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Motivation
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Tree-level (TL) process. Large B(SM) ∼ (1− 2)%.

TL processes can be sensitive to NP as well as FCNCs.

e.g. sensitive to the charged Higgs (2HDM).

B-decays with τ in the final state offer possibilities to study NP effects not
present in processes with light leptons.
Hadronic uncertainties better controlled (or can be!).
Popular NP test via

R(D) =
B(B → Dτντ )

B(B → D`ν`)
, R(D∗) =

B(B → D∗τντ )

B(B → D∗`ν`)
(` = e, µ)

in order to cancel/reduce theoretical uncertainties in Vcb/FFs.
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Motivation

The BABAR results [arXiv:1205.5442],

R(D)exp =0.440± 0.058± 0.042 , R(D)SM = 0.297± 0.017 ,

R(D∗)exp =0.332± 0.024± 0.018 , R(D∗)SM = 0.252± 0.003 ,

disagree with the SM at the 3.4σ level (combining with Belle result, we obtain 3.5σ).
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Figure 1: Values of R(D(∗)) and its total uncertainties.

Table 1: Previous measurements of B → D(∗)τ−ντ . Σ is the total significance of the signal yield. Belle 2007 and
2010 measured B(B → D(∗)τ−ντ ) instead of R(D(∗)), so B(B → D(∗)$−ντ ) values found in ? were used to calculate
R(D(∗)).

Belle, 2007 BABAR, 2008 Belle, 2010

535M BB pairs 232M BB pairs 657M BB pairs

Mode Events Σ(σ) Events Σ(σ) Events Σ(σ)

B → Dτ−ντ — — 67 ± 19 3.6 146 ± 42 3.5

B → D∗τ−ντ 60 ± 12 5.2 101 ± 19 6.2 446 ± 57 8.1

R(D) =

{
0.440 ± 0.072 BABAR

0.297 ± 0.017 SM
(1)

R(D∗) =

{
0.332 ± 0.030 BABAR

0.252 ± 0.003 SM
(2)
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NP search in b→ cτνl : “model independent” approach

Heff describing the b→ cτνl process

Heff =
4GF√

2
Vcb
[
( δτl︸︷︷︸

SM

+ ClV1
)OV1 + ClV2

OlV2
+ ClS1

OlS1
+ ClS2

OlS2
+ ClT OlT︸ ︷︷ ︸

NP

]

OlV1
=(cLγ

µbL)(τLγµνlL) , OlV2
= (cRγ

µbR)(τLγµνlL) ,

OlS1
=(cLbR)(τRνlL) , OlS2

= (cRbL)(τRνlL) ,

OlT = (cRσ
µνbL)(τRσµννlL) .

In the SM, ClX = 0.
NO right-handed neutrino.

NB: the pseudotensor operator is not independent of OT due to the relation
cσµνγ5b = − i

2 εµναβcσ
αβb.
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Distributions (simple yet long formulas)

The studied distributions are given by

dΓ(B → Dτνl)

dq2
=
G2
F |Vcb|2

192π3m3
B

q2
√
λD(q2)

(
1− m2

τ

q2

)2

×
{

|δτl + ClV1
+ ClV2

|2
[(

1 +
m2
τ

2q2

)
Hs 2
V,0 +

3

2

m2
τ

q2
Hs 2
V,t

]
+

3

2
| ClS1

+ ClS2
|2 Hs 2

S + 8| ClT |2
(

1 +
2m2

τ

q2

)
Hs 2
T

+ 3Re[(δτl + ClV1
+ ClV2

)( Cl∗S1
+ Cl∗S2

)]
mτ√
q2
Hs
SH

s
V,t

− 12Re[(δτl + ClV1
+ ClV2

) Cl∗T ]
mτ√
q2
Hs
TH

s
V,0

}
where Hi are the helicity amplitudes,

Hi(q
2) ∝ 〈D(∗)|Oi|B〉

λ
D(∗) = ((mB −mD(∗) )2 − q2)((mB +m

D(∗) )2 − q2)
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Constraints on NP from R(D)&R(D∗) (example)

Assuming the presence of only one NP type (e.g. either scalar or tensor), we do
the χ2 fit of R(D)&R(D∗)BABAR+Belle and obtain the constraints on the NP
Wilson coefficients:

Scalar

ø
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Several NP “models” can explain the excess of B → D(∗)τν simultaneously ⇒
Can we discriminate them?
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How to distinguish between NP scenarios : various observables

R ratios (to be improved at Belle II)

R(D(∗)) = B(B→D(∗)τν)

B(B→D(∗)`ν)

τ forward-backward asymmetry,

AFB =
∫ 1
0

dΓ
d cos θ

d cos θ−
∫ 0
−1

dΓ
d cos θ

d cos θ∫ 1
−1

dΓ
d cos θ

d cos θ
=

∫
bθ(q2)dq2

Γ

d2Γ
dq2d cos θ

= aθ(q
2)+ bθ(q

2) cos θ+ cθ(q
2) cos2 θ θ

B D(∗)

τ

ν

τ polarization parameter by studying further τ decays,

Pτ = Γ(λτ=1/2)−Γ(λτ=−1/2)
Γ(λτ=1/2)+Γ(λτ=−1/2)

D∗ longitudinal polarization using the D∗ → Dπ decay,

PD∗ =
Γ(λD∗=0)

Γ(λD∗=0)+Γ(λD∗=1)+Γ(λD∗=−1)
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How to distinguish between NP scenarios : correlations (illustration)

Applying the constraints on CτS2
or CτT from the χ2 fit of R(D)&R(D∗) at 3σ level,

τ polarization

øSM
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[Sakaki,Tanaka,AT,Watanabe(’13), arXiv:1309.0301]

Measurements of these observables in addition to more precise determination of
R(D(∗)) are the key issue in order to identify the origin of the present excess of
B → D(∗)τν.

BUT this is NOT an easy experimental task /
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Exploring the q2 dependence for the NP search

dB(B → D(∗)τν)/dq2 [BABAR(’13), arXiv:1303.0571]
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FIG. 23. (Color online) Efficiency corrected q2 distributions for B → Dτ−ντ (top) and B → D∗τ−ντ (bottom) events with
m2

miss > 1.5 GeV2 scaled to the results of the isospin-constrained fit. The points and the shaded histograms correspond to
the measured and expected distributions, respectively. Left: SM. Center: tanβ/mH+ = 0.30 GeV−1. Right: tanβ/mH+ =
0.45 GeV−1. The B0 and B+ samples are combined and the normalization and background events are subtracted. The
distributions are normalized to the number of detected events. The uncertainty on the data points includes the statistical
uncertainties of data and simulation. The values of χ2 are based on this uncertainty.

Due to the subtraction of the large B → D∗τ−ντ feed-
down in the Dℓ samples, the measured q2 spectrum of
B → Dτ−ντ decays depends on the signal hypothesis.
This dependence is very small, however, because the q2

spectrum of B → D∗τ−ντ decays is largely independent
of tanβ/mH+ .

The measured q2 spectra agree with the SM expec-
tations within the statistical uncertainties. For B →
Dτ−ντ decays, there might be a small shift to lower val-
ues, which is indicated by the increase in the p value for
tanβ/mH+ = 0.30 GeV−1. As we showed in Sec. II B,
the average q2 for tanβ/mH+ = 0.30 GeV−1 shifts to
lower values because the charged Higgs contribution to
B → Dτ−ντ decays, which always proceeds via an S-
wave, interferes destructively with the SM S-wave. As a
result, the decay proceeds via an almost pure P -wave and
is suppressed at large q2 by a factor of p2

D, thus improv-
ing the agreement with data. The negative interference
suppresses the expected value of R(D) as well, however,
so the region with small tanβ/mH+ is excluded by the
measured R(D).

The two favored regions in Fig. 22 with SR+SL ∼ −1.5
correspond to tanβ/mH+ = 0.45 GeV−1 for B → Dτ−ντ

decays. However, as we saw in Fig. 3, the charged Higgs
contributions dominate B → Dτ−ντ decays for values
of tanβ/mH+ > 0.4 GeV−1 and the q2 spectrum shifts
significantly to larger values. The data do not appear to
support this expected shift to larger values of q2.

To quantify the disagreement between the measured
and expected q2 spectra, we conservatively estimate the
systematic uncertainties that impact the distributions
shown in Fig. 23 (Appendix). Within these uncertainties,
we find the variation that minimizes the χ2 value of those
distributions. Table IX shows that, as expected, the con-

TABLE IX. Maximum p value for the q2 distributions in
Fig. 23 corresponding to the variations due to the system-
atic uncertainties.

B → Dτ−ντ B → D∗τ−ντ

SM 83.1% 98.8%

tanβ/mH+ = 0.30 GeV−1 95.7% 98.9%

tanβ/mH+ = 0.45 GeV−1 0.4% 97.9%

servative uncertainties give rise to large p values in most
cases. However, the p value is only 0.4% for B → Dτ−ντ

decays and tanβ/mH+ = 0.45 GeV−1. Given that this
value of tanβ/mH+ corresponds to SR + SL ∼ −1.5, we
exclude the two solutions at the bottom of Fig. 22 with
a significance of at least 2.9σ.

The other two solutions corresponding to SR+SL ∼ 0.4
do not impact the q2 distributions of B → Dτ−ντ to the
same large degree, and, thus, we cannot exclude them
with the current level of uncertainty. However, these so-
lutions also shift the q2 spectra to larger values due to the
S-wave contributions from the charged Higgs boson, so
the agreement with the measured spectra is worse than
in the case of the SM. This is also true for any other
solutions corresponding to complex values of SR and SL.

On the other hand, contributions to B → Dτ−ντ de-
cays proceeding via P -wave tend to shift the expected
q2 spectra to lower values. Thus, NP processes with
spin 1 could simultaneously explain the excess in R(D(∗))
[44, 45] and improve the agreement with the measured q2

distributions.

,

To reduce the FF uncertainties, one can explore the q2-dependent ratio

RD(∗)(q
2) ≡ dB(B → D(∗)τν)/dq2

dB(B → D(∗)`ν)/dq2

For our convenience, to remove the divergence of RD at q2 = (mB −mD)2 †

and the phase space suppression of RD(∗) at q2 ∼ m2
τ , we introduce

R′D(q2) ≡RD(q2)× λD(q2)

(m2
B −m2

D)2
×
(

1− m2
τ

q2

)−2

R′D∗(q
2) ≡RD∗(q2)×

(
1− m2

τ

q2

)−2

† Since the µ-mode is supposed to be SM-like, B−1
µ ∝ (HsV )−2 ∝ λ−1

D
(q2).
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Exploring the q2 dependence for the NP search : R′(q2)

R′D(q2)
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How to distinguish between NP scenarios : R′(q2) fit (preliminary)

Both OτS2
and OτT can explain current result on R(D)&R(D∗)BABAR+Belle, e.g. :

1 CτS2
= −1.62 + 0.52i , Cτi 6=S2

= 0

2 CτT = 0.29 + 0.16i , Cτi 6=T = 0

Lets make a “fake” experimental data, assuming the model #1, and test
theoretical model #2. ⇒ The χ2 fit of binned R′D(q2) and/or R′D∗(q2) gives
χ2/Nbins ,

D D∗ D&D∗∫
Ldt = 426 fb−1 28 10 20∫
Ldt = 10 ab−1 655 225 456

Lets make another “fake” experimental data, assuming the model #2, and test
theoretical model #1. ⇒ The χ2 fit of binned R′D(q2) and/or R′D∗(q2) gives
χ2/Nbins ,

D D∗ D&D∗∫
Ldt = 426 fb−1 39 11 26∫
Ldt = 10 ab−1 903 249 600

⇒ Using the R′
D(∗)(q

2) distributions, one can clearly distinguish between the
scalar- and tensor-like models at Belle-II in a first couple of years of running !
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Conclusions

1 Not only FCNC processes can provide a window to NP search. Tree-level
decays are as good and often even more interesting, especially when the
hadronic uncertainties are well controlled.

2 Excess in B → Dτν and B → D∗τν, observed by BABAR and Belle, helped
discarding 2HDM-II.

3 We showed the effects of R(D(∗)) on NP couplings using the generic set of
operators.

4 Correlations among observables including the longitudinal τ polarizations and
the D∗ polarization are useful in distinguishing among possible NP scenarios.
But it is not easy to determine them experimentally.

5 The q2 dependence of R′
D(∗)(q

2) is also very sensitive to the presence of NP
and can provide precise constraints on NP at Belle II.
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Estimated errors of binned R′(q2) (preliminary)

Comparison of the theoretical and statistical errors at BABAR & Belle II for
various models :

δR′D(q2)/R′D(q2)
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Naive estimation of the statistical errors at Belle II

The number of reconstructed signal events in the ith q2 bin is

N `
i = NBB × B`i × ε`i , (` = τ , µ , e)

where NBB = L × σ(e+e− → Υ(4S)→ BB) = 40 ab−2 × 1.1 nb = 4.4× 1010;
ε`i is the efficiency of {detector resolution, reconstruction, cuts, etc.}.
In this way,

Ri ≡ B
τ
i

Bµi
=
Nτ
i

Nµ
i

εµi
ετi

Assuming that Nµ
tot � Nτ

tot and δNτ
i ≈

√
Nτ
i , one gets

δRstat
i ≈ δNτ

i

Nµ
i

εµi
ετi
≈
√
Nτ
i

Nµ
i

εµi
ετi

=
1√

NBB ε
τ
i

√
Bτi
Bµi

Naively assuming the efficiency to be constant, ετi can be estimated using the
BABAR data [arXiv:1303.0571]:

ετi ≈ ετtot ≈
NBABAR

tot (B → D(∗)τ(→ µνν)ν)

NBABAR
BB

× BBABAR(B → D(∗)τν)× B(τ → µνν)

=
489(888)

471× 106 × 1.02(1.76)%× 17.8%
' 6× 10−4
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Helicity amplitudes

B →Dτν (3 FFs) :

Hs
V,0(q2) ≡Hs

V1,0(q2) = Hs
V2,0(q2) =

√
λD(q2)

q2
F1(q2)

Hs
V,t(q

2) ≡Hs
V1,t(q

2) = Hs
V2,t(q

2) =
m2
B −m2

D√
q2

F0(q2)

Hs
S(q2) ≡Hs

S1
(q2) = Hs

S2
(q2) =

m2
B −m2

D

mb −mc
F0(q2)

Hs
T (q2) ≡Hs

T,+−(q2) = Hs
T,0t(q

2) = −
√
λD(q2)

mB +mD
FT (q2)

with hadronic amplitudes defined as,

HλM
V1,2, λ

(q2) =ε∗µ(λ) 〈M(λM )|cγµ(1∓ γ5)b|B〉 ,
HλM
S1,2, λ

(q2) =〈M(λM )|c(1± γ5)b|B〉 ,
HλM
T, λλ′(q

2) =ε∗µ(λ)ε∗ν(λ′) 〈M(λM )|cσµν(1− γ5)b|B〉

where λM and λ denote the meson and virtual intermediate boson helicities in the
B rest frame respectively.
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Helicity amplitudes

B →D∗τν (7 FFs) :

HV,±(q2) ≡H±V1,±(q2) = −H∓V2,∓(q2) = (mB +mD∗)A1(q2)∓
√
λD∗(q2)

mB +mD∗
V (q2)

HV,0(q2) ≡H0
V1,0(q2) = −H0

V2,0(q2) =
mB +mD∗

2mD∗
√
q2

[
−(m2

B −m2
D∗ − q2)A1(q2)

+
λD∗(q

2)

(mB +mD∗)2
A2(q2)

]

HV,t(q
2) ≡H0

V1,t(q
2) = −H0

V2,t(q
2) = −

√
λD∗(q2)

q2
A0(q2)

HS(q2) ≡H0
S1

(q2) = −H0
S2

(q2) = −
√
λD∗(q2)

mb +mc
A0(q2)

HT,±(q2) ≡ ±H±T,±t(q2) =
1√
q2

[
±(m2

B −m2
D∗)T2(q2) +

√
λD∗(q2)T1(q2)

]
HT,0(q2) ≡H0

T,+−(q2) = H0
T,0t(q

2) =
1

2mD∗

[
−(m2

B + 3m2
D∗ − q2)T2(q2)

+
λD∗(q

2)

m2
B −m2

D∗
T3(q2)

]
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