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Nuclear  decay
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Vij Determinations
PDG 2020 PDG 2018

0.97420 (21)

0.2243 (5)

0.9994 ± 0.0005  (PDG 2018)
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2 2
Csin 0.225 ; 0.81 ; 0.4Aλ θ ρ η≈ ≈ ≈ + ≈

Hierarchical Structure
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QUARK  MIXING  MATRIX
 Unitary Matrix: parametersG GN N× 2

GN

 arbitrary phases:G2 1N −
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● Nf = 2: 1  angle,  0  phases (Cabibbo)
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ij ij ij ijcos ; sinc sθ θ≡ ≡● Nf = 3: 3  angles,  1  phase (CKM)
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GIM  Mechanism
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 Top contribution dominates. Strong suppression:

 CP effects fully governed by top contribution
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W ± ↔ H± ,    Z ↔ H0, A0

Sensitive  to  (pseudo)  
scalar  contributions

Rare Decays Loop  &  CKM suppression
Sensitivity to New Physics

Bs,d → µ+µ−
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F. Archilli, Moriond 2021
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Violations of Lepton Flavour Universality

0.042 0.0130.846 0.039 0.012
+ +
− −

3.1 σ below the SM
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Flavour Anomaly (charged currents) 
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 Complex Phases
 Interferences

Thus,   requires:

    Theorem: 

  ,  : Violated maximally in  weak interactions

  : Symmetry of  nearly all observed phenomena

 Slight (~ 0.2 %)    in           decays (1964)

 Sizeable    in           decays (2001)

 Huge Matter Antimatter Asymmetry in  our Universe
Baryogenesis

 Small   in       decays (LHCb, 2019)

0K
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DIRECT  ( ) ( )P f P f| | | |T T→ ≠ →
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One needs:

 2  Interfering Amplitudes

 2  Different Weak Phases

 2  Different FSI  Phases 2 1sin( ) 0δ δ − ≠ 

2 1sin( ) 0φ φ − ≠ 

0
dB
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DIRECT 

Br( ) Br( )
( )

Br( ) Br( )CP

B f B f
A B f

B f B f
→ − →

→ ≡
→ + →

0( ) 0.084 0.004CP dA B Kπ − +→ = − ± (21 σ)

0( ) 0.213 0.017sA B Kπ − +→ = − ± (12.5 σ)

( ) 0.122 0.021CPA B K K π+ + − +→ = − ± (5.8 σ)

Large & Interesting Signals

Big challenge:  Get reliable SM predictions 

Severe hadronic uncertainties
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INDIRECT       :   K0 ─ K0 MIXING¯
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INDIRECT       :   K0 ─ K0 MIXING¯
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DIRECT         in   K → π π
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 Short-distance OPE
Ciuchini et al, Buras et al

 Long-distance χPT
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Cirigliano-Ecker-Neufeld-Pich
Cirigliano-Gisbert-Pich-Rodríguez
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B0 ─ B0 MIXING¯
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Widths  &  Mass  Differences

M. Gersabeck
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,
2

Mx y∆ ∆Γ
≡ ≡

Γ Γ

 K0 :   x ∼ y ∼ 1 

 D0 :   x ∼ y ∼ 0.01               Slow oscillation  (decays  faster)

 Bd :   x ∼ 1  ,  y ∼ 0.01 

 Bs :   x ∼ 25  ,  y ∼ 0.05      Fast oscillation  (averages out to 0)
70

BELLE

± ± ±

± ± ±

−
+
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
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   

0 0 ( ) ( )d de e B B X Yν ν+ − → →  

Time Scales: ( )sin / 2x iy t− Γ  Oscillation ∼
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, 2x M y≡ ∆ Γ ≡ ∆Γ Γ

 K0 :   x ∼ y ∼ 1 

 D0 :   x ∼ y ∼ 0.01               Slow oscillation  (decays  faster)

 Bd :   x ∼ 1  ,  y ∼ 0.01 

 Bs :   x ∼ 25  ,  y ∼ 0.05      Fast oscillation  (averages out to 0)
71

Time Scales: ( )sin / 2x iy t− Γ  Oscillation ∼
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B0 ─ B0 MIXING  AND  DIRECT      ¯ 
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B0 ─ B0 MIXING  AND  DIRECT      ¯
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CP self-conjugate: ff fη=
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B0 ─ B0 MIXING  AND  DIRECT      ¯

Assumption: Only 1 decay amplitude
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qqqbb qqq

e
V V
V V

φ′→ ′ −

′→ ′

= =
2*

0

Di
f ff

f

e

C

φρ ρ η= =

=

Direct information on the CKM  matrix
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( ) ( )
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f0 0

f f
sin(2 ) sin( ) ;

f f M D

B B
M t

B B
η φ φ φ φ
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= − ∆ = +

Γ → + Γ →
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0 0

0 0 f
( / ) ( / )

sin(2 ) sin( )
( / ) ( / )

S S

S S

B J K B J K
M t

B J K B J K
ψ ψ

η β
ψ ψ

Γ → − Γ →
= − ∆

Γ → + Γ →

Signal

PDG 2020:

sin(2β) = 0. 701 ± 0.017

0
,/ , (2 ) , ,c cS L S S SB J K S K K Kψ ψ χ η→
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BELLE  2012

KS KL
0B
0B
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* * * 0ud ub cd cb td tbV V V V V V+ + =

* *
ud ub cd cbV V V V * *

td tb cd cbV V V V
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2

2

11 0.348 0.010
2
11 0.148 0.013
2

η η λ

ρ ρ λ

 ≡ − = ± 
 
 ≡ − = ± 
 

90.1 2.2 ; 23.8 1.3 ; 65.8 2.2α β γ= ± ° = ± ° = ± °

UTfit
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Bounds on Lepton Flavour Violation
τ Decays (90% CL)

Br(µ→ eγ) < 4.2 × 10−13 (MEG, 90% CL) ,              Br(µ→ 3e) < 1.0 × 10−12 (SINDRUM, 90% CL)

Br(KL → µe) < 4.7 × 10−12 (BNL-E871, 90% CL) ,       Br(K+→ π+µ+e−) < 1.3 × 10−11 (BNL-E865, 90% CL)

Br(B0 → eµ) < 1.0 × 10−9 (LHCb, 90% CL) ,              Br(D0 → eµ) < 1.3 × 10−8 (LHCb, 90% CL)

Br(Z0→ eµ) < 7.5 × 10-7 (ATLAS, 95% CL) ,            Br(H→ eµ) < 6.1 × 10-5 (ATLAS, 95% CL)

Br(Z0→ eτ) < 5.0 × 10−6 (ATLAS, 95% CL) , Br(H→ eτ) < 4.7 × 10−3 (CMS, 95% CL)

Br(Z0→ µτ) < 6.5 × 10−6 (ATLAS, 95% CL) , Br(H→ µτ) < 2.5 × 10−3 (ATLAS, 95% CL)
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SUMMARY

78

 Flavour Structure and are major pending questions

 Related to SSB Scalar Sector   (Higgs)

 Important cosmological implications (Baryogenesis)

 Sensitive to New Physics:  Flavour Anomalies!

Intriguing signals (most anomalies related to 3rd family)

Many questions. Higher statistics & better systematics (QCD) needed

Eagerly awaiting new experimental results


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9th CERN Latin-American School of High-Energy Physics
San Juan del Rio México, 8 –21 March, 2017

arXiv:1112.4094

Backup
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Much smaller discrepancy with the SM prediction obtained from BMW (lattice) or τ data
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 Measure the q2 distribution I

 Measure Γ

 Get a theoretical prediction for

Vij Determination (0- → 0-)

K→πℓν , D→Κℓν...

suppressed

Theory is always needed: Symmetries
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PDG parametrization of the CKM matrix

Wolfenstein: 132 3
12 23 13, , ( )is s A s e A iδλ λ λ ρ η−≡ ≡ ≡ −
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(1 ) 1
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≈ +V 
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Standard Model : 3 fermion families needed

2 2 2 2 2 22( ) ( ) ( ) ( )u t c c u t uM m m m m m mH ≡ − − −

2 2 2 2 2 22( ) ( ) ( ) ( )s sd b d b dM m m m m m mH ≡ − − −

 2 2( ) ( ) 0u dM MH H J⋅ ⋅ ≠

2 2 6 4
12 13 23 12 13 23 13sin 10c c c s s s AJ δ λ η −= = <

• Low-Energy Phenomena

• Small  Effects ~  J

• Big  Asymmetries Suppressed Decays

• B  Decays are  an optimal place  for signals
83SM                                                                                                                           A. Pich  – 2021



0
dB π π+ −→0 0/ SdB J K→ Ψ 0 0 0

SsB Kρ→

2
cscbV V A


2
tstbV V A 

 3
ub udV V A i   

 3 1tb tdV V A i    

 3
ub udV V A i   

 3 1tb tdV V A i    

         φ γ≠

***                                            ** BAD
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ρ0
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UNITARITY
TRIANGLES      
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( )0 i j* * *
ui uj ci cj ti tjV V V V V V ≠+ + =
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Tree-level determinations Loop processes

CP  Conserving CP  Violating

86SM                                                                                                                           A. Pich  – 2021


	Número de diapositiva 1
	Número de diapositiva 2
	Número de diapositiva 3
	Número de diapositiva 4
	Número de diapositiva 5
	Número de diapositiva 6
	Número de diapositiva 7
	Número de diapositiva 8
	Número de diapositiva 9
	Número de diapositiva 10
	Número de diapositiva 11
	Número de diapositiva 12
	Número de diapositiva 13
	Número de diapositiva 14
	Número de diapositiva 15
	Número de diapositiva 16
	Número de diapositiva 17
	Número de diapositiva 18
	Número de diapositiva 19
	Número de diapositiva 20
	Número de diapositiva 21
	Número de diapositiva 22
	Número de diapositiva 23
	Número de diapositiva 24
	Número de diapositiva 25
	Número de diapositiva 26
	Número de diapositiva 27
	Número de diapositiva 28
	Número de diapositiva 29
	Número de diapositiva 30
	Número de diapositiva 31
	Número de diapositiva 32
	Número de diapositiva 33
	Número de diapositiva 34
	Número de diapositiva 35
	Número de diapositiva 36
	Número de diapositiva 37
	Número de diapositiva 38

