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Semileptonics at LHCb

Semileptonics @ LHCb

• Great testbed for Standard Model & Probe for new particles
• ∆md , ad

sl, as
sl,Vub,R(D∗−), ... (the list is long)

• Abundant
• Relatively high B
• Excellent µ detection & PID

• However: LHCb hadronic environment, missing ν & gg → bb
• = Full event reconstruction (à la B factories) not possible
• = Large background
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Semileptonics at LHCb

Semileptonics @ LHCb

• Experimental overview of recent mixing and CPV results in semileptonic
decays

• https://indico.cern.ch/event/395704/session/2/contribution/1/attachments/1180734/

1709367/lgrillo_implications_v3.pdf

• Vub at LHCb: measurements and future prospects
• https://indico.cern.ch/event/395704/session/4/contribution/13/attachments/

1181191/1710187/vub_prospects.pdf

• LHCb results on B0→ D∗−τ+ντ and Vcb and future prospects [This talk]
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R(D∗−)

Measurement of the Ratio of Branching Fractions
B(B0→ D∗−τ+ντ )/B(B0→ D∗−µ+νµ)

PRL 115, 111803 (2015)
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R(D∗−)

What & why

• The branching fraction ratio between B0→ D∗−τ+ντ , B0→ D∗−µ+νµ

R(D∗−) =
B(B0→ D∗−τ+ντ )

B(B0→ D∗−µ+νµ)

• Lepton universality → in principal identical branching fractions
• Differ only due to phase space & helicity suppression

• Theoretically clean: R(D∗−)(SM) = 0.252± 0.003 [Phys.Rev.D85(2012) 094025]

• Any deviation would be a sign of New Physics

b c
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R(D∗−)

Smoking guns?

• BaBar measurement: [Phys. Rev. D 88(2013), 072012]

• R(D∗−): 2.7σ from SM prediction
• Combined R(D∗−) & R(D): 3.4σ from SM prediction

• R(K) @ LHCb [PRL 113(2014) 151601]: tantalizing deviation from lepton
universality in SM
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R(D∗−)

How to measure R(D∗−) @ LHCb

• Data sample: 3 fb−1 collected @ LHCb during Run I
• Signal: B0→ D∗−τ+ντ (τ+ → µ+ντνµ, D∗−→ D0π−, D0→ K+π−)
• Normalization channel: B0→ D∗−µ+νµ (D∗−→ D0π−,D0→ K+π− )

• Selection requirements to reduce Backgrounds
• Large background from B→ D∗−DX & B0→ D∗−µ+νµ

• Distinguish the signal from normalization channel
• Identical particles in the final state for both modes D∗− + µ
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R(D∗−)

Reduce Backgrounds

• Signal attributes: soft kinematics, No τ vertex
• Develop a special selection requirements which

• Avoid cuts on pT(µ) & D∗−µ invariant mass
• Emphasize on D∗− part of the decay (Geometry, Kinematics, PID)
• Isolation criterion to reject background (B→ D∗∗µν) with additional charged
tracks around B vertex

Highest BDT output
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R(D∗−)

B0→ D∗−τ +ντ Vs. B0→ D∗−µ+νµ

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

• 3 quantities computed in the B rest frame
• (pz )B = (mB/mD∗−µ)(pz )D∗−µ

• m2
miss = (pB − pD∗− − pµ)2, q2 = (pB − pD∗−)2 and µ energy
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R(D∗−)

Extract Signal & normalization yields

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

• Templates for signal & normalization from MC + FF are constrained in the fit
• Templates for backgrounds are validated using control samples in data
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• Fit results yields fraction of the two decays

N (B0→ D∗−τ+ντ )

N (B0→ D∗−µ+νµ)
= (4.54± 0.46)%

• To convert to R(D∗−): Account for εSignal/εNormalization & B(τ → µνµντ )
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R(D∗−)

Results

R(D∗−)(LHCb) = 0.336± 0.027 (stat) + 0.03 (syst)

• LHCb: R(D∗−) is 2.1 σ from SM
prediction

• Systematic uncertainty is
dominated by size of MC sample

• → Systematics are reducible

• BaBar + Belle + LHCb: 3.0σ
deviation from SM [HFAG EPS 2015]

R(D*)
0.2 0.3 0.4

BaBar

 0.018± 0.024 ±0.332 

Belle

 0.015± 0.038 ±0.293 

LHCb

 0.030± 0.027 ±0.336 

Average 

 0.012± 0.018 ±0.322 

SM prediction

 0.003±0.252 

HFAG
Prel. EPS15

/dof = 0.4/ 1 (CL = 52.00 %)2χ
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Future prospects

Prospects for R(D∗−): τ hadronic decays

• We are performing R(D∗−) measurement in hadronic τ decays:
τ− → π+π−π+(π0)ν

R(D∗−)had =
B(B0→ D∗−τ+ντ )

B(B0 → D∗−πππ)

R(D∗−) = R(D∗−)had︸ ︷︷ ︸
What we measure

× B(B0 → D∗−πππ)

B(B0→ D∗−µ+νµ)︸ ︷︷ ︸
external input

• Use B0 → D∗−π+π−π+ as a normalization channel
• Similar final state → reduce experimental uncertainties
• But depend on its B uncertainty
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Future prospects

Prospects for R(D∗−): τ hadronic decays

• Main backgrounds: B0 → D∗−π+π−π+X & B→ D∗−DX
• Signal is drowned in Background

• Reconstruct τ vertex
• Exploit position of τ w.r.t D0 vertex to suppress B0 → D∗−π+π−π+X

𝜋+

𝜋−

𝜋+
(𝜋0)

𝐷∗− vertex
≈ 𝐵0 vertex

𝐵0

Primary
Vertex

𝜋− 𝜋−

𝐾+

𝐷0

Before	vertex	inversion	cut	

B-->D*	3pi	X	

B-->	D*	D(s)(*(*))	

B-->	D*	D	h	

B-->D*	tau	nu	signal	

Combinatorial	

A"er	vertex	inversion	and	cleaning	
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Future prospects

Prospects for R(D∗−): τ hadronic decays

• Main backgrounds after vertex inversion: B→ D∗−Ds + D∗−DX
• Multi-variate classifier (Boosted Decision Tree) to suppress

B→ D∗−Ds + D∗−DX
• Use isolation criterion, π+π− dynamics + kinematics

min[𝑚(𝜋+𝜋−)] max[𝑚(𝜋+𝜋−)]

Neutral energy in 
3𝜋 cone

𝑚(𝐷∗3𝜋)

A"er	BDT	output	>0.1	

B-->D*	3pi	X	

B-->	D*	D(s)(*(*))	

B-->	D*	D	h	

B-->D*	tau	nu	signal	

Combinatorial	
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Future prospects

Prospects for R(D∗−): τ hadronic decays

• Full reconstruction of τ & B0 decays using topological information
[Nucl.Instrum.Meth. A569 (2006) 824-828]

• Reconstruct τ decay time (tτ ) and q2 = (pB0 − pD∗−)2

• Perform a fit to pseudo-data using (BDT, tτ , q2) to evaluate sensitivity
R(D∗−) with 3 fb−1

Signal(τ− → π+π−π+(π0)ν), Normalization, B→ D∗−DX

BDT
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Future prospects

Prospects for R(D∗−): τ hadronic decays

• High statistics + high signal purity due to full reconstruction of τ & B0

vertex
• Possible to study q2 shape

• Statistical sensitivity is likely to be better than muonic mode
• Ongoing effort to evaluate & control the systematic uncertainty

• Dominant: B(B0 → D∗−πππ) uncertainty is ∼ 11%

• New effort from BaBar to get it down to ∼ 3%

• Competitive measurement with world average provided systematic
uncertainties is under control
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Future prospects

Prospects for R(D∗−) & R(D)

R(D) =
B(B0→ D−τ+ντ )

B(B0→ D−µ+νµ)

• Add R(D) measurements @ Belle
& BaBar to R(D∗−) world average

• R(D) + R(D∗−): 3.9σ deviation
from SM [HFAG EPS 2015]
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R
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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

• LHCb: work ongoing to measure R(D) in B+→ D0τ+ντ ( muonic tau
mode)

• R(D)Theory = 0.300± 0.008 [Phys.Rev.D 92, 054510(2015)]

• Experimental challenge: more feed-down background from: D∗−, D0∗
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Future prospects

R(Λc), R(Ds) prospects

• Plans to measure R(Λc) in Λb → Λ+
c τ

−ντ

• R(Λc) = 0.332± 0.010 [arxiv:1503.01421v2]

• Only LHCb can do this, explore both muonic & hadronic τ decays
• Need theory input on Λ∗

c states
• Such studies would motivate a measurement for R(Λ∗

c )

• Can also measure R(Ds) in B0
s→ D−

s τ
+ντ

• Think about measuring the form factors of B0
s→ D−

s µ
+νµ first

• Tough to separate Ds ground state from D∗
s(1,2,J) states experimentally

• D∗
s(1,2,J)

decays into Ds + neutral (γ(dominant), π0, K0
S)

• → More challenging than R(D)
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Future prospects

muon-electron Lepton universality

• R(K) @ LHCb suggest a non-universality between electrons and muons

• LHCb is investigating: ([arXiv:1506.01705v2] , [arXiv:1502.07488v1])

R(D)Beauty
µ,e =

B(B+→ D0µ+νµ)

B(B+→ D0e+νe)
,R(D)Charm

µ,e =
B(D0 → K−µ+νµ)

B(D0 → K−e+νe)

• Experimental spoilers: electron bremsstrahlung
• Mis-measurement of momentum & worse PID performance

• Attempt to measure the ratio of the ratios (!)

R(D)µ,e(B,D) =
R(D)Beauty

µ,e

R(D)Charm
µ,e

• → cancel experimental effects from electrons
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Future prospects

Vcb in Λb → Λcµνµ

• Discrepancy between inclusive & exclusive measurements of Vcb

Vcb(exclusive) = (39.54± 0.5± 0.74)× 10−3

Vcb(inclusive) = (41.88± 0.73)× 10−3 [HFAG]

• New avenue @ LHCb: contribute to the Vcb exclusive measurement in
Λb → Λcµνµ

• Prerequisite: form factors of Λb → Λcµνµ are known precisely
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Future prospects

Toward Vcb measurement in Λb → Λcµνµ

• HQET: Form factors can be parametrized by Isgur-Wise function ξ2(w)

dΓ(Λb → Λcµνµ)

dw =
G2

F m5
Λb |Vcb|2

24π3 r 3
√

w2 − 1[6w + 6wr 2
Λ − 4r − 8rw2]ξ2(w)

ξ2(w) = ξ(1) exp[−ρ2(w − 1)]

w = VΛb .VΛc

• → measure the slop of Isgur-wise function
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Future prospects

Toward Vcb measurement in Λb → Λcµνµ

• Count Λb → Λcµνµ in bins of w
• Subtract feed-down from Λc

excited state → study Λcπ
+π−µν

finale states
• Λ∗

c states: need theoretical input
on form factors and rates

• Fit for ρ using a
theoretically-motivated function

• ρ2 = 1.65± 0.03 (stat)± 0.08 (syst)

(preliminary)
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Future prospects

Toward Vcb measurement in Λb → Λcµνµ

• New LQCD prediction of Form Factors expressed in terms of q2

[arxiv:1503.01421v2]

• Use 6 form factors to cross the
shape of q2 distribution

• Perform a joint fit of LHCb data
and Lattice-QCD to dΓ/dq2
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Summary

Summary I

• LHCb performed the measurement of R(D∗−) in muonic tau decays
• R(D∗−) (LHCb) = 0.336± 0.027 (stat) + 0.03 (syst) (2.1 σ from SM)
• Combine R(D∗−) & R(D) from BaBar, Belle & LHCb: 3.9 σ from SM

• Measuring R(D∗−) in hadronic τ decays is ongoing
• Better purity w.rt. muonic mode → very(!) promising prospects
• External input (B(B0 → D∗−πππ)) from BaBar/Belle is crucial to control the
systematics

• New avenue: investigating exclusive Vcb measurement in Λb → Λcµνµ @

LHCb
• Check form factors of the decay: done
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Summary

Summary II

• Investigating R(D), R(Λc), R(Λ∗
c) & R(Ds)

• Some are unique to LHCb: R(Λc), R(Λ∗
c )

• Theory input on form factors and rates for excited Λc, Ds states is needed
• Faces serious experimental challenges ... showstopperx who?

• Lepton-universality in (µ, e) is also being investigated
• Only weakly measured in semileptonic decays
• Avoid experimental systematics by measuring the ratio between R(D) in
beauty & R(D) in charm

• New avenue: investigating Vcb in Λb → Λcµνµ @ LHCb
• Joint fit for LHCb & LQCD in bins of q2 to get Vcb

• Thriving program @ LHCb with new results coming soon
• Exciting times ahead
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Summary

Backups
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Summary

Systematic uncertainties for R(D∗−) in muonic mode

Model uncertainties Absolute size (×10−2)
Simulated sample size 2.0
Misidentified µ template shape 1.6
B0 →∗+ (τ−/µ−)ν form factors 0.6
B → D∗+Hc(→ µνX ′)X shape corrections 0.5
B(B → D∗∗τ−ντ )/B(B → D∗∗µ−νµ) 0.5
B → D∗∗(→ D∗ππ)µν shape corrections 0.4
Corrections to simulation 0.4
Combinatorial background shape 0.3
B → D∗∗(→∗+ π)µ−νµ form factors 0.3
B → D∗+(Ds → τν)X fraction 0.1
Total model uncertainty 2.8
Normalization uncertainties Absolute size (×10−2)
Simulated sample size 0.6
Hardware trigger efficiency 0.6
Particle identification efficiencies 0.3
Form-factors 0.2
B(τ− → µ−νµντ ) < 0.1
Total normalization uncertainty 0.9
Total systematic uncertainty 3.0
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Summary

Excited Λc states
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Summary
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Backups
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