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1. Soft photon QED effects
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๏ QED radiative corrections: sensitive to maximum energy  kmax

๏  gets negligible corrections due to the soft photon QED effects. RV

๏  is affected very mildly by the choice of form factors in chosen  range.RV q2

๏  and  puzzles treat the NP couplings independently. The equality of  inclusive and exclusive  
relates two type of couplings in a model independent approach.
|Vub | |Vcb | RV

We thus propose   as a powerful probe of SM and beyond, both experimentally and 
theoretically.

RV

The ratio  determined with the choice  and  for the corresponding form factors.RV f (A)
B→π f (A)

B→D

 : form factors obtained from HQET  and LCSR  (I) 2 3

 : form factors obtained from lattice  (II) 4

Radiative corrections to  (c(n)=charged (neutral) ) for different thresholds on photon 
energy,  for (a)  and (b) 


RV B
kmax B0 → P+( = D, π)μ−ν̄μ B− → P0( = D, π)μ−ν̄μ

๏ Explicit values of inclusive and exclusive :RV( =
|Vub |

|Vcb | )
RV

excl
= 0.094 ± 0.005 RV

incl
= 0.101 ± 0.007

high q2 high q2

−( f+ − f−)ū(pℓ)( pα
B

pB . k
γμkμ − γα)(1 − γ5)v(pν)]

๏ Gauge invariant matrix element :

d2ΓQED
ℓ

dydz
=

d2Γ0

dydz (1+ΔQED
ℓ )

(1)   and    (Masked with hadronic uncertainties)  No unambiguous New Physics 

(2)  Curious observation:  as constructed using measurements of  and  obtained from PDG;     

|Vub |incl − |Vub |excl ∼ 3.5σ |Vcb |incl − |Vcb |excl ∼ 3σ 1 ⟹

RV =
|Vub |

|Vcb |
|Vub | |Vcb | RV |excl − RV |incl ∼ 1σ

๏ Before considering phenomenology, let’s ask about 

theoretical uncertainties, particularly

(1) Soft photon QED effects, 

(2) Dependence on choice of form factors  

2. Dependence on choice of form factors

ℳ = eϵα(k)[ℳ0 (−
pα

B

pB . k
+

pα
ℓ

2pℓ . k ) + ū(pℓ)
γαγμkμ

2pB . k
Γμv(pν)ℋμ

Blue : Eikonal (or soft) part, Magenta : Non-eikonal part  
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๏ Differential decay width : ๏ QED corrected Observable:

 ΔRV
=

RV(with QED)
RV(without QED)

− 1

๏  : robust against soft photon corrections and choice of form factors  
Theoretically Clean observable
RV ⟹

Little effect: 

  0.3% 

(  MeV) 
ΔRV

∼
kmax = 250

Negligible 
correction

Phenomenological importance
๏ Example: Consider new physics (NP) using right 

handed currents in quark sector

 

๏   relates coefficients of NP in  

quark sector with those in  quark. 

RV |excl ≡ RV |incl ⟹ u
c

๏  and  puzzles are not 
independent. Could be related even in 
model independent approach 

|Vub | |Vcb |
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(y =
2pB . pℓ

m2
B

, z =
2pB . pP

m2
B

)

Contact term

HNP =
4GF

2
Vqbc

q
R(ℓ̄γμPLν)(q̄γμPRb) .

ℓ−B−

D0 ν̄ℓ
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