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In this talk: plots and numbers 
             updated for Summer 2025!

Latest paper: Rendiconti Lincei. Scienze Fisiche e Naturali (2023) 34:37–57 (arXiv:2212.03894)

The UTfit Collaboration



Basics of the Unitarity Triangle analysis
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The Cabibbo-Kobayashi-Maskawa (CKM) matrix described the mixing amon quarks (with different electric charges): it is a unitary 3x3 matrix
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The Cabibbo-Kobayashi-Maskawa (CKM) matrix described the mixing amon quarks (with different electric charges): it is a unitary 3x3 matrix

By exploiting the property of unitarity: Triangle in the 
complex plane
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By exploiting the property of unitarity: Triangle in the 
complex plane

KEY INFORMATION: the sides, the angles and the area are physical quantities! 



Why doing the Unitarity Triangle Analysis (UTA) ?
Several advantages within the Standard Model (SM) …
1. it provides the best determination of CKM parameters within a global fit

analysis
2. it allows to test the consistency of the SM (i.e. the compatibility of the 

experimental results with the theoretical calculations)
3. it gives predictions of the yet unmeasured flavour SM observables
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analysis
2. it allows to test the consistency of the SM (i.e. the compatibility of the 

experimental results with the theoretical calculations)
3. it gives predictions of the yet unmeasured flavour SM observables

… and also beyond the Standard Model (BSM) !
1. it is a model-independent study that provides limits on the allowed

deviations from the SM
2. it allows to obtain bounds on the New Physics (NP) scale
3. it is complementary to the search of new particles at multi-TeV colliders
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New inputs for the Summer 2025 UTA  
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• HFLAV updated numbers for lifetimes and mass differences

• Updated kaon bag parameter         = 0.7627(60) (new averages of lattice results is arXiv:2411.19861)

• Updated Vud = 0.97433(21) due to:
       - new values of the averages performed by FLAG Collaboration (arXiv:2411.04268)
       - updated exptraction of Vud from from nuclear beta transitions (arXiv:2311.00044v3)

• Updated values of quark masses (from FLAG Collaboration or from PDG 2025)

• Updated Vub and Vcb (see next slides)

• Updated unitarity triangle angles (see next slides)



Zoom on Vcb and Vub
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Latest inputs for Vcb:
- Exclusive value: Vcb = 40.12 (55) x 10-3

      (average of arXiv:2105.08674, 2204.05925, 2310.03680) 
- Inclusive value: Vcb = 41.97 (48) x 10-3

        (arXiv:2310.20324)

Latest inputs for Vub:
- Exclusive value: Vub = 3.63 (26) x 10-3                                                

(update of arXiv:2202.10285) 
- Inclusive value: Vub = 4.13 (26) x 10-3                                            

(PDG 2025)

Latest inputs for Vub / Vcb :
Vub / Vcb = 0.087 (9) (arXiv:2310.03680)
(Λb decays excluded, following FLAG guidelines) 
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Zoom on Vcb and Vub
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Inputs to the global fit
from averages à la D’Agostini:
- Vcb, UTfit = 41.18 (76) x 10-3

- Vub, UTfit = 3.82 (34) x 10-3

UTfit full fit:
- Vcb, UTfit = 41.87 (37) x 10-3

- Vub, UTfit = 3.74 (8) x 10-3



Zoom on φ2/α angle
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• Updated BRs for π+π- or π+π0

• Updated BRs (and CPV) for π0π0

• Updated BRs (and CPV) for ρ+ρ-
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• Updated BRs for π+π- or π+π0

• Updated BRs (and CPV) for π0π0

• Updated BRs (and CPV) for ρ+ρ-

The bi-modal solution is explained by the fact
that the value of α preferred by the ππ
channels is statistically incompatible with the 
one preferred by ρρ channels …  

Important issue
to be investigated!



Zoom on φ2/α angle
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vs.
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Zoom



Zoom on φ2/α angle
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α values from single channels separately:
- αππ = (81.9 ± 3.9)°
- αρρ = (94.7 ± 3.8)°

α value after combination:
- αcomb,peak #1 = (88.0 ± 3.6)°
- αcomb,peak #2 = (102.9 ± 5.0)°

α value after average à la PDG:
- αaver = (88.5 ± 6.4)°



Zoom on φ3/γ angle
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Novel analysis in arXiv:2409.06449, which develops a Bayesian analysis of charm and 
beauty observables, together with neutral D mixing and CP-violating parameters

See Roberto di Palma’s slides for all the details of this study!



UTA within the SM: results
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Example of relations to understand the coloured bands:
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Example of relations to understand the coloured bands:

Fit results:
0.159 ± 0.009
0.353 ± 0.008
0.2250 ± 0.0006
0.827 ± 0.008
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Assumption: 50 ab-1 lum. @ Belle II 

(arXiv:1808.10567)  
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To this end: increasing the 
precision on both the 

theoretical and experimental
sides is fundamental !
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Summary of results for some observables 
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Observables Measurement Prediction Pull (#σ)

sin2β 0.700 ± 0.015 0.768 ± 0.029 2.08

γ [°] 65.7 ± 2.5 65.7 ± 1.3 ∼ 0

α [°] 88.5 ± 3.1 91.7 ± 1.4 0.94

|Vcb| x 103 41.18 ± 0.76 42.07 ± 0.42 1.02

|Vcb| x 103 (excl.) 40.12 ± 0.55 2.81

|Vcb| x 103 (incl.) 41.97 ± 0.48 0.15

|Vub| x 103 3.82 ± 0.34 3.74 ± 0.08 0.22

|Vub| x 103 (excl.) 3.63 ± 0.26 0.40

|Vub| x 103 (incl.) 4.13 ± 0.26 1.43

BK 0.537 ± 0.004 0.595 ± 0.036 1.60
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Compatibility plots to verify consistency
A way to “measure” the agreement of a single measurement with the indirect

determination from the fit (using the other inputs):

- Colour code: agreement between the predicted values and the measurements at better than 1, 2, ...nσ
- The crosses have the coordinates (x,y)=(central value, error) of the direct measurements
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Compatibility plots to verify consistency
A way to “measure” the agreement of a single measurement with the indirect

determination from the fit (using the other inputs):

- Colour code: agreement between the predicted values and the measurements at better than 1, 2, ...nσ
- The crosses have the coordinates (x,y)=(central value, error) of the direct measurements

Still some tensions in these two cases



Unitarity triangle beyond the SM
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“Model-independent constraints on ∆F= 2 operators and the scale of New Physics”, JHEP ‘08 [0707.0636]
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∆F=2
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“Model-independent constraints on ∆F= 2 operators and the scale of New Physics”, JHEP ‘08 [0707.0636]
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∆F=2

Within the SM, only the 
operator Q1 is present
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Unitarity triangle beyond the SM

NP couplings
Loop factors

NP scale

∆F=2
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Within the SM, only the 
operator Q1 is present
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Unitarity triangle beyond the SM
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V,

V

Λ > 4.9 x 105 TeV
(the bound has increased of 
a factor of 2 with respect to 
the first UTfit NP analysis in 
JHEP ‘ 08 [0707.0636])



Unitarity triangle beyond the SM
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V,

V

Λ > 1.5 x 102 TeV
(the bound has increased of 
a factor of 2.5 with respect 
to the first UTfit NP analysis 

in JHEP ‘ 08 
[0707.0636])
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Conclusions
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The Summer 2025 update of the Unitarity Triangle within the SM shows that:
• there is an overall consistency of the SM fit
• a precision of 5.6% (2.2%) has been reached on       (     )        
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Conclusions

Some incompatibilities within the SM have to be better understood… 

B → 𝜋𝜋 vs. B → ρρ for the determination of α

Beyond the SM, the Unitarity Triangle is complementary to the search of new 
particles at colliders working at multi-TeV energies! By providing a generic
parameterization of New Physics contributions in ΔF=2 processes, we find the 
following lower limits on the scale of New Physics:
• Λ > 4.9 x 105 TeV for New Physics with a generic flavour structure
• Λ > 1.5 x 102 TeV for a Next-to-Minimal-Flavour violation scenario
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The Summer 2025 update of the Unitarity Triangle within the SM shows that:
• there is an overall consistency of the SM fit
• a precision of 5.6% (2.2%) has been reached on       (     )        



THANKS FOR YOUR
ATTENTION !



More on φ2/α angle

https://hflav-eos.web.cern.ch/hflav-eos/triangle/latest/plots/alpha/alpha_wa_hflav_pub.png



More on φ2/α angle

Belle II Coll., arXiv:2412.14260
Belle II Coll., arXiv:2412.19624







M. Pierini, presentation @  «LHCP 2025», Taipei 2025 






