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Anomalies in  transitionsb → c

[Based on Refs. 1904.09311 and 2004.06726, in collaboration with  
Martin Jung, Rusa Mandal, Ana Peñuelas and Antonio Pich.]



RD(⇤) ⌘
B(B ! D(⇤)⌧ ⌫̄⌧ )

B(B ! D(⇤)`⌫̄`)

Anomalies in  transitionsb → c

 

<latexit sha1_base64="GhpMcjwk04DxWuWu4PpQVdlQDhI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeiz14rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZq1Pqlsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDWz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVtXJWrtTyOApzCGVyABzdQhXuoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBlgeMyw==</latexit>

B

<latexit sha1_base64="f0Zd+vsnT/JZuGRg13jFoxTRl4A=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBCih7Aroh6DevAYwTwgWcPspJMMmZ1dZmaFsOQjvHhQxKvf482/cZLsQRMLGoqqbrq7glhwbVz321laXlldW89t5De3tnd2C3v7dR0limGNRSJSzYBqFFxizXAjsBkrpGEgsBEMbyZ+4wmV5pF8MKMY/ZD2Je9xRo2VGrePaen0ZNwpFN2yOwVZJF5GipCh2il8tbsRS0KUhgmqdctzY+OnVBnOBI7z7URjTNmQ9rFlqaQhaj+dnjsmx1bpkl6kbElDpurviZSGWo/CwHaG1Az0vDcR//Naield+SmXcWJQstmiXiKIicjkd9LlCpkRI0soU9zeStiAKsqMTShvQ/DmX14k9bOyd1F278+LlessjhwcwhGUwINLqMAdVKEGDIbwDK/w5sTOi/PufMxal5xs5gD+wPn8AT3Ujto=</latexit>

D(⇤)



Status 2021

2017 2018 20192015 2016

3.9 σ 4.0 σ 3.9 σ 3.6 σ 3.1 σ

Anomalies in  transitionsb → c

[LHCb, 1506.08614, 1708.08856, 1711.02505] 
[Belle, 1507.03233, 1607.07923, 1612.00529, 1709.00129, 1904.02440]  

[BaBar, 1205.5442, 1303.0571]

https://arxiv.org/abs/1709.00129
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1.7 σ

Belle, 2016

LHCb, 2017

P⌧ (D
⇤)SM = �0.499± 0.003

RJ/ SM
⇠ 0.25� 0.28

3.1 σ
HFLAV, up to date
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L = 0.60± 0.08± 0.04
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⌧ = �0.38± 0.51+0.21
�0.16

Belle, 2019
1.6 σ

Anomalies in  transitionsb → c

Pattern of deviations in B-meson decays involving b to c transitions 
pointing to “the same direction”

⌫̄⌧
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•Assumptions: 

New physics only in the third generation
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•Assumptions: 

New physics only in the third generation,

       lepton flavour universal

EFT

CVR

Assuming SMEFT and no significant effect from NP in  b → c(e, μ)ν̄(e,μ) [Jung, Straub, 1801.01112]
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Image borrowed from [Celis et al., 2016] 

Hb!c`⌫
e↵ =

4GFp
2

Vcb[(1 + CVL)OVL + CVROVR + CSROSR + CSLOSL + CTOT ] + h.c.CVL
Hb!c`⌫

e↵ =
4GFp

2
Vcb[(1 + CVL)OVL + CVROVR + CSROSR + CSLOSL + CTOT ] + h.c.CSR

CSL

•Most general effective dim 6 Hamiltonian: 

Bottom-up approach



Bc ! ⌧ ⌫̄⌧

RD

�(B ! D(⇤)⌧ ⌫̄⌧ )

RD

RD⇤

B(Bc ! ⌧ ⌫̄⌧ ) = #|Vcb|2 ⇥
����1 + CVL � CVR +

m2
Bc

m⌧ (mb +mc)
(CSR � CSL)

����
2

.CVL
CVR

CSR
CSL

Hb!c`⌫
e↵ =

4GFp
2

Vcb[(1 + CVL)OVL + CVROVR + CSROSR + CSLOSL + CTOT ] + h.c.CVL
Hb!c`⌫

e↵ =
4GFp

2
Vcb[(1 + CVL)OVL + CVROVR + CSROSR + CSLOSL + CTOT ] + h.c.CSR

CSL

•Most general effective dim 6 Hamiltonian: 

b

c

τ

ν̄τ

1

W
0
µ H

0
V

µ
LQ SLQ

1

b τ

W
0
µH

0
V

µ
LQSLQ

1

ν̄τc̄

B ! D(⇤)⌧ ⌫̄ Bc ! ⌧ ⌫̄•Inputs: 

Bottom-up approach



•Inputs: 

Bc ! ⌧ ⌫̄⌧

RD

�(B ! D(⇤)⌧ ⌫̄⌧ )

RD

RD⇤

B(Bc ! ⌧ ⌫̄⌧ ) = #|Vcb|2 ⇥
����1 + CVL � CVR +

m2
Bc

m⌧ (mb +mc)
(CSR � CSL)

����
2

.CVL
CVR

CSR
CSL

[Akeroyd et al., 2017]

) Br(Bc ! ⌧ ⌫̄⌧ )  30� 40%

) Br(Bc ! ⌧ ⌫̄⌧ )  10%

•Bound LEP Z peak:

•Bc lifetime:

Hb!c`⌫
e↵ =

4GFp
2

Vcb[(1 + CVL)OVL + CVROVR + CSROSR + CSLOSL + CTOT ] + h.c.CVL
Hb!c`⌫

e↵ =
4GFp

2
Vcb[(1 + CVL)OVL + CVROVR + CSROSR + CSLOSL + CTOT ] + h.c.CSR

CSL

•Most general effective dim 6 Hamiltonian: 

[Alonso et al., 2016]

Bottom-up approach



•Inputs: 

Bc ! ⌧ ⌫̄⌧

RD

�(B ! D(⇤)⌧ ⌫̄⌧ )

RD

RD⇤

= FD⇤

L ( )

Hb!c`⌫
e↵ =

4GFp
2

Vcb[(1 + CVL)OVL + CVROVR + CSROSR + CSLOSL + CTOT ] + h.c.CVL
Hb!c`⌫

e↵ =
4GFp

2
Vcb[(1 + CVL)OVL + CVROVR + CSROSR + CSLOSL + CTOT ] + h.c.CSR

CSL

•Most general effective dim 6 Hamiltonian: 

Bottom-up approach



-3 -2 -1 0 1 2 3

-0.4

-0.2

0.0

0.2

±1 σ ±2 σ

Fit-independent analysis

⨯

-0.2 -0.1 0.0 0.1 0.2 0.3
-0.10

-0.05

0.00

0.05

0.10

-3 -2 -1 0 1 2 3

-0.4

-0.2

0.0

0.2

0.4

0.6

0.8

CVL CVR
CSR CSL CT



•Inputs: 
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Fit-independent analysis
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Global fit: Form Factors

Light-Cone Sum-Rules

QCD Sum-Rules

Lattice QCD

Model-independent inputs  
(No use of experimental data)



•Standard Model  (∀Ci = 0) χ2
SM = 65.5 / 57 d.o.f.

χ2
RD,RD*

= 22.6 / 2 Reproduce the well-known tension!

χ2
Γ[q2] = 43 / 54

Conservative uncertainties
Misleading  contributionχ2

Quality of the fit: Pull w.r.t. the SM

Global Fit: Goodness of the fit



•New Physics: 

•SM: χ2
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Global Fit: Results
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•Theory assumptions: 

New physics only in the third generation

       flavour universal

CP conserving W.C.

EFT

CVR

•Experimental measurements 

An unidentified or underestimated systematic uncertainty…

What is going on?



No significant improvement of  
by promoting the W.C. to be complex

χ2

•Theory assumptions: 

New physics only in the third generation of leptons

       flavour universal

CP conserving W.C.

EFT

CVR

•Experimental measurements 

An unidentified or underestimated systematic uncertainty…

What is going on?



EW breaking is non-linear?

•Theory assumptions: 

New physics only in the third generation of leptons

       flavour universal

CP conserving W.C.

EFT
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•Experimental measurements 

An unidentified or underestimated systematic uncertainty…

What is going on?
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New light d.o.f.

New physics only in the third generation of leptons

       flavour universal

CP conserving W.C.

EFT

CVR

•Theory assumptions: 

•Experimental measurements 

An unidentified or underestimated systematic uncertainty…

What is going on?



New light d.o.f.
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B(Bc ! ⌧ ⌫̄) < 60%

[Akeroyd et al., 2017]

Bounds on Br(Bc → τν̄)

CVL

CVR

CSR

CSL

CT

See discussion in [M. Blanke et al., 2019]

Resurrection of the scalar candidates ?
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B(Bc ! ⌧ ⌫̄) < 10%



Implications of new measurements?

Belle-II
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[Speculating…]



???

FD⇤

L ??

B(Bc ! ⌧ ⌫̄)??

LFU in  and  ??e μ
R(J/ ),R(⇤b)??

The EFT approach journey



Thank you!



SLIDES
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PullSM ⌘ prob(��2
i ,�ni)[�] =

p
2Erf�1[CDF(��2

i ,�ni)]

•P-value

•Pull [# of standard deviations]

Global Fit: Goodness of the fit



CVL(µb) = �1.503 C̃VL(⇤) ,

CSL(µb) = �1.257 C̃SL(⇤) + 0.2076 C̃T (⇤) ,

CSR(µb) = �1.254 C̃SR(⇤) ,

CT (µb) = 0.002725 C̃SL(⇤)� 0.6059 C̃T (⇤) .

•Effect of the running between WET and SMEFT W.C (  TeV)  Λ = 1

CSL
C̃SL

C̃T

C̃TC̃SL
CT

Global Fit: New Physics interpretations



•Global minimum: 

CVL = 0.09+0.13
�0.11, CSR = 0.14+0.06

�0.67, CSL = �0.20+0.58
�0.03, CT = 0.007+0.046

�0.044

Le↵ � �
g̃`⌫` g̃

†
du

M2
W 0

(¯̀L�µ⌫`L)(ūL�
µdL)

•New gauge mediator:  W′ ∼ (1,3,0)

 TeV ⇒ MW′ = 0.22 Ruled out

(sequential W’)

Global Fit: New Physics interpretations
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Global fit + νR
B(Bc ! ⌧⌫)  10%
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•Preferred scenarios: 

Global fit + νR
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Angular observables (D*)
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