
Looking for New Physics  
through  b→ s𝝂𝝂, b→ c𝓵𝝂 and c→ s𝓵𝝂

Damir Bečirević
Pôle Théorie, IJCLab 

CNRS et Université Paris-Saclay

Ljubljana, December 02 - 06



Intro

✘ Common strategy: Measure weak interactions processes to high 
precision and compare exp to robust/accurate theoretical 
predictions in order to either fix CKM or to extract couplings to 
BSM physics

✘ Nonperturbative QCD stands on the way.                              
LQCD tremendous progress but B →D*𝓵𝝂  still problematic (3pt fns)

✘ c →s𝓵𝝂  good testing ground [excellent results from BESIII + best 
environment for LQCD]

cf. also Bolognani et al 2407.06145
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Only one slide on LQCD

✘ Regularized QCD - path integral       
GF ⇔ MC methods (stat. errors) 

✘ Systematics (finite spacing, volume etc) 
are difficult but can be and are handled 

✘ Ab initio means NO additional 
parameter is introduced apart from 
those in the original Lagrangian 
(coupling and quark masses)



Only one slide on LQCD

✘ Regularized QCD - path integral           
GF ⇔ MC methods (stat. errors) 

✘ Systematics (finite spacing, volume 
etc) are difficult but can be and are 
handled 

✘ Ab initio means NO additional 
parameter is introduced apart from 
those in the original Lagrangian 
(coupling and quark masses)

✘ Not everything can be computed 
precisely on the lattice [if requiring 
high precision it becomes 
increasingly difficult].

✘ Numerical answers.

✘ Need analytic approaches to 
interpret or learn from LQCD 
results!



CKM Unitarity - Vcs

✘ Possible checks thanks to charm factory at BESIII 

✘ Leptonic modes are the best suited: QCD ‘simple’ for lattices

✘ Recent updates (BESIII - 2023):

✘ From the global fits:

BESIII, 2307.14585

BESIII, 2303.12600 BESIII, 2303.12468



✘ Hadronic matrix element

 Checking on Vcs 

✘ From the global fits:

0.2%!

FLAG rev, 2411.04268



✘ Hadronic matrix element

 Checking on Vcs 

✘ From the global fits:

Watch out  - soft photons! 
cf. Frezzotti et al 2306.05904

Cannot match the UT precision 
unless using detailed semileptonics



EFT       c→ s 𝓵𝝂



EFT       c→ s 𝓵𝝂

V-A V+A

S-P S+P T

exp LQCDCKMU ??



Semileptonics - mesons
✘ Mesons:

and similarly for Ds →𝜙𝓵𝝂

✘ Pseudoscalar in the final state - easier for lattices

✘ We focus on the electron modes [more precise]              
LFUV tests (𝜇/e) successful so far (cf. PDG)

or recent BESIII 2306.02624 v 2207.14149 



Semileptonics - mesons (LQCD)
✘ Mesons:
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Semileptonics - mesons (LQCD)
✘ Mesons:
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More work needed to understand the differences (lattice artefacts)



✘ Mesons:

Only one LQCD computation

- Only 2 kinematical situations
- This mode can be very useful!

Semileptonics - mesons (LQCD)

HPQCD, 1311.6669

BESIII, 2307.03024



Semileptonics - experiment (ang. distr.)

Functions of kinematic variables, q2-dependent form factors and NP couplings

- 3 observables even for PS meson in the final state (can this be done exply?)
- using secondary decay of  V meson in the final state (bunch of observables)
- baryons very useful too

A detailed lattice study:  Meinel 1611.09696



BESIII     𝛬c→ 𝛬(→p𝜋) e𝝂

Invert the angular coefficients [exp] to extract the FF and compare to LQCD

BESIII 2207.14149 



BESIII     𝛬c→ 𝛬(→p𝜋) e𝝂

Invert the angular coefficients to extract the FF and compare to LQCD
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BESIII     𝛬c→ 𝛬(→p𝜋) e𝝂

0.2 0.4 0.6 0.8 1.0 1.2
q2 [GeV]

0.4

0.6

0.8

1.0

1.2

1.4

1.6

f +
(q

2
)

§c ! §e+∫e

BESIII

LQCD

0.2 0.4 0.6 0.8 1.0 1.2
q2 [GeV]

1.0

1.5

2.0

2.5

3.0

f ?
(q

2
)

§c ! §e+∫e

BESIII

LQCD

0.2 0.4 0.6 0.8 1.0 1.2
q2 [GeV]

0.55

0.60

0.65

0.70

0.75

0.80

0.85

0.90

g ?
(q

2
)

§c ! §e+∫e

BESIII

LQCD

0.2 0.4 0.6 0.8 1.0 1.2
q2 [GeV]

0.55

0.60

0.65

0.70

0.75

0.80

0.85

0.90

g +
(q

2
)

§c ! §e+∫e

BESIII

LQCD



In terms of 𝛬c→ 𝛬(→p𝜋) e𝝂 observables
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In terms of 𝛬c→ 𝛬(→p𝜋) e𝝂 observables
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In terms of 𝛬c→ 𝛬(→p𝜋) e𝝂 observables
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NB: No info on q2-binned data! Only on the same [correlated] parameters of the FF 
parametrization used in the LQCD paper [1611.09696]

Integrated characteristics quite consistent with SM…



One interesting case…
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Try and feed in NP contributions
Include mesons too (where info on binned distribution is available)…
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Checking on the presence of coupling to RH current



Try and feed in NP contributions
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Notice the benefit of the binned distribution in D → K e 𝜈    ⟨dB/dq2⟩

In the scenarios with S1 or R2 SLQ



LHC window to high-pT tails of…

So stringent for 𝓵=e that reconsidering K-factor becomes indispensable
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Camalich et al 2003.12421, Allwicher et al 2207.10714

137/fb of LHC data



LHC window to high-pT tails of…

So stringent for 𝓵=e that reconsidering K-factor becomes indispensable

Camalich et al 2003.12421, Allwicher et al 2207.10714
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Concluding Remarks 1  
• Testing the strategy to extract NP couplings from low energy data 

• LQCD control over the SL meson form factors is not fully satisfactory  

• Another LQCD estimates of Ds→ 𝜙 𝓁𝜈 and 𝛬c→ 𝛬 𝓁𝜈 form factors needed 

• Exp info on the q2-binned distributions of angular observables would be         

very welcome too

• LHC info on high-pT tails of DY lead to very stringent constraints on NP 

couplings                                                                                                       

K-factor should be scrutinized but even if  K≃2, there is very little room for NP 

in channels with e or 𝜇 in the final state

• If there are no NP contributions to c → s e𝝂 or they are indeed tiny, this is 

becoming a LQCD laboratory:  form factor normalizations and shapes 

• That could be an important 1st step to solving the B→ D* 𝓁 𝜈 form factor 

[LQCD] ambiguity/problem/discrepancy 
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<latexit sha1_base64="6ifmocgminU6qwszjCSyxRP7ESM="></latexit>

RD(⇤) =
B(B ! D(⇤)⌧⌫)

B(B ! D(⇤)µ⌫)LFUV



★ 2 lattice results agree in the continuum limit 
★ Going from high to low q2s facilitated by constraint f0(0)=f+(0) 
★ Only one (staggered) lattice regularization/discretization of QCD

1906.00701



Slightly heavy/messy a story (esp. for vector meson in the final state):  
1. Matrix elements in terms of form factors 
   V(q2), A1,2,0(q2)     or      f(q2), g(q2), F1(q2), F2(q2)     or    hV(w), hA1,A2,A3(w)          
2. Instead of q2 one may use conformal mapping onto the disc |z(q2)| ≤ 1, and 
expand form factors in powers of z, with analiticity/unitarity (dispersion relations) 
helping to tame the error due to truncation of the series.  Good for interpolation 
of the data, not that much for extrapolation, cf. 4.

Intermezzo: on the shapes of FFs



4.  Need to model nonetheless b/c P(z) sent poles onto the circle (branch cuts 
not controlled anyway!) and the physical info is `lost’. In heavy-to-light the pole is 
explicitly factored out and then z-expansion applied (BCL).

Fixed by the data,
exp or LQCD
[QCD dynamical info!]

5.  One might as well expanded in q2/𝛬2, or model differently… sigh!

Intermezzo: on the shapes of FFs



[FNAL/MILC, 2105.14019] 



JLQCD 23

[HPQCD, 2304.03137] 
[JLQCD, 2306.05657] 



JLQCD 23

[HPQCD, 2304.03137] 

[JLQCD, 2306.05657] 

★ Two different discretisation procedure - different results in continuum 
★ Vcb extraction - (not a) problem  
★ We can use exp info on angular distribution and convert them to FFs… 
which is what we do… cf. 2404.16772



JLQCD 23

[HPQCD, 2304.03137] 

[JLQCD, 2306.05657] 

★ Two different discretisation procedure - different results in continuum 
★ Vcb extraction - problem (sic!) 
★ We can use exp info on angular distribution and convert them to FFs… 
which is what we do… cf. 2404.16772

CLN or BGL or…

CLN

BGL   
these should be fit too 
and not fixed as in CLS

✘ Exp data fit very well with CLN, but eventually [with ever better precision]             
BGL should be the ultimate choice, if you decide to follow this route…

9712417

9705252

CLN or BGL or…

CLN

BGL   
these should be fit too 
and not fixed as in CLS

✘ Exp data fit very well with CLN, but eventually [with ever better precision]             
BGL should be the ultimate choice, if you decide to follow this route…

9712417

9705252

N



a.  Use HFLAV results [2206.07501]

b.  With                                                 , and 

SM and if NP affects only decays to 𝝉𝝂…

we have

and from LQCD we only take

⟹ 

c.  We get:



Scalar Leptoquarks in RD(*) 

Can any scalar leptoquark, with a minimalistic set of Yukawa couplings, pass RD and RD* test ?

R2 =(3,2,7/6)

R2 = (3,2,1/6)

S1= (3,1,1/3)

LQ (SU(3)c, SU(2)L , U(1)Y)→

cf. 2404.16772

Previously [2103.12504]  OK

SM LQs

~



Weak singlet S1  - electric charge 1/3.
Interaction with  quark/lepton both being weak doublets, or weak singlets

cf. 2404.16772

Minimal setting 

S1= (3,1,1/3)



▶︎

Contribution to b sττ or b sντ ντ→   →  

And then what?

b sντ ντ →  

(imaginary part comes from the fermions being on the mass shell 
in the  loop)

▶︎

▶︎

▶︎



Olcyr Sumensari (IJCLab, Orsay)O. Sumensari

•  :B → K(*)ℓℓ •  :B → K(*)νν̄

- Sensitive to new physics effects.
- Experimentally clean (especially for ).
- Many observables (angular distribution).
- Theoretically challenging (non-factorizable 

contributions…)

ℓ = μ
- Sensitive to new physics effects.
- Exp. more challenging (missing energy).
- Fewer observables.
- Theoretically cleaner!
- Sensitive to operators with -leptons.τ

Courtesy of O. Sumensari

 is (not) better… B → Kνν̄



Olcyr Sumensari (IJCLab, Orsay)O. Sumensari

• Effective Hamiltonian within the SM:

• Short-distance contributions known to good precision:

<latexit sha1_base64="OviTYFuTozoeCJwG1fKN9CcafMA="></latexit>
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↵em

2⇡

X

i

CSM
L (s̄L�µbL)(⌫̄Li�

µ⌫Li) + h.c. ,

i) Hadronic matrix-element: ii) CKM matrix:
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Xt = 1.462(17)(2)

Known Lorentz factors

<latexit sha1_base64="kXOxvBPB1jqTowqKeNrkk2R551c="></latexit>

|VtbV
⇤
ts| = |Vcb| (1 +O(�2))

From CKM unitarity:

Two main sources of uncertainties:

<latexit sha1_base64="+smICPPfnirNdzH5QAbo3xODIjg="></latexit>

hK(⇤)|s̄L�µbL|Bi =
X

a

Kµ
a Fa(q

2)

Including NLO QCD and two-loop EW contributions:

<latexit sha1_base64="3MOmWeaZg7D27NJ9Geooo1WQYLY="></latexit>

�t = VtbV
⇤
ts

Form-factors (e.g., LQCD) Which value to take (incl. vs. excl.)?

 in the SM B → Kνν̄

Courtesy of O. Sumensari



Olcyr Sumensari (IJCLab, Orsay)O. Sumensari

• Lattice QCD data available at nonzero recoil ( ) for all form-factors:

    with                    . 

q2 ≠ q2
max

• We update the FLAG average by combining [HPQCD ’22] results with [FNAL/MILC ’16]: 

Pole factor:
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Pi(q
2) = 1� q2/M2

i cf. 2301.06990

<latexit sha1_base64="/Ac/H9G2xn63sDVkALa74KHjGLE="></latexit>

�2
min/d.o.f. ' 9.2/10

Only form-factor needed for !B → Kνν̄
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f+(0) = f0(0)

Form-factors:  B → Kνν̄

<latexit sha1_base64="ydVPQN/dBFAOcGFPWZVUDQyDMz8="></latexit>
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Olcyr Sumensari (IJCLab, Orsay)O. Sumensari

[NEW] Belle-II results [2311.14647]

 above the SM prediction≈ 3σ

Use EFT to see how we can accommodate this result.

<latexit sha1_base64="L/qynmpAubu+x/aXEaJ2yAGbpXE="></latexit>

B(B+ ! K+⌫⌫̄)exp =
⇥
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�0.4(syst)
⇤
⇥ 10�5



Olcyr Sumensari (IJCLab, Orsay)O. Sumensari

• Low-energy EFT:

• Complementarity of  and  :B → Kνν̄ B → K*νν̄

<latexit sha1_base64="uu1dnTGdYnMGhm8lm3v2Mz+fmA4="></latexit>

Lb!s⌫⌫
e↵ =

4GF�tp
2

↵em

2⇡

X

ij

h
C

⌫i⌫j
L (s̄L�µbL)(⌫̄Li�

µ⌫Lj) + C
⌫i⌫j
R (s̄R�µbR)(⌫̄Li�

µ⌫Lj)
i
+ h.c. ,

EFT for b → sνν̄

cf. 2309.02246



Olcyr Sumensari (IJCLab, Orsay)O. Sumensari

SMEFT for  (and )b → sνν b → sℓℓ
•  operators invariant under :ψ4 SU(2) × U(1)Y

<latexit sha1_base64="qOmhC3I620l+fNaRprFTyuDWxR0=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69BIvgqSQi6rHoxWMF+wFNKJvtpF262YTdTaGE/hMvHhTx6j/x5r9x0+ag1Qe7PN6bYWZemHKmtOt+WZW19Y3Nrep2bWd3b//APjzqqCSTFNs04YnshUQhZwLbmmmOvVQiiUOO3XByV/jdKUrFEvGoZykGMRkJFjFKtJEGth36OnGUj5znxTcf2HW34S7g/CVeSepQojWwP/1hQrMYhaacKNX33FQHOZGaUY7zmp8pTAmdkBH2DRUkRhXki83nzplRhk6USPOEdhbqz46cxErN4tBUxkSP1apXiP95/UxHN0HORJppFHQ5KMq4Y44tYnCGTCLVfGYIoZKZXR06JpJQbcKqmRC81ZP/ks5Fw7tqeA+X9eZtGUcVTuAUzsGDa2jCPbSgDRSm8AQv8Grl1rP1Zr0vSytW2XMMv2B9fAOpZZOv</latexit>

b ! s``
<latexit sha1_base64="JaUhgoukQb1KZFps+fTAXOTBktU=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUlE1GXRjcsK9gFNKJPppB06mYSZiVhCfsWNC0Xc+iPu/BsnbRbaemCYwzn3cu89QcKZ0o7zbVXW1jc2t6rbtZ3dvf0D+7DeVXEqCe2QmMeyH2BFORO0o5nmtJ9IiqOA014wvS383iOVisXiQc8S6kd4LFjICNZGGtr1wNMxUp5IvQDLzPz50G44TWcOtErckjSgRHtof3mjmKQRFZpwrNTAdRLtZ1hqRjjNa16qaILJFI/pwFCBI6r8bL57jk6NMkJhLM0TGs3V3x0ZjpSaRYGpjLCeqGWvEP/zBqkOr/2MiSTVVJDFoDDlyJxbBIFGTFKi+cwQTCQzuyIywRITbeKqmRDc5ZNXSfe86V423fuLRuumjKMKx3ACZ+DCFbTgDtrQAQJP8Ayv8Gbl1ov1bn0sSitW2XMEf2B9/gBPtZSg</latexit>

b ! s⌫⌫̄

<latexit sha1_base64="VPjWEBLVVGVtoPc1w5kQhEDxgWc=">AAACBXicdZDLSgMxFIYz9VbrrepSF6FF6GAZZipW3RXduHBR0Wkr7TBk0rQNzVxIMkIZunHjC/gQblwo4tZ3cNe3MW0VvP4Q+PjPOZyc34sYFdI0R1pqZnZufiG9mFlaXlldy65v1EQYc0xsHLKQNzwkCKMBsSWVjDQiTpDvMVL3+ifjev2acEHD4FIOIuL4qBvQDsVIKsvNbhcu7MKe7uJiq6iopLtniuyCpbtXupvNm8a+aR2VLfgbLMOcKF/JtXbvRpVB1c2+tdohjn0SSMyQEE3LjKSTIC4pZmSYacWCRAj3UZc0FQbIJ8JJJlcM4Y5y2rATcvUCCSfu14kE+UIMfE91+kj2xM/a2Pyr1oxl59BJaBDFkgR4uqgTMyhDOI4EtiknWLKBAoQ5VX+FuIc4wlIFl1EhfF4K/4daybDKhnWu0jgGU6XBFsiBArDAAaiAU1AFNsDgBtyDR/Ck3WoP2rP2Mm1NaR8zm+CbtNd3Gz+YIg==</latexit>

(SU(3)c, SU(2)L, U(1)Y )

<latexit sha1_base64="isy+J7xKpYot2F1cELClVvQR8PU=">AAACDXicbZBPSwJBGMZn7Z/Zv62OXQYtMBLbVaiOUpeOBq0KrsjsOKuDM7vLzGwgi1+gS5c+SJcORXTt3s1v06walPXAwI/nfV/mfR8vYlQqy5oYmaXlldW17HpuY3Nre8fc3WvIMBaYODhkoWh5SBJGA+IoqhhpRYIg7jHS9IZXab15R4SkYXCrRhHpcNQPqE8xUtrqmodO14aupBwWXY7UwPOT6rj0jfa4VDmtHnfNglW2poJ/wZ5DoZZ3Tx4ntVG9a366vRDHnAQKMyRl27Yi1UmQUBQzMs65sSQRwkPUJ22NAeJEdpLpNWN4pJ0e9EOhX6Dg1P05kSAu5Yh7ujNdUy7WUvO/WjtW/kUnoUEUKxLg2Ud+zKAKYRoN7FFBsGIjDQgLqneFeIAEwkoHmNMh2Isn/4VGpWyfle0bncYlmCkLDkAeFIENzkENXIM6cAAG9+AJvIBX48F4Nt6M91lrxpjP7INfMj6+ANDlnRs=</latexit>

U1 ⇠ (3,1, 2/3)

<latexit sha1_base64="RMtLUkB7hmprHRQbw9tgEOHqx9c=">AAACFHicbVDLSsNAFJ34rPUVdelmaBEqLTUxoC6LblxWtA9oSplMJ+3QySTMTIQS8hGC+CtuXCji1oW7/o3Th6CtBy4czrmXe+/xIkalsqyRsbS8srq2ntnIbm5t7+yae/t1GcYCkxoOWSiaHpKEUU5qiipGmpEgKPAYaXiDq7HfuCdC0pDfqWFE2gHqcepTjJSWOmbxtuNA6EoawIIbINX3/MT1kEicNC39CE5ask+c446Zt8rWBHCR2DOSr+Tc4uOoMqx2zC+3G+I4IFxhhqRs2Vak2gkSimJG0qwbSxIhPEA90tKUo4DIdjJ5KoVHWulCPxS6uIIT9fdEggIph4GnO8dnynlvLP7ntWLlX7QTyqNYEY6ni/yYQRXCcUKwSwXBig01QVhQfSvEfSQQVjrHrA7Bnn95kdRPy/ZZ2b7RaVyCKTLgEORAAdjgHFTANaiCGsDgATyDV/BmPBkvxrvxMW1dMmYzB+APjM9vPmqgCw==</latexit>

S3 ⇠ (3̄,3, 1/3)

<latexit sha1_base64="c1ojPh/+R50lfZJ7aAzDLjFtbhM=">AAACD3icbZC7TsMwFIadcivlFmBksVqBikBVwgCMFSyMRaIX0YTKcZ3Wqp1EtoMURX0DFiSehIUBhFhZ2fo2OG2H0vJLlj795xz5nN+LGJXKskZGbml5ZXUtv17Y2Nza3jF39xoyjAUmdRyyULQ8JAmjAakrqhhpRYIg7jHS9AbXWb35SISkYXCnkoi4HPUC6lOMlLY65tH9gxMJyokjKYdlhyPV9/zUHp7OoHXcMUtWxRoLLoI9hVK16Jy8jKpJrWP+ON0Qx5wECjMkZdu2IuWmSCiKGRkWnFiSCOEB6pG2xgBxIt10fM8QHmqnC/1Q6BcoOHZnJ1LEpUy4pzuzJeV8LTP/q7Vj5V+6KQ2iWJEATz7yYwZVCLNwYJcKghVLNCAsqN4V4j4SCCsdYUGHYM+fvAiNs4p9XrFvdRpXYKI8OABFUAY2uABVcANqoA4weAKv4B18GM/Gm/FpfE1ac8Z0Zh/8kfH9C/46nvU=</latexit>

Z 0 ⇠ (1,1, 0)

<latexit sha1_base64="gKxmhOzuSW1t/siO/4kPvoo/1Vg="></latexit>

V ⇠ (1, 3, 0)

• Correlations for concrete mediators:
-                    :

-                    :

-                    :

-                    :
   …

<latexit sha1_base64="6bdJmb0s4I619vAqGo1pCDlxXzw="></latexit>

C
⇤2

' (5 TeV)�2



Olcyr Sumensari (IJCLab, Orsay)O. Sumensari

SMEFT for  (and )b → sνν b → sℓℓ
•  operators invariant under :ψ4 SU(2) × U(1)Y

<latexit sha1_base64="qOmhC3I620l+fNaRprFTyuDWxR0=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69BIvgqSQi6rHoxWMF+wFNKJvtpF262YTdTaGE/hMvHhTx6j/x5r9x0+ag1Qe7PN6bYWZemHKmtOt+WZW19Y3Nrep2bWd3b//APjzqqCSTFNs04YnshUQhZwLbmmmOvVQiiUOO3XByV/jdKUrFEvGoZykGMRkJFjFKtJEGth36OnGUj5znxTcf2HW34S7g/CVeSepQojWwP/1hQrMYhaacKNX33FQHOZGaUY7zmp8pTAmdkBH2DRUkRhXki83nzplRhk6USPOEdhbqz46cxErN4tBUxkSP1apXiP95/UxHN0HORJppFHQ5KMq4Y44tYnCGTCLVfGYIoZKZXR06JpJQbcKqmRC81ZP/ks5Fw7tqeA+X9eZtGUcVTuAUzsGDa2jCPbSgDRSm8AQv8Grl1rP1Zr0vSytW2XMMv2B9fAOpZZOv</latexit>

b ! s``
<latexit sha1_base64="JaUhgoukQb1KZFps+fTAXOTBktU=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUlE1GXRjcsK9gFNKJPppB06mYSZiVhCfsWNC0Xc+iPu/BsnbRbaemCYwzn3cu89QcKZ0o7zbVXW1jc2t6rbtZ3dvf0D+7DeVXEqCe2QmMeyH2BFORO0o5nmtJ9IiqOA014wvS383iOVisXiQc8S6kd4LFjICNZGGtr1wNMxUp5IvQDLzPz50G44TWcOtErckjSgRHtof3mjmKQRFZpwrNTAdRLtZ1hqRjjNa16qaILJFI/pwFCBI6r8bL57jk6NMkJhLM0TGs3V3x0ZjpSaRYGpjLCeqGWvEP/zBqkOr/2MiSTVVJDFoDDlyJxbBIFGTFKi+cwQTCQzuyIywRITbeKqmRDc5ZNXSfe86V423fuLRuumjKMKx3ACZ+DCFbTgDtrQAQJP8Ayv8Gbl1ov1bn0sSitW2XMEf2B9/gBPtZSg</latexit>

b ! s⌫⌫̄

Which flavor?

I) Couplings to muons are tightly constrained by .

II) LFV couplings are constrained by searches for  and .

III)The only viable option is coupling to ’s (due to weak exp. limits on ).

ℬ(Bs → μμ)
ℬ(Bs → ℓiℓj) ℬ(B → K(*)ℓiℓj)

τ b → sττ

 Predictions: ⇒
<latexit sha1_base64="CQF6fLkp+UwrQoGERchMRp6pE5w="></latexit>

B(Bs ! ⌧⌧)

B(Bs ! ⌧⌧)SM
' B(B ! K(⇤)⌧⌧)

B(B ! K(⇤)⌧⌧)SM
' 10

Other way to go is through neutrinos, cf. 2404.17440

experimentally 
challenging



Can we figure out a 
scenario which would 

simultaneously 
accommodate RD(*) and RK

𝜈𝜈?



• Let us introduce a RH neutrino(s) and study RR operators 

• No interference with SM.  

cf. 2410.23257



• Let us introduce a RH neutrino(s) and study RR operators 

• No interference with SM  
• NR can be massless or massive
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• Scenario for both…

• Predictions



• Scalar LQ

Concrete Model (S1)

cf. 2410.23257



Concrete Model (S1)
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Concrete Model (S1)



Concrete Model (S1)



Concluding RemarkS 2
• Hadronic uncertainties are a major obstacle to interpreting the potential 

deviations between the measured and predicted (in SM) quantities.

• In scenarios with NP affecting only decays to 3rd generation leptons we can 

combine the experimental info on angular distribution with minimal lattice input 

and find 3𝜎 difference between the SM value and the exp WA of RD*.               

Can we have the partial decay widths i.e. binned RD and/or RD*?

• Interpreting RD and RD*  in terms of NP with a minimal SLQ setup is possible by 

using S1, and to a lesser extent R2. 

• If one wants to accommodate both RD(*)  and RK
inv we find that the RR-operators 

with an additional RH neutral lepton could do the job. A concrete model of such 

a scenario is again S1 which can be tested either via RK*
inv or through Bs-mixing 

for which the LQCD estimate of the HME is needed.



Olcyr Sumensari (IJCLab, Orsay)O. Sumensari

Which CKM value?
• Using avai lable  

data:
b → cℓν̄

… to be compared to CKM global fits:

There is no a clear answer to this ambiguity so far.

• Alternative strategy: to use 

<latexit sha1_base64="SUYOvgepJHO5JqmizA5KN5q0jfk="></latexit>

|�t|UTfit = (41.4± 0.5)⇥ 10�2
<latexit sha1_base64="c7OEf7VQr5vZvRv4ZHo2zdMUVJo="></latexit>

|�t|CKMfitter = (40.5± 0.3)⇥ 10�2

<latexit sha1_base64="pZu+WU3c65V2HRpqy7QNXbrhxe0="></latexit>

�mBs / f2
Bs

B̂Bs |�t|2 [Buras, Venturini. ’21, ’22]

<latexit sha1_base64="Fcu7PHMre1+9mX9+99NRzivLtro=">AAACG3icbVBNS8NAEN34bf2KevSyWARPJSlFvQhSL16ECrYVmhA2241dupvE3YlQQvwdXvwrXjwo4knw4L9x0/bg14OBx3szzMwLU8E1OM6nNTM7N7+wuLRcWVldW9+wN7c6OskUZW2aiERdhUQzwWPWBg6CXaWKERkK1g2Hp6XfvWVK8yS+hFHKfEmuYx5xSsBIgV2PgrwZ6MLTNwpyb0AgbxYTqTiuHzawl0p8dOdJAgMl83PWKQK76tScMfBf4k5JFU3RCux3r5/QTLIYqCBa91wnBT8nCjgVrKh4mWYpoUNyzXqGxkQy7efj3wq8Z5Q+jhJlKgY8Vr9P5ERqPZKh6Sxv1L+9UvzP62UQHfk5j9MMWEwni6JMYEhwGRTuc8UoiJEhhCpubsV0QBShYOKsmBDc3y//JZ16zT2ouReN6klzGscS2kG7aB+56BCdoDPUQm1E0T16RM/oxXqwnqxX623SOmNNZ7bRD1gfX5ubocA=</latexit>

fBs

q
B̂Bs = 274± 8 MeV

<latexit sha1_base64="WCwEcSE/cnMIHdwMHBnrcoHp+iY=">AAACG3icbVDLSsNAFJ3Ud31VXboZLIKrkhStbgSpGzdCBfuApoTJdNIOnUnizI1QQvwON/6KGxeKuBJc+DdOHwttPXDhcM693HuPHwuuwba/rdzC4tLyyupafn1jc2u7sLPb0FGiKKvTSESq5RPNBA9ZHTgI1ooVI9IXrOkPLkd+854pzaPwFoYx60jSC3nAKQEjeYVy4KVVT2euvlOQun0CaTWbSNl5+aSC3VjiyoMrCfSVTK9ZI/MKRbtkj4HniTMlRTRFzSt8ut2IJpKFQAXRuu3YMXRSooBTwbK8m2gWEzogPdY2NCSS6U46/i3Dh0bp4iBSpkLAY/X3REqk1kPpm87RjXrWG4n/ee0EgrNOysM4ARbSyaIgERgiPAoKd7liFMTQEEIVN7di2ieKUDBx5k0IzuzL86RRLjmVknNzXLyoTuNYRfvoAB0hB52iC3SFaqiOKHpEz+gVvVlP1ov1bn1MWnPWdGYP/YH19QOYd6G+</latexit>

fBs

q
B̂Bs = 256± 6 MeV

(Nf = 2 + 1)

(Nf = 2 + 1 + 1)

[FLAG, ’21]

[HFLAV, ’22]

[HFLAV, ’22]

[FLAG ’21]

cf. also [Martinelli et al. ‘21]

<latexit sha1_base64="dTmcMWuabK/fs4HJqjDKo2tgdnM="></latexit>

|�t|⇥ 103 =

(
41.9± 1.0 , (Nf = 2 + 1 + 1)

39.2± 1.1 , (Nf = 2 + 1)
[HPQCD ’19]

<latexit sha1_base64="XT/goTM39SktP6zXAIfEU6GrjO0="></latexit>

�t = VtbV
⇤
ts

Courtesy of O. Sumensari


