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0.2 0.3 0.4
R(D*)

BaBar (2012), had. tag
 0.018± 0.024 ±0.332 

Belle (2015), had. tag
 0.015± 0.038 ±0.293 

Belle (2017), (had. tau)
 0.027± 0.035 ±0.270 

Belle (2019), sl.tag
 0.029± 0.018 ±0.283 

LHCb (2015) 
 0.030± 0.027 ±0.336 

LHCb (2018), (had. tau)
 0.029± 0.018 ±0.280 

Average 
 0.008± 0.011 ±0.295 

SM pred. average 
 0.005±0.258 

PRD 95 (2017) 115008 
 0.003±0.257 

 JHEP 1711 (2017) 061  
 0.008±0.260 

JHEP 1712 (2017) 060 
 0.005±0.257 

HFLAV
Spring 2019

/dof = 0.4/ 1 (CL = 52.00 %)2χ

0.2 0.4
R(D)

BaBar (2012), had. tag
 0.042± 0.058 ±0.440 

Belle (2015), had. tag
 0.026± 0.064 ±0.375 

Belle (2019), sl. tag
 0.016± 0.037 ±0.307 

Average 
 0.013± 0.027 ±0.340 

SM pred. average
 0.003±0.299 

PRD 94 (2016) 094008 
 0.003±0.299 

PRD 95 (2017) 115008 
 0.003±0.299 

JHEP 1712 (2017) 060 
 0.004±0.299 

FNAL/MILC (2015) 
 0.011±0.299 

HPQCD (2015) 
 0.008±0.300 

HFLAV
Spring 2019

/dof = 0.4/ 1 (CL = 52.00 %)2χ

�3

Current status of R(D) and R(D*)

D*+

D*+

D*+

D*0,+D0,+

B̄0
tag ! D⇤+`�⌫̄

D0,+ D*0,+

D*0,+

3.5σ(CLN) 
 

BGL  parametriza6on 

[HFLAV averages Spring 2019]

1.4 σ

2.3 σ

2.5 σ

3.0 σ

Belle New result  
1904.08794

D0,+

After Belle 2019 After Belle 2019

 combine: 3.1 σ tension

3.8 σ
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Latest SM predictions

All �  corrections in the heavy quark expansion are included and fit all form factors (previous 

works are �  + part of � )

𝒪(1/m2
c )

𝒪(1/mc), 𝒪(αs), 𝒪(1/mb) 𝒪(1/m2
c ) [Bordone, Jung, van Dyk 1908.09398]

(my personal analysis) combine: 3.1 → 3.9 σ

�R(D)SM = 0.298 ± 0.003 �R(D*)SM = 0.247 ± 0.006

�R(D)SM = 0.297 ± 0.003 �R(D*)SM = 0.250 ± 0.003

 � : 1.4 → 1.4 σ R(D)
 � : 2.5 → 3.4 σ R(D*)

[Gubernari, Kokulu, van Dyk '19]

2/1/0: �  corrections are just constants 
3/2/1: �  dependence in �  is included

𝒪(1/m2
c )

ω 𝒪(1/m2
c )

 example: �  FFA1

w = (m2
B +m(⇤)2

D � q2)/2mBm
(⇤)
D

<latexit sha1_base64="DN6G3Q1ZGpIFXNcvA1JJiZn9rd8=">AAACI3icbZDLSsNAFIYn9VbrLerSzWARWsSaREERhFJduKxgL9DWMplO26GTizMTpYS8ixtfxY0Lpbhx4bs4SbOw1gMDH/9/DmfOb/uMCmkYX1pmYXFpeSW7mltb39jc0rd36sILOCY17DGPN20kCKMuqUkqGWn6nCDHZqRhj65iv/FIuKCeeyfHPuk4aODSPsVIKqmrXzxdFpxuWInuQys6VHStqNBGQhat6OghVovHFkxa4IwddfW8UTKSgvNgppAHaVW7+qTd83DgEFdihoRomYYvOyHikmJGolw7EMRHeIQGpKXQRQ4RnTC5MYIHSunBvsfVcyVM1N8TIXKEGDu26nSQHIq/Xiz+57UC2T/vhNT1A0lcPF3UDxiUHowDgz3KCZZsrABhTtVfIR4ijrBUseZUCObfk+ehbpXMk5J1e5ovV9I4smAP7IMCMMEZKIMbUAU1gMEzeAXv4EN70d60ifY5bc1o6cwumCnt+wcgU6NW</latexit>

All lattice data, QCDSR, and the latest LCSR result 

+ Angular distributions from Belle data [Belle, 1510.03657, 1702.01521, 1809.03290]
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0.2 0.3 0.4 0.5
R(D)

0.2

0.25

0.3

0.35

0.4R
(D

*)
HFLAV average

Average of SM predictions

 = 1.0 contours2χΔ

 0.003±R(D) = 0.299 
 0.005±R(D*) = 0.258 

HFLAV

Winter 2019

) = 27%2χP(

σ3

LHCb15

LHCb18

Belle17

Belle19 Belle15

BaBar12

HFLAV
Spring 2019

�5

[HFLAV averages Spring 2019]

�RSM
D = 0.297 ± 0.003

�RSM
D* = 0.250 ± 0.003

New SM prediction

�  @LHCb 

same-direction tension ~2σ. 

But form factors are poorly 

known because heavy quark 

expansion is broken by �  

R(J/Ψ) =
BR(Bc → J/Ψτν)
BR(Bc → J/Ψℓν)

mc

e.g., [Watanabe, ’18]
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0.2 0.3 0.4 0.5
R(D)

0.2

0.25

0.3

0.35

0.4R
(D

*)
HFLAV average

Average of SM predictions

 = 1.0 contours2χΔ

 0.003±R(D) = 0.299 
 0.005±R(D*) = 0.258 

HFLAV

Winter 2019

) = 27%2χP(

σ3

LHCb15

LHCb18

Belle17

Belle19 Belle15

BaBar12

HFLAV
Spring 2019

�6

[HFLAV averages Spring 2019]

soE-photon correcGons are parGally subtracted 
by PHOTOS Monte-Carlo simulaGon Error = QCD 

�RSM
D = 0.297 ± 0.003

�RSM
D* = 0.250 ± 0.003

New SM prediction

No QED correcGons 

�  @LHCb 

same-direction tension ~2σ. 

But form factors are poorly 

known because heavy quark 

expansion is broken by �  

R(J/Ψ) =
BR(Bc → J/Ψτν)
BR(Bc → J/Ψℓν)

mc

e.g., [Watanabe, ’18]
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Photon emissions in data

[Belle, PRD92 (2015)  no.7, 072014 ]

Missing mass squared 
distribuGons of 
selected events@ Belle R(D) R(D*)

Distort to 
posi6ve direc6on

The experiments have not explicitly utilized the photon cut for event selections for B semileptonic decay 

The photon emission distorts the missing mass squared distribution to the positive direction

�p2
ν = 0

Hard emission 
distorts only the tail

Soft emission distorts 
around the center of 
the missing mass dist.

soft hard

�Eνℓ
= 0.5 − 2 GeVM2

miss ⌘
�
pe+e� � pBtag � pD � p`

�2
= (p⌫+p�)

2 = 2E⌫E� (1� cos ✓⌫�)> 0
<latexit sha1_base64="CNYQPY2OP3emMrH/0Vnn54CT0rQ="></latexit>
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At large distance � , the QED interactions of the charged mesons are well described by   

the scalar QED (point-like particle approximation)

(μ < ΛQCD)

B D

Form factors  
f+(q2) and f0(q2)

`�

⌫̄

�8

Soft-photon corrections

B̄0

D+

ℓ−

ν̄ℓ

...

...

...

(a)

B−

D0

ℓ−

ν̄ℓ

...

...

(b)

1

B̄0 ! D+`⌫̄ [R(D+)] B� ! D0`⌫̄ [R(D0)]

One must dis6nguish 
neutral and charged 
B modes

Coulomb pole 

BDℓνγ vertex      
(Inner-Bremsstrahlung)

required for �  symmetryU(1)EM

⇡↵

vrel
<latexit sha1_base64="nxRDj4ZDOJG/mrenMz4b4Y8kIaA="></latexit>

µ . ⇤QCD



Teppei Kitahara: Technion/Nagoya University, BEAUTY2019, October 3, 2019, Ljubljana, Slovenia
Theory status and implicaHons of �  and polarizaHon observablesR(D(*))

/ 25

QED corrections on Dalitz plane

�9

QED  
correction(%)

QED  
correction(%)

Three independent parameters: Emax and 2 Dalitz variables:  　  　                       q2 = (pB − pD)2, sDℓ = (pD + pℓ)2

�  is non-relativisticτ

τ-D relative  
velocity βDτ

@Emax= 20 MeV

@Emax= 20 MeV

10% QED corrections by �α/β
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Real emissions 
   + �  + self energyIlowkl

 = μ(UV)-independent, 
 spin-independent

Leading long distance

0 20 40 60 80 100
0

2

4

6

8

10

Emax (MeV)

Q
E
D
co
rr
ec
tio
ns
(%
) long distance

leading long distance

100MeV < μ < 1GeV

renormaliza6on scale

We conclude that the QED correc6ons to R(D+) and R(D0) are different at 1-1.5%

[de Boer, TK, Nisandzic, PRL ’18]

cf. QCD error : ± 1.0 %
cf. Belle II ΔR(D) : 3 %
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PHOTOS MC simulation 

PHOTOS Monte-Carlo generator can simulate modifications of the kinematic variables induced by final-

state photon radiations (NO initial state)  in the leading-logarithmic collinear approximation 

PHOTOS has been utilized in Belle (v2.02) /BaBar (v2.13)/LHCb (v3.56) for B semileptonic decay searches 

All virtual corrections (Coulomb pole also) are not covered in PHOTOS  

Quantum interference of O(E0max) in emissions are not covered in PHOTOS (< v2.07(single), v2.13 

(multiple))   

LHCb analysis does include the interference of the final-state emissions 

O(ln Emax) contributions to  have been checked (soft  and hard ) by PHOTOS v1.06 

compared to analytic formula assuming constant FFs

B− → D0eν̄ Eγ Eγ

[Barberio, Eijk, Was, ’91; Barberio, Was, ‘94;  Davidson, Przedzinski, Was ’16]

[E. Richter-Was ’93]
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Crosscheck by PHOTOS
 Part of LHCb colleagues have checked the soft-photon correction by PHOTOS v.3.56

[Calí, Klaver, Rotondo, Sciascia ’19]

Leading LFU-violating contribution is reproduced by PHOTOS v.3.56 with interference switch=on 

The small gap comes from virtual (Coulomb) correction which is absent in PHOTOS
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Coulomb contribution

Coulomb contribution depends on kinematics: �  

Coulomb correction would give impacts on the experimental results through a change of the fit 

template shape

q2, m2
miss, Eμ

[Calí, Klaver, Rotondo, Sciascia ’19]

Impacts of these modifications have not been studied yet

�13
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Polarization observables in �  decay (into � )D* Dπ
Longitudinal �  polarizationD*

FL (D⇤) =
� (B ! D⇤

L⌧⌫)

� (B ! D⇤⌧⌫)
<latexit sha1_base64="KGLveaQOLJDfpxCpuAZVCaLUGiQ="></latexit>

Data vs. SM

�   FL(D*) = 0.60 ± 0.08 ± 0.04

�   FL(B0 → D*−e+ν) = 0.56 ± 0.02

[Belle, 1903.03102]

 �FL(D*)SM = 0.470 ± 0.012 �FL(D*)SM = 0.46 ± 0.04
[Alok, Kumar, Kumbhakar, Sankar ’17] [Bordone, Jung, van Dyk 1908.09398]

 �FL(D*eν)SM = 0.54 ± 0.01
(1.4σ) (1.4σ) 

(<1σ) 

Belle II sensitivity

�   ΔFL(D*) = ± 0.01 ± 0.04 (can exclude SM at >3σ level) [Adamczyk, 1901.06380]

50 ab-1
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Polarization observables in �  decays (into � )τ πν, ρν

P⌧ (D
(⇤)) =

�
�
B ! D(⇤)⌧�=+1/2⌫

�
� �

�
B ! D(⇤)⌧�=�1/2⌫

�

�
�
B ! D(⇤)⌧⌫

�
<latexit sha1_base64="qeUHIyPfIev5xepLxFXj7i847w4="></latexit>

�  polarization asymmetry along the longitudinal directions of �  τ τ

Data vs. SM

[Belle, 1612.00529, 1709.00129]

Belle II sensitivity

� (stat. uncertainty only) ΔPτ(D) = 3 %
50 ab-1

�Pτ(D)SM = 0.321 ± 0.003

�Pτ(D*)SM = − 0.488 ± 0.018

[Bordone, Jung, van Dyk 1908.09398]

�Pτ(D) : no reuslt

�Pτ(D*) = − 0.38 ± 0.51+0.21
−0.16

[Belle estimation, 1612.00529]

�Pτ(D)SM = 0.325 ± 0.009

�Pτ(D*)SM = − 0.497 ± 0.013

[Alonso, Camalich, Westhoff ’17]

(<1σ) (<1σ) 

[Alonso, Camalich, Westhoff ’17]

�ΔPτ(D*) = ± 0.07 [Belle II Physics Book, 1808.10567]



�
New Physics Interpretation
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New physics interpretations

New Physics above B meson scale is described model-independently by

HNP
e↵ = 2

p
2GFVcb

⇥�
1 + CL

V

�
OL

V + CR
S OR

S + CL
SO

L
S + CTOT

⇤
<latexit sha1_base64="Ww0pTp6pXT4wGTB6QRQvTwQT2RI="></latexit>

O
L
V = (c�µ

PLb) (⌧�µPL⌫⌧ )

O
R
S = (cPRb) (⌧PL⌫⌧ )

O
L
S = (cPLb) (⌧PL⌫⌧ )

OT = (c�µ⌫
PLb) (⌧�µ⌫PL⌫⌧ )

<latexit sha1_base64="/qzzB1H1Xn+CVbQRjrHM/kxhJPM="></latexit>

�  is lepton flavour universal in dimension-six levelOR
V = (c̄γμPRb)(ℓ̄γμPLν)

Light right-handed neutrinos can also be included but are constrained by the collider bound 
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Constraint from �BR(Bc → τν)
Searches for �  at LEP1 set � (at Z peak) 

Scalar OPs �  are strongly constrained via 

It has become clear that the original estimation misses the  dependence of 

B+
u,c → τ+ν BR(Bc → τν) < 10 %

CR
S , CL

S

pT fc/fu

From CMS and LHCb [Akeroyd, Chen ’17]

BR (Bc ! ⌧⌫) ' 0.02
��1 + CL

V + 4.3
�
CR

S � CL
S

���2
<latexit sha1_base64="MONEnoEvfDV0iBTqfh47AKDtcJ0="></latexit>

[Blanke, Crivellin, de Boer, TK, Moscati, Nierste, Nisandzic, ’19]

fc ⇠ 6⇥ 10�4
<latexit sha1_base64="Kk04wHhelUKM7/YxWE1za+DMPYE=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYXEQpWUChgrWBiLRB9SEyLHdVqrthPZDlIVdWDhV1gYQIiVj2Djb3DbDNBypCsdnXOv7r0nTBhV2nG+rcLK6tr6RnGztLW9s7tn7x+0VZxKTFo4ZrHshkgRRgVpaaoZ6SaSIB4y0glH11O/80CkorG40+OE+BwNBI0oRtpIgV2OggxPoKcoh+fQ05QTBV3nPjutTwK74lSdGeAycXNSATmagf3l9WOcciI0Zkipnusk2s+Q1BQzMil5qSIJwiM0ID1DBTLL/Gz2xAQeG6UPo1iaEhrO1N8TGeJKjXloOjnSQ7XoTcX/vF6qo0s/oyJJNRF4vihKGdQxnCYC+1QSrNnYEIQlNbdCPEQSYW1yK5kQ3MWXl0m7VnXPqrXbeqVxlcdRBGVwBE6ACy5AA9yAJmgBDB7BM3gFb9aT9WK9Wx/z1oKVzxyCP7A+fwCmd5bO</latexit>

2.1⇥ 10�3 . fc . 4.4⇥ 10�3
<latexit sha1_base64="Xu4kpbq5HfBNIMuo/FXzuUCLzMc=">AAACJnicbVDLSgMxFM34rPU16tJNsAhuLDNtQTdC0Y3LCvYBnXHIpJk2NMkMSUYoQ7/Gjb/ixkVFxJ2fYtrOorYeCJx7zr3c3BMmjCrtON/W2vrG5tZ2Yae4u7d/cGgfHbdUnEpMmjhmseyESBFGBWlqqhnpJJIgHjLSDod3U7/9TKSisXjUo4T4HPUFjShG2kiBfVMpu9DTlBMFXecpu6yOoceIUopyGAUZXihr5dpSa2CXnLIzA1wlbk5KIEcjsCdeL8YpJ0JjhpTquk6i/QxJTTEj46KXKpIgPER90jVUILPMz2ZnjuG5UXowiqV5QsOZujiRIa7UiIemkyM9UMveVPzP66Y6uvYzKpJUE4Hni6KUQR3DaWawRyXBmo0MQVhS81eIB0girE2yRROCu3zyKmmZoKvlykOtVL/N4yiAU3AGLoALrkAd3IMGaAIMXsAbmIAP69V6tz6tr3nrmpXPnIA/sH5+AUlPozo=</latexit>

[Zheng, Chang, Feng, Pan '18, Zheng, Chang, Feng, Wu '19]
NRQCD next-to-leading order at Z peak

fc
fu

BR (B�
c ! J/ ⇡�)

BR (B� ! J/ K�)
= (6.72± 0.19)⇥ 10�3

<latexit sha1_base64="vLcjjpSipbTMuDONkaTa2xicqKw="></latexit>

[See Marcello Rotondo talk][See Konstantin Toms talk]

�  dependence of �  from ATLAS and LHCbpT fc/fu
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�

Constraint from �pp → τν
The constraint � seems to be overestimated by a factor AT LEAST 3. Now, the 

constraint from �  is no longer the strongest one 

The strongest constraint comes from collider search: high-�  tails in mono-τ searches

BR(Bc → τν) < 10 %

BR(Bc → τν)

pT

��CL
V

�� < 0.32,
���CL(R)

S

��� < 0.57, |CT | < 0.16
<latexit sha1_base64="hOFIYx/AGETKhuEiLpUmOru0Gvc="></latexit>

[Greljo, Camalich, Ruiz-Alvarez '19]

2σ upper bound at �μ = mb

��

�
⇠

Lij ⇥ |Vij |2 ⇥
⇣

m2
W
ŝ � CL

S

⌘2

Lud+dū ⇥ |Vud|2 ⇥
⇣

m2
W
ŝ

⌘2

<latexit sha1_base64="9gVMBdSHnzO6ceWX417Y5Jv3p/U="></latexit>
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�

Tensor operator vs. �FL(D*)

Tensor operator in new physics scenario is 

significantly constrained by �FL(D*)

★★

0.25 0.30 0.35 0.40 0.45
0.22

0.24

0.26

0.28

0.30

0.32

0.34

RD
R D

*

0.45

0.35

0.25

0.15

0.3
0.2SM

π

0
0

π/2

|CT | �TCT (µb) = ei

[Iguro, TK, Omura, Watanabe, Yamamoto, ’19, UPDATED]

CT, SM = 0
<latexit sha1_base64="3lSEZqkxZGrdl2guGJ9dolDxjJs=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgopSkCroRit24ESr2BU0Ik+mkHTqZhJmJEEL9FTcuFHHrh7jzb5y2WWjrgQuHc+7l3nv8mFGpLOvbKKytb2xuFbdLO7t7+wfm4VFXRonApIMjFom+jyRhlJOOooqRfiwICn1Gev6kOfN7j0RIGvG2SmPihmjEaUAxUlryzHLTy9pVp5o5IoQPd9MpvLY8s2LVrDngKrFzUgE5Wp755QwjnISEK8yQlAPbipWbIaEoZmRachJJYoQnaEQGmnIUEulm8+On8FQrQxhEQhdXcK7+nshQKGUa+rozRGosl72Z+J83SFRw5WaUx4kiHC8WBQmDKoKzJOCQCoIVSzVBWFB9K8RjJBBWOq+SDsFefnmVdOs1+7xWv7+oNG7yOIrgGJyAM2CDS9AAt6AFOgCDFDyDV/BmPBkvxrvxsWgtGPlMGfyB8fkDyJmTjw==</latexit>

Excluded by �  FL(D*)

�   FL(D*) = 0.60 ± 0.08 ± 0.04
[Belle, 1903.03102]

He↵ = 2
p

2GFVcbCT (µ) (c�
µ⌫PLb) (⌧�µ⌫PL⌫⌧ )

<latexit sha1_base64="8GGvzK6IhiaQrxQ4TqIyivHok7Q="></latexit>

� :  
blue line 
FL(D*)
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“Single particle” scenarios
One WC scenarios Two WCs scenarios

�CL
V

� ,  
left-handed SU(2)L-singlet vector LQ,   
SU(2)L-triplet and/or -singlet scalar LQ

W′�

�CR
S

�CL
S

�CL
S = 4CT

Charged Higgs, 
SU(2)L-doublet vector LQ ( )V2

Charged Higgs with generic flavour 
structure 

scalar SU(2)L-doublet LQ ( ) 
(“4” is modified by RG evolution)

R2

�(CL
V, CL

S = − 4CT) SU(2)L-singlet scalar LQ ( )   S1

�(CL
V, CR

S )

�(CR
S , CL

S )

�  
�
(Re(CL

S = 4CT),
Im(CL

S = 4CT))

SU(2)L-singlet vector LQ ( )U1

Charged Higgs with generic flavour 
structure 

scalar SU(2)L-doublet LQ ( )R2

There are so many detailed studies for each single particle scenarios  

There are also “two particle” scenarios [See Nejc Košnik talk]
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[Blanke, Crivellin, TK, Moscati, Nierste, Nisandzic ’19]

SU(2)L-singlet vector LQ ( )U1

SU(2)L-doublet scalar LQ ( )R2

SU(2)L-singlet scalar LQ ( )S1

Charged Higgs

�  can discriminate 
the new physics
Pτ(D)

�  could discriminate 
the new physics
Pτ(D*)

�  is difficult to  
discriminate them
FL(D*)

P ⌧ (D) vs. FL (D⇤)
<latexit sha1_base64="Pd3XdDaTf5zUkCSBYJGvVJiuCSw="></latexit>

P ⌧ (D) vs. P ⌧ (D
⇤)

<latexit sha1_base64="Qz5NO+/8rUxYkSwttFYWBUd8uFo=">AAACYXiclVFNTwIxEO2uqICCKx65NBITuJBdNNEjUQ8eMZGPhEXSLQUauh9pZwlks3/Smxcv/hHLxwHBi5M0fX1vZjp99SLBFdj2p2EeZY5PTrO5/Nl5oXhhXZY6KowlZW0ailD2PKKY4AFrAwfBepFkxPcE63qzp5XenTOpeBi8wTJiA59MAj7mlICmhtbC9UIxUktfb0krHSa7ZxdInKbVXeo5rWEX2AJwgueqjlP83wbvLlGQ1oZWxa7b68CHwNmCCtpGa2h9uKOQxj4LgAqiVN+xIxgkRAKngqV5N1YsInRGJqyvYUB8pgbJ2qEU32hmhMeh1CsAvGZ3KxLiq9WAOtMnMFX72or8S+vHMH4YJDyIYmAB3Vw0jgWGEK/sxiMuGQWx1IBQyfWsmE6JJBT0p+S1Cc7+kw9Bp1F3buuN17tK83FrRxaV0TWqIgfdoyZ6QS3URhR9GRmjYBSNbzNnWmZpk2oa25or9CvM8g/f8Lo+</latexit>
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Predicted ranges of polarization observables
Full parameter searches of each LQ model. LHC mono-�  search [Greljo, Martin Camalich, Ruiz-Alvarez ‘19] 

and  �  [Alonso, Grinstein, Martin Camalich ’17] are included

τ

BR(B+
c → τ+ν) < 30 %

[Iguro, TK, Omura, Watanabe, Yamamoto ’19, UPDATED]

[Predicted ranges] 

[50 ab-1]

�  can discriminate the new physics 

LHC mono-�  search gives more severe bound than  �

Pτ(D)

τ BR(B+
c → τ+ν) < 30 %
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(also valid for RH neutrino)

�24

Model-independent prediction: R(Λc)

Sum rule for R(Λc) prediction

Crosscheck of �  anomaly 
is possible by �

R(D(*))
R(Λc)

R(⇤c)

R(⇤c)SM
' 0.26

R(D)

R(D)SM
+ 0.74

R(D⇤)

R(D⇤)SM

�  @ LHCb R(Λc) = BR(Λb → Λcτν)/BR(Λb → Λcℓν) [Blanke, Crivellin, TK, Moscati, Nierste, Nisandzic ’19]

[Blanke, Crivellin, de Boer, TK, Moscati, Nierste, Nisandzic, ’19]

SU(2)L-singlet scalar LQ ( )S1

Charged Higgs

SU(2)L-singlet vector LQ ( )U1

SU(2)L-doublet scalar LQ ( )R2

Motivated two WCs scenarios

There is no data yet, but soon?

Model-independent sum rule

R (⇤c) = 0.38± 0.01R(D(⇤)) ± 0.01FF
<latexit sha1_base64="XtDyDyDatwUJSSpD0jMHH4Tz23I="></latexit>

Similar ellipses!

R (⇤c)SM = 0.33± 0.01
<latexit sha1_base64="1b7gD2UIlYAAM4GkM1oDymCcVrU="></latexit>

[Detmold, Lehner, Meinel ’15]
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Conclusions

SM expected values for �  transitions are improved: �  

Soft-photon corrections depend on lepton’s mass and velocity and hence can violate lepton flavor 

universality, which is also reproduced by PHOTOS v.3.56 with interference switch=on up to Coulomb 

contributions 

Polarisation observables, especially � , are well suited to distinguish among different EFT scenarios 

�  provides experimental cross-check of �  anomaly

B → D(*) 𝒪(1/m2
c )

Pτ(D)

Λb → Λcτν R(D(*))


