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Mo#va#on

 Standard Model cannot address Dark Ma2er, BAU, Neutrino masses... 
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 Need for New Physics: Direct searches at LHC - Indirect searches at low energy⇒

Indirect searches - Test SM (accidental) symmetries

Flavour physics: test lepton flavour universality

[PDG 2024]
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BUT:  current measurements 
of semi-leptonic -meson 
decays appear to tell a 
different story!

B



Observables in b → cℓν

Theore#cally clean; hadronic uncertain:es 
cancel in the ra#o 
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RD(⇤) =
�(B ! D(⇤)⌧⌫)

�(B ! D(⇤)`⌫)
, ` = e, µ

Test of lepton flavour universality

SM predic#ons significantly smaller than 
experiment, combined devia:on: ∼ 3.3 σ

 Viola#on of LFU? New Physics coupled to  and ?⇒ b τ



Possible explana#ons

EFT study - ΛNP ≃ mNP/CNP ∼ 𝒪(1 − 3)TeV
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Possible NP solu#ons: , Charged Higgses, Exo#c 
neutrino interac#ons... 

W′ 

Or Leptoquarks!
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Possible explana#ons

EFT study - ΛNP ≃ mNP/CNP ∼ 𝒪(1 − 3)TeV
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Possible NP solu#ons: , Charged Higgses, Exo#c 
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Constraints on LQ models

Collider bounds: Direct searches ( ), high-  tails in MLQ ≳ 1.5 TeV pT
pp → ττ, pp → τν
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Electroweak precision observables: Z → ττ, Z → νν, τ → ℓνν

-physics observables:  mixing, , , , 
, angular observables

B Bs − Bs B → Kνν Bc → τν Bs → ττ
B → Kττ



R2

Consider minimal coupling texture
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[2404.16772]
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mR2 = 1.5TeV

 can be accommodated :)RD(*)

But: high-  - data excludes the viable 
parameter space :(

pT

*  allowed  
    regions
2σ



R̃2

Again,  can be accommodated :)  
   * if a right-handed neutrino is added!

RD(*)
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[2404.16772]

But  is too severely affectedB → Kνν

*  allowed  
    regions
2σ



Lec-handed  S1

Once again,  can be 
accommodated

RD(*)
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[2404.16772]

But this #me the effect in  is 
slightly too large

Bs − Bs

*  allowed  
    regions
2σ



Lec- and right-handed S1

Need right-handed couplings
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[2404.16772]

Successfully accommodate  and 
consistent with other observables :)

RD(*)

evade  mixing constraint⇒ Bs − Bs

*  allowed  
    regions
2σ
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Explored 3 different minimal TeV-scale LQ models
Only  with lec and right-handed couplings phenomenologically viable⇒ S1

Can be tested in  angular observablesB → D(*)τν

Predic#ons with  S1
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Tree level effect in        b → cτν ⇒

Predic#ons with  S1

Loop effects in b → sℓℓ
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Right-handed couplings 
no CKM mixing⇒

Model with only right-handed couplings?

Inert  (right-handed) - preliminaryS1

 evading a lot of constraints from flavour observables⇒
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Right-handed couplings 
no CKM mixing⇒

Model with only right-handed couplings?

 evading a lot of constraints from flavour observables⇒
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LS1 = yRc⌧ c
C⌧S1 + ỹRbNbCNR S1 + ỹRsNsCNR S1

Create desired effect in RD(*) Also allows an enhancing effect in 
B → K(*)νν

Inert  (right-handed) - preliminaryS1
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 can be accomodated :)RD(*)

Apart from high-  tails,  is only 
constraining observable

pT RD(*)

 up to masses of RHN up to 1 GeV⇒ ∼

 sets bounds on  and 
it is decoupled from 
B → K(*)νν |yR

sNyR
bN |

RD(*)

*  allowed  
    regions
2σ

Inert  (right-handed) - preliminaryS1
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Explored 4 different minimal TeV-scale LQ models
Only two are viable:⇒

Summary and conclusions

 with lec and right-handed couplingsS1

 with only right-handed couplings, with the introduc#on of  
right-handed neutrino(s)
S1

Hint for the New Physics in  transi#onsb → cℓν

Plenty of observables affected; , , , High- ,  
     FB asymmetry...
⇒ RD(*) Z → ττ, νν τ → ℓνν pT

Quite few observables affected, but has a specific signature in 
angular observables in 
⇒

B → D(*)τν

More specifically, the presence of RHN can be inferred from ⇒ Pτ



Thank you for your a2en#on!


