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Introduction to the R(D)/R(D*) discrepancy

Semileptonic decays can be used to study the Lepton Flavor Universality (LFU).

Motivation
▶ 3.31σ tension in R(D) and R(D∗)

measurement with Standard Model
(SM) predictions:

R(D∗) =
BR(B0 → D∗τν)
BR(B0 → D∗µν)

▶ New Physics (NP) could effect these
ratios:
▶ it is possible to measure dircetly the NP

effects using Effective Field Theory (EFT).
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Introduction to the EFTs

Effective field theory (EFT)

▶ evaluate model independent NP effects;

▶ embed NP and SM contributions in the effective operators Oi

Heff =
GF√
2
Vcb

∑
i

CiOi

▶ Wilson coefficients describes the magintude of the vertex Ci = CSM
i + CNP

i
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Hammer: a tool to reweight our templates.

The Hammer interface [2002.00020] is used to weight template histograms.
4

Current Label Wilson Coe�cient, cXY Operator

SM SM 1
⇥
c̄�µPLb

⇤⇥
¯̀�µPL⌫

⇤

Vector

V_qLlL VqLlL

⇥
c̄�µPLb

⇤⇥
¯̀�µPL⌫

⇤

V_qRlL VqRlL

⇥
c̄�µPRb

⇤⇥
¯̀�µPL⌫

⇤

V_qLlR VqLlR

⇥
c̄�µPLb

⇤⇥
¯̀�µPR⌫

⇤

V_qRlR VqRlR

⇥
c̄�µPRb

⇤⇥
¯̀�µPR⌫

⇤

Scalar

S_qLlL SqLlL

⇥
c̄PLb

⇤⇥
¯̀PL⌫

⇤

S_qRlL SqRlL

⇥
c̄PRb

⇤⇥
¯̀PL⌫

⇤

S_qLlR SqLlR

⇥
c̄PLb

⇤⇥
¯̀PR⌫

⇤

S_qRlR SqRlR

⇥
c̄PRb

⇤⇥
¯̀PR⌫

⇤

Tensor
T_qLlL TqLlL

⇥
c̄�µ⌫PLb

⇤⇥
¯̀�µ⌫PL⌫

⇤

T_qRlR TqRlR

⇥
c̄�µ⌫PRb

⇤⇥
¯̀�µ⌫PR⌫

⇤

Table 1 The b ! c`⌫ operator basis and coupling conventions.
Also shown are the identifying Wilson coe�cient labels used in
Hammer. The normalization of the operators is as in Eq. (??).

B ! D⌧ ⌫̄ Category Fractions Events / ab�1

B ! D⌧ ⌫̄ 5.6% 800
B ! D⇤⌧ ⌫̄ 2.3% 325
B ! D`⌫̄ 49.4% 7000
B ! D⇤`⌫̄ 40.6% 5750

Irreducible background 2.0% 288

B ! D⇤⌧ ⌫̄ Category Fractions Events / ab�1

B ! D⇤⌧ ⌫̄ 5.4% 950
B ! D⇤`⌫̄ 93.0% 16500

Irreducible background 1.6% 288

Table 2 The Asimov data set components. The fractions were
motivated by Refs. [? ? ].

A sizable downfeed background from D⇤ mesons
misreconstructed as a D is expected in the B ! D ⌧ ⌫̄

channel via both the B ! D⇤ ⌧ ⌫̄ and B ! D⇤ `⌫̄ de-
cays. This is taken into account by partitioning the sim-
ulated B ! D⇤⌧⌫ and B ! D⇤`⌫ events into two sam-
ples: One with the correct m2

miss = (pB�pD⇤�p`)
2 and

the other with the misreconstructed m2
miss = (pB�pD�

p`)
2, which omits the slow pion. This downfeed reduces

the sensitivity for the case that NP couplings induce

opposite e↵ects on the B ! D⌧ ⌫̄ versus B ! D⇤⌧ ⌫̄
total rates or shapes. In addition to semileptonic pro-
cesses, we assume the presence of an irreducible back-
ground from secondaries (i.e., leptons from semileptonic

D meson decays), fake leptons (i.e., hadrons that were
misidentified as leptons) and semileptonic decays from
higher charm resonances (i.e., D⇤⇤ states). The irre-

ducible background is modeled in a simplified manner
by assuming 10 background events in each of the 12⇥12
bins, totaling overall 1440 events per category.
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Fig. 1 The ratios of di↵erential distributions with respect to the
SM, as functions of |~p⇤` | and m2

miss, for various Wilson coe�cient
working points. For more details see text.

Figure ?? shows the impact on the fit variables of
three benchmark models that we use to investigate the

e↵ects of new physics:

i) The R2 leptoquark model, which sets SqLlL '
8 TqLlL (including RGE; see, e.g., Refs. [? ? ]);

ii) A pure tensor model, via TqLlL;

iii) A right-handed vector model, via VqRlL .

For the ratio plots in Fig. ??, we fix the NP Wilson coef-

ficients to specific values to illustrate the shape changes
they induce in |~p⇤` | and m2

miss. The R2 leptoquark model
and tensor model exhibit sizable shape changes. The

right-handed vector model shows only an overall nor-
malization change for B ! D ⌧ ⌫̄, with no change in
shape compared to the SM, because the axial-vector

B ! D hadronic matrix element vanishes by parity and
angular momentum conservation. For B ! D⇤, both
vector and axial vector matrix elements are nonzero, so
that introducing a right-handed vector current leads to

shape and normalization changes.
Figure ?? shows the projections of the constructed

Asimov data set, as well as the distributions expected

for the three NP models. The latter have the same cou-
plings as those shown in Fig. ??.

2.3 R(D(⇤)) biases from new physics truth

Many NP analyses and global fits to the R(D(⇤)) mea-
surements – together with other potentially template-
sensitive observables, including q2 spectra – have been

carried out by a range of phenomenological studies (see,
e.g., Refs. [? ? ? ? ? ? ? ? ? ? ? ? ? ]). As mentioned
above, the standard practice has been to fit NP predic-

tions to the world-average values of R(D(⇤)) (and other
data) to determine confidence levels for allowed and

It is possible to:

▶ change Form Factor parametrization;

▶ fit the Form Factor parameters for a given
parametrization;

▶ include NP models in the templates;

▶ use it as an interface in the fit to measure
directly the WCs.

In the following we will closer look to the NP WCs excluding right-handed neutrinos
(S qLlL, V qRlL, T qLlL).
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Analysis strategy (1): introduction

Different channels have different sensitivity to NP operators:

▶ B → Dτν are more sensitive to scalar operators;

▶ B → D∗τν, Bc → J/ψτν and Λb → Λcτν are sensitive to vector and tensor operators.

We include different analyses looking at different decay modes:
▶ Preliminary sensitivity studies:

▶ R(D*) tau-muonic decay: LHCb-PAPER-2015-025;
▶ R(D*) tau-hadronic decay: LHCb-PAPER-2022-052;

▶ We build a set of templates from the simulations used in the analyses:
▶ Hammer reweighting we can vary the WCs and the FFs parameters;
▶ we can use them as free parameters in the fit.

M.Colonna Joint LHCb-Belle II global Wilson Coefficient fit to b → cτ−ντ decays.
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Analysis strategy (2): WC template shapes

Example of different values of T qLlL injected in a B0 → D∗τ(→ µνµντ )ντ template:
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Analysis strategy (3): Gammacombo phase-space scans

We use Gammacombo to apply a phase-space scans:

▶ multiple template fits in different phase-space regions.

Profile likelihood method:
We define:

χ2 (α⃗) = −2 ln L(α⃗)

over the α⃗ phase space.

The confidence interval (Gaussian assumption):

1− CL =
1√

2Γ(1/2)

∫ ∞

∆χ2
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Gammacombo combines all the included analysis sharing parameters among each other.

Very time consuming: runtime scales with the granularity and Ndof .

▶ Parallelize the different regions of the phase-space.
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Model from R(D*) tau-muonic analysis

The template is composed by the weighted simulations used in the previous analysis.

The signal mode (B0 → D+∗τ−ντ ):

▶ Form Factor weighting: (BD∗, ISGW2) → (BD∗, BLPRXP).

The control mode (B0 → D+∗µ−νµ)

▶ Form Factor weighting: (BD∗, BLPR) → (BD∗, BLPRXP).
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Other background contributions have been excluded in these preliminary studies.
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WCs sensitivity of R(D*) tau-muonic analysis

We apply a Asimov scan in the signal+control configuration to study the sensitivity.
▶ Each scan considers 1 of the WCs;
▶ the control mode is always considered to be purely SM;
▶ the SM contribution is shared among the signal-control to parametrize the yields.

Scalar (qLlL) Vector (qRlL) Tensor (qLlL)
Uncertainty on the Real part (1-D) 0.180 0.041 0.008

Uncertainty on the Imaginary part (1-D) 1.104 0.203 0.052

M.Colonna Joint LHCb-Belle II global Wilson Coefficient fit to b → cτ−ντ decays.
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Model from R(D*) tau-hadronic analysis

The signal mode (B0 → D+∗τ−ντ ):

▶ Form Factor weighting: (BD∗, ISGW2; τπππ, RCT) → (BD∗, BLPRXP; τπππ, RCT).

A proxy background component (B → D∗DsX ):

▶ is not Hammer weighted (yield is a free parameter).
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The signal simulation is produced using TAUOLA for the τ−-decay.

▶ TAUOLA is not the model used in the Hammer calibration of RCT;

▶ TAUOLA has been validated by compating the kinematic with RCT-nominal model.
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WCs sensitivity of R(D*) tau-hadronic analysis

We apply a Asimov scan in the signal+background configuration to study the sensitivity.

▶ Each scan considers 1 of the WCs;

▶ We have a good constraint of the WCs’ imaginary part.

Scalar (qLlL) Vector (qRlL) Tensor (qLlL)
Uncertainty on the Real part (1-D) 0.250 0.154 0.014

Uncertainty on the Imaginary part (1-D) 0.334 0.162 0.018

M.Colonna Joint LHCb-Belle II global Wilson Coefficient fit to b → cτ−ντ decays.
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WCs sensitivity of the combination

The two modes give complementary results:
▶ the NP and SM Wilson Coefficients are shared among the tow modes;
▶ the Muonic mode constraints the Real part of the WCs (higher statistic, ...);
▶ the Hadronic mode constraints the Imaginary part of the WCs (τ -vertex weight, ...)

Scalar (qLlL) Vector (qRlL) Tensor (qLlL)
Uncertainty on the Real part (1-D) 0.173 0.039 0.007

Uncertainty on the Imaginary part (1-D) 0.289 0.142 0.016

M.Colonna Joint LHCb-Belle II global Wilson Coefficient fit to b → cτ−ντ decays.
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Conclusions and Outlook

Conclusions
▶ We are working on a combined WCs fit in b → cτντ decays using several LHCb + Belle

II analyses.

▶ Currently setting up the framework and studying sensitivity of the WCs.

▶ The framework (GammaCombo + Hammer) allows to combine multiple analysis.
▶ Sensitivity studies have been done using 2 LHCb analysis:

▶ R(D*) measurement with τ -hadronic decay.
▶ R(D*) measurement with τ -muonic decay.

Outlook
▶ Full description of the background for the analyses.
▶ Include other LHCb analysis:

▶ we will study the LHCb combination first.

▶ Setup a combined measurement with Belle once all the inputs are confirmed.
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