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Why Flavor matters ?
Historically, it lead to “New Physics” (NP) !

It leads to a Standard Model (SM) puzzle …

E.g., prediction 
of charm quark: 

… and Beyond !  

Why?
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Flavor violation in the (mass basis of) SM only from  
charged weak-current couplings <—> matrix VCKM

—> FCNCs @ one loop (& GIM suppressed)

Top-quark dominates short-distant physics in FCNCs, 
CPV @ stake only if all 3 generations are involved

—> CKM 3rd row very relevant for phenomenology

( ρ , η )  apex  of  Vub Vud + Vcb Vcd + Vtb Vtd = 0* * *- -
SUSY 2013 Trieste L. Silvestrini 7

THE UNITARITY TRIANGLE

● All flavour violation in the SM from 
charged current coupling: CKM matrix V

● Top quark exchange dominates FCNC 
loops: third row (V

tq
) determines FCNC's 

´ r, h, apex of the Unitarity Triangle 
from V
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: Bayes aficionados
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Observables <—> constraints in the fit

<—>  CKM pair we wish to infer

Parameters we can marginalize over
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~p = {fK,B , BK,B , · · · }
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posterior ⇠ likelihood⇥ prior

see, e.g., arXiv:hep-ph/0012308
<latexit sha1_base64="UeGwot1jbaw3NW69pITZJfIQ+4A="></latexit>

~O = {✏K ,�md,s, · · · }



see, e.g., arXiv:1905.00798

UTA : How it really works …

Marco Ciuchini Page 29 KEK-FF 2013 

 ρ = 0.145 ± 0.014  η = 0.349 ± 0.010   

Consistence on an 
over constrained fit 

of the CKM parameters 

CKM matrix is the dominant source of flavour mixing and CP violation 

In the 
hadronic 
sector,  the 
SM CKM  
pattern 
represents 
the 
principal 
part of the 
flavor 
structure 
and of  CP 
violation  

 α = (88.2 ±  0.1 )0  
sin2β = 0.699 ± 0.068 
β = (22.3  ±  0.66 )0  
γ = (65.8 ±  2.2)0  
A = 0.825 ± 0.012

 λ = 0.22502 ± 0.00053 
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Other Quantities used in the  
 UT Analysis  

sin 2β cos 2β α sin (2β + γ) 

B→J/Ψ K0 B→J/Ψ K*0 B→ππ,ρρ B→D(*)π,Dρ 

γ 

B→D(*)K 
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Novelties I
* * *  new UTfit 2D skeptical combination of  | Vcb |  and | Vub | * * *
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s (B
cb/V

ubV  p)
→ bΛ (

cb/V
ubV

UTfit average

global SM UTfit

à la D’Agostini, similar to PDG 

| Vcb | excl x 103 = 42.16 ± 0.50
| Vcb | incl x 103 = 39.44 ± 0.63

| Vcb | ave x 103 = 41.1 ± 1.3

| Vub | incl x 103 = 4.32 ± 0.29
| Vub | excl x 103 = 3.74 ± 0.17

| Vub | ave x 103 = 3.89 ± 0.25

See review from F. Bernlochner @ FPCP 2022



Novelties II

* * *  new UTfit average of 𝛼 , latest 𝛾 from HFLAV * * *

—   Updated lattice inputs from FLAG Nf = 2+1, 2+1+1  (arXiv:2111.09849) 
—   Skeptical combination for Vud , i.e. | Vud | = 0.97433 ± 0.00019
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UTfit prediction: (92.5 ± 1.6)°

 sin2a (f2) and g (f3) 

g from B into DK decays:      
         HFLAV: (65.8 ± 3.4)°
UTfit prediction: (64.8 ± 1.4)°

a updated with latest pp/rr 
BR and C/S results

a from HFLAV: 85.5 ± 4.6

g updated with all the 
latest results (LHCb)
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Last, but not least:
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↵ = (95± 4.7)�
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SM UTA as of '22 !
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ZOOMED-IN SM UTA
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@ 95% prob
<latexit sha1_base64="KQf0tyNdDvsrZC4UhGF4DWspz/k="></latexit>

⇢̄ = 0.161± 0.009 ⇠ 6%
<latexit sha1_base64="xsLCHFEpD/uNXJ90bjs8FcxmcVk="></latexit>

⌘̄ = 0.344± 0.010 ⇠ 3%
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@ 95% prob

Marco Ciuchini Page 31 KEK-FF 2013 
2014-18

Experimental progress so impressive that we can fit 
the hadronic matrix elements (in the SM) 

Old-Fashioned SM UTA

UTA in infancy

few % determination = decades of tremendous EXP + TH progress!

<latexit sha1_base64="iIPm9xJ5/PZJLmDDEHvALJ0YQ+o="></latexit>

⇢̄ = 0.196± 0.045 ⇠ 23%
<latexit sha1_base64="K027z1afHdQzDvUHjNUZ4lIimfE="></latexit>

⌘̄ = 0.347± 0.025 ⇠ 7%

arXiv:hep-ph/0501199



UTA : angles only
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angles

* * *  i.e., only hadronic B decay modes shaping the UT  * * *
Angles-only UTA

<latexit sha1_base64="8aM6XDOfoC5TyEhzBeBSQRPlFZU="></latexit>

⇢̄ = 0.157± 0.017 ⇠ 10%
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⌘̄ = 0.334± 0.012 ⇠ 4%
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⌘̄ = 0.344± 0.010 ⇠ 3%

SM UTA



UTA : sides & εK

Sides &  UTAϵK
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Kεsides&

* * *  i.e., meson anti-meson mixing + tree-level semileptonic  * * *
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⇢̄ = 0.171± 0.014 ⇠ 8%
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SM UTA



Universal Unitarity Triangle

Universal UTA

* * *  i.e., only observables Minimal Flavor Violation (MFV) friendly * * *
arXiv:hep-ph/0007085, arXiv:hep-ph/0207036 
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UUT

<latexit sha1_base64="vlbDp5+TRhF4F6MC7hNQL/gVGEs="></latexit>

⇢̄ = 0.161± 0.009 ⇠ 6%
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⌘̄ = 0.344± 0.010 ⇠ 3%

SM UTA
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* * *  i.e., using constraints from tree-level processes only * * *
tree-only UTA
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tree-only

b —> c

UTA : tree-level only
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⇢̄ = 0.161± 0.009 ⇠ 6%
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SM UTA
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Tensions I +  <—> measurement 
sin 2β = 0.688 ± 0.020
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SM fit

< 1.5σ tension in the fit

Compatibility plot 
graphical pull of obs



Tensions II
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SM fit

~ 2σ tension in the fit

x  <—> inclusive 
   +  <—> measurement 

| Vub | x 103 = 3.89 ± 0.25
| Vub | x 103 = 4.32 ± 0.29

* <—> exclusive
| Vub | x 103 = 3.74 ± 0.17



Tensions III
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SM fit

~ 4σ tension in the fit

x  <—> inclusive 
   | Vcb | x 103 = 42.16 ± 0.50

* <—> exclusive
| Vcb | x 103 = 39.44 ± 0.63

+  <—> measurement 
| Vcb | x 103 = 41.1 ± 1.3
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inclusive
UTA : Inclusive VS Exclusive

Inclusive Exclusive
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inclusive

7 Marcella Bona

 Unitarity Triangle update

a from pp, rr, pr decays:
  combined SM: (95.0 ± 4.7)°

UTfit prediction: (92.5 ± 1.6)°

 sin2a (f2) and g (f3) 

g from B into DK decays:      
         HFLAV: (65.8 ± 3.4)°
UTfit prediction: (64.8 ± 1.4)°

a updated with latest pp/rr 
BR and C/S results

a from HFLAV: 85.5 ± 4.6

g updated with all the 
latest results (LHCb)
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SM UTA as of '22

17 Marcella Bona

 Unitarity Triangle update

 Unitarity Triangle analysis in the SM:

Observables Measurement Prediction Pull (#s)

sin2 0.688 ± 0.020 0.740 ± 0.030 ~ 1.4

g 65.8 ± 3.4 64.8 ± 1.4 < 1

a 95.0 ± 4.7 92.5 ± 1.6 < 1

e
K
 · 103 2.228 ± 0.001 2.07 ± 0.15 < 1

|Vcb| · 10
3 41.1 ± 1.3 42.6 ± 0.5 < 1

|Vcb| · 10
3
 (incl) 42.16 0.50 < 1

|Vcb| · 10
3
 (excl) 39.44 0.63 ~ 3.9

|Vub| · 10
3 3.89 ± 0.25 3.70 ± 0.10 < 1

|Vub| · 10
3
 (incl) 4.32 ± 0.29 -  ~ 2.0

|Vub| · 10
3
 (excl) 3.74 ± 0.17 - < 1 

BR(B ® tn)[10
-4
] 1.09 ± 0.24 0.88 ± 0.05 < 1

ASL
d · 103 -2.1 ± 1.7 -0.33 ± 0.03 < 1 

ASL
s · 103 -0.6 ± 2.8 0.014 ± 0.001 < 1

obtained excluding the
given constraint from the fit
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NP Analysis: Wiki How

Most generic NP effects in | ΔF | = 2 transitions :

Fit simultaneously CKM & NP  —>  bound on NP scale
18 Marcella Bona

 Unitarity Triangle update

fit simultaneously for the CKM and
the NP parameters (generalized UT fit)

 add most general loop NP to all sectors
 use all available experimental info  
 find out NP contributions to %F=2 transitions

Bd and Bs mixing amplitudes
(2+2 real parameters):
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 UT analysis including new physics 
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 UT analysis including new physics 

Include all relevant observables for | ΔF | = 2 NP : 

6 new parameters
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 Unitarity Triangle update
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 find out NP contributions to %F=2 transitions

Bd and Bs mixing amplitudes
(2+2 real parameters):

Aq=CBq
e
2i

Bq Aq

SM
e
2i

q

SM

=1
A
q

NP

Aq

SM
e
2i

q

NP−
q

SMAq

SM
e
2i

q

SM

m
q /K=CBq / mK

m
q /K SM 

K
=C K

SM

ACP

Bd J /K S=sin2 B
d

 ACP

Bs J /~sin2 − sB
s



ASL

q =Im 12

q /Aq  q/mq=Re 12

q /Aq 

 UT analysis including new physics 
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1. Parameterization of generic NP

contributions to the mixing amplitudes

K mixing amplitude (2 real parameters):

B
d
 and B

s
 mixing amplitudes (2+2 real parameters):

Observables:

ReAK=C m
K

ReAK
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ImAK=C ImAK

SM
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NP
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−

q
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e
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q

SM
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Bq / mK
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ACP

Bd J /K S=sin2 B
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Bs J /~sin2 − sB
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UTA x New Physics

* * *  i.e., assuming only tree-level obs to be SM * * *
NP UTA
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NP Analysis: Results I
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 Unitarity Triangle update

 NP parameter results 

dark: 68%
light:light: 95%
SM: red cross

CBs vs fBs 

 CBd vs fBd 

Aq=CBq
e
2 i f

B q Aq

SM
e
2 i f

q

SM

CBd
 = 1.14 ± 0.11

fBd
 = (-3.4 ± 2.0)°

CBs
 = 1.14 ± 0.08

fBs
 = (-0.3 ± 0.6)°

 K system 

CeK
 = 1.12 ± 0.12



NP Analysis: Results II
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 Unitarity Triangle update

 NP parameter results 

dark: 68%
light:light: 95%
SM: red cross

Aq=(1+
Aq

NP

A
q

SM
e
2i(f

q

NP−f
q

SM)) Aq

SM
e
2if

q

SM

Bd
Bs

The ratio of NP/SM amplitudes is:
 < 35% @68% prob. (45% @95%) in Bd mixing

 < 25% @68% prob. (35% @95%) in Bs mixing
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 Unitarity Triangle update

 NP parameter results 

dark: 68%
light:light: 95%
SM: red cross

Aq=(1+
Aq

NP

A
q

SM
e
2i(f

q

NP−f
q

SM)) Aq

SM
e
2if

q

SM

Bd
Bs

The ratio of NP/SM amplitudes is:
 < 35% @68% prob. (45% @95%) in Bd mixing

 < 25% @68% prob. (35% @95%) in Bs mixing
 

Ratio of NP/SM amplitudes is:
< 35 % @ 68% prob (45% @ 95% prob)
< 25 % @ 68% prob (35% @ 95% prob)

[q=d]

[q=s]



NP Analysis: Results III
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NP Analysis: Results IV
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| ΔF | = 2 Beyond the Weak EFT

FLAVOR MISALIGNMENT

SMEFT RGE

poorly constrained

LSMEFT = LSM +
X
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SU(2) L x U(1) Y
gauge invariance

For more details:



Towards % precision: Overall consistency amazing! 
—>  current pull from | Vcb | @ 4σ  ( B(s) —> D(s) l ν )

2109.15248, 2204.05925
but see recent work by  G.Martinelli, S.Simula, L.Vittorio

( ) *

NP UTA :

SM UTA :

credit to R.Rattazzi @ GGI ‘21
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COLLIDER
UTA = PRECISION

ΛNP  

C  
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(ψ ψ) 2  
Λ 2
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BACKUP



M.Bona @ LHCP ‘22
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 Unitarity Triangle update

 |Vcb| = (41.1 ± 1.3) 10-3  

 uncertainty ~ 3.2%

 uncertainty ~ 6.4%

 |Vub| = (3.89 ± 0.25) 10-3 

A-la-D’Agostini two-dimensional
average procedure:

 |Vub| = (3.72 ± 0.10) 10-3 
 |Vcb| = (42.4 ± 0.5) 10-3  

From global SM fit

 Vcb and Vub 

 |Vub| = (3.70 ± 0.10) 10-3 
 |Vcb| = (42.6 ± 0.5) 10-3  

UTfit prediction:
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 Unitarity Triangle update

Cleo, BaBar, Belle, 
D0 and LHCb

semileptonic asymmetries in B0 and Bs: sensitive to NP effects in both size
and phase. Taken from the latest HFLAV.

same-side dilepton charge asymmetry:
admixture of Bs and Bd so sensitive to

NP effects in both.

-7.9 ±  2.0
D0 arXiv:1106.6308

lifetime tFS in flavour-specific final states:
average lifetime is a function to the
width and the width difference

angular analysis as a function
of proper time and b-tagging

fs=2s vs DGs from Bs®J/yf

tFS(Bs) = 1.527 ± 0.011 ps  HFLAV

 new-physics-specific constraints 

fs = -0.049 ± 0.019 rad
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 Unitarity Triangle update

Look at the near future 
future I scenario:
errors from
Belle II at 5/ab 
+ LHCb at 10/fb

 r = ± 0.016
 h = ± 0.019 

 r = ± 0.015
 h = ± 0.015 

 r = 0.150 ± 0.027
 h = 0.363 ± 0.025 

 r = 0.154 ± 0.015
 h = 0.344 ± 0.013 

current sensitivity



M.Bona @ LHCP ‘22

31 Marcella Bona

 Unitarity Triangle update

dark: 68%
light:light: 95%
SM: red cross

Aq=(1+
Aq

NP

A
q

SM
e
2i(f

q

NP−f
q

SM)) Aq

SM
e
2if

q

SM

Bd
Bs

 NP parameter results 

The ratio of NP/SM amplitudes is:
 < 26% @68% prob. (37% @95%) in Bd mixing

 < 18% @68% prob. (25% @95%) in Bs mixing
 


