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Flavour anomalies

Introduction Flavour physics new physics b → sµ+
µ
− b → cτν Summary

Flavour anomalies

In recent years several discrepancies between measurements
(of branching ratios and/or angular decay distributions) and SM
predictions have emerged, denoted as flavour anomalies.

meson decay
elementary
process significance

improvement
expected from

B → K (∗)µ+µ− b → sµ+µ− > 5σ LHCb, Belle II

B → D(∗)τ ν̄ b → cτ ν̄ 3.8σ LHCb, Belle II
muon anomalous
magnetic moment

µ−µ -photon
coupling

3.7σ Fermilab,
lattice QCD

Direct CP violati-
on in K → ππ

s → duū
s → ddd̄

2.8σ lattice QCD

  : Enhancement of the ratios of branching ratios    

             and         with   .  

                                                                                                   BaBar, Belle, LHCb

<latexit sha1_base64="+3XAXwAcJmL5Kx23fYCKi4zt+Xk="></latexit>

b ! c⌧⌫

RD ≡
B(B → Dτν̄)
B(B → Dℓν̄)

RD* ≡
B(B → D*τν̄)
B(B → D*ℓν̄)

ℓ = e, μ

This talk:
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 and  in 2021RD RD*

 central values of  and 
 above SM predictions 

in all measurements


 some tension in 
between BaBar12 and 
Belle19.  

 average 3.3σ off from SM


RD
RD*

RD
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New LHCb measurement in 2022

 good overall agreement 
between experiments  
Note:  ellipses 
correspond to p = 39% 
(while the horizontal strips  
correspond to p =68%)   


  larger,  smaller  

 average 3.2σ off from SM 
prediction


Δχ2 = 1

RD RD*
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 0.004±R(D) = 0.298 
 0.005±R(D*) = 0.254 

 = 1.0 contours2χ∆

Average
 0.012± 0.025 ±R(D) = 0.358 

 0.008± 0.010 ±R(D*) = 0.285 
 = -0.29ρ

) = 32%2χP(

HFLAV

Prelim. 2022

σ3

LHCb22

LHCb18

Belle17

Belle19

Belle15
BaBar12

Average

PRD 94 (2016) 094008
PRD 95 (2017) 115008
JHEP 1712 (2017) 060
PLB 795 (2019) 386
PRL 123 (2019) 091801
EPJC 80 (2020) 2, 74
PRD 105 (2022) 034503

HFLAV

2021

HFLAV
Prelim. 2022



8 May 2023     Pushing the Limits of Theoretical Physics     MITP Mainz                                                             Ulrich Nierste

Lepton-non-Universality in b � c�⇥

R(X ) ⇥ Br(B � X �⇥)

Br(B � X ⇤⇥)

• Partial cancellation of uncertainties

Precise predictions (and measurements)

NP interpretation:
[talks by B. Stefanek and F. Wilsch]

• R(D(�)): BaBar, Belle, LHCb
average ⇤ 3⌅ 4⌅ from SM

More flavour b � c�⇥ observables:

• � -polarization (� � had) [1608.06391]

• Bc � J/⇧�⇥ [1711.05623] : huge

• Di⇥erential rates from Belle, BaBar

• Total width of Bc

• b � Xc�⇥ by LEP

• D� polarization (Belle)

• R(⇤c) � below SM

Note: only 1 result ⇧ 3⌅ from SM

In the following: discuss SM + NP predictions
1 / 14

  The 95% CL regions of all  
  measurements overlap. 

  Robust anomaly:

  three experiments, different  
  methods (semileptonic vs.  
  hadronic tag) 

  SM prediction not contested

 plot with 68%(95%) CLR(D) − R(D*)

5

Plot from Judd Harrison, Martin Jung,  
Beyond the Flavour Anomalies IV, Barcelona 2023
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bL

S2

τR

cR

νL

bL

S1

νL

cL,R

τL,R

bL,R cR,L

τR νL

H+

 Charged Higgs boson:  
                  was known to be sensitive to effects of a hypothetical  
                  charged Higgs boson since 1992.                
                                               Grzadkowski,Hou, Phys. Lett. B 283 (1992) 427 

 Leptoquarks:  

 bosons with quark-lepton coupling

 can also explain                 and                       anomalies 
 
 
 
 
 

 appear in SU(4) gauge theories, where lepton number is the fourth colour 

6

New physics explanation

<latexit sha1_base64="Xgt8lFqanXkiGPAZRmQg9Az0Rxc="></latexit>

(g � 2)µ
<latexit sha1_base64="dzqZ+l9jYWCszXqldaNPTkCHf9s="></latexit>

b ! sµ+µ�

Spin 0, SU(2) singlet 
 

Spin 0, SU(2) doublet
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Effective operators 

Nice: We can describe all types of new physics in terms of 
effective four-quark operators:

bL,R cL,R

τL,R ντ L

Whatever it is (charged Higgs or leptoquark of any
kind), it must be charged and therefore very heavy.

One can describe all possibile new physics by an effective four-fermion
interaction. This is the analogue of using Fermi’s theory of weak decay
at energies far below MW .

Need these four-fermion operators:

OL
V = c̄Lγ

µbL τ̄LγµντL ,

OR
S = c̄LbR τ̄RντL ,

OL
S = c̄RbL τ̄RντL ,

OT = c̄Rσ
µνbL τ̄RσµνντL .

bL,R cL,R

τL,R ντ L

The corresponding coefficients CL
V ,C

R,L
S ,CT can be fitted to data.

Ulrich Nierste (KIT) b → cτν LHCb 19 Feb 2019 9 / 22

Fit the corresponding coefficients                      to data. 
                                   Blanke,Crivellin,de Boer,UN,Nisandzic,Kitahara,Phys.Rev.D 100(2019) 3, 035035 
                                                                       Iguro, Kitahara,Watanabe, arXiv:2210:10751  

Whatever it is (charged Higgs or leptoquark of any
kind), it must be charged and therefore very heavy.

One can describe all possibile new physics by an effective four-fermion
interaction. This is the analogue of using Fermi’s theory of weak decay
at energies far below MW .

Need these four-fermion operators:

OL
V = c̄Lγ

µbL τ̄LγµντL ,

OR
S = c̄LbR τ̄RντL ,

OL
S = c̄RbL τ̄RντL ,

OT = c̄Rσ
µνbL τ̄RσµνντL .

bL,R cL,R

τL,R ντ L

The corresponding coefficients CL
V ,C

R,L
S ,CT can be fitted to data.

Ulrich Nierste (KIT) b → cτν LHCb 19 Feb 2019 9 / 22
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FD*
L

Other input to global fit: 

       fraction of longitudinally polarised   in :  
 
                        Belle 2019  
 
                                         SM prediction 

This 1.4σ discrepancy has some effect on the global fit to the NP coefficients. 

D* B → D*τν̄

FD*
L = 0.60 ± 0.08stat ± 0.04sys

FD*
L = 0.464 ± 0.003
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New-physics explanationsTwo-dimensional scenarios

coefficients motivated by

real CL
V , CL

S = −4CT

bL

S1

νL

cL,R

τL,R

real CR
S , CL

S

bL,R cR,L

τR νL

H+

real CL
V , CR

S

bL,R

τL,R νL

cL

U1

Re[CL
S = 4CT ], Im[CL

S = 4CT ]

bL

S2

τR

cR

νL

Ulrich Nierste (KIT) b → cτν LHCb 19 Feb 2019 11 / 22

<latexit sha1_base64="3D/IlEQW8wQ52TFPNii63YzeGw8="></latexit>

B ! D(⇤)⌧ ⌫̄

<latexit sha1_base64="YpbPLhftSD/YQmg5HMXnzpbb7yI="></latexit>

B(B+
c ! ⌧+⌫)

 H+: larger FL(D*) in better 
agreement with data. 

 S1: smaller (SM-like) FL(D*).


 S2: similar to H+, but small FL(D*), 
 testable at ATLAS and CMS.

All scenarios fit the 
data, with different predictions for 
FL(D*) which is the fraction of 
decays with longitudinal D* 
polarisation and                         .
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  Before 2019:  called for  sizable  coupling, i.e. sizable 
  . But this was in tension with the bound . 
 

  In our 2018/2019 papers we found the fit to compromise between this 
  tension and , which the  scenario can explain,  
  while the leptoquark scenarios cannot. 

 The 2022 data shift the anomaly a bit from  to , so that 
 the  is less relevant.  

R(D*) c̄γ5bτ̄RντL
CR − CL B(B+

c → τ+ν) ≤ 0.3

FL(D*) > FL(D*)SM H+

R(D*) R(D)
B+

c → τ+ν

Charged-Higgs revival

R. Alonso, B. Grinstein, J. Martin Camalich, Rev. Lett. 118, 081802 (2017)
“lose”

“tie”

“win”

Blanke et al.,Phys.Rev.D 100(2019) 3, 035035  
Fedele et al., Phys. Rev. D107 (2023) 5, 055005
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Charged-Higgs solution

11

  Girish Kumar, Phys.Rev.D 107 (2023) 7, 075016:  

   Choose ad-hoc Yukawa sector 
       
   and flavour-diagonal couplings to leptons to simultaneously explain  
    and  anomalies and modify the  mass prediction. 

  Critical test: 
  Search for  at LHC.               
            Syuhei Iguro, Phys.Rev.D 107 (2023) 9, 095004. 

LH+ = ρtc(Vtbc̄RbL + Vtsc̄RsL)H++h.c.

b → cτν b → sℓℓ̄ W

cg → tτ+τ−

4

FIG. 4. Representative diagram for gc ! c ! t� ! t⌧⌧ .

and including recent controversial CDF result [81]. More
concretely we use

S = 0.00± 0.07, T = 0.05± 0.06, (10)

with the correlation of ⇢ = 0.92 [110] (denoted as 2021 fit)
and

S = 0.086± 0.077, T = 0.177± 0.070, (11)

with the correlation of ⇢ = 0.89 based on the global fit
[111] (denoted as 2023 fit). Fig. 3 shows �

2 of S and T

parameters as a function of m� where mH+ =150GeV
(blue), 200GeV (orange) and 250GeV (green) is fixed.
Dashed and solid lines are drawn based on 2021 fit and
and 2023 fit. We see that the favored m� is di↵erent de-
pending on the fit data. For mH+ = 150GeV, 2023 fit
disfavors mt  m�  200GeV more than 2�, while
2021 fit allows the mass window.

In short section summary, for the simultaneous expla-
nation we need to set mt  m�  200GeV or O(1)GeV
level mass degeneracy among neutral scalars.

IV. EXOTIC TOP PROCESSES

In order to fully probe the remaining mass window of
m� we propose another top-associated process, namely
gc ! c ! t� ! t⌧⌧ where the relevant diagram is shown
in Fig. 4.#13 In the mass window, even with the hierar-
chical coupling structure, BR(� ! ⌧⌧) could be sizable
due to the phase space suppression in � ! tc decay.
The production cross section is calculated using Mad-

Graph5 aMC@NLO [113] using NNPDF2.3 [114] at the
leading order in the five flavor scheme with

p
s = 13TeV.

Fig. 5 shows the cross section in pb as a function of
m�. The prediction of the 1� simultaneous explanation
was obtained by fixing the charged Higgs mass mH+ =
150GeV (blue), 200GeV (orange), 250GeV (green) and
m� (black). It is observed that bands are overlapping
and the cross section is as large as 30 fb⇠10 pb for the
mass window.#14 A heavier charged scalar predicts the
larger signal rate since it requires larger couplings.

and the uncertainty in S and T parameters will be reduced con-
siderably, we set U = 0.

#13 It would be worthwhile to mention that tt inclusive cross section
measurement still has an uncertainty of 70 pb [112] and does not
exclude the scenario with gc ! c ! t� ! ttc channel.

#14 For the numerical analysis we include � ! H
±
W

⌥ if the phase
space is available.

FIG. 5. Prediction of �(pp ! t� ! t⌧⌧) [pb] as a function of
m� for the simultaneous explanation of deviations in b ! s``
and b ! c⌧⌫.

Estimating the size of the electroweak SM back ground
(BG) is not di�cult even for our mass range. For in-
stance, tZq and thq production contribute to t+ ⌧⌧ + q

final state with cross section of ' 50 fb [115] and ' 5 fb
[116] where ⌧⌧ comes from Z and h decay for each.
Therefore the contribution from those processes are ex-
pected to be moderate. On the other hand, it is not easy
to estimate the precise amount of the miss-tag associated
BG e.g. from tW

�
q ! t⌧⌫+/j and tt ! tW

�
j ! t⌧⌫+/j

where slashed final state will be miss-tagged as a hadron-
ically decaying ⌧ (⌧h). For the precise determination we
need a considerable help from the experimental side and
thus investigating the sensitivity of this channel is beyond
the scope of this letter.#15 Actually Ref. [117] searched
for the thq production with h ! ⌧⌧ with Run 2 full data.
They set the upper limit of µ = 8.1+8.2

�7.5 where µ denotes
a signal strength. This approximately leads to the upper
limit on �(thq ! t⌧⌧q) . 100 fb for m⌧⌧ = 125GeV.
Since the invariant mass of our signal is larger, the corre-
sponding SMBG would be smaller and thus we can expect
the better sensitivity.

V. SUMMARY AND DISCUSSION

Recently the charged Higgs solution to B anomalies
became more interesting than ever. The charged Higgs
need to interact with left-handed bottom quark and thus
can be a part of an additional doublet. Hence a two Higgs
doublet model is a minimal model and there are also two
additional neutral scalars. The Yukawa interaction of
those scalars are related by SU(2)L rotation and the si-
multaneous explanation predicts distinctive signal at the
LHC. The theoretical proposals to probe the solution via
charged Higgs mediated processes was made last year,
however, the crucial process has not been tested exper-
imentally yet. Although, in the meantime, the ATLAS

#15 The charge asymmetry of the top quark would help to improve
the sensitivity since the SM single top has the production asym-
metry, while our signal does not have this feature.
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 polarisation asymmetryτ

Future:  
 
 
 
 
Belle 2017: 
 
 
Standard Model:  
                Different NP explanations have different imprints on  . 
                                        Blanke,Crivellin,de Boer,UN,Nisandzic,Kitahara,Phys.Rev.D 100(2019) 3, 035035


                                                                                                                            Iguro, Kitahara,Watanabe, arXiv:2210:10751 

 
 

Pτ(D*) = − 0.50 ± 0.01
Pτ(D*)

2

Here, the first error is statistical and the second one is
systematic. Comparing these measurements to the cor-
responding SM predictions [18–21]

RSM(D) = 0.299 ± 0.003 ,

RSM(D⇤) = 0.258 ± 0.005 ,
(3)

reveals a tension at the level of 3.8� [17].#1 This is
also consistent with the previous evaluations of R(D) in
Refs. [4, 5, 22, 24, 25] and of R(D⇤) in Ref. [6].

The observed anomaly receives further support from
the LHCb analysis of R(J/ ) [26] which also finds an
experimental value significantly above the SM predic-
tion. Unfortunately, the relevant form factors are poorly
known in this case [27–29]. Hence we do not include this
measurement in our analysis. For a discussion of NP
e↵ects in R(J/ ), see Refs. [30, 31].

For later use we further quote the SM prediction for
the ratio R(⇤c) [32]:

RSM(⇤c) = 0.33 ± 0.01 . (4)

The Belle collaboration has measured the ⌧ polariza-
tion asymmetry along the longitudinal directions of the
⌧ lepton in B ! D

⇤
⌧⌫, defined as

P⌧ (D⇤) =
�(B ! D

⇤
⌧

�=+1/2
⌫) � �(B ! D

⇤
⌧

�=�1/2
⌫)

�(B ! D⇤⌧⌫)
,

(5)
where � denotes the ⌧ helicity, obtaining [12, 13]

P⌧ (D⇤) = � 0.38 ± 0.51+0.21
�0.16 . (6)

This observable turns out to be interesting for discrimi-
nating NP models, especially if the accuracy is improved
in the future by the Belle II experiment.

Recently, the Belle collaboration has also measured the
longitudinal D

⇤ polarization in B ! D
⇤
⌧⌫, defined as

FL(D⇤) =
�(B ! D

⇤

L⌧⌫)

�(B ! D⇤⌧⌫)
. (7)

Like the ⌧ polarization, also the D
⇤ polarization can dis-

tinguish between di↵erent Lorentz structures; i.e., NP in
scalar, tensor or vector operators a↵ects the D

⇤ polar-
ization in a complementary way to the overall rate. The
preliminary Belle result is [33]

FL(D⇤) = 0.60 ± 0.08 ± 0.035 , (8)

which agrees with the SM prediction of

FL, SM(D⇤) = 0.46 ± 0.04 , (9)

at the 1.5� level [34]. Nonetheless, this result can still
favor or disfavor specific NP scenarios.

#1 Recent discussions of long-distance electromagnetic e↵ects in
R(D) can be found in Refs. [22, 23].

Similarly, the ⌧ polarization in B ! D⌧⌫ can provide
information about the Lorentz structure of NP [4, 7].
However, P⌧ (D) has not been measured yet. The rea-
son for this is that the ⌧ is reconstructed in decay modes
with at least one neutrino, and the missing energy blurs
the information on the ⌧ momentum. One can deal with
this problem by considering di↵erential decay distribu-
tions involving only kinematic variables of the visible fi-
nal state particles, for instance the D and ⇡ energies, and
the angle between the D and ⇡ tracks in the decay chain
B ! D⌫⌧ [! ⇡⌫]. These decay distributions have a high
sensitivity to NP [4, 7].

Furthermore, the Bc lifetime has a significant impact
on possible NP solutions [35, 36], because it constrains
the yet unmeasured branching ratio BR(Bc ! ⌧⌫). The
lifetime measurement is very precise [37],

⌧(Bc) =(0.507 ± 0.009) ps , (10)

while a theory prediction is quite challenging (we will
return to this issue in detail later).

Even though many model independent analyses in this
context have been performed [34, 35, 38–62], it is im-
portant to reconsider the situation in light of the recent
FL(D⇤) measurement and to critically revise and exam-
ine the treatment of the Bc ! ⌧⌫ decay. Furthermore,
we will highlight the future potential of the polarization
observables FL(D⇤), P⌧ (D⇤), and (the yet unmeasured)
P⌧ (D) to discriminate between di↵erent scenarios of NP.
We will also highlight the interplay among R(D(⇤)) and
R(⇤c), where R(⇤c) provides a consistency check of the
measurements.

The paper is organized as follows: In Sec. II, we fix
our notation for the relevant e↵ective Hamiltonian. In
Sec. III, we discuss theoretical and phenomenological as-
pects of BR(Bc ! ⌧⌫) and list compact analytic formu-
las for the considered observables. In Sec. IV, we present
our phenomenological studies in scenarios with one and
two nonzero NP Wilson coe�cients. The chosen scenar-
ios correspond to the cases in which the NP coe�cients
are generated by the exchange of a single heavy spin-0 or
spin-1 particle. Section V is devoted to the study of cor-
relations between the ratios R(D(⇤)) and R(⇤c) and the
polarization observables FL(D⇤) and P⌧ (D(⇤)). Finally,
we conclude in Sec. VI.

II. EFFECTIVE FIELD THEORY

We are interested in NP which is realized above the B

meson mass scale. Especially in the case at hand, this
is a reasonable assumption, since modifying a charged
current obviously requires a new charged particle for
which light masses are experimentally excluded. There-
fore, we can integrate out the heavy degrees of freedom,
and the SM as well as the NP physics contributions are

2

Here, the first error is statistical and the second one is
systematic. Comparing these measurements to the cor-
responding SM predictions [18–21]

RSM(D) = 0.299 ± 0.003 ,

RSM(D⇤) = 0.258 ± 0.005 ,
(3)

reveals a tension at the level of 3.8� [17].#1 This is
also consistent with the previous evaluations of R(D) in
Refs. [4, 5, 22, 24, 25] and of R(D⇤) in Ref. [6].

The observed anomaly receives further support from
the LHCb analysis of R(J/ ) [26] which also finds an
experimental value significantly above the SM predic-
tion. Unfortunately, the relevant form factors are poorly
known in this case [27–29]. Hence we do not include this
measurement in our analysis. For a discussion of NP
e↵ects in R(J/ ), see Refs. [30, 31].

For later use we further quote the SM prediction for
the ratio R(⇤c) [32]:

RSM(⇤c) = 0.33 ± 0.01 . (4)

The Belle collaboration has measured the ⌧ polariza-
tion asymmetry along the longitudinal directions of the
⌧ lepton in B ! D

⇤
⌧⌫, defined as
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,

(5)
where � denotes the ⌧ helicity, obtaining [12, 13]

P⌧ (D⇤) = � 0.38 ± 0.51+0.21
�0.16 . (6)

This observable turns out to be interesting for discrimi-
nating NP models, especially if the accuracy is improved
in the future by the Belle II experiment.

Recently, the Belle collaboration has also measured the
longitudinal D

⇤ polarization in B ! D
⇤
⌧⌫, defined as

FL(D⇤) =
�(B ! D

⇤

L⌧⌫)

�(B ! D⇤⌧⌫)
. (7)

Like the ⌧ polarization, also the D
⇤ polarization can dis-

tinguish between di↵erent Lorentz structures; i.e., NP in
scalar, tensor or vector operators a↵ects the D

⇤ polar-
ization in a complementary way to the overall rate. The
preliminary Belle result is [33]

FL(D⇤) = 0.60 ± 0.08 ± 0.035 , (8)

which agrees with the SM prediction of

FL, SM(D⇤) = 0.46 ± 0.04 , (9)

at the 1.5� level [34]. Nonetheless, this result can still
favor or disfavor specific NP scenarios.

#1 Recent discussions of long-distance electromagnetic e↵ects in
R(D) can be found in Refs. [22, 23].

Similarly, the ⌧ polarization in B ! D⌧⌫ can provide
information about the Lorentz structure of NP [4, 7].
However, P⌧ (D) has not been measured yet. The rea-
son for this is that the ⌧ is reconstructed in decay modes
with at least one neutrino, and the missing energy blurs
the information on the ⌧ momentum. One can deal with
this problem by considering di↵erential decay distribu-
tions involving only kinematic variables of the visible fi-
nal state particles, for instance the D and ⇡ energies, and
the angle between the D and ⇡ tracks in the decay chain
B ! D⌫⌧ [! ⇡⌫]. These decay distributions have a high
sensitivity to NP [4, 7].

Furthermore, the Bc lifetime has a significant impact
on possible NP solutions [35, 36], because it constrains
the yet unmeasured branching ratio BR(Bc ! ⌧⌫). The
lifetime measurement is very precise [37],

⌧(Bc) =(0.507 ± 0.009) ps , (10)

while a theory prediction is quite challenging (we will
return to this issue in detail later).

Even though many model independent analyses in this
context have been performed [34, 35, 38–62], it is im-
portant to reconsider the situation in light of the recent
FL(D⇤) measurement and to critically revise and exam-
ine the treatment of the Bc ! ⌧⌫ decay. Furthermore,
we will highlight the future potential of the polarization
observables FL(D⇤), P⌧ (D⇤), and (the yet unmeasured)
P⌧ (D) to discriminate between di↵erent scenarios of NP.
We will also highlight the interplay among R(D(⇤)) and
R(⇤c), where R(⇤c) provides a consistency check of the
measurements.

The paper is organized as follows: In Sec. II, we fix
our notation for the relevant e↵ective Hamiltonian. In
Sec. III, we discuss theoretical and phenomenological as-
pects of BR(Bc ! ⌧⌫) and list compact analytic formu-
las for the considered observables. In Sec. IV, we present
our phenomenological studies in scenarios with one and
two nonzero NP Wilson coe�cients. The chosen scenar-
ios correspond to the cases in which the NP coe�cients
are generated by the exchange of a single heavy spin-0 or
spin-1 particle. Section V is devoted to the study of cor-
relations between the ratios R(D(⇤)) and R(⇤c) and the
polarization observables FL(D⇤) and P⌧ (D(⇤)). Finally,
we conclude in Sec. VI.

II. EFFECTIVE FIELD THEORY

We are interested in NP which is realized above the B

meson mass scale. Especially in the case at hand, this
is a reasonable assumption, since modifying a charged
current obviously requires a new charged particle for
which light masses are experimentally excluded. There-
fore, we can integrate out the heavy degrees of freedom,
and the SM as well as the NP physics contributions are
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Sum rule for 
<latexit sha1_base64="ptQmm7CwuFG65twpGp2VugrN4bk="></latexit>

b ! c⌧ ⌫̄
and            are correlated with

<latexit sha1_base64="JyGPlPYKvxxn4xVHlw9yfpo40uQ="></latexit>

R(⇤c) =
B(⇤b ! ⇤c⌧ ⌫̄)

B(⇤b ! ⇤c`⌫̄

<latexit sha1_base64="91jcKUeAOtKsnoIkaCaVIGop3aI="></latexit>

R(D⇤)
<latexit sha1_base64="vXI1d4YnVEb2yFxI6txwAzzkhkc="></latexit>

R(D)

,          where                                            : 
<latexit sha1_base64="aE4yNYXjMiThbTrKYRJd++zMVGo="></latexit>

⇤b ⇠ bud, ⇤c ⇠ cud

Magic relation

Inspecting the analytic expressions we find a sum rule:

R(Λc)

RSM(Λc)
= 0.262

R(D)

RSM(D)
+ 0.738

R(D∗)

RSM(D∗)
+ x .

The remainder x is a function of the new-physics coefficients
CL

V ,C
L,R
S ,CT and stays small, |x | ≤ 0.05, when CL

V ,C
L,R
S ,CT are varied

within the ranges allowed by the measured values of R(D(∗)).

Ulrich Nierste (KIT) b → cτν LHCb 19 Feb 2019 20 / 22

with |x|< 0.05 in any scenario of new physics. 
                                   Blanke,Crivellin,de Boer,UN,Nisandzic,Kitahara,Phys.Rev.D 100(2019) 3, 035035 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  In the heavy-quark limit :  
           
   and 
        


 Thus  holds for all choices of 

.   Optimise coefficients in  

               
to minimise x for all values of coefficients                      complying with data.    

mb → ∞
B(B → D*ℓν) = 3B(B → Dℓν)

B(Λb → Λcℓν) = B(B → D*ℓν) + B(B → Dℓν) = 1

R(Λc) =
1
4

(3 − ϵ) R(D*) +
1
4

(1 + ϵ) R(D)

ϵ ⇒

Magic relation

Inspecting the analytic expressions we find a sum rule:

R(Λc)

RSM(Λc)
= 0.262

R(D)

RSM(D)
+ 0.738

R(D∗)

RSM(D∗)
+ x .

The remainder x is a function of the new-physics coefficients
CL

V ,C
L,R
S ,CT and stays small, |x | ≤ 0.05, when CL

V ,C
L,R
S ,CT are varied

within the ranges allowed by the measured values of R(D(∗)).

Ulrich Nierste (KIT) b → cτν LHCb 19 Feb 2019 20 / 22

What is behind the sum rule?
Whatever it is (charged Higgs or leptoquark of any
kind), it must be charged and therefore very heavy.

One can describe all possibile new physics by an effective four-fermion
interaction. This is the analogue of using Fermi’s theory of weak decay
at energies far below MW .

Need these four-fermion operators:

OL
V = c̄Lγ

µbL τ̄LγµντL ,

OR
S = c̄LbR τ̄RντL ,

OL
S = c̄RbL τ̄RντL ,

OT = c̄Rσ
µνbL τ̄RσµνντL .

bL,R cL,R

τL,R ντ L

The corresponding coefficients CL
V ,C

R,L
S ,CT can be fitted to data.

Ulrich Nierste (KIT) b → cτν LHCb 19 Feb 2019 9 / 22
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Sum rule for 
<latexit sha1_base64="ptQmm7CwuFG65twpGp2VugrN4bk="></latexit>

b ! c⌧ ⌫̄

Magic relation

Inspecting the analytic expressions we find a sum rule:

R(Λc)

RSM(Λc)
= 0.262

R(D)

RSM(D)
+ 0.738

R(D∗)

RSM(D∗)
+ x .

The remainder x is a function of the new-physics coefficients
CL

V ,C
L,R
S ,CT and stays small, |x | ≤ 0.05, when CL

V ,C
L,R
S ,CT are varied

within the ranges allowed by the measured values of R(D(∗)).

Ulrich Nierste (KIT) b → cτν LHCb 19 Feb 2019 20 / 22

 

Tension with 2022 measurement by LHCb:   
      

<latexit sha1_base64="JAwxFZEHhNwm3bUjfdwZvcOwHT0="></latexit>

R(⇤c) = 0.242± 0.026± 0.040± 0.059

Our 2019 prediction (confirmed in 2022 with new data on ): 
 


R(D(*))

(LHCb, Phys.Rev.Lett. 128 (2022) 19, 191803)

<latexit sha1_base64="Ql+jsMoP1Et+NZtm+bimSh0tJtg="></latexit>

R(⇤c) = RSM(⇤c) (1.15± 0.04) = 0.38± 0.01± 0.01

          with future data either                will come down or             will go up. 
<latexit sha1_base64="cmdWNRy2HmTF1ga1vLTHOd0BrHc="></latexit>

R(D(⇤))
<latexit sha1_base64="kEYEeuXfDmn4HnKXZtawEk2hsOo=">AAAB83icdVDLSsNAFJ3UV62vqks3g0Wom5DUWuuu6MaFiyr2AU0ok8mkHTqZhJmJUEJ/w40LRdz6M+78G6dpBBU9MHA451zunePFjEplWR9GYWl5ZXWtuF7a2Nza3inv7nVllAhMOjhikeh7SBJGOekoqhjpx4Kg0GOk500u537vnghJI36npjFxQzTiNKAYKS05t1XnWod9NMTHw3LFMk8t+7xxAi3TypCRpl1rQjtXKiBHe1h+d/wIJyHhCjMk5cC2YuWmSCiKGZmVnESSGOEJGpGBphyFRLppdvMMHmnFh0Ek9OMKZur3iRSFUk5DTydDpMbytzcX//IGiQqabkp5nCjC8WJRkDCoIjgvAPpUEKzYVBOEBdW3QjxGAmGlayrpEr5+Cv8n3ZppN8z6Tb3SusjrKIIDcAiqwAZnoAWuQBt0AAYxeABP4NlIjEfjxXhdRAtGPrMPfsB4+wQw85Eo</latexit>

R(⇤c)
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Sum rule for 
<latexit sha1_base64="ptQmm7CwuFG65twpGp2VugrN4bk="></latexit>

b ! c⌧ ⌫̄
Consider scenarios with only one particle contributing to :b → cτν̄

SU(2) singlet leptoquark
SU(2) doublet leptoquark

SU(2) triplet leptoquark
charged Higgs boson

<latexit sha1_base64="kgBOKnGo7d0VsddXVSY71+rgNOA="></latexit>

scenario R(D) R(D⇤) R(⇤c)
exp. 0.36(3) 0.29(1) 0.24(7)
S1 0.36(3) 0.29(1) 0.38(3)
S2 0.36(3) 0.28(1) 0.40(4)
S3 0.33(2) 0.29(1) 0.38(2)
H

± 0.36(3) 0.28(1) 0.36(2)

fit resultsFedele,Blanke,Crivellin,Iguro, Kitahara,UN,Watanabe,  
                               Phys. Rev. D107 (2023) 5, 055005 



8 May 2023     Pushing the Limits of Theoretical Physics     MITP Mainz                                                             Ulrich Nierste17

Summary

 BaBar, Belle, and LHCb data consistently point to values of  and  above their SM 
predictions, with a combined significance of 3.2σ.  

  The new LHCb measurement  of   points to  inconsistent measurements of  
 at least one of , , or , irrespective of the presence of BSM 
 physics, because these quantities fulfill a sum rule.    
               Redundancy of B physics helps to disentangle BSM physics from mistakes. 


 Global fits of  , , and  give good results for the charged-Higgs and leptoquark  
 interpretations, both with discovery prospects at CMS and ATLAS. 

RD RD*

RΛc
∼2σ

RD RD* RΛc

RD RD* FD*
L


