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Lepton flavour universality
In the SM there are three families of 
fermions: 

- they have same gauge charge 
assignments  
→ same coupling (universality) 

- only difference between the 
families comes from the Yukawa 
couplings with the Higgs field, 
resulting in CKM and PMNS 
matrices and different masses 

- measure lepton universality in 
ratios: CKM elements cancel, and 
only difference is in lepton mass
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Experiments: B-factories
• e+e- colliders @ ϒ(4S) resonance 

• b quarks produced from  
ϒ(4S) → B+B- or B0 B̅0,  
→ 4π detectors (asymmetric, 
boost of ϒ(4S) ) 

• very clean environment, little 
background 

• well-constrained kinematics help 
reconstruct final states with 
neutrinos
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Nucl.Instrum.Meth.A479:1-116,2002 

BaBar

Nucl.Instrum.Meth. A479 (2002) 117-232

BaBar: 1999–2008: 433 fb-1 @ ϒ(4S)  

Belle:  1999–2010: 711 fb-1 @ ϒ(4S)
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Belle

https://www.sciencedirect.com/science/article/pii/S0168900201020125?via=ihub
https://www.sciencedirect.com/science/article/pii/S0168900201020137


• pp collisions @ LHC 

• b quarks produced by 
gluon fusion → forward 
direction 

• boosted CM energy  
helps to reconstruct 
vertices 

• many more b’s, but  
a lot more background  

• all b-hadron species are 
produced: B+, B0, Bs, Bc, Λb 

Experiments: LHCb
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JINST 3 (2008) S08005 

Run 1: 2011–2012: 3 fb-1 @ 7-8 TeV 

Run 2: 2015–2018: 6 fb-1   @ 13 TeV
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http://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005/meta;jsessionid=A532987D2B2CAB4CAFDB89AB5255EE0C.c4.iopscience.cld.iop.org
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Overview R(D) and friends
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• Tree-level processes are 
sensitive to new physics: 
charged Higgs, leptoquarks 
etc. 

• Predictions are 
theoretically clean. 

• Large data sets. 

• Before Moriond EW 4σ 
tension with the SM for 
R(D)-R(D*).

ℓ’ = μ (LHCb) 

ℓ’ = e/μ (B-factories)
R(Hc) =

B(Hb ! Hc⌧⌫⌧ )

B(Hb ! Hc`
0⌫`0)

<latexit sha1_base64="Pzc5Fu2mevoqF4Q+Gc+kXzRgegw="></latexit>
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Reconstructing τ
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• τ → μ νμ ντ  
• τ → e νe ντ

ℬ(τ → μ νμ ντ) = 17.4%  
ℬ(τ → e νe ντ)  = 17.8%

Strategy:  

Leptonic τ decays

• Signal and normalisation channels have same visible final state 

• Part of systematics cancels in the ratio. 

• Backgrounds from inclusive semileptonic decays, with many 
unknowns (form factors, decay rates etc).

K
πD*

τ
ντ

B

π
D0

μ
νμντ

D*

μ
νμ

B

π

D0
K
π
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Reconstructing τ
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• Hadronic decays:  

Strategy:  

Hadronic τ decays

• Final states are not the same. 

• Systematics (at LHCb) do not cancel in the ratio between signal 
and normalisation channel. 
→ measure with respect to another decay with similar final state

1-prong decays, only at B factories

3-prong decays, only at LHCb
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LHCb vs. B-factories
• LHCb:  

• use the B flight direction 
to measure transverse 
component of missing 
momentum 

• cannot measure 
longitudinal component, 
so use approximation to 
access rest frame 
kinematics: 

•    

• 18% resolution on B 
momentum
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• B factories:  

• B momentum is known 

• tag algorithms use the other B 
in the event: 

• hadronic tag: 0.3% 
efficient, very pure: all 
backgrounds are fully 
reconstructed 

• SL tag: 1% efficient,  
less pure 

(��z)B = (��z)D⇤µ
<latexit sha1_base64="IcsH0zDI/qPLQERS0JLAzvBvuxc=">AAACF3icbVDLSgNBEJz1GeNr1aOXwSBED2E3CnoRQvTgMYJ5QDYuvZNJMmRmd5mZFeKSv/Dir3jxoIhXvfk3Th4HTSxoKKq66e4KYs6Udpxva2FxaXllNbOWXd/Y3Nq2d3ZrKkokoVUS8Ug2AlCUs5BWNdOcNmJJQQSc1oP+5civ31OpWBTe6kFMWwK6IeswAtpIvl3Ie10QAryAavAfjvy0PMQXeE69ujv2RDL07ZxTcMbA88SdkhyaouLbX147IomgoSYclGq6TqxbKUjNCKfDrJcoGgPpQ5c2DQ1BUNVKx38N8aFR2rgTSVOhxmP190QKQqmBCEynAN1Ts95I/M9rJrpz3kpZGCeahmSyqJNwrCM8Cgm3maRE84EhQCQzt2LSAwlEmyizJgR39uV5UisW3JNC8eY0VypP48igfXSA8shFZ6iErlEFVRFBj+gZvaI368l6sd6tj0nrgjWd2UN/YH3+AJi/nvQ=</latexit>
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• Make the fit templates from most discriminating variables: kinematic  

• As an example*, the muonic R(D*) analysis from LHCb:
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• signal channel:

• normalisation channel:

Discriminating variables for R(D)
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PRL 115 (2015) 111803

m2
miss = (pB � pD⇤ � pµ)

2
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*Other analyses use 
different variables
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http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.115.111803


Measurements from LHCb

 

https://www.travelweekly.com/Hawaii-Travel/Insights/Lawmakers-weigh-heightened-vacation-rental-regulations


R(D*) leptonic
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R(D⇤) =
B

0 ! D⇤+⌧�⌫⌧

B
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R(D⇤) = 0.336± 0.027(stat)± 0.030(syst)
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• Compatible with SM within 2.1σ

Run 1
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R(J/Ψ) muonic
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•   

• Compatible with SM within 2σ 

• Systematics come from limited 
sample simulations, but largest 
from uncertainty on form 
factors (fit from data). Will 
improve with lattice calculations.

PRL 120, 121801 (2018) 

R(J/ ) = 0.71± 0.17(stat)± 0.18(syst)
<latexit sha1_base64="XPtC3HTHouxXqnWuOAWNzL0Z9oo="></latexit><latexit sha1_base64="XPtC3HTHouxXqnWuOAWNzL0Z9oo="></latexit><latexit sha1_base64="XPtC3HTHouxXqnWuOAWNzL0Z9oo="></latexit><latexit sha1_base64="XPtC3HTHouxXqnWuOAWNzL0Z9oo="></latexit>

R(J/ ) =
B+

c ! J/ ⌧+⌫⌧
B+

c ! J/ µ+⌫µ
<latexit sha1_base64="V+/Ze4GdSqeufy3uck0yZ6xPLeM="></latexit><latexit sha1_base64="V+/Ze4GdSqeufy3uck0yZ6xPLeM="></latexit><latexit sha1_base64="V+/Ze4GdSqeufy3uck0yZ6xPLeM="></latexit><latexit sha1_base64="V+/Ze4GdSqeufy3uck0yZ6xPLeM="></latexit>

Run 1

Suzanne Klaver        LFU in B→Dℓν decays        FPCP        8 May 2019

https://arxiv.org/abs/1711.05623


R(D*) hadronic
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PRL 120, 171802 (2018)
PRD 97, 072013 (2018)
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• Signal and normalisation 
channels have the same 
final state, such that many 
systematics cancel in the 
ratio. 

• Use topology of the decay 
to suppress backgrounds.

K(D⇤)
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•   

•    

• Compatible with SM within 1σ.

R(D*) hadronic
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R(D⇤) = 0.291± 0.019(stat)± 0.026(syst)± 0.013(BR)
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<latexit sha1_base64="S4RWCcYjGSR76HDgQ7Qa5496uCo=">AAAB+XicdVDLSgMxFM3UV62vUZdugkWoLobMqH3siroQ3FSwD2jHkknTNjTzIMkUytA/ceNCEbf+iTv/xkxbQUUPBA7n3Ms9OV7EmVQIfRiZpeWV1bXsem5jc2t7x9zda8gwFoTWSchD0fKwpJwFtK6Y4rQVCYp9j9OmN7pM/eaYCsnC4E5NIur6eBCwPiNYaalrmh0fqyHBPLmZFq7uT467Zh5ZyHZKlXOILNuulIunmjh2qVhxoG2hGfJggVrXfO/0QhL7NFCEYynbNoqUm2ChGOF0muvEkkaYjPCAtjUNsE+lm8yST+GRVnqwHwr9AgVn6veNBPtSTnxPT6Y55W8vFf/y2rHql92EBVGsaEDmh/oxhyqEaQ2wxwQlik80wUQwnRWSIRaYKF1WTpfw9VP4P2k4uh8L3Z7lqxeLOrLgAByCArBBCVTBNaiBOiBgDB7AE3g2EuPReDFe56MZY7GzD37AePsE6xqTMA==</latexit><latexit sha1_base64="S4RWCcYjGSR76HDgQ7Qa5496uCo=">AAAB+XicdVDLSgMxFM3UV62vUZdugkWoLobMqH3siroQ3FSwD2jHkknTNjTzIMkUytA/ceNCEbf+iTv/xkxbQUUPBA7n3Ms9OV7EmVQIfRiZpeWV1bXsem5jc2t7x9zda8gwFoTWSchD0fKwpJwFtK6Y4rQVCYp9j9OmN7pM/eaYCsnC4E5NIur6eBCwPiNYaalrmh0fqyHBPLmZFq7uT467Zh5ZyHZKlXOILNuulIunmjh2qVhxoG2hGfJggVrXfO/0QhL7NFCEYynbNoqUm2ChGOF0muvEkkaYjPCAtjUNsE+lm8yST+GRVnqwHwr9AgVn6veNBPtSTnxPT6Y55W8vFf/y2rHql92EBVGsaEDmh/oxhyqEaQ2wxwQlik80wUQwnRWSIRaYKF1WTpfw9VP4P2k4uh8L3Z7lqxeLOrLgAByCArBBCVTBNaiBOiBgDB7AE3g2EuPReDFe56MZY7GzD37AePsE6xqTMA==</latexit><latexit sha1_base64="S4RWCcYjGSR76HDgQ7Qa5496uCo=">AAAB+XicdVDLSgMxFM3UV62vUZdugkWoLobMqH3siroQ3FSwD2jHkknTNjTzIMkUytA/ceNCEbf+iTv/xkxbQUUPBA7n3Ms9OV7EmVQIfRiZpeWV1bXsem5jc2t7x9zda8gwFoTWSchD0fKwpJwFtK6Y4rQVCYp9j9OmN7pM/eaYCsnC4E5NIur6eBCwPiNYaalrmh0fqyHBPLmZFq7uT467Zh5ZyHZKlXOILNuulIunmjh2qVhxoG2hGfJggVrXfO/0QhL7NFCEYynbNoqUm2ChGOF0muvEkkaYjPCAtjUNsE+lm8yST+GRVnqwHwr9AgVn6veNBPtSTnxPT6Y55W8vFf/y2rHql92EBVGsaEDmh/oxhyqEaQ2wxwQlik80wUQwnRWSIRaYKF1WTpfw9VP4P2k4uh8L3Z7lqxeLOrLgAByCArBBCVTBNaiBOiBgDB7AE3g2EuPReDFe56MZY7GzD37AePsE6xqTMA==</latexit><latexit sha1_base64="S4RWCcYjGSR76HDgQ7Qa5496uCo=">AAAB+XicdVDLSgMxFM3UV62vUZdugkWoLobMqH3siroQ3FSwD2jHkknTNjTzIMkUytA/ceNCEbf+iTv/xkxbQUUPBA7n3Ms9OV7EmVQIfRiZpeWV1bXsem5jc2t7x9zda8gwFoTWSchD0fKwpJwFtK6Y4rQVCYp9j9OmN7pM/eaYCsnC4E5NIur6eBCwPiNYaalrmh0fqyHBPLmZFq7uT467Zh5ZyHZKlXOILNuulIunmjh2qVhxoG2hGfJggVrXfO/0QhL7NFCEYynbNoqUm2ChGOF0muvEkkaYjPCAtjUNsE+lm8yST+GRVnqwHwr9AgVn6veNBPtSTnxPT6Y55W8vFf/y2rHql92EBVGsaEDmh/oxhyqEaQ2wxwQlik80wUQwnRWSIRaYKF1WTpfw9VP4P2k4uh8L3Z7lqxeLOrLgAByCArBBCVTBNaiBOiBgDB7AE3g2EuPReDFe56MZY7GzD37AePsE6xqTMA==</latexit>

PRL 120, 171802 (2018)
PRD 97, 072013 (2018)

Suzanne Klaver        LFU in B→Dℓν decays        FPCP        8 May 2019

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.171802
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.072013


•   

•    

• Compatible with SM within 1σ

R(D*) hadronic
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R(D⇤) = 0.291± 0.019(stat)± 0.026(syst)± 0.013(BR)
<latexit sha1_base64="NytMLEDVwwWbEFgVuxpYsAmS5ug="></latexit><latexit sha1_base64="NytMLEDVwwWbEFgVuxpYsAmS5ug="></latexit><latexit sha1_base64="NytMLEDVwwWbEFgVuxpYsAmS5ug="></latexit><latexit sha1_base64="NytMLEDVwwWbEFgVuxpYsAmS5ug="></latexit>

K(D⇤) = 1.93± 0.12(stat)± 0.17(syst)
<latexit sha1_base64="RlPL2h2ygilj15PgJP2BhzcTIoo="></latexit><latexit sha1_base64="RlPL2h2ygilj15PgJP2BhzcTIoo="></latexit><latexit sha1_base64="RlPL2h2ygilj15PgJP2BhzcTIoo="></latexit><latexit sha1_base64="RlPL2h2ygilj15PgJP2BhzcTIoo="></latexit>

R(D⇤) =

 
B(B0 ! D⇤+⌧�⌫⌧ )

B(B0 ! D⇤+⇡�⇡+⇡�)

!

meas

⇥
 
B(B0 ! D⇤+⇡�⇡+⇡�)

B(B0 ! D⇤+µ�⌫µ)

!

external
<latexit sha1_base64="w6wHxjK+oI8FkzyHugL1UhXyeNQ="></latexit><latexit sha1_base64="w6wHxjK+oI8FkzyHugL1UhXyeNQ="></latexit><latexit sha1_base64="w6wHxjK+oI8FkzyHugL1UhXyeNQ="></latexit><latexit sha1_base64="w6wHxjK+oI8FkzyHugL1UhXyeNQ="></latexit>

K(D⇤)
<latexit sha1_base64="S4RWCcYjGSR76HDgQ7Qa5496uCo=">AAAB+XicdVDLSgMxFM3UV62vUZdugkWoLobMqH3siroQ3FSwD2jHkknTNjTzIMkUytA/ceNCEbf+iTv/xkxbQUUPBA7n3Ms9OV7EmVQIfRiZpeWV1bXsem5jc2t7x9zda8gwFoTWSchD0fKwpJwFtK6Y4rQVCYp9j9OmN7pM/eaYCsnC4E5NIur6eBCwPiNYaalrmh0fqyHBPLmZFq7uT467Zh5ZyHZKlXOILNuulIunmjh2qVhxoG2hGfJggVrXfO/0QhL7NFCEYynbNoqUm2ChGOF0muvEkkaYjPCAtjUNsE+lm8yST+GRVnqwHwr9AgVn6veNBPtSTnxPT6Y55W8vFf/y2rHql92EBVGsaEDmh/oxhyqEaQ2wxwQlik80wUQwnRWSIRaYKF1WTpfw9VP4P2k4uh8L3Z7lqxeLOrLgAByCArBBCVTBNaiBOiBgDB7AE3g2EuPReDFe56MZY7GzD37AePsE6xqTMA==</latexit><latexit sha1_base64="S4RWCcYjGSR76HDgQ7Qa5496uCo=">AAAB+XicdVDLSgMxFM3UV62vUZdugkWoLobMqH3siroQ3FSwD2jHkknTNjTzIMkUytA/ceNCEbf+iTv/xkxbQUUPBA7n3Ms9OV7EmVQIfRiZpeWV1bXsem5jc2t7x9zda8gwFoTWSchD0fKwpJwFtK6Y4rQVCYp9j9OmN7pM/eaYCsnC4E5NIur6eBCwPiNYaalrmh0fqyHBPLmZFq7uT467Zh5ZyHZKlXOILNuulIunmjh2qVhxoG2hGfJggVrXfO/0QhL7NFCEYynbNoqUm2ChGOF0muvEkkaYjPCAtjUNsE+lm8yST+GRVnqwHwr9AgVn6veNBPtSTnxPT6Y55W8vFf/y2rHql92EBVGsaEDmh/oxhyqEaQ2wxwQlik80wUQwnRWSIRaYKF1WTpfw9VP4P2k4uh8L3Z7lqxeLOrLgAByCArBBCVTBNaiBOiBgDB7AE3g2EuPReDFe56MZY7GzD37AePsE6xqTMA==</latexit><latexit sha1_base64="S4RWCcYjGSR76HDgQ7Qa5496uCo=">AAAB+XicdVDLSgMxFM3UV62vUZdugkWoLobMqH3siroQ3FSwD2jHkknTNjTzIMkUytA/ceNCEbf+iTv/xkxbQUUPBA7n3Ms9OV7EmVQIfRiZpeWV1bXsem5jc2t7x9zda8gwFoTWSchD0fKwpJwFtK6Y4rQVCYp9j9OmN7pM/eaYCsnC4E5NIur6eBCwPiNYaalrmh0fqyHBPLmZFq7uT467Zh5ZyHZKlXOILNuulIunmjh2qVhxoG2hGfJggVrXfO/0QhL7NFCEYynbNoqUm2ChGOF0muvEkkaYjPCAtjUNsE+lm8yST+GRVnqwHwr9AgVn6veNBPtSTnxPT6Y55W8vFf/y2rHql92EBVGsaEDmh/oxhyqEaQ2wxwQlik80wUQwnRWSIRaYKF1WTpfw9VP4P2k4uh8L3Z7lqxeLOrLgAByCArBBCVTBNaiBOiBgDB7AE3g2EuPReDFe56MZY7GzD37AePsE6xqTMA==</latexit><latexit sha1_base64="S4RWCcYjGSR76HDgQ7Qa5496uCo=">AAAB+XicdVDLSgMxFM3UV62vUZdugkWoLobMqH3siroQ3FSwD2jHkknTNjTzIMkUytA/ceNCEbf+iTv/xkxbQUUPBA7n3Ms9OV7EmVQIfRiZpeWV1bXsem5jc2t7x9zda8gwFoTWSchD0fKwpJwFtK6Y4rQVCYp9j9OmN7pM/eaYCsnC4E5NIur6eBCwPiNYaalrmh0fqyHBPLmZFq7uT467Zh5ZyHZKlXOILNuulIunmjh2qVhxoG2hGfJggVrXfO/0QhL7NFCEYynbNoqUm2ChGOF0muvEkkaYjPCAtjUNsE+lm8yST+GRVnqwHwr9AgVn6veNBPtSTnxPT6Y55W8vFf/y2rHql92EBVGsaEDmh/oxhyqEaQ2wxwQlik80wUQwnRWSIRaYKF1WTpfw9VP4P2k4uh8L3Z7lqxeLOrLgAByCArBBCVTBNaiBOiBgDB7AE3g2EuPReDFe56MZY7GzD37AePsE6xqTMA==</latexit>

external inputs have 

recently been updated 

by HFLAV!

PRL 120, 171802 (2018)
PRD 97, 072013 (2018)

Suzanne Klaver        LFU in B→Dℓν decays        FPCP        8 May 2019

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.171802
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.072013


• Also, new Belle measurement is included arXiv:1809.03290v3 (not yet in table), 
see talk by Eiasha Waheed, new average: BR(B0→D*+μνμ) = (5.08±0.02±0.12)%

BR(B0→D*+μνμ)
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• Since this year, D*+ and D*0 decays are not combined in this average, 
excluding inputs from measurements that combined these.   
  

https://hflav-eos.web.cern.ch/hflav-eos/semi/
summer16/html/ExclusiveVcb/exclBtoDstar.html

https://hflav-eos.web.cern.ch/hflav-eos/semi/
pdg19/html/ExclusiveVcb/exclBtoDstar.html

HFLAV

Suzanne Klaver        LFU in B→Dℓν decays        FPCP        8 May 2019

https://arxiv.org/abs/1809.03290v3
https://hflav-eos.web.cern.ch/hflav-eos/semi/summer16/html/ExclusiveVcb/exclBtoDstar.html
https://hflav-eos.web.cern.ch/hflav-eos/semi/summer16/html/ExclusiveVcb/exclBtoDstar.html


•   

•    

• Compatible with SM within 1σ

R(D*) hadronic
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K(D⇤) = 1.93± 0.12(stat)± 0.17(syst)
<latexit sha1_base64="RlPL2h2ygilj15PgJP2BhzcTIoo="></latexit><latexit sha1_base64="RlPL2h2ygilj15PgJP2BhzcTIoo="></latexit><latexit sha1_base64="RlPL2h2ygilj15PgJP2BhzcTIoo="></latexit><latexit sha1_base64="RlPL2h2ygilj15PgJP2BhzcTIoo="></latexit>

R(D⇤) =

 
B(B0 ! D⇤+⌧�⌫⌧ )

B(B0 ! D⇤+⇡�⇡+⇡�)

!

meas

⇥
 
B(B0 ! D⇤+⇡�⇡+⇡�)

B(B0 ! D⇤+µ�⌫µ)

!

external
<latexit sha1_base64="w6wHxjK+oI8FkzyHugL1UhXyeNQ="></latexit><latexit sha1_base64="w6wHxjK+oI8FkzyHugL1UhXyeNQ="></latexit><latexit sha1_base64="w6wHxjK+oI8FkzyHugL1UhXyeNQ="></latexit><latexit sha1_base64="w6wHxjK+oI8FkzyHugL1UhXyeNQ="></latexit>

K(D⇤)
<latexit sha1_base64="S4RWCcYjGSR76HDgQ7Qa5496uCo=">AAAB+XicdVDLSgMxFM3UV62vUZdugkWoLobMqH3siroQ3FSwD2jHkknTNjTzIMkUytA/ceNCEbf+iTv/xkxbQUUPBA7n3Ms9OV7EmVQIfRiZpeWV1bXsem5jc2t7x9zda8gwFoTWSchD0fKwpJwFtK6Y4rQVCYp9j9OmN7pM/eaYCsnC4E5NIur6eBCwPiNYaalrmh0fqyHBPLmZFq7uT467Zh5ZyHZKlXOILNuulIunmjh2qVhxoG2hGfJggVrXfO/0QhL7NFCEYynbNoqUm2ChGOF0muvEkkaYjPCAtjUNsE+lm8yST+GRVnqwHwr9AgVn6veNBPtSTnxPT6Y55W8vFf/y2rHql92EBVGsaEDmh/oxhyqEaQ2wxwQlik80wUQwnRWSIRaYKF1WTpfw9VP4P2k4uh8L3Z7lqxeLOrLgAByCArBBCVTBNaiBOiBgDB7AE3g2EuPReDFe56MZY7GzD37AePsE6xqTMA==</latexit><latexit sha1_base64="S4RWCcYjGSR76HDgQ7Qa5496uCo=">AAAB+XicdVDLSgMxFM3UV62vUZdugkWoLobMqH3siroQ3FSwD2jHkknTNjTzIMkUytA/ceNCEbf+iTv/xkxbQUUPBA7n3Ms9OV7EmVQIfRiZpeWV1bXsem5jc2t7x9zda8gwFoTWSchD0fKwpJwFtK6Y4rQVCYp9j9OmN7pM/eaYCsnC4E5NIur6eBCwPiNYaalrmh0fqyHBPLmZFq7uT467Zh5ZyHZKlXOILNuulIunmjh2qVhxoG2hGfJggVrXfO/0QhL7NFCEYynbNoqUm2ChGOF0muvEkkaYjPCAtjUNsE+lm8yST+GRVnqwHwr9AgVn6veNBPtSTnxPT6Y55W8vFf/y2rHql92EBVGsaEDmh/oxhyqEaQ2wxwQlik80wUQwnRWSIRaYKF1WTpfw9VP4P2k4uh8L3Z7lqxeLOrLgAByCArBBCVTBNaiBOiBgDB7AE3g2EuPReDFe56MZY7GzD37AePsE6xqTMA==</latexit><latexit sha1_base64="S4RWCcYjGSR76HDgQ7Qa5496uCo=">AAAB+XicdVDLSgMxFM3UV62vUZdugkWoLobMqH3siroQ3FSwD2jHkknTNjTzIMkUytA/ceNCEbf+iTv/xkxbQUUPBA7n3Ms9OV7EmVQIfRiZpeWV1bXsem5jc2t7x9zda8gwFoTWSchD0fKwpJwFtK6Y4rQVCYp9j9OmN7pM/eaYCsnC4E5NIur6eBCwPiNYaalrmh0fqyHBPLmZFq7uT467Zh5ZyHZKlXOILNuulIunmjh2qVhxoG2hGfJggVrXfO/0QhL7NFCEYynbNoqUm2ChGOF0muvEkkaYjPCAtjUNsE+lm8yST+GRVnqwHwr9AgVn6veNBPtSTnxPT6Y55W8vFf/y2rHql92EBVGsaEDmh/oxhyqEaQ2wxwQlik80wUQwnRWSIRaYKF1WTpfw9VP4P2k4uh8L3Z7lqxeLOrLgAByCArBBCVTBNaiBOiBgDB7AE3g2EuPReDFe56MZY7GzD37AePsE6xqTMA==</latexit><latexit sha1_base64="S4RWCcYjGSR76HDgQ7Qa5496uCo=">AAAB+XicdVDLSgMxFM3UV62vUZdugkWoLobMqH3siroQ3FSwD2jHkknTNjTzIMkUytA/ceNCEbf+iTv/xkxbQUUPBA7n3Ms9OV7EmVQIfRiZpeWV1bXsem5jc2t7x9zda8gwFoTWSchD0fKwpJwFtK6Y4rQVCYp9j9OmN7pM/eaYCsnC4E5NIur6eBCwPiNYaalrmh0fqyHBPLmZFq7uT467Zh5ZyHZKlXOILNuulIunmjh2qVhxoG2hGfJggVrXfO/0QhL7NFCEYynbNoqUm2ChGOF0muvEkkaYjPCAtjUNsE+lm8yST+GRVnqwHwr9AgVn6veNBPtSTnxPT6Y55W8vFf/y2rHql92EBVGsaEDmh/oxhyqEaQ2wxwQlik80wUQwnRWSIRaYKF1WTpfw9VP4P2k4uh8L3Z7lqxeLOrLgAByCArBBCVTBNaiBOiBgDB7AE3g2EuPReDFe56MZY7GzD37AePsE6xqTMA==</latexit>

PRL 120, 171802 (2018)
PRD 97, 072013 (2018)

Suzanne Klaver        LFU in B→Dℓν decays        FPCP        8 May 2019

R(D⇤) = 0.280± 0.018(stat)± 0.029(syst)
<latexit sha1_base64="a3XmaKnIPKQ0NIcChKLiDNim6j0="></latexit>

Updated by HFLAV

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.171802
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.072013


Belle’s SL-tagged R(D(*))



SL-tagged R(D(*)) by Belle
• At Moriond EW, new results were presented by Belle,  

followed by a conference note: 

• Update of the SL-tagged analysis: from measuring R(D*)  
to a simultaneous measurement of R(D)-R(D*).  

• Using the full 𝛶(4S) data set with 772×106 BB   events. 

• First SL-tagged R(D): Btag reconstructed using BDT and  
B→D(*)ℓν decays, where ℓ = e, μ. 

• On tag side: ℓ = τ(→μ/e νν) vetoed by applying a cut on 
cosB,D(*)ℓ         : angle between B and D(*)ℓ in 𝛶(4S) rest frame.
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arXiv:1904.08794

cos ✓B,D(⇤)`
<latexit sha1_base64="G4dsv5xjM1BcIRhUTFMHiF7EZWY=">AAACA3icdVDLSgNBEJz1GeMr6k0vg0FQkWV31cTcRD14VDAqZGOYnXSSwdkHM71CWAJe/BUvHhTx6k9482+cxAgqWtBQVHXT3RUkUmh0nHdrZHRsfGIyN5Wfnpmdmy8sLJ7rOFUcqjyWsboMmAYpIqiiQAmXiQIWBhIuguvDvn9xA0qLODrDbgL1kLUj0RKcoZEahWWfx9rHDiBrZAdbR1fZ+uZGzwcpe41C0bEd1ytXdqlju25lr7RtiOeWSxWPurYzQJEMcdIovPnNmKchRMgl07rmOgnWM6ZQcAm9vJ9qSBi/Zm2oGRqxEHQ9G/zQo2tGadJWrExFSAfq94mMhVp3w8B0hgw7+rfXF//yaim29uqZiJIUIeKfi1qppBjTfiC0KRRwlF1DGFfC3Ep5hynG0cSWNyF8fUr/J+ee7W7b3ulOcf9gGEeOrJBVsk5cUib75JickCrh5Jbck0fyZN1ZD9az9fLZOmINZ5bID1ivH6Mrl4g=</latexit>

BB̄
<latexit sha1_base64="YJTXZ2OLUXgjXvO6e9UZW9AfZT4=">AAAB73icdVDJSgNBEK2JW4xb1KOXxiB4GqYnmuUW4sVjBLNAMoSeTidp0rPY3SOEIT/hxYMiXv0db/6NnUVQ0QcFj/eqqKrnx4Ir7TgfVmZtfWNzK7ud29nd2z/IHx61VJRIypo0EpHs+EQxwUPW1FwL1oklI4EvWNufXM399j2TikfhrZ7GzAvIKORDTok2Uqfe84lM67N+vuDYDnbL1Uvk2BhXK6WiIS4ul6ouwrazQAFWaPTz771BRJOAhZoKolQXO7H2UiI1p4LNcr1EsZjQCRmxrqEhCZjy0sW9M3RmlAEaRtJUqNFC/T6RkkCpaeCbzoDosfrtzcW/vG6ihxUv5WGcaBbS5aJhIpCO0Px5NOCSUS2mhhAqubkV0TGRhGoTUc6E8PUp+p+0XBsXbffmolCrr+LIwgmcwjlgKEMNrqEBTaAg4AGe4Nm6sx6tF+t12ZqxVjPH8APW2ydQFZAq</latexit>

cos ✓B,D(⇤)` =
2EbeamED(⇤)` �m2

B �m2
D(⇤)`

2|pB ||pD(⇤)`|
<latexit sha1_base64="k0ATKg6mrn53XIM4jaqxA1OadLg="></latexit>

Suzanne Klaver        LFU in B→Dℓν decays        FPCP        8 May 2019

https://arxiv.org/abs/1904.08794


Data samples and selection
• 4 data samples: 

- D0 reconstructed as 

- D+ reconstructed as  

- D*+ reconstructed as           or   

- D*0 reconstructed as 

• D candidates are required to be within a mass window around their 
nominal mass. 

• B mesons are required to have opposite flavour to suppress 
combinatorial background.
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arXiv:1904.08794

30% of D0 BRs

22% of D+ BRs

K�⇡+⇡0, K�⇡+⇡+⇡�, K�⇡+, K0
S⇡

+⇡�,
<latexit sha1_base64="h9pMtKIHOsHd/IcBk7Ju9J4ZJXo=">AAACLnicbVDLSsNAFJ3UV62vqEs3g60gaEtSF7osiiC4qWgf0KZhMp20QycPZiZCCf0iN/6KLgQVcetnOEmzaKsH5nI4517u3OOEjAppGO9abml5ZXUtv17Y2Nza3tF395oiiDgmDRywgLcdJAijPmlIKhlph5wgz2Gk5YyuEr/1SLiggf8gxyGxPDTwqUsxkkqy9evSba/cDWnvJClG6RTOCWkpz6opt+97xqxt60WjYqSAf4mZkSLIULf1124/wJFHfIkZEqJjGqG0YsQlxYxMCt1IkBDhERqQjqI+8oiw4vTcCTxSSh+6AVfPlzBVZydi5Akx9hzV6SE5FIteIv7ndSLpXlgx9cNIEh9PF7kRgzKASXawTznBko0VQZhT9VeIh4gjLFXCBRWCuXjyX9KsVsyzSvWuWqxdZnHkwQE4BMfABOegBm5AHTQABk/gBXyAT+1Ze9O+tO9pa07LZvbBHLSfX+dlo5U=</latexit>

K0
S⇡

0, K0
SK

+K�, K+K�, ⇡�⇡+
<latexit sha1_base64="c+42Tw5zHyBGcCcRPG/AXK0jJkU=">AAACH3icbVDLSgMxFM3UV62vUZdugq0g1JaZCuqy6EbopqJ9QDsdMmnahmYeJBmhDP0TN/6KGxeKiLv+jZnpgNp64IaTc88luccJGBXSMGZaZmV1bX0ju5nb2t7Z3dP3D5rCDzkmDewzn7cdJAijHmlIKhlpB5wg12Gk5Yxv4n7rkXBBfe9BTgJiuWjo0QHFSCrJ1i8KNfu+Z3QD2jMKZ3B+g7VeUVUpEX5obCrFR7Fg63mjbCSAy8RMSR6kqNv6V7fv49AlnsQMCdExjUBaEeKSYkamuW4oSIDwGA1JR1EPuURYUbLfFJ4opQ8HPlflSZiovyci5AoxcR3ldJEcicVeLP7X64RycGVF1AtCSTw8f2gQMih9GIcF+5QTLNlEEYQ5VX+FeIQ4wlJFmlMhmIsrL5NmpWyelyt3lXz1Oo0jC47AMTgFJrgEVXAL6qABMHgCL+ANvGvP2qv2oX3OrRktnTkEf6DNvgEhU5zY</latexit>

K�⇡+⇡�, K0
S⇡

+⇡0, K0
S⇡

+⇡+⇡�, K0
S⇡

+,
<latexit sha1_base64="kct8lndyVmuHbMzWdIWmQcEyCts=">AAACMnicbVBLSwMxGMz6rPW16tFLsCsItmW3HvRY9KL0UtE+oN0u2TRtQ7MPkqxQlv4mL/4SwYMeFPHqjzDbLqJtBxKGmflIvnFDRoU0zVdtaXlldW09s5Hd3Nre2dX39usiiDgmNRywgDddJAijPqlJKhlphpwgz2Wk4Q6vEr/xQLiggX8vRyGxPdT3aY9iJJXk6DdGpVNoh7RzmlwFIw+NinPXMX8lc15aFDXyjp4zi+YEcJ5YKcmBFFVHf253Axx5xJeYISFalhlKO0ZcUszIONuOBAkRHqI+aSnqI48IO56sPIbHSunCXsDV8SWcqH8nYuQJMfJclfSQHIhZLxEXea1I9i7smPphJImPpw/1IgZlAJP+YJdygiUbKYIwp+qvEA8QR1iqlrOqBGt25XlSLxWts2LptpQrX6Z1ZMAhOAInwALnoAyuQRXUAAaP4AW8gw/tSXvTPrWvaXRJS2cOwD9o3z/+VaUn</latexit>

K�K+⇡+, K0
SK

+
<latexit sha1_base64="XMdvC8cTWUEiZIqP+MjpzfgoFvk=">AAACAnicbVDLSsNAFJ3UV62vqCtxM9gIQrUkdaHLohuhm4r2AW0SJtNJO3TyYGYilFDc+CtuXCji1q9w5984bbPQ1gMXDufcy733eDGjQprmt5ZbWl5ZXcuvFzY2t7Z39N29pogSjkkDRyzibQ8JwmhIGpJKRtoxJyjwGGl5w+uJ33ogXNAovJejmNgB6ofUpxhJJbn6gVFzzmpOqRtTp2ScQqPm3jmmEgxXL5plcwq4SKyMFEGGuqt/dXsRTgISSsyQEB3LjKWdIi4pZmRc6CaCxAgPUZ90FA1RQISdTl8Yw2Ol9KAfcVWhhFP190SKAiFGgac6AyQHYt6biP95nUT6l3ZKwziRJMSzRX7CoIzgJA/Yo5xgyUaKIMypuhXiAeIIS5VaQYVgzb+8SJqVsnVertxWitWrLI48OARH4ARY4AJUwQ2ogwbA4BE8g1fwpj1pL9q79jFrzWnZzD74A+3zB4MFlEo=</latexit>

D0⇡+
<latexit sha1_base64="ZJlbFiOnz+a7upqXHYxT0HL8zjI=">AAAB8XicbVBNSwMxEJ31s9avqkcvwVYQhLJbD3os6sFjBfuB7bZk02wbmk2WJCuUpf/CiwdFvPpvvPlvTNs9aOuDgcd7M8zMC2LOtHHdb2dldW19YzO3ld/e2d3bLxwcNrRMFKF1IrlUrQBrypmgdcMMp61YURwFnDaD0c3Ubz5RpZkUD2YcUz/CA8FCRrCx0mPptut2YtY9L/UKRbfszoCWiZeRImSo9Qpfnb4kSUSFIRxr3fbc2PgpVoYRTif5TqJpjMkID2jbUoEjqv10dvEEnVqlj0KpbAmDZurviRRHWo+jwHZG2Az1ojcV//PaiQmv/JSJODFUkPmiMOHISDR9H/WZosTwsSWYKGZvRWSIFSbGhpS3IXiLLy+TRqXsXZQr95Vi9TqLIwfHcAJn4MElVOEOalAHAgKe4RXeHO28OO/Ox7x1xclmjuAPnM8f2cKPuA==</latexit>

D+⇡0
<latexit sha1_base64="2/L2ip5p+sMSVYKdruMU/11niQM=">AAAB8XicbVBNSwMxEJ31s9avqkcvwVYQhLJbD3os6sFjBfuB7bZk02wbmk2WJCuUpf/CiwdFvPpvvPlvTNs9aOuDgcd7M8zMC2LOtHHdb2dldW19YzO3ld/e2d3bLxwcNrRMFKF1IrlUrQBrypmgdcMMp61YURwFnDaD0c3Ubz5RpZkUD2YcUz/CA8FCRrCx0mPptnveiVnXLfUKRbfszoCWiZeRImSo9Qpfnb4kSUSFIRxr3fbc2PgpVoYRTif5TqJpjMkID2jbUoEjqv10dvEEnVqlj0KpbAmDZurviRRHWo+jwHZG2Az1ojcV//PaiQmv/JSJODFUkPmiMOHISDR9H/WZosTwsSWYKGZvRWSIFSbGhpS3IXiLLy+TRqXsXZQr95Vi9TqLIwfHcAJn4MElVOEOalAHAgKe4RXeHO28OO/Ox7x1xclmjuAPnM8f2amPuA==</latexit>

D0⇡0
<latexit sha1_base64="cRJ9iWS/bB1Z8dHX6XfamYsV5+c=">AAAB8XicbVA9TwJBEJ3DL8Qv1NJmI5hYkT0stCRqYYmJfEQ4yN6yBxv29i67eybkwr+wsdAYW/+Nnf/GBa5Q8CWTvLw3k5l5fiy4Nhh/O7m19Y3Nrfx2YWd3b/+geHjU1FGiKGvQSESq7RPNBJesYbgRrB0rRkJfsJY/vpn5rSemNI/kg5nEzAvJUPKAU2Ks9Fi+7eFuzHu43C+WcAXPgVaJm5ESZKj3i1/dQUSTkElDBdG64+LYeClRhlPBpoVuollM6JgMWcdSSUKmvXR+8RSdWWWAgkjZkgbN1d8TKQm1noS+7QyJGellbyb+53USE1x5KZdxYpiki0VBIpCJ0Ox9NOCKUSMmlhCquL0V0RFRhBobUsGG4C6/vEqa1Yp7UaneV0u16yyOPJzAKZyDC5dQgzuoQwMoSHiGV3hztPPivDsfi9ack80cwx84nz/hW4+9</latexit>

D+`�, D0`�, D⇤+`�, D⇤0`�
<latexit sha1_base64="RnJhK8If4K9zJ6H4XSk0igZllvE=">AAACIXicdVBJSwMxFM7Urdat6tFLsBXE6pCZYpdbUQ8eK9gFupFJUw3NLCQZoQz9K178K148KNKb+GdMN2hFHwS+5T1e3ucEnEmF0JcRW1ldW9+Ibya2tnd295L7B1Xph4LQCvG5L+oOlpQzj1YUU5zWA0Gx63Bac/rXY7/2RIVkvnevBgFtufjBYz1GsNJSJ1lI37QzTcp5+yJ9DjVBiyQ6ywyXOZrzTjKFTGTZ+eIlRKZlFQu5rAa2lc8VbWiZaFIpMKtyJzlqdn0SutRThGMpGxYKVCvCQjHC6TDRDCUNMOnjB9rQ0MMula1ocuEQnmilC3u+0M9TcKIuTkTYlXLgOrrTxepR/vbG4l9eI1S9QitiXhAq6pHpol7IofLhOC7YZYISxQcaYCKY/iskj1hgonSoCR3C/FL4P6jappU17Ts7VbqaxREHR+AYnAIL5EEJ3IIyqAACnsEreAcfxovxZnwao2lrzJjNHIKlMr5/ACzKn0I=</latexit>
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Fit parameters and components
• Use a 2D fit for these 4 samples 

- one parameter is EECL: energy  
deposited in ECL not associated  
with reconstructed particles 

- other parameter is class:  
outcome of a BDT based on  

• Fit is performed simultaneously on the 4 samples, components are: 

- D(*)τν 

- D(*)ℓν 

- D**ℓν, where D** = D1, D2*, D1’, D0* 

- feed-down from D*ℓν to Dℓν decays
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samples is used to estimate 
contribution in Dℓ (Dτ)

Evis, m2
miss, cos ✓B,D(⇤)`

<latexit sha1_base64="dANZSb4oK61PCPqNHD3RU3yD7vs="></latexit>
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Fit templates
• Shapes of the templates are based on MC samples with a luminosity 

of 10× the total BB   luminosity. For the D** backgrounds this was 
5× the total luminosity. 

• MC samples have corrections applied from measurements on 
control samples: 

- lepton identification: corrected separately for e and μ using  
                                  and                       decays. 

• Backgrounds are fixed in fits, yields are based in mD*-mD sidebands 
for fake D’s, and others from MC. 

• Yields of signal, normalisation, D** and feed-down are free in the fit.
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e+e� ! e+e�`+`�
<latexit sha1_base64="dDqCquPk524XSeHjfdFVr6PwjeQ=">AAACBXicdVBJSwMxGM241rqNetRDsAhC6TAz1S63ohePFewC3cikX9vQzEKSEUrpxYt/xYsHRbz6H7z5b0wXQUUfJDze+z6S97yIM6ls+8NYWl5ZXVtPbCQ3t7Z3ds29/aoMY0GhQkMeirpHJHAWQEUxxaEeCSC+x6HmDS+nfu0WhGRhcKNGEbR80g9Yj1GitNQxj6CdhnamqUK8YMB5Oz27Mx0zZVu24+aL59i2HKdYyGU1cZ18ruhix7JnSKEFyh3zvdkNaexDoCgnUjYcO1KtMRGKUQ6TZDOWEBE6JH1oaBoQH2RrPEsxwSda6eJeKPQJFJ6p3zfGxJdy5Ht60idqIH97U/EvrxGrXqE1ZkEUKwjo/KFezLHOPK0Ed5kAqvhIE0IF03/FdEAEoUoXl9QlfCXF/5OqazlZy70+S5UuFnUk0CE6RqfIQXlUQleojCqIojv0gJ7Qs3FvPBovxut8dMlY7BygHzDePgG5K5d3</latexit>

J/ ! `+`�
<latexit sha1_base64="cyWTbyM1/m1BwrgrS8yQ4f1W+nE=">AAACAHicdVBLSwMxGMz6rPW16sGDl2ARBHHd3Woft6IX8VTBPqC7lmyabUOzD5KsUJZe/CtePCji1Z/hzX9juq2gogMJw8z3kcx4MaNCmuaHNje/sLi0nFvJr66tb2zqW9tNESUckwaOWMTbHhKE0ZA0JJWMtGNOUOAx0vKGFxO/dUe4oFF4I0cxcQPUD6lPMZJK6uq7VydOLCh0ZAQdwtjtUXYfd/WCaZiWXa6eQdOwrGqlVFTEtsqlqg0tw8xQADPUu/q704twEpBQYoaE6FhmLN0UcUkxI+O8kwgSIzxEfdJRNEQBEW6aBRjDA6X0oB9xdUIJM/X7RooCIUaBpyYDJAfitzcR//I6ifQrbkrDOJEkxNOH/IRBlXbSBuxRTrBkI0UQ5lT9FeIB4ghL1VlelfCVFP5PmrZhFQ37+rRQO5/VkQN7YB8cAguUQQ1cgjpoAAzG4AE8gWftXnvUXrTX6eicNtvZAT+gvX0CmW+Vyg==</latexit>

R(D(⇤)) =
1

2B(⌧� ! `�⌫̄`⌫⌧ )
⇥ "norm

"sig
⇥ Nsig

Nnorm
<latexit sha1_base64="gXo1DK08S5JcKUeREy4f7wAizGs="></latexit>

BB̄
<latexit sha1_base64="YJTXZ2OLUXgjXvO6e9UZW9AfZT4=">AAAB73icdVDJSgNBEK2JW4xb1KOXxiB4GqYnmuUW4sVjBLNAMoSeTidp0rPY3SOEIT/hxYMiXv0db/6NnUVQ0QcFj/eqqKrnx4Ir7TgfVmZtfWNzK7ud29nd2z/IHx61VJRIypo0EpHs+EQxwUPW1FwL1oklI4EvWNufXM399j2TikfhrZ7GzAvIKORDTok2Uqfe84lM67N+vuDYDnbL1Uvk2BhXK6WiIS4ul6ouwrazQAFWaPTz771BRJOAhZoKolQXO7H2UiI1p4LNcr1EsZjQCRmxrqEhCZjy0sW9M3RmlAEaRtJUqNFC/T6RkkCpaeCbzoDosfrtzcW/vG6ihxUv5WGcaBbS5aJhIpCO0Px5NOCSUS2mhhAqubkV0TGRhGoTUc6E8PUp+p+0XBsXbffmolCrr+LIwgmcwjlgKEMNrqEBTaAg4AGe4Nm6sx6tF+t12ZqxVjPH8APW2ydQFZAq</latexit>
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Fit results D+l and D0l
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D+`�
<latexit sha1_base64="6jucuffduajZk8aAlDan8aUWfVU=">AAAB8HicbVBNSwMxEM36WetX1aOXYBEEsexWQY9FPXisYD+k3ZZsOtuGJtklyQpl6a/w4kERr/4cb/4b03YP2vpg4PHeDDPzgpgzbVz321laXlldW89t5De3tnd2C3v7dR0likKNRjxSzYBo4ExCzTDDoRkrICLg0AiGNxO/8QRKs0g+mFEMviB9yUJGibHS423ntA2cd866haJbcqfAi8TLSBFlqHYLX+1eRBMB0lBOtG55bmz8lCjDKIdxvp1oiAkdkj60LJVEgPbT6cFjfGyVHg4jZUsaPFV/T6REaD0Sge0UxAz0vDcR//NaiQmv/JTJODEg6WxRmHBsIjz5HveYAmr4yBJCFbO3YjogilBjM8rbELz5lxdJvVzyzkvl+4ti5TqLI4cO0RE6QR66RBV0h6qohigS6Bm9ojdHOS/Ou/Mxa11yspkD9AfO5w/aHI/J</latexit>

D0`�
<latexit sha1_base64="iAAUu7mxtcVeXA95n7WWKc8yjrw=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBi2W3Cnos6sFjBfsh7bZk02wbmmSXJCuUpb/CiwdFvPpzvPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPGjpKFKF1EvFItQKsKWeS1g0znLZiRbEIOG0Go5up33yiSrNIPphxTH2BB5KFjGBjpcfbrtuhnHfPesWSW3ZnQMvEy0gJMtR6xa9OPyKJoNIQjrVue25s/BQrwwink0In0TTGZIQHtG2pxIJqP50dPEEnVumjMFK2pEEz9fdEioXWYxHYToHNUC96U/E/r52Y8MpPmYwTQyWZLwoTjkyEpt+jPlOUGD62BBPF7K2IDLHCxNiMCjYEb/HlZdKolL3zcuX+olS9zuLIwxEcwyl4cAlVuIMa1IGAgGd4hTdHOS/Ou/Mxb8052cwh/IHz+QPhzo/O</latexit>
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Fit results D*+l and D*0l
arXiv:1904.08794
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<latexit sha1_base64="I9VFzXWtiA8AwmwBahLuhKeuRH8=">AAAB83icdVDLSsNAFJ3UV62vqks3g0UQxZCk2seuqAuXFewDmrRMppN26GQSZiZCCf0NNy4UcevPuPNvnD4EFT1w4XDOvdx7jx8zKpVlfRiZpeWV1bXsem5jc2t7J7+715RRIjBp4IhFou0jSRjlpKGoYqQdC4JCn5GWP7qa+q17IiSN+J0ax8QL0YDTgGKktORed9OT04lLGOue9fIFy7Rsp1y9gJZp29VKqaiJY5dLVQfapjVDASxQ7+Xf3X6Ek5BwhRmSsmNbsfJSJBTFjExybiJJjPAIDUhHU45CIr10dvMEHmmlD4NI6OIKztTvEykKpRyHvu4MkRrK395U/MvrJCqoeCnlcaIIx/NFQcKgiuA0ANingmDFxpogLKi+FeIhEggrHVNOh/D1KfyfNB3TLprO7XmhdrmIIwsOwCE4BjYogxq4AXXQABjE4AE8gWcjMR6NF+N13poxFjP74AeMt099XZFY</latexit>

D⇤0`�
<latexit sha1_base64="dAYu3tdhbh2OpUbOpfvdM5R36wI=">AAAB83icdVDLSgMxFM34rPVVdekmWAQRHDJT7WNX1IXLCvYBnWnJpGkbmskMSUYoQ3/DjQtF3Poz7vwb04egogcuHM65l3vvCWLOlEbow1paXlldW89sZDe3tnd2c3v7DRUlktA6iXgkWwFWlDNB65ppTluxpDgMOG0Go6up37ynUrFI3OlxTP0QDwTrM4K1kbzrTnqKJh7lvHPWzeWRjRy3VLmAyHacSrlYMMR1SsWKCx0bzZAHC9S6uXevF5EkpEITjpVqOyjWfoqlZoTTSdZLFI0xGeEBbRsqcEiVn85unsBjo/RgP5KmhIYz9ftEikOlxmFgOkOsh+q3NxX/8tqJ7pf9lIk40VSQ+aJ+wqGO4DQA2GOSEs3HhmAimbkVkiGWmGgTU9aE8PUp/J80XNsp2O7teb56uYgjAw7BETgBDiiBKrgBNVAHBMTgATyBZyuxHq0X63XeumQtZg7AD1hvn4UUkV0=</latexit>

full class class > 0.9 (signal)
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Systematic uncertainties
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Results SL-tagged R(D(*))
• This analysis finds: 

• Most precise measurements of R(D) and R(D*) to date! 

• Breakdown between muon and electron modes: 
  electron:                                       muon: 

• Different measurement from Belle shows LFU between e and μ: 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R(D) = 0.307± 0.037± 0.016
<latexit sha1_base64="tE4wSdfsInUDyJPMgulJLL9+Tvw="></latexit>

R(D⇤) = 0.283± 0.018± 0.014
<latexit sha1_base64="Gvkbs7YlrMwrgAjPbZ9FPzcf7vc="></latexit>

R(D) = 0.281± 0.042± 0.017
<latexit sha1_base64="zs12Li/eaztGgVNRjtQBSzXRMvY="></latexit>

R(D⇤) = 0.304± 0.022± 0.016
<latexit sha1_base64="lfZr/H8VbF9NR3YImwERR6fgaAw="></latexit>

R(D) = 0.373± 0.068± 0.030
<latexit sha1_base64="4Z1U6MqRBR9DIdVSBa6ev13uKY8="></latexit>

R(D⇤) = 0.245± 0.035± 0.020
<latexit sha1_base64="SrO2oTx4DAgU6+AiUBlEp30SKLY="></latexit>

⇢ = �0.53 (stat)

⇢ = �0.52 (syst)
<latexit sha1_base64="yOFI1n4PH2MEk6PPACek6RGQp7s=">AAACIXicdZDLSgMxFIYz9VbHW9Wlm2ARKugwvYjdCEU3LivYC3RKyaRpG5q5kJwRhqGv4sZXceNCke7ElzG9KPV2IOTn/84hOb8bCq7Att+M1NLyyupaet3c2Nza3sns7tVVEEnKajQQgWy6RDHBfVYDDoI1Q8mI5wrWcIdXE964Y1LxwL+FOGRtj/R93uOUgLY6mbIjBwG+wKe2dVbEzokjvSSngMDxCDuOuUALXzRWmnYyWdsq2ZPCv0Xemt52Fs2r2smMnW5AI4/5QAVRqpW3Q2gnRAKngo1MJ1IsJHRI+qylpU88ptrJdMMRPtJOF/cCqY8PeOouTiTEUyr2XN3pERion2xi/sVaEfTK7YT7YQTMp7OHepHAEOBJXLjLJaMgYi0IlVz/FdMBkYSCDtXUIXxuiv8X9YKVL1qFm1K2cjmPI40O0CHKoTw6RxV0jaqohii6R4/oGb0YD8aT8WqMZ60pYz6zj76V8f4BK0Gf3Q==</latexit>

B(B0 ! D⇤�e+⌫e)

B(B0 ! D⇤�µ+⌫µ)
= 1.01± 0.01± 0.03

<latexit sha1_base64="fovv16q4pvUsRDYQ+Dw1ALJSitw="></latexit>

arXiv: 1809.03290v3

→ see talk by Eiasha Waheed
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https://arxiv.org/abs/1904.08794
https://arxiv.org/abs/1809.03290v3


Outlook and conclusions



• After the updates from the external inputs from LHCb’s hadronic 
R(D*) and the new Belle result, the new HFLAV averages are:  
 
 

• 3.1σ difference with the  
Standard Model.
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R(D⇤) = 0.298± 0.011± 0.007
<latexit sha1_base64="841ujygNY1acD5IeN0+Lz7QPeWM="></latexit>

R(D) = 0.349± 0.027± 0.015
<latexit sha1_base64="zII2XCAI4YLOd7FC3x60PkWNPCE="></latexit>

https://hflav-eos.web.cern.ch/hflav-eos/semi/spring19/html/RDsDsstar/RDRDs.html

https://hflav-eos.web.cern.ch/hflav-eos/semi/spring19/html/RDsDsstar/RDRDs.html


• So far, all LHCb’s measurements are only on Run 1 data. Run 2 is 
analysed as we speak and new results can be expected, including 
an extension of the muonic R(D*) → R(D)-R(D*). 

• Other channels are also being  
studied: R(D+), R(𝛬c),  
R(Ds(*)), R(pp), … 

• Of course Belle II and LHCb  
upgrades are on their way  
(see talks Friday by Hulya  
Atmacan and Silvia Gambetta). 

• Prospects of various decays  
modes in the coming years.

Prospects for LFU measurements
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https://iopscience.iop.org/article/10.1088/1361-6471/aaf5de/pdf


Conclusions
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 • A lot of things happening in field of LFU! 
• Updated R(D)-R(D*) discrepancy with SM is 3.1σ. 
• There’s a lot more data to be analysed, different decay 

channels to study, and new experiments on the way. 
• Many other interesting variables to study, in particular 

angular distributions which also constrain the nature of 
possible new physics. 

• Upgraded experiments (both LHCb and Belle II) will 
allow us to finally confirm or rule out LU breaking.
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http://cds.cern.ch/record/2320509?ln=en


Backup



LHCb recorded luminosity
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