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Introduction

• Semileptonic B decays are ideal
for testing Lepton Flavour
Universality(LFU)

• ( ) and ( ∗)
measurements report a 3.1 �
discrepancy with the Standard
Model

( �) =
( → ���)

( → ���)

• Measurements from LHCb,
Belle and Babar avaialable

• R(D*) measurements from
LHCb use � → ��� or
� → �+���+�
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The goal:
Measure potential New Physics
scenarios contributions



LFU tests in semileptonic B decays at LHCb
Muonic � decay

( �+) Run I (2015)
: � : (stat)�0:030(syst)

( ) vs ( �) Run I (2023)
( �)= : � : ( )� : ( )

( )= : � : ( )� : ( )

( +) vs ( �+) Run II (2024)
( �+)= : � : ( )� : ( )

( +)= : � : ( )� : ( )

( = ) Run I (2018)
: � : ( )� : ( )

Hadronic � decay

( �+) Run I (2018)
: � : ( )� : ( )�
: ( )

( �+) part Run II (2023)
: � : ( )� : ( )�
: ( )

(�+) Run I (2022)
: � : ( )� : ( )�
: ( )

� polarisation (2023)
: � : ( )� : ( )�
: ( )

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.115.111803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.111802
https://arxiv.org/abs/2406.03387
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.121801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.171802
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.012018
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.191803
https://arxiv.org/abs/2311.05224


Muonic vs hadronic tau decays at LHCb

Muonic � decay

• High statistics sample
• ( �) directly measured
• Multiple missing neutrinos
• Precise background
modelling

Hadronic � decay

• High purity sample: allowed
by being able to fully
reconstruct the � vertex

• ( �) needs external input
• Low statistics

Complementary analyses that provide independent result



LFU tests in semileptonic B decays at Belle II



LFU tests in semileptonic B decays at Belle (II)
Belle

Had tag: ( ) vs ( �)
(2015)

( )= : � : ( )� : ( )

( �)= : � : ( )� : ( )

Had tag: � and ( �) (2018)
� ( �)=� : � : ( )� :

: ( )
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SL tag: ( ) vs ( �) (2020)
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Belle II

Had tag: ( ) (2024)
( )= : � : ( )� : ( )

Had tag: ( �) (2024)
( �)= : � :

: ( )� :
: ( )

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.072014
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.012004
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.072014
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.211804
https://arxiv.org/abs/2401.02840


R(D∗) measurement strategy

( �) =
�

�

• Signal/norm yield ratio determined from fit to data
• Signal/norm efficiency ratio determined from simulation:
assuming SM scenarios

• Form factors varying in the templates or a systematic
uncertainty assigned (depending on analysis setup)

• Largest systematic uncertainties coming from the form factor
parameterisation, background modelling and simulation
sample size

• Depending on the choice of � decay different backgrounds to
model



New Physics
• We can use operators with unknown coupling constants and
write them in an effective Hamiltonian

= √
2

X
= +

• are the Wilson coefficients that describe the NP effects
• are effective operators that can be of a vector, scalar or
tensor type



New Physics measurement strategies

• Model the New Physics effects in the fitting template
Hammer usage crucial

• More sensitivity to NP using the shape of the angles as fitting
variables: see at this workshop

• Measure directly Wilson coefficients : flexible to use NP
model or be model independent

• Measure angular coefficients
• Currently no published analyses, several in progress at LHCb

https://indico.cern.ch/event/1345421/contributions/6040154/
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Figure 28 Top: Typical variation of experimental acceptances for the 2HDM, the leptoquark models R2 and S1, and a pure
tensor current, normalized with respect to the SM acceptance ! SM , for B ! D "# (blue) and B ! (D ! ! D $)"# (red), with
" ! e##. The dotted, solid and dashed lines show the resulting acceptances forq2 resolutions (see text) of 0.8, 1.2 and 1.6 GeV2,
respectively. Bottom: Variation in R (D ( ! ) )/ R (D ( ! ) )SM for the same models.

such, typically many phenomenological interpretations of
these results simply require that any New Physics (NP)
accounts for the measured ratios (or other observables
such as polarization fractions) within quoted uncertain-
ties. However, this naive approach may lead to biases in
NP interpretations.

The reason for this is that in practice, as discussed in
Sec.IV , the R(D (! ) ) ratios are recovered from Þts in mul-
tiple reconstructed observables. In these Þts, the signal
B ! D (! )

⌧⌫ decay distributions (as well as backgrounds)
are assumed to have SM shapesÑtheir reconstructed ob-
servables are assumed to have anSM templateÑwhile
their normalization is allowed to ßoat independently. In
the SM, the ratio of R(D)/ R(D ! ) is itself tightly pre-
dicted up to small form factor uncertainties. Thus, the
current experimental approach can be thought of intro-
ducing a NP fit template, that is parametrized by varia-
tion in the double ratio R(D)/ R(D ! ) as well as, say, the
overall size ofR(D ! ).

Variation of R(D ! ), while keeping R(D)/ R(D ! ) Þxed
to its SM prediction, is consistent with NP contribu-
tions from the cVL Wilson coe�cient. This Wilson coef-
Þcient by deÞnition still generates SM-like distributions:
so that incorporating cVL contributions is self-consistent
with the Þt template assumptions from which the mea-
sured R(D (! ) ) values were recovered.

However, to explain the variation in R(D)/ R(D ! )
from the SM prediction requires further NP contribu-
tions, that generically also alter the B ! D (! )

⌧⌫ sig-

nal (and some background) decay distributions and ac-
ceptances. (It is possible that there exist NP contri-
butions which only modify the neutrino distributions.
Because the experiments marginalize over missing en-
ergy, this particular NP could permit R(D)/ R(D ! ) to
simultanteously ßoat from the SM prediction while pre-
serving the SM template for reconstructed observables.)
These NP contributions are thus generically inconsis-
tent with the assumed SM template in the current mea-
surement and Þt, and may a↵ect the recovered values
of R(D (! ) ) themselves. As a result, while the current
world-average forR(D)ÐR(D ! ) unambiguously indicates
a tension with the SM, it does not a priori allow for a
self-consistent NP interpretation or explanation. A self-
consistent BSM measurement of any recovered observ-
able instead requires e.g. dedicated Þt templates for each
BSM point of interest, which we discuss further below.

A similar tension with the SM can be established when
additional observables such as asymmetries, longitudinal
fractions, or polarization fractions are compared to SM
predictions (see Sec.II.D.2 ), and there is much litera-
ture studying their in-principle NP discrimination power.
However, the same caveat with regard to NP interpreta-
tions applies: NP contributions may alter the recovered
values of these parameters.
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