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Anomalies in 𝑏 → 	𝑐	ℓ	𝜈	transitions

R
(

D(∗)
)

=
B(B̄→D

(∗)
τ
−
ν̄τ)

B(B̄→D(∗) #−ν̄")

Lepton Flavour Universality 
Violation (LFUV) 

Determinations of |𝑉!"| and |𝑉#"| 
obtained from inclusive and 
exclusive B decays in tension
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Possibility to investigate NP that can explain both anomalies

Hb→U!ν
eff =

GF
√
2
VUb×

{

(1 + ε!V )
(

Ūγµ(1− γ5)b
) (

#̄γµ(1− γ5)ν!
)

+ ε!R
(

Ūγµ(1 + γ5)b
) (

#̄γµ(1− γ5)ν!
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Ūb
) (
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+ ε!P
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Ūγ5b
) (

#̄(1− γ5)ν!
)

+ ε!T
(

Ūσµν(1− γ5)b
) (

#̄σµν(1− γ5)ν!
)

}

+ h.c.

𝜖!ℓ ≠ 0 new physics contributions lepton flavour dependent

Generalized effective Hamiltonian

possibility to extract 𝑉#$ CKM matrix element 

For 𝑉 = 𝐷∗
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'𝑩 → 𝑫∗ 𝑫	𝝅 	ℓ	+𝝂ℓ process 
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�⃗�" the three momentum of 
the V meson in B rest frame 

Only in presence of NP 

Only for 𝑚ℓ ≠ 0	in SM
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Angular decomposition
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𝐼! functions  properties:
• depend only on 𝑞% 
• expressed in terms of SM and 

NP contributions

𝑖 = 1𝑠, … , 6𝑐

𝑖 = 8, 9
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Angular Coefficient Functions
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𝑞% dependence through Helicity Amplitudes 
parametrizing the matrix elements of different operators

V-A current 

Tensor current 

𝐴&,(,%, 𝑉 and 𝑇&,(,% parametrize respectively:

•  

•  
  

〈V (p′, ε)|Ūγµ(1− γ5)b|B(p)〉

〈V (p′, ε)|Ūσµνb|B(p)〉
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Angular Coefficient Functions
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Full set of angular coefficient functions 
from Belle Collaboration

M. T. Prim et al. (Belle), (2023), arXiv:2310.20286[hep-ex]

Experimental results taken from 
plots presented in term of

 )𝐽! 𝑤 = )*+$ ,
- = 𝐽! 𝑤 /𝑁

𝑤 =
𝑚%
& +	𝑚'∗

& − 𝑞&

2	𝑚%	𝑚'∗

𝐹 =
3 �⃗�'∗
2()𝑚%

*

𝑘 = 2−1 for 𝑖 = 4,6𝑠, 6𝑐, 8
1 all the others

In 4 bins Δ𝑤(/) of 𝑤 

𝑁 =
8
9
𝜋3
/1(

2

(3 ̅𝐽(3/ + 6 ̅𝐽(4/ − ̅𝐽%3/ − 2 ̅𝐽%4/ )

̅𝐽!/ = <
5, +

𝐽! w dw

Δ𝑤(() = [1, 1.15]
Δ𝑤(%) = [1.15, 1.25]

Δ𝑤(6) = [1.25, 1.35]
Δ𝑤(2) = [1.35, 1.5]

Integrated width 
modulo a constant

NP contribution 
NOT considered

Evaluation of the hadronic form 
factors and improvement on |𝑉3$|

BGL and CLN

NP contribution 
considered

Constraints on NP 
parameters 𝜖!ℓ

2 possible uses

P. Colangelo, F. De Fazio, F. Loparco, N.L., Phys. Rev. D 109 (2024)

Boyd, Grinstein, 
and Lebed

Caprini, Lellouch, 
and Neubert
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Experimental results
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From the theoretical expression of 𝐼! 
and fixing 𝑁 from the known 𝐵𝑅 we get 

)𝐽!/ !78
89

= ∫5, + )𝐽!89 w dw

From the experimental value of )𝐽!
)𝐽!/ !78

:;< = )𝐽! ⋅ Δ𝑤 /	

𝑤 dependence of the 
form factors needed

Use of CLN parametrization
P. Colangelo, F. De Fazio, JHEP 06, 082 (2018) 

)𝐽!/ !78
89

∈ [ )𝐽!/ !78
:;<

− 𝑘 𝜎!/, )𝐽!/ !78
:;<

+ 𝑘 𝜎!/]1° constraint

Set 1 𝜖=
>, 𝜖?

>, 𝜖<
>, 𝜖@

>

𝜒A:B% =
1
𝜈3
!,/

)𝐽!/ !78
89

− )𝐽!/ !78
:;< %

/ 𝜎!/ % ≤ 1.8752° constraint

Set 2 𝜖=
>, 𝜖?

>, 𝜖<
>, 𝜖@

>

Found to be 2.5

𝜎$ ⋅ Δ𝑤 %
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Results
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•  
Set 1 •  

Set 2

No SM
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•  Measurement

Obtained band 
using Set 2
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Do NOT depend on 𝜖,

𝜖@ = 0  Insensitive to 
𝜖= and 𝜖?

Different behaviours imply 
presence of tensor operator
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Observables
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𝑤&	( )𝐽!) =
Zero of the 𝐽! angular 
coefficient function𝜖= = 𝜖? = 0 

cannot both have a 
zero for same 𝜖@

Belle results compatible with 
the presence of a zero in )𝐽%4 
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Observables
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Only ϵT
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𝜖= = 𝜖? = 𝜖C = 0 

𝐽D3

Range compatible with Belle results

Small values of 𝑅𝑒[𝜖@]

Compatible with )𝐽%4 zeros 
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Observables
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Analysis compatible with the possibility of NP tensor operator

Belle measurements allow us to constrain NP couplings

• 𝑅%(4 𝑤  sensitive to 𝜖@
• NP parameters dependence of the 

zeros of some angular coefficient 
functions           )𝐽%4, )𝐽%3, )𝐽D3

We have shown:

• the allowed NP parameter space 

• the angular coefficient functions fitting the data

• NP sensitive observables
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Conclusions
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Backup

SM Right Right-SM
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Angular Coefficient Functions Expression
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Backup

Pseudoscalar Tensor Tensor-SMPseudo-SM
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Angular Coefficient Functions Expression
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Backup

Right-Tensor Pseudo-TensorPseudo-Right
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Angular Coefficient Functions Expression


