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γαγμkμ

2pB . k
Γμv(pν)ℋμ

• Matrix element : 

,   

ℳ0(B → Pℓν̄ℓ) =
GF

2
Vqbℋμ(pP, pB)ℒμ

ℋμ(pP, pB) = (pB + pP)μ fP
+(q2) + (pB − pP)μ fP

−(q2) ℒμ = uℓγμ(1 − γ5)vνℓ

QED Corrections to  modeB → Pℓν̄ℓ(P = D/π)
Non-Radiative :

Real photon emission :

−( f+ − f−)ū(pℓ)( pα
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with,

Note: All quantities with ‘0’ as superscript or subscript are non-radiative while without any superscript or subscript 
are  QED corrected quantity.𝒪(α)

ΔRV
= δQED

Vub
− δQED

Vcb

δQED
Vqb

=
|Vqb |

|V0
qb |

− 1QED shift in the CKM elements:

QED shift in  :RV

δRP
= R0

P( ΔQED
τ

Γ0
τ

−
ΔQED

μ

Γ0
μ

)QED shift in  :RPRP =
∫ dq2 dΓ(B → Pτν̄τ)

dq2

∫ dq2
dΓ(B → Pμν̄μ)

dq2

,• The LFU Ratio  :RP
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B → Pℓν̄ℓ
d2ΓB→Pℓν̄ℓ

dy
=

d2ΓB→Pℓν̄ℓ

dy SM
|1 + cq

R |2

• For inclusive process  : (mu/mb → 0)
d2ΓB→Xqℓν̄ℓ

dy
= |1 + cq

R |2
d2ΓB→Xqℓν̄ℓ

dy SM
+ cq

R

d2ΓB→Xqℓν̄ℓ

dy LR
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• NP impact on the ratio of   to  RNP
V RSM

V

  is the corresponding CKM 
elements in the presence of NP
VNP

qb

Note:  is the corresponding 
CKM elements in the absence of 

NP

VSM
qb

NP

• We get constraint on  :  (actual power of )cu
R cu

R ∈ [−1.34,1.34]cc
R RV
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•   is found to be , well below the bound for 
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• This examples   puzzle and  puzzle are not independent ⟹ Vcb Vub

Grinstein et.al , PRL .3 2017
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Differential decay width for inclusive modes :


