

and the B

0! D

⇤�
µ

+

⌫

µ

X mode, respectively, with variation of the order of 10% between
samples. The result of the fits on 2012 data for both modes is given in Figure 8 in the
Appendix. Systematic uncertainties of 0.5% and 0.4% are assigned on the B

+ fractions
for B

0! D

�
µ

+

⌫

µ

X and B

0! D

⇤�
µ

+

⌫

µ

X, respectively, which are due to the knowledge
of the exclusive decays used to build the simulation templates. In the decay time fit, the

5
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Figure 2: Distributions of (top) m
K⇡

and (bottom) �m for B0! D⇤�µ+⌫
µ

X candidates in (left)
2011 and (right) 2012 data. Projections of the fit function are superimposed for (blue line) the
full PDF and its components: (red line) signal D⇤� from B decays, (black dashed line) D0 from
B and (green line) combinatorial backgrounds. The corresponding distributions of the normalised
residuals of data with respect to the fit (pulls) are shown below each plot.

B

+ fractions are kept fixed. The statistical and systematical uncertainties on f

B

+ lead to
a systematic uncertainty on �m

d

, which will be reported in Sect. 5.
The oscillation frequency �m

d

is determined from a binned maximum likelihood fit
to the distribution of the B

0 decay time t of candidates classified as mixed (q = �1) or
unmixed (q = 1) according to the flavour of the B meson at production and decay time.
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Figure 2: Distributions of (top) m
K⇡

and (bottom) �m for B0! D⇤�µ+⌫
µ

X candidates in (left)
2011 and (right) 2012 data. Projections of the fit function are superimposed for (blue line) the
full PDF and its components: (red line) signal D⇤� from B decays, (black dashed line) D0 from
B and (green line) combinatorial backgrounds. The corresponding distributions of the normalised
residuals of data with respect to the fit (pulls) are shown below each plot.

B

+ fractions are kept fixed. The statistical and systematical uncertainties on f

B

+ lead to
a systematic uncertainty on �m

d

, which will be reported in Sect. 5.
The oscillation frequency �m

d

is determined from a binned maximum likelihood fit
to the distribution of the B

0 decay time t of candidates classified as mixed (q = �1) or
unmixed (q = 1) according to the flavour of the B meson at production and decay time.
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�11

∆md with B0 ! D(⇤)�µ+⌫µ

• Time dependent flavor asymmetry
A(t) = NUnmix(t)�Nmix(t)

NUnmix(t)+Nmix

= cos(�mdt)

N

Unmix(t) = N(B0 ! D

(⇤)�
µ

+

⌫µX)(t) _ e

��dt[1 + cos(�mdt)]

N

Mix(t) = N(B0 ! B̄

0 ! D

(⇤)+
µ

�
⌫̄µX)(t) _ e

��dt[1� cos(�mdt)]

• Flavour tagging: the events are grouped into 4 categories of increasing mistag in order to 
increase the statistical precision.

D� ! K⇡⇡

[LHCB-CONF-2015-003]

yields (2011 data) for D�
(5.73± 0.02)⇥ 10

5
for D⇤

(2.447± 0.007)⇥ 10

5

yields (2012 data) for D�
(1.598± 0.003)⇥ 10

6
for D⇤

(5.758± 0.010)⇥ 10

5 L = 3fb-1

B0 the same at production and at decay 
time

opposite B0 at production and 
at decay time

D⇤� ! D0(! K�⇡+)⇡� 2D fit in mK⇡ and �m = mD⇤ �mD0

https://cds.cern.ch/record/2038142?ln=en
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∆md with B0 ! D(⇤)�µ+⌫µ
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Figure 5: Mixing asymmetry projections in the four tagging categories for (top plots) B0!
D�µ+⌫

µ

X and (bottom plots) B0! D⇤�µ+⌫
µ

X for 2012 data. The average mistag per category
is increasing when going from (a) to (d).
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Figure 6: Comparison of the measurement presented in this paper with previous determinations
of the B0 oscillation frequency.

measurements, as well as with the current world average, is shown in Fig. 6.
In conclusion, the oscillation frequency in B

0–B0 system (�m

d

) is measured in semilep-
tonic B decays using data collected in 2011 and 2012 at LHCb. The B

0! D

�
µ

+

⌫

µ

X

and B

0! D

⇤�
µ

+

⌫

µ

X decays are used, where the D mesons are reconstructed in Cabibbo-
favoured decays: D

�! K

+

⇡

�
⇡

� and D

⇤�! D

0

⇡

�, with D

0! K

+

⇡

�. A combined �m

d

measurement is obtained:

�m

d

= (503.6± 2.0 (stat)± 1.3 (syst)) ns�1

,

which is compatible with previous LHCb measurements and the world average. This is the
most precise single determination of this quantity, with a total uncertainty comparable to

14

• Combination of the two signal channels results using the full dataset gives:
�md = (503.6±2.0(stat)±1.3(syst))ns�1

most precise measurement of �md

• World average 
•   �md = (510± 3)ns�1

(without this measurement)

�md = (505.5± 2.0)ns�1 (with this measurement)

[HFAG]

[LHCB-CONF-2015-003]

• Dominant background is due to                                                                   decays, 
reduced with a Boosted Decision Tree that exploits topological differences between 
signal and background; combinatorial background is studied from D(*) mass sidebands

B+ ! D�µ+⌫µX and B+ ! D⇤�µ+⌫µX

http://www.slac.stanford.edu/xorg/hfag/osc/fall_2014/#DMD
https://cds.cern.ch/record/2038142?ln=en
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Conclusions

LHCb provides many interesting results in the semileptonic b 
decays
LHCb performed the measurement of R(D*) in muonic tau 
decays:

Combination of R(D*) and R(D) from Belle, BaBar and LHCb 
provide a 3.9𝞼 deviation from the standard model values;

A measurement in hadronic tau decay mode is ongoing:
advantages with respect to muonic channel thanks to 3 
charged particles in final state;

Most precise ∆md measurement
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Figure 1: Distributions of m2

miss

(left) and E⇤
µ

(right) of the four q2 bins of the signal data,
overlaid with projections of the fit model with all normalization and shape parameters at their
best-fit values. Below each panel di↵erences between the data and fit are shown, normalized by
the Poisson uncertainty in the data. The bands give the 1� template uncertainties.

6

Muonic R(D*)
N(B̄0 ! D⇤+⌧�⌫̄⌧ )/N(B̄0 ! D⇤+µ�⌫̄µ) = (4.54± 0.46)⇥ 10�2

• The fit results in a uncorrelated ratio yield of the two decays
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∆md with B0 ! D(⇤)�µ+⌫µ

• Measured decay time requires a correction due to the missing neutrino in the final 
state as a function of the D(*)μ invariant mass, determined from the simulation

k(mD(⇤)µ) = prec
D(⇤)µ

/ptrue

• Apply correction on data t
corr

=
LBMB0

PDG
p

rec

D(⇤)µ
⇥ k(m

D

(⇤)
µ
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Figure 9: The k-factor distribution and the average k-factor (black points) as function of
the D(⇤)�µ+ invariant mass, on samples of simulated (top) B0 ! D�µ+⌫

µ

X and (bottom)
B0! D⇤�µ+⌫

µ

X decays. Polynomial fits to the average k-factor as function of the B mass are
also shown in red.

19

simulated B0 ! D⇤�µ+⌫µX

• k-factor depends on the decay kinematics, it is 
parametrized by a fourth order polynomial 
depending on the visible mass of the B 
candidate. 

• This is an average correction that addition 
resolution function F(k), dominant above 1.5 ps

N

(Un)mix(t) / e

��dt(1 + q

mixing

(1� 2!)cos(�m

d

t))⌦R(t)⌦ F (k)

decay length resolution model

[LHCB-CONF-2015-003]

https://cds.cern.ch/record/2038142?ln=en
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Most discriminating variables for the Isolation BDT in 
the Δmd measurement

18Marco Fiore on behalf of the LHCb Collaboration New results on semileptonic b decays from LHCb

Most discriminating variables for the isolation BDT in ∆md 
measurement  
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19

2012 data

Marco Fiore on behalf of the LHCb Collaboration New results on semileptonic b decays from LHCb
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∆md with B0 ! D(⇤)�µ+⌫µ

• Dominant background is due to                                                                   decays, 
reduced with a Boosted Decision Tree that exploits topological differences between 
signal and background; combinatorial background is studied from D(*) mass 
sidebands

B+ ! D�µ+⌫µX and B+ ! D⇤�µ+⌫µX

• Retained 90% of signal and reduced B+ background by 70%, the remaining B+ 
background fraction is determined from the fit to the BDT distribution.
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Figure 8: Fits to the output of the B+ veto BDT for (top four plots) B0! D�µ+⌫
µ

X and
(bottom four plots) B0! D⇤�µ+⌫

µ

X in 2012 data, for each tagging category. The filled red
histogram, the dashed green line, and the continuous blue line correspond to background, signal,
and total templates, respectively. 18

• Fits to the output of the B+ veto BDT 
for                              for each 
tagging category. 

Filled red histogram, dashed green 
line and blue line correspond to 
background, signal and total 
templates respectively

B+ ! D⇤�µ+⌫µX

[LHCB-CONF-2015-003]

https://cds.cern.ch/record/2038142?ln=en
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• Several sources of systematic uncertainties such as k-factor, B+ and other 
background fractions, time acceptance, etc, studied with parametrized simulation.

Table 2: Sources of systematic uncertainties on �m
d

, separated into those that are correlated
and uncorrelated between the two decay channels B0! D�µ+⌫

µ

X and B0! D⇤�µ+⌫
µ

X.

Source of uncertainty B0! D�µ+⌫
µ

X [ ns�1 ] B0! D⇤�µ+⌫
µ

X [ ns�1 ]
Uncorrelated Correlated Uncorrelated Correlated

B+ background: 0.4 0.1 0.8 –
Other backgrounds: – 0.5 – –
k-factor distribution: 0.4 0.5 0.3 0.6
Other fit-related: 0.6 0.9 0.2 0.9
Total 0.9 1.1 0.9 1.1

obtained with a tighter cut on the impact parameter, and the di↵erence with respect
to the default is taken as systematic uncertainty. The systematic uncertainties (0.4 and
0.1 ns�1 for B

0! D

�
µ

+

⌫

µ

X and B

0! D

⇤�
µ

+

⌫

µ

X, respectively) related to the bias are
considered as uncorrelated between the channels, as they are determined from di↵erent
simulation samples and the time biasing cuts, responsible for the systematic uncertainty
on the bias, are di↵erent between the two channels. Additionaly for the B

0! D

⇤�
µ

+

⌫

µ

X,
an uncertainty of 0.1 ns�1 is assigned, due to possible di↵erences in the time acceptance
between data and MC. The uncertainty on B

0! D

⇤�
µ

+

⌫

µ

X is therefore 0.2 ns�1.
The knowledge of the length scale of the LHCb experiment is limited by the uncertainties

coming from the metrology measurements of the silicon-strip vertex detector. It was
evaluated in the context of the �m

s

measurement and found to be 0.022% [27]. This
translates in an uncertainty on �m

d

of ±0.1 ns�1. The uncertainty on the knowledge
of the momentum scale has been determined studying the masses of various well known
resonances and found to be 0.15% [28]. This uncertainty results in a 0.8 ns�1 uncertainty
on �m

d

in both modes.
E↵ects due to the choice of the binning scheme and fitting ranges are found to be

negligible.

6 Conclusion

A combined value of �m

d

is obtained as a weighted average of the four measurements
performed in B

0! D

�
µ

+

⌫

µ

X and B

0! D

⇤�
µ

+

⌫

µ

X in the two years. First, the 2011 and
2012 results of each decay mode are averaged according to their statistical uncertainties.
The combined results are shown in the last column of table 1, where the first and
second uncertainties are statistical and total systematic, respectively. Then, the resulting
�m

d

values of each mode are averaged according to the combination of the corresponding
statistical and uncorrelated systematic uncertainties. The correlated systematic uncertainty
is added in quadrature to the resulting uncertainty. The combined result is shown in
the last row of table 1, where the first and second uncertainties are statistical and total
systematic, respectively. A comparison of the present �m

d

measurement with previous

13
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Updated Δmd world average after LHCb measurement

21Marco Fiore on behalf of the LHCb Collaboration New results on semileptonic b decays from LHCb

Updated ∆md world average after LHCb measurement



B. Siddi
INFN Ferrara

Lake Louise Winter Institute 2016
Semileptonic B decays in LHCb �22

B hadron semileptonic decays in tau leptons final states
3 of 16

R(D⇤) at the beginning of 2015

R(D⇤) =
B(B̄0 ! D⇤+⌧�⌫̄⌧ )

B(B̄0 ! D⇤+µ�⌫̄⌧ )
R(D) =

B(B̄0 ! D+⌧�⌫̄⌧ )

B(B̄0 ! D+µ�⌫̄⌧ )

The expected Standard Model values are:

R(D⇤) = 0.252± 0.003 R(D) = 0.297± 0.017

(Di↵ering from 1 due to a phase space correction.)

Tauonic analyses

B
0 ! D�+���⌧ with �� ! µ��⌧�µ

With 3⌫ long thought to be mission impossible for a hadron collider.

LHCb Week Bologna William Sutcli↵eSemileptonic B decays WG summary September 16, 2015 18 / 35

[Lees et al., 2012]
[Bozek et al., 2010]

Experimental results at the beginning of
2015 are in tension with the Standard
Model prevision [Fajfer et al., 2012], in
particular, in 2012 BABAR experiment

found a discrepancy of 2.7� from the SM
model for R(D⇤).

B. Siddi Analysis of B hadron semileptonic decays in tau leptons and development of a FastMC at LHCb
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Expected Standard Model values are:

Tauonic analyses
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Experimental results at the 
beginning at 2015 are in 
tension with the Standard 
Model prevision [Fajfer et al., 
2012], in particular, in 2012 
BaBar experiment found a 
discrepancy of 2.7𝞼 from the 
SM for R(D*)

[Lees et al., 2012] 
[Bozek et al., 2010]

http://dx.doi.org/10.1103/PhysRevD.85.094025
http://dx.doi.org/10.1103/PhysRevLett.109.101802
http://dx.doi.org/10.1103/PhysRevD.82.072005

