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R(D(*))|SM vs R(D(*))|exp  and  |Vcb|excl vs |Vcb|incl 
 

 are both tensions alive? 
are they related? 

      how to disentangle NP effects?  

F. De Fazio & PC, JHEP 1806, 082 and PRD 95, 011701(R) 

B→D* Dπ,Dγ( )ℓν

Precision Era in High Energy Physics 
Portoroz, April 16-19, 2019  
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R(D(*)) & friends 

è τ/µ,e universality questioned  

 pre-Moriond 2019  

 Belle NEW (Moriond 2019, 1904.08974)   
 
 
 
 

R(D) = 0.307± 0.037± 0.016
R(D*) = 0.283± 0.018± 0.014

first analyzed by S. Fajfer et al. 

3 σ from SM 



|Vcb|excl vs  |Vcb|incl 

HFLAV 

LQCD+CLN+BABAR+Belle+LHCb 

LQCD+BGL+Belle  (dataset in 1701.0827)  

LQCD+BGL+BABAR 

Caprini Lellouch Neubert 

Boyd Grinstein Lebed 

    (1903.10002) 

Gambino et al 
Grinsten et al 
Berlochner et al  

CLN: HQET + QCD SR   
	

BGL: analiticity + crossing symm. 

Blatsche factors (B(n)
c poles)+outer functions 

 

issue: B to D* form factors 

parameters 

5 parameters 

Vcb incl
= 42.46± 0.88( )×10−3

Vcb excl

D*
= 41.9−1.9

+2.0( )×10−3

Vcb excl

D*
= 38.36± 0.90( )×10−3

Vcb excl

D*
= 39.27± 0.56th ± 0.49exp( )×10−3

Vcb excl

D
= 40.85± 0.98( )×10−3

z = t+ − t − t+ − t0
t+ − t + t+ − t0

t± = MB ±MD*( )2

t0 = t+ − t+ t+ − t−( )

NEW from  
BABAR 
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are they related? 

  R(D(*)) and  |Vcb|  puzzles are there 
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example: NP scenario enhancing B to τ semileptonic modes  
and leaving τ(Bc) quite unaffected  

R(D(*)) 

R(D) constraint 

R(D*) constraint 

SM zero (q2 ≈ 6.15 GeV2 ) shifted to higher q2  

τ		FB asymmetry 

common range  

εTµ,e=0,	εTτ ≠ 0 

	Biancofiore De Fazio PC  
  

effects in B -> D** modes, …. 

consider additional operators 	many talks at this worksop 
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•  For  Heff    with  new four-fermion operators (S,P,T) and massless leptons, 
     at zero recoil no interference between SM and NP contributions 
•  same NP effect  in all modes  

|Vcb| 

•  include a new operator in Heff   (example: tensor) 
•  relax the assumption that it contributes only for τ	lepton	
•  keep non vanishing ml					l=e,µ,τ   and  me ≠ mµ	 De Fazio PC, PRD 95, 011701(R) 

These arguments can be evaded:  

same NP example: 

Crivellin  Pokorski, PRL 114, 011802 (2015) 

Arguments against a NP option 
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B -> Xc	l	νl	

HQ expansion for ΓSM, NP, INT
 expanded in 1/mQ        

αs	corrections in the SM term 

parameter space 
input (PDG) 

µ	mode	 e	mode	

Re εT
ℓ( ),  Im εT

ℓ( ),   Vcb( )
B B+ → Xce

+νe( ) = 10.8± 0.4( )×10−2

Γ = ΓSM + εT
2
ΓNP +Re εT( )Γ INT

T. Mannel 



allowed εTl			correlated to |Vcb| 
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|Vcb |=0.036
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B -> Xc l	νl		
allowed regions in parameter space 
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|Vcb |=0.038
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B -> Xc l	νl		
allowed regions in parameter space allowed εTl			correlated to |Vcb| 
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B -> Xc l	νl		
allowed regions in parameter space allowed εTl			correlated to |Vcb| 
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|Vcb |=0.042

quoted value for SM 
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B -> Xc l	νl		
allowed regions in parameter space allowed εTl			correlated to |Vcb| 
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B -> Xc l	νl		
allowed regions in parameter space allowed εTl			correlated to |Vcb| 



B -> D l	νl  + B -> Xc l	νl	: allowed regions  

µ	mode 
e mode 

effect of the lepton mass:  
the symmetry axes of the two regions do not coincide in the case of µ	

inner regions: inclusive 
outer regions: exclusive 
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B B+ →D0e+νe( ) = 2.38± 0.04± 0.15( )×10−2

B B+ →D0µ+νµ( ) = 2.25± 0.04± 0.17( )×10−2



B -> D* l	νl  + B -> Xc	l	νl 

µ	mode 
e mode 
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inner regions: inclusive 
outer regions: exclusive 

B B+ →D*0e+νe( ) = 5.50± 0.05± 0.23( )×10−2

B B+ →D*0µ+νµ( ) = 5.34± 0.06± 0.37( )×10−2

BABAR, PRD79, 012002 (2009)  



B -> D l	νl		+B -> D* l	νl  + B -> Xc l	νl 
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µ	mode 
e mode 



projections in the (Re εT,	Im	εT) plane 

µ	mode 

16	
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projections in the (Re εT,	Im	εT) plane 

µ	mode 



smallest allowed value 

18	

projections in the (Re εT,	Im	εT) plane 

µ	mode 
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projections in the (Re εT,	Im	εT) plane 

µ	mode 
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projections in the (Re εT,	Im	εT) plane 

µ	mode 



largest allowed value 
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projections in the (Re εT,	Im	εT) plane 

µ	mode 
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projections in the (Re εT,	Im	εT) plane 

µ	mode 

µ	mode e mode 

all constraints fulfilled for  

Vcb ∈ 0.0343,0.0421[ ] Vcb ∈ 0.0360,0.0427[ ]

Vcb ∈ 0.036, 0.042[ ]

SM-NP interference sizable for µ	
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a connection between them could be found 

  R(D(*)) and  |Vcb|  puzzles are there 

how to disentangle NP effects? 
            ->   observables in exclusive processes 
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•  effects of FF parametrization: BGL vs CLN 
•  disentangling SM from NP -  example: tensor case 

SM 

NP 

De Fazio PC  JHEP 1806, 082  

important for BsèD*
s 
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angular coefficients 
•  sensitive to FF parametrization 
•  some of them vanish in SM 

four dimensional decay distribution Becirevic Fajfer et al. 
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•  relations between π	and	γ	modes 

	
•  fit of the experimental differential distribution è angular coefficients è		FF 

SM 
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angular coefficients -> FF ratios R1 and R2 

BGL vs CLN parametrization 

q2 =MB
2 +MD*

2 − 2MBMD*w
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SM: BGL vs CLN 
µ	mode 

darker regions: CLN 
lighter regions: BGL there are coefficients more sensitive to the parametrization 

CLN:  Belle parameters 
BGL:  parameters from Gambino et al 
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SM: BGL vs CLN 
τ	mode 

darker regions: CLN 
lighter regions: BGL there are coefficients more sensitive to the parametrization 
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complementarity  D* ->D π	with D* ->D γ 

µ	 µ	

τ	 τ	

D* -> D π	

D* -> D π	

D* -> D γ	

D* -> D γ	
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SM vs NP 

•  εTµ  , εTτ  non vanishing 
	
•  choose	εTµ		in the region to fix the |Vcb|  tension 

•  determine		εTτ 		to reproduce R(D) & R(D*)   

dark region = minimal  χ2 

benchmark points 
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SM vs NP 
µ	mode 

size modified in NP  
some coefficients display a zero absent in SM (I2sπ	or I2cγ) 

SM NP 
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SM vs NP 
τ	mode 

size modified in NP  
some coefficients display a zero absent in SM (I2sπ	or I2cγ) 

I7 vanishes in SM, not in NP 

SM NP 
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SM vs NP at the benchmark points             	

SM NP 

SM NP 
transverse AFB 
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SM NP 

SM 

SM vs NP at the benchmark points                	

NP 
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D* polarization fractions 

SM NP 



37	

D* polarization fractions 

SM NP 
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tests of LFU using the angular coefficient functions 

SM NP 

generalized by Fedele et al. 
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Messages 

•  The |Vcb|excl  vs  |Vcb|incl  tension still persists 

•  As alternative to conventional SM solutions, a NP option for it seems 
viable and related to R(D(*)) 

  
•  Angular coefficients in                             4d distribution can 

disentangle non SM effects 

•  Some angular coefficients are more sensitive to FF parametrization 

•                                                        complementarity can be exploited 

•  Precision era: importance of separate th and exp analyses for 
electrons and muons 

B→D*(Dπ )ℓνℓ B→D*(Dγ )ℓνℓ

example 
B→D*(Dπ )ℓνℓ


