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The Standard Model (SM) & the Unitary CKM Matrix
➔ mixing of the 3 quarks families &  CP violation

1-2/2  A3(-i)

- A21-2/2

-A2 1A3(1--i)

• the Higgs boson gives mass to elementary bosons & fermions (quarks, leptons) through  
Yukawa couplings, but there is not only that ! :

charged currents (EW) imply transitions between quark families : quarks decays [there are no 
neutral current changing flavour (FCNC) at tree level (i.e., GIM mechanism)].

• strong hierarchy in EW Vij
couplings for the 3 families (wrt diagonal

couplingsN
 (0.225)N :

➔ Cabibbo angle = Vus).

• KM (Kobayashi-Maskawa) mechanism :
3 generations ➔ 4 params: A,
,  & 1 complex part  which
phase is the unique source of
CPV in SM.

+ O(4)     (VV=1)

V. T., LHCb/CKMfitter, LPC Clermont FD



=RtRu=

Unitarity triangle in the (ρ̅,η̅) 
complex plane:Parametrisation « à la Wolfenstein » phase invariant 

& valid at any orders in  @ CKMfitter
(EPJ C41,  1-131, 2005) : 

3

The CKM Matrix, the unitary triangle  & 
the very rich phenomenology of quark flavours  

➔4 parameters (A, ,  & ) to be 
obtained/tested wrt. data:  nucleons, 
K, D, B(s) & top quark physics.

➔ unitarity relation in  Bd system 
(1rst line/3rd column):

V. T., LHCb/CKMfitter, LPC Clermont FD
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The CKM Matrix, testing the unitarity paradigm in the first line/row

V. T., LHCb/CKMfitter, LPC Clermont FD For updates see PDG 2024 

Negligible 

https://pdg.lbl.gov/2022/reviews/rpp2022-rev-vud-vus.pdf
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The CKM Matrix, testing the unitarity paradigm in the first line/row

V. T., LHCb/CKMfitter, LPC Clermont FD

One year back at CKM23 WS @ Santiago de Compostela  

In the TODAY/GANIL workshop we review the Vud determination and prospects
I will talk a bit more on Vus in this talk  
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The CKM Matrix, testing the unitarity paradigm in the first line/row

V. T., LHCb/CKMfitter, LPC Clermont FD

This is the so called 
Cabibbo Anomaly 
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The CKM Matrix, testing the unitarity paradigm in the first line/row
Constraining BSM/New Physics ? 

V. T., LHCb/CKMfitter, LPC Clermont FD
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Paths to Vud and Vus

V. T., LHCb/CKMfitter, LPC Clermont FD

Kl3 Kl2
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Determination of Vud

V. T., LHCb/CKMfitter, LPC Clermont FD

One year back at CKM23 WS @ Santiago de Compostela
WG1 summary    

MUCH MORE in  the TODAY/GANIL workshop we review the Vud determination and prospects
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Determination of Vus from kaon decays

V. T., LHCb/CKMfitter, LPC Clermont FD

One year back at CKM23 WS @ Santiago de Compostela
WG1 summary    
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Determination of Vus from kaon decays

V. T., LHCb/CKMfitter, LPC Clermont FD

One year back at CKM23 WS @ Santiago de Compostela
WG1 summary    
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Determination of Vus / Vud and Kl2 decays

V. T., LHCb/CKMfitter, LPC Clermont FD

One year back at CKM23 WS 
@ Santiago de Compostela

WG1 summary    

Kl3 Kl2
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Determination of Vus / Vud from Lattice

V. T., LHCb/CKMfitter, LPC Clermont FD

One year back at CKM23 WS @ Santiago de Compostela
WG1 summary    
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Vus and  Vus / Vud from kaons, first-row fit

V. T., LHCb/CKMfitter, LPC Clermont FD

One year back at CKM23 WS @ Santiago de Compostela
WG1 summary    

See e.g. HIKE by A. Romano
But HIKE has been cancelled last winter

https://indico.cern.ch/event/1371530/attachments/2783820/4852765/HIKE_BhamSeminar_AngelaRomano.pdf
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Paths to Vud and Vus

V. T., LHCb/CKMfitter, LPC Clermont FD

Kl3 Kl2
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Why this anomaly ?

V. T., LHCb/CKMfitter, LPC Clermont FD
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Changes on Vus and Vud over 10 years since 2011 

V. T., LHCb/CKMfitter, LPC Clermont FD
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Changes on Vus and Vud over 10 years since 2011 

V. T., LHCb/CKMfitter, LPC Clermont FD
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Changes on Vus and Vud over 10 years since 2011 

V. T., LHCb/CKMfitter, LPC Clermont FD
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Changes on Vus and Vud over 10 years since 2011 

V. T., LHCb/CKMfitter, LPC Clermont FD
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f+(0) from Lattice QCD

V. T., LHCb/CKMfitter, LPC Clermont FD
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Vus / Vud from Kl2/𝛑l2

V. T., LHCb/CKMfitter, LPC Clermont FD
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fK/f𝛑 from LQCD

V. T., LHCb/CKMfitter, LPC Clermont FD
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Changes on Vus and Vud over 10 years since 2011 

V. T., LHCb/CKMfitter, LPC Clermont FD
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Vud from 0+→ 0+ super-allowed 𝛃 decays  

V. T., LHCb/CKMfitter, LPC Clermont FD
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Changes on Vus and Vud over 10 years since 2011 

V. T., LHCb/CKMfitter, LPC Clermont FD
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The Cabibbo anomaly as of about TODAY 

V. T., LHCb/CKMfitter, LPC Clermont FD
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Prospects 

V. T., LHCb/CKMfitter, LPC Clermont FD
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Experimental prospects on Vus

V. T., LHCb/CKMfitter, LPC Clermont FD



30V. T., LHCb/CKMfitter, LPC Clermont FD

Can the TAU physics help us for Vus ?
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Can the TAU physics help us for Vus ?

V. T., LHCb/CKMfitter, LPC Clermont FD

Plenty of theo work ahead and experimental 
field is a time for Belle II in Japan (a super tau 
charm factory in Beijing ?) More at 
E. Passsemar Belle II 2024 Oct. Physics Week 

https://indico.belle2.org/event/12273/contributions/79675/attachments/31023/45905/BelleII_PhysW_PanelDiscussion_Passemar.pdf
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Vus from hyperon decays

V. T., LHCb/CKMfitter, LPC Clermont FD
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Vus from hyperon decay at LHCb ?

V. T., LHCb/CKMfitter, LPC Clermont FD

See A. Brea at the implications of LHCb measurements and future prospects
CERN, 23–25 October 2024 

https://indico.cern.ch/event/1423686/contributions/6139356/attachments/2953060/5191574/Vub%20Vcb%20Implications.pdf
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Vus from hyperon decay at LHCb ?

V. T., LHCb/CKMfitter, LPC Clermont FD

See A. Brea at the implications of LHCb measurements and future prospects
CERN, 23–25 October 2024 

The main observable for this analysis is the LFU observable R𝝁,e. Vus can also be derived,
but we can't compete with the kaon measurements. As it is explained in the slide, we
expect a statistical uncertainty around ~1.5% but we also expect to be dominated by
systematic uncertainties. I can not provide the final uncertainty of our measurement, but I
would say that you can use ~ 7% (half of the BESIII measurement uncertainty, as an
estimate).

I have attached how we are deriving the Vus value. The uncertainty from the theoretical
part in Vus^2 is 26/437 (see equation 25), so ~6%. So, in our final Vus result, we may be
dominated by theoretical uncertainties. That's why we decided to present this at the
implications, because it would be great to see an effort from the theoretical side to try to
improve the predictions.

Anyway, If I am not wrong, with the numbers that I provide I think that the final Vus
extraction from this decay will have ~5% of uncertainty.

https://indico.cern.ch/event/1423686/contributions/6139356/attachments/2953060/5191574/Vub%20Vcb%20Implications.pdf
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Theoretical prospects for Vus

V. T., LHCb/CKMfitter, LPC Clermont FD
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prospects for Vud

V. T., LHCb/CKMfitter, LPC Clermont FD

https://indico.in2p3.fr/event/33445/timetable/
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Some New Physics interpretations

V. T., LHCb/CKMfitter, LPC Clermont FD
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adding Right-handed currents to the SM*  

V. T., LHCb/CKMfitter, LPC Clermont FD

*already advocated a few years ago by A.Buras, KGemmler & G.Isidori to interpret Vub inclusive 
vs exclusive discrepancies 

https://arxiv.org/abs/1007.1993v1
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adding Right-handed currents to the SM  

V. T., LHCb/CKMfitter, LPC Clermont FD
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adding Right-handed currents to the SM  

V. T., LHCb/CKMfitter, LPC Clermont FD
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adding Right-handed currents to the SM  

V. T., LHCb/CKMfitter, LPC Clermont FD
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Other NP Models on the market

V. T., LHCb/CKMfitter, LPC Clermont FD



43

Other NP Models on the market

V. T., LHCb/CKMfitter, LPC Clermont FD
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Example: constraints on Heavy Neutral Leptons
Synergy Kaon/pion experiments 

V. T., LHCb/CKMfitter, LPC Clermont FD
For a review see: https://arxiv.org/pdf/2203.08039
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Conclusion and Outlook

V. T., LHCb/CKMfitter, LPC Clermont FD

The first row of the CKM matrix (i.e.: Cabibbo angle even w.o. Vub)  contains 
mysteries motivating measurements/theory work  at Intensity Frontier 
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