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Why?



Precision Tests : Flavor

Historically, it led to “New Physics” (NP) !

E.g., prediction  
of charm quark: 

Look @  
processes w/  
ΔF units of  

flavor violation
?

| F | > 0 Δ



Flavor violation in SM in charged weak-current <—> VCKM

—>  Flavor Changing Neutral Currents (FCNCs) ONLY @ one loop

( ρ , η )  apex  of  Vub Vud + Vcb Vcd + Vtb Vtd = 0* * *- -

  

CKM matrix described by 4 params (3 angles and a CP phase) /
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Flavor Metrology :



Unitarity Triangle (UT)
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: Bayes aficionados

@ https://xkcd.com/1132
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Observables <—> constraints in the fit

<—>  CKM pair to be inferred

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

see, e.g., JHEP 07 (2001) 013
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~O = {✏K ,�md,s, · · · }



see, e.g., Les Houches Lect.Notes 108 (2020) - L.Silvestrini

UT : The Power of Redundancy

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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Winter 2018 results  

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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 What’s New
* * *  new UTfit 2D skeptical combination of  | Vcb |  and | Vub | * * *

à la D’Agostini, n-dim generalization of PDG scale factor 

| Vcb | excl x 103 = 40.55 ± 0.46
| Vcb | incl x 103 = 42.16 ± 0.50
| Vcb | ave x 103 = 41.1 ± 1.3

| Vub | incl x 103 = 4.13 ± 0.26
| Vub | excl x 103 = 3.64 ± 0.16

| Vub | ave x 103 = 3.75 ± 0.26

6 Marcella Bona

 Unitarity Triangle update

 Vcb and Vub 

|Vcb| (excl) = (40.55 ± 0.46) 10-3

|Vcb| (incl) = (42.16 ± 0.50) 10-3

|Vub| (excl) = (3.64 ± 0.16) 10-3

|Vub| (incl) = (4.13 ± 0.26) 10-3

from Bordone et al. arXiv:2107.00604

From �b, excluded following FLAG guidelines|Vub / Vcb| (LHCb) = (7.9 ± 0.6) 10-2

See Ludovico Vittorio’s talk on Wednesday here

FLAG 2023 online update

PDG 2022

|Vub / Vcb| = (8.27 ± 1.17) 10-2
From Bs to K (LHCb) and UTfit

— This also implies an updated | Vub | / | Vcb | = 0.0827 ± 0.0117 

Exclusive determinations 
updated w/ FLAG ‘23



* * * new sin2β from LHCb,  new in-house averages for ⍺ and 𝛾 * * *

 What’s New

10 Marcella Bona

 Unitarity Triangle update

 ɸ2/ɑ angle 

αexp
SM = 93.8° ± 4.5°

from ρρ
from ππ

from ρπ
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 Unitarity Triangle update

 ɸ3/ɣ angle 

ɣexp = 65.4° ± 3.3°

ɣBs = 78° ± 18°

ɣB+ = 63.5° ± 3.5°

ɣBd = 81° ± 11°

See new D mixing fit from Di Palma&Silvestrini at EPS23: 
https://indico.desy.de/event/34916/contributions/146904/
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 Unitarity Triangle update

 ɸ1/β angle 
 Averaged charmonium values

● New sin2β from LHCb 
 Average including updated correction
    due to Cabibbo-suppressed
    penguin contributions

 Theoretical uncertainty comparable
    to experimental error

● Correction of -0.01 ± 0.01

Ciuchini, Pierini, Silvestrini
https://arxiv.org/abs/hep-ph/0507290

Basically from all charmonium 
HFLAV: 0.698 ± 0.017
adding Belle II: 0.720 ± 0.064
getting average: 0.699 +/- 0.016
Corrected with -0.01 +- 0.01
final number is 0.689 +/- 0.0190.699

sin2β
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* * * Updated quark masses & Vud from neutron decay * * *

 What’s New

What’s new for EPS23

๏Theory updates:


๏New Vud extraction from neutron decays, 
following V. Cirigliano et al. arXiv:2306.03138  


๏New lattice values for masses 


๏New lattice form factors for exclusive 



๏Experiment updates:


๏New sin2β by LHCb


๏New γ by LHCb


๏New α


๏…

b → qℓν

4.196 ± 0.014

4.171 ± 0.020

4.203 ± 0.011

4.14 4.16 4.18 4.20 4.22
mb(mb) (GeV)

Average

Nf = 2 + 1

Nf = 2 + 1 + 1

0.993 ± 0.004

0.994 ± 0.004

0.989 ± 0.010

0.97 0.98 0.99 1.00 1.01
mc(3 GeV)(GeV)

Average

Nf = 2 + 1

Nf = 2 + 1 + 1

93.140 ± 0.550

92.200 ± 1.000

93.460 ± 0.580

90 91 92 93 94 95
ms(2 GeV)(MeV)

Average

Nf = 2 + 1

Nf = 2 + 1 + 1

3.399 ± 0.031

3.381 ± 0.040

3.427 ± 0.051

3.30 3.35 3.40 3.45 3.50
mud(2 GeV)(MeV)

Average

Nf = 2 + 1

Nf = 2 + 1 + 1

All masses computed in  and averaged with 
PDG scale factors

MS
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 Unitarity Triangle update

Novelties in Summer 2023:

๏ …

Main experiment updates:
New sin2β, α, γ
For α, γ new in-house averages

Main theory updates:
New Vud extraction from neutron decays
     [V.Cirigliano et al, arXiv:2306.03138]
New lattice values for masses 
New lattice form factors for exclusive determinations Averages with PDG scale factors

Vud

Cirigliano et al., Phys.Rev.D 108 (2023) 5, 053003

Vus is not an input of the fit ( CKM unitarity allows Vus <—> Vud ).

Quark masses computed in MS and averaged with PDG scale factors.



SM UT Analysis — 2023 

Zoomed-in SM UT Analysis
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Standard Model Fit result

ρ̄ = 0.160 ± 0.009
η̄ = 0.345 ± 0.011

@ 95% prob
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A = 0.827± 0.010
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 Unitarity Triangle update

 Some interesting configurations 

Sides and eK

 r = 0.173 ± 0.012
 h = 0.374 ± 0.018 

“Tree only”
 r = ±0.163 ± 0.024
 h = ±0.356 ± 0.027

→ reference
   for model
   building

Angles only
 r = 0.159 ± 0.016
 h = 0.339 ± 0.010 

CP conserving
constraints
 r = 0.171 ± 0.013
 h = 0.363 ± 0.022 
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⇢̄ = 0.159± 0.016 ⇠ 10%
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⇢̄ = 0.173± 0.012 ⇠ 7%
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————— sides & εK —————



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 UT

UT in infancy

UT @ few % = decades of tremendous EXP + TH progress !
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Standard Model Fit result

ρ̄ = 0.160 ± 0.009
η̄ = 0.345 ± 0.011

@ 95% prob



Tensions in the fit

Greatest tension from exclusive determination of Vcb (< 3σ)

Compatibility plots 
graphical pull of observables

+   <—>  measurement  
x   <—>  exclusive  
     <—>  inclusive*

17 Marcella Bona

 Unitarity Triangle update

 Checking the usual tensions.. 

sin2exp = 0.689 ± 0.019
sin2UTfit = 0.739 ± 0.027

 Vubexp = (3.75 ± 0.26) · 10-3 
 VubUTfit = (3.70 ± 0.09) · 10-3 

 Vcbexp = (41.32 ± 0.73) · 10-3 
 VcbUTfit = (42.21 ± 0.51) · 10-3 

x = exclusive
∗ = inclusive
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UT Highlights — | ΔF | = 1 

BR(s) in agreement w/ EXP data
—> disfavoring NP for “B anomalies”

— see Marco Fedele’s talk tomorrow —

UT now includes both indirect 
and direct CP from     K → ππ

to RBC/UKQCD Coll.
PRD 102 (2020) 5, 054509



NP Analysis — Wiki How
Parametrize generic NP effects in | ΔF | = 2 transitions :

Fit simultaneously CKM & NP  —>  bound on NP scale

Include an extended list of observables to study also NP : 

O(10) new parameters

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):

Aq=CBq
e
2i

Bq Aq

SM
e
2i

q

SM

=1
A
q

NP

Aq

SM
e
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q

NP−
q

SMAq
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q /K=CBq / mK

m
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=C K

SM

ACP
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ASL

q =Im 12

q /Aq  q/mq=Re 12

q /Aq 

 UT analysis including new physics 

Charm 23 Di Palma Roberto PageCharm 23 PageEPS-HEP 2023 Roberto Di Palma

Charm mixing parameters

FIT RESULTS 
‰ 
‰

x12 = (4.28 ± 0.32)
y12 = (6.24 ± 0.23)
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What’s new for EPS23

๏Experiment updates:


๏New D mixing fit (see talk by R. Di 
Palma on Friday)


๏New  by LHCb: 



๏Theory updates:


๏New lattice values for BSM matrix 
elements

ϕs
ϕs = − 0.039 ± 0.016 rad

latest HFLAV (Spring21) 
w/o miking effects

22 Marcella Bona

 Unitarity Triangle update

HFLAV from Cleo, BaBar, 
Belle, D0 and LHCb

semileptonic asymmetries in B0 and Bs:
sensitive to NP effects in both size and phase. .

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 DΓs from Bs®J/ψf

tFS(Bs) = 1.527 ± 0.011 ps  HFLAV

 new-physics-specific constraints 

fs = -0.039 ± 0.016 rad
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sensitive to NP effects in both size and phase. .

same-side dilepton charge asymmetry:
admixture of Bs and Bd so sensitive to
NP effects in both. -7.9 ±  2.0
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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 DΓs from Bs®J/ψf

tFS(Bs) = 1.527 ± 0.011 ps  HFLAV

 new-physics-specific constraints 

fs = -0.039 ± 0.016 rad

-
-
-
-

R. Di Palma &  
L. Silvestrini

[ to appear soon ]



* * *  Assumption: only FCNC amplitudes affected by NP  * * *
NP UT Analysis

C

1− 0.5− 0 0.5 1
ρ

1−

0.5−

0

0.5

1

η

γ

cbV
ubV

summer22

SM UT Analysis

Solution 
ruled out 
by Aq

SL

NP fit

Results of BSM analysis: CKM parameters

CKM parameters from BSM analysis

CKM 
parameters 

known (even in 
presence of NP 

effects) with 
similar precision 
of pre-LHC SM 

analysis
2004

ρ̄ = 0.167 ± 0.025
η̄ = 0.361 ± 0.027

ρ̄ = 0.164 ± 0.028
η̄ = 0.340 ± 0.016

2007

NP UT Analysis — 2023 
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Results of BSM analysis: probing New Physics Scale

NMFV
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Results of BSM analysis: probing New Physics Scale

NMFV

UT Bounds on NP

see, e.g. arXiv:/0707.0636 

Generic NP = no SM protection, i.e. : C(Λ) ~ 1/Λ2

O
qiqj
1 = q̄

↵
jL�µq

↵
iL q̄

�
jL�

µ
q
�
iL
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+ chirally flipped eOqiqj
1,2,3

SM/MFV

Next-to-MFV = SM-like protection + O(1) phases

| ΔF | = 2 Weak EFT

Λ > 4.7 x 105  TeV 

Λ > 108  TeV 



A  LOOK  @  [BACK TO]  THE  FUTURE  …



UT: (G)old Future Projections

18 Global analyses

dh
0.0 0.1 0.2 0.3 0.4 0.5

d
σ

0.0

0.5

1.0

1.5

2.0

2.5

3.0

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0
p-value

excluded area has CL > 0.95

2013

CKM
f i t t e r

dh
0.0 0.1 0.2 0.3 0.4 0.5

d
σ

0.0

0.5

1.0

1.5

2.0

2.5

3.0

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0
p-value

excluded area has CL > 0.95

Stage II

CKM
f i t t e r

Fig. 228: Results of the fit to NP in mixing, for current constraints (left) and year 2025

constraints (right).
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Fig. 229: SM UTA today (left) and extrapolated to the 5 ab�1 (centre) and 50 ab�1 (right)

scenarios.

for q = u and c, where the four-Fermi operators OX are written as

O(q,⌫`)
V1

= (q̄�µPLb)(⌧̄ �µPL⌫`) , (613)

O(q,⌫`)
V2

= (q̄�µPRb)(⌧̄ �µPL⌫`) , (614)

O(q,⌫`)
S1

= (q̄PRb)(⌧̄PL⌫`) , (615)

O(q,⌫`)
S2

= (q̄PLb)(⌧̄PL⌫`) , (616)

O(q,⌫`)
T = (q̄�µ⌫PLb)(⌧̄�µ⌫PL⌫`) , (617)

and CX denotes the Wilson coe�cient of OX normalised by 2
p

2GF Vqb. The SM contribution

is presented as �⌫⌧ ,⌫`
in Eq. (612). The superscript (q, ⌫`) specifies the flavours of the quark

q and the neutrino ⌫` in b ! q⌧⌫`; O(c,⌫`)
X contributes to B̄ ! D(⇤)⌧ ⌫̄, whereas O(u,⌫`)

X to

B̄ ! ⇡⌧ ⌫̄ and B̄ ! ⌧ ⌫̄. Note that it is not necessary that the neutrino flavour is the same as

621/688

—  5/ab @ Belle II + 10/fb @ LHCb

18 Global analyses

Table 154: CKMFitter results for the Wolfenstein parameters with current world averages,

and with SM-like central values at Belle II precision and Belle II combined with LHCb by

the year 2025.

Input Current WA SM value Belle II SM value Belle II+LHCb

A 0.8227+0.0066
�0.0136

+0.0025
�0.0027

+0.0024
�0.0028

� 0.22543+0.00042
�0.00031

0.00036
�0.00030

0.00035
�0.00030

⇢̄ 0.1504+0.0121
�0.0062

+0.0054
�0.0044

+0.0042
�0.0040

⌘̄ 0.3540+0.00069
�0.0076

+0.0037
�0.00040

+0.0036
�0.00037

Table 155: Uncertainties on external input parameters in the 5 and 50 ab�1 scenarios used

in the UT Fit study. In the 5 ab�1 study it is assumed that no improvement with respect

to the present uncertainties is assumed.

Parameter Error (5ab�1) Error (50ab�1)

↵s(MZ) ±0.0012 ±0.0004

mt (GeV) ±0.73 ±0.6

|Vus| ±0.0011 ±0.0002

BK ±0.029 ±0.002

fBs
(GeV) ±0.05 ±0.001

fBs
/fBd

±0.013 ±0.006

BBs
/BBd

±0.036 ±0.007

BBs
±0.053 ±0.007

We discuss the impact of Belle II on the Unitarity Triangle Analysis (UTA) within and

beyond the Standard Model in the Bayesian approach of the UTfit Collaboration [733, 2042–

2045]. We consider the two scenarios from Table 1.3 of the Introduction. In particular,

we present results using experimental uncertainties corresponding to 5 and 50 ab�1 for

|Vcb|, |Vub|, sin 2�1, �3, and �2, while central values are tuned to the SM. For other input

parameters, in the 50 ab�1 scenario we use the uncertainties reported in Tab. 155, based on

the extrapolation of Appendix B.2 of Ref. [2046].

The projected uncertainties of the SM fit for the CKM parameters, UT angles and

BR(B ! ⌧⌫) (not used in the fit) are reported in Tab. 156 and Fig. 229. Generalising

the analysis beyond the SM following the notation introduced in Ref. [2044], we obtain

the uncertainties presented in Table. 157 and Fig. 230 for the CKM parameters and the

parameters representing NP contributions to Bd � B̄d mixing.

18.2. Model-independent analyses of new physics

One can parametrise all possible types of new physics in terms of Wilson coe�cients of the

weak e↵ective hamiltonian. In hadronic decays this approach involves too many coe�cients

to be feasible in practice. However, in some cases only a restricted set of Wilson coe�cients

contributes and such model-independent fits are possible. These cases are discussed in this

section.
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the one-loop level it receives contributions only from Z-
penguin and W-box diagrams, as shown in Fig. 1, or from
pure quantum electroweak effects. Separating the contribu-
tions to the one-loop amplitude according to the intermedi-
ate up-type quark running inside the loop, we can write

A(s→ dνν̄) =
∑

q=u,c,t
V∗qsVqdAq , (1)

where Vi j denote the elements of the CKM matrix. The
hierarchy of these elements would favour up- and charm-
quark contributions; however, the hardGIMmechanism of
the perturbative calculation impliesAq ∼ m2q/M2

W , leading
to a completely different scenario. The top-quark contribu-
tion turns out to be the leading term both in the real and in
the imaginary part of the amplitude. This structure implies
several interesting consequences for A(s → dνν̄): it is
dominated by short-distance dynamics, therefore its QCD
corrections are small and calculable in perturbation theory;
it is very sensitive to Vtd, which is one of the less con-
strained CKM matrix elements; it is likely to have a large
CP-violating phase; it is very suppressed within the SM
and thus very sensitive to possible new sources of quark-
flavour mixing.

Short-distance contributions to A(s → dνν̄), are effi-
ciently described, within the SM, by the following effective
Hamiltonian [ 12]

He f f =
GF√
2

α

2π sin2ΘW

∑

l=e,µ,τ

[

λcXlNL + λtX(xt)
]

×(s̄d)V−A(ν̄lνl)V−A , (2)

where xt = m2t /M2
W and, as usual, λq = V∗qsVqd. The co-

efficients XlNL and X(xt), encoding top- and charm-quark
loop contributions, are known at the NLO accuracy in
QCD [ 13, 14] and can be found explicitly in [ 12]. The
theoretical uncertainty in the dominant top contribution is
very small and it is essentially determined by the exper-
imental error on mt. Fixing the MS top-quark mass to
mt(mt) = (166 ± 5) GeV we can write

X(xt) = 1.51
[

mt(mt)
166 GeV

]1.15

= 1.51 ± 0.05 . (3)

The simple structure of He f f leads to two important prop-
erties of the physical K → πνν̄ transitions:

• The relation between partonic and hadronic ampli-
tudes is exceptionally accurate, since hadronic ma-
trix elements of the s̄γµd current between a kaon and
a pion can be derived by isospin symmetry from the
measured Kl3 rates.

• The lepton pair is produced in a state of definite CP
and angular momentum, implying that the leading
SM contribution to KL → π0νν̄ is CP-violating.

Figure 1. One-loop diagrams contributing to the s → dνν̄ transi-
tion.

The largest theoretical uncertainty in estimating B(K+ →
π+νν̄) originates from the charm sector. Following the anal-
ysis of Ref. [ 12], the perturbative charm contribution is
conveniently described in terms of the parameter

P0(X) =
1
λ4

[

2
3
XeNL +

1
3
XτNL

]

= 0.39 ± 0.06 , (4)

where we have used λ = 0.2240 ± 0.0036 [ 1]. The nu-
merical error in the r.h.s. of Eq. (4) is obtained from a con-
servative estimate of NNLO corrections [ 12]. Recently
also non-perturbative effects introduced by the integration
over charmed degrees of freedom have been discussed [
15]. Despite a precise estimate of these contributions is
not possible at present (due to unknown hadronic matrix-
elements), these can be considered as included in the un-
certainty quoted in Eq. (4).1 Finally, we recall that gen-
uine long-distance effects associated to light-quark loops
are well below the uncertainties from the charm sector [
16].

With these definitions the branching fraction of K+ →
π+νν̄ can be written as

B(K+ → π+νν̄) =
κ̄+

λ2

[

(Imλt)2X2(xt) +
(

λ4ReλcP0(X) + ReλtX(xt)
)2]
,

(5)

where [ 12]

κ̄+ = rK+
3α2B(K+ → π0e+ν)

2π2 sin4ΘW
= 7.50 × 10−6 (6)

and rK+ = 0.901 takes into account the isospin breaking
corrections necessary to extract the matrix element of the
(s̄d)V current from B(K+ → π0e+ν) [ 17].

The case of KL → π0νν̄ is even cleaner from the theo-
retical point of view [ 18]. Because of the CP structure,
1 The natural order of magnitude of these non-perturbative corrections,
relative to the perturbative charm contribution is m2K/(m

2
c ln(m2c/M2

W )) ∼
2%.

—  50/ab @ Belle II (?)
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i) There is a strong tension between the values of F2(w) from HPQCD and those of the other two collaborations; 
ii) Although at small w the values of F2(w) from FNAL/MILC and JLQCD are close, the extrapolated values are different; 
iii) The results for g(w), f(w) and F1(w) are in good agreement where all the collaborations have computed the FFs (at w ≤ 1.2); 
iv) The allowed band of the extrapolated values of F1(w) from JLQCD, however, is very different from the bands obtained for 
this quantity using the values by FNAL/MILC and HPQCD (see the different slope of F1(w) at the smaller w values).
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A look @ the 1st row  

LQCD on (semi)leptonic decays : Beyond % precision —> control of  & QEDΔI

0+ —> 0+ transitions “better” than neutron decay, but  cleanest thoughπ+ → π0e+ν

Misha Gorshteyn @ CKM 23

See , e.g., Phys.Rev.D 105 (2022) 11, 114507

InterePIONEER — arXiv:2203.01981Interesting proposal: PIONEER — arXiv:2203.01981



NP: Going Beyond the Weak EFT
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 bounds in the SMEFT — Phys. Lett. B 799 (2019) 135062|ΔF | = 2

… UT IN THE SMEFT : A LOT OF WORK STILL TO BE DONE !



NP UT :

SM UT : Towards % precision … Overall remarkable consistency .
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19 Marcella Bona

 Unitarity Triangle update

Observables Measurement Prediction Pull (#s)

sin2 0.689 ± 0.019 0.739 ± 0.027 ~ 1.5

g 65.4 ± 3.3 65.2 ± 1.5 < 1

 93.8 ± 4.5 92.3 ± 1.5 < 1

e
K
 · 103 2.228 ± 0.001 2.01 ± 0.14 ~ 1.6

|Vcb| · 103 41.32 ± 0.73 42.21 ± 0.51 ~ 1

|Vcb| · 103 (excl) 40.55 ± 0.46 ~ 2.5

|Vcb| · 103
 (incl) 42.16 ± 0.50 < 1

|Vub| · 103 3.75 ± 0.26 3.70 ± 0.09 < 1

|Vub| · 103 (excl) 3.64 ± 0.16 - < 1

|Vub| · 103
 (incl) 4.13 ± 0.26 - ~ 1.5

BR(B � tn)[104] 1.06 ± 0.19 0.865 ± 0.041 ~ 1

BR(B � μμ)[109] 3.41 ± 0.29 3.45 ± 0.13 < 1 

|Vud| 0.97433 ± 0.00017 0.9737 ± 0.0011 < 1

Result
summary



31 Marcella Bona

 Unitarity Triangle update

Lattice inputs summary

Observables Measurement

BK 0.756 ± 0.016

fBs 0.2301 ± 0.0012

fBs/fBd 1.208 ± 0.005

BBs/BBd 1.015 ± 0.021

BBs 1.284 ± 0.059

We quote the weighted average of 
the Nf=2+1+1 and Nf=2+1 results 
with the error rescaled when 
chi2/dof > 1, as done by FLAG for 
the Nf=2+1+1 and Nf=2+1 averages 
separately

Observables Measurement

Vud 0.97432 ± 0.00013

Vus 0.2249 (± 0.0004)

Vud is taken from the PDG average of 
Vud FLAG numbers (for 2+1+1 and 
2+1) and superallowed beta decays 
value.

Vus is not used in the fit

Updates on Unitarity Triangle fits

Marcella Bona
Queen Mary University of London

(QMUL)

12th CKM Workshop,
Santiago de Compostela, Spain

19 September 2023
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20 Marcella Bona

 Unitarity Triangle update

Observables Measurement Prediction

BK 0.756 ± 0.016 0.840 ± 0.053

Ratios only

fBs 0.2301 ± 0.0012 0.234 ± 0.010

BBs 1.284 ± 0.059 1.27 ± 0.10

B pars only

fBs/fBd 1.208 ± 0.005 1.201 ± 0.027

fBs 0.2301 ± 0.0012 0.229 ± 0.006

BK only

fBs 0.2301 ± 0.0012 0.226 ± 0.011

fBs/fBd 1.208 ± 0.005 1.07 ± 0.12

BBs 1.284 ± 0.059 1.32 ± 0.12

BBs/BBd 1.015 ± 0.021 1.29 ± 0.29

We obtain the predictions for 
the lattice parameters in 
different configurations in the 
fit:

● only lattice parameters ratios
● (FBs/FB, BBs/BBd used)

● only B parameters
● (BBs

1, BBs/BBd used)

● only BK parameter

Lattice
result
summary
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What’s new for EPS23

๏Experiment updates:


๏New D mixing fit (see talk by R. Di 
Palma on Friday)


๏New  by LHCb: 



๏Theory updates:


๏New lattice values for BSM matrix 
elements

ϕs
ϕs = − 0.039 ± 0.016 rad

latest HFLAV (Spring21) 
w/o miking effects

Maurizio Pierini @ EPS 23



Results of BSM analysis: New Physics parameters
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