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UTfit Global Fits

Global Fit: tool to test the SM and probe NP

+ Introduction and motivations
> the tool: the Unitarity Triangle (UT) fit
+ SM UT analysis:
- provides the best determination of CKM parameters
o tests the consistency of the SM (“direct” vs “indirect’” determinations)
o provides predictions (from data..) for SM observables
+ NP UT analysis:
> model-independent analysis
o provides limit on the allowed deviations from the SM
o obtains the NP scale
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UTTfit collaboration

Talk based on implementation/inputs/plots of the UTTit
collaboration:

o Founded in 2003 (2" CKM workshop in Durham)
from the people from the 2000 paper: UT o
https://arxiv.org/abs/hep-ph/0012308 fl t
with some experimental characters sneaking in..

U Yearly updates: look for us at conferences,
the webpage is... often late...=

o If you need something specific, let me know!

www.utfit.org

!‘ﬁg\j} B??f;%ﬁ;ﬁ-of he unitarity M.Bona, M. Ciuchini, D. Derkach, F. Ferrari,
friangle in the Cabibbo—Kobayashi E. Franco, V. Lubicz, G. Martinelli, D. Morgante,

—Maskawa scheme”
10.1007/s12210-023-01137-5

M. Pierini, L. Silvestrini, S. Simula, A. Stocchi,
C. Tarantino, V. Vagnoni, M. Valli and L. Vittorio
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UTﬁ P Global Fits

The CKM matrix

The charged current interactions get a flavour structure encoded in
the Cabibbo-Kobayashi-Maskawa (CKM) matrix V:

9

V2

Vj connects left-handed up-type quark of the ith generation to left-handed
down-type quark of jth generation. =
Intuitive labelling by flavour: .

(ﬂ C t_) VCd Vcs VCb S
Via Vis Vib b

Loc=— (l:]L’}’”W:VBL + BL’}/”W;VTUL)

~
-
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UTsit

Unitarity

The CKM matrix is a 3x3 complex unitary matrix

described by 4 (real) parameters:
3 can be expressed as (Euler) mixing angles
the fourth makes the CKM matrix complex (i.e. gives it a phase)
> weak interaction couplings differ for quarks and antiquarks

Have you thought about how to obtain this above?

> 'You might have... if you have not, let me quickly run through it...

Marcella Bona
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Unitarity

In general, an n x n unitary matrix has n® real and independent parameters:

» a n x n matrix would have 2n? parameters

» the unitary condition imposes n normalization constraints
» n(n - 1) conditions from the orthogonality between each pair of columns:

thus 2n*-n-n(n-1) = n%

In the CKM matrix, not all of these parameters have a physical meaning:
» with n generations, 2n - 1 phases are absorbed by the freedom to select the quark field phases
» Each u, c or t phase allows for multiplying a row of the CKM matrix by a phase, while each d, s

or b phase allows for multiplying a column by a phase.

thus: n?-(2n-1) = (n - 1)~

Among the n? real independent parameters of a generic unitary matrix:

=% n(n - 1) of these parameters can be
associated to real rotation angles,

» so the number of independent phases is

nN“-%nn-1)-(2n-1)=% (n-1)(n - 2)

Marcella Bona
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n{families) | Total indep. params. | Real rot. angles | Complex phase factors
(n—1) in(n—1) in-1)(n-2)
2 1 1 0
3 4 3 1
4 9 6 3
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The CKM matrix: rotation decomposition

The CKM matrix can be seen as the product of three rotation matrices
and each rotation involves two of the three families:

10

Global Fits

1 0 0 cos 013 0 sin f13e™ cos @12 sinfq2 0
V=0 cosO3 sin0Os3 0 i 1 0 — sin @y cosfq12 0
0 —sin@a3 cosfa3 /\ —sinfi3e’® 0 cosbi3 0 0 1
which gives the classic exact parameterisation that can be found for
example on the PDG:
—120
C12€13 ’ $12€13 5136 ’
V =| —s12¢23 — €12523513€"" C12€23 — S12523513€"°  S23C13

) 0

$12823 — €12¢23813€"

with ¢j=co0s8; and s;=sinB;, and i,j=1,2,3. & is the CP violating phase

Marcella Bona
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The CKM matrix: Wolfenstein parameterisation

From measurements, V results hierarchical —» 053 < 02 < 04,
We can see this hierarchy via the Wolfenstein parameterisation:
- the CKM matrix elements are expanded in order of sin 0,
historically called Cabibbo angle O¢:

— Wolfenstein parameter A = sinB;, ~ 0.22

2 :
( -5 A AN (p —in) )
Ve = ~A 12 AN %
\ AX3(1 — p — in) —AN? 1 )

- Wolfenstein parameters: A ~0.22, A~0.83,p ~0.15,n~0.35
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The CKM matrix: Wolfenstein parameterisation

From the Wolfenstein parameter A = sinB;, ~ 0.22, we can get an idea on
the sizes of the various CKM matrix elements:

[ 1= A AN (p—in) )
Vekm = —A 1 — %2 A2 + O(A\?)
\ AX3(1 — p — in) —AN? 1 )
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UTﬁ P Global Fits

The CKM matrix: Wolfenstein parameterisation

From the Wolfenstein parameter A = sinB;, ~ 0.22, we can get an idea on
the sizes of the various CKM matrix elements:

( 11— A | AX3(p —in) )
Vekm = —A 1 — %2 A2 + O(N\*)
\ AX3(1 — p — in) —AN? 1 )
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The CKM matrix: Wolfenstein parameterisation

From the Wolfenstein parameter A = sinB1, ~ 0.22, we can get an idea on
the sizes of the various CKM matrix elements:

( 11— A | AX3(p —in) )
Vekm = —A 1 — %2 A2 + O(N\*)
\ AX3(1 — p — in) |[—-AN2 1 )
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UTﬁ P Global Fits

The CKM matrix: Wolfenstein parameterisation

From the Wolfenstein parameter A = sinB1, ~ 0.22, we can get an idea on
the sizes of the various CKM matrix elements:

( 11— A | AX3(p — in) )
Vekm = —A 1 — %2 A2 + O(N\*)
\ AX3(1 — p — in) |[—AN2 1 )
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The CKM matrix: Wolfenstein parameterisation

From the Wolfenstein parameter A = sinB;, ~ 0.22, we can get an idea on
the sizes of the various CKM matrix elements:

( -2 A | AX3(p —in) )
Vekm = —A 1 — %2 A2 + O(N\*)
\ AX3(1 — p — in) |[—AN2 1 )

At A2 order, the third generation decouples
n # 0 signals CP violation — imaginary part of Vy, and V¢ (15t 2 3 family)
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The CKM matrix: Wolfenstein-Buras parameterisation

Usually the Buras correction to the Wolfenstein parameterisation is used:

p=p (1-172)
n=mn (1-22)

2
S A AN —im) )
V = —A —2 ANz [+
\ AX3(1 — p — i) —AN? 1 )

Looks indentical to the Wolfenstein one but now the matrix is unitary
also in this “approximation” at all A orders. V e
Also p +in is phase-convention independent: D+ i = ‘ud Vi,
_ — —

Cd‘“
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The CKM matrix: unitarity relations

( \
Vud Vus Vup multiply with its hermitian conjugate
Ved Ves Veb (complex conjugate + transpose)

VWi=Viv=1
k‘éd WS Wb)
Zi Vij V*ik = 6jk column orthogonality
*
Zj Vij V ki = 6ik row orthogonality

The six vanishing combinations can be represented as
triangles in a complex plane

Marcella Bona 15
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The CKM matrix: unitarity relations

The triangles obtained by taking scalar products of neighboring rows or
columns are nearly degenerate. However, the areas of all triangles are the
same, half of the Jarlskog invariant J.

1t 2 2M family
VudV +VedVE+ VgV =~ O(A) + O (A)+ O(N°) =0

column orthogonality 2 2 3 family

VsV +Ves Vi + Vi Vip o O(AY) +O0(X%)+O0(A%) =0

- 1t 2 3" family
VudVip+ VeV +ViaViy = OA)+OA)+O(N) =0 rangles

not to scale
Marcella Bona 16
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Marcella Bona

The CKM matrix: third unitarity relation
VuaVy+VedVy+VidVyy ~ O(A3)+O(A3)+O(A3) =0

VisV*, = 0 Is the orthogonality condition
between the first and the third column:
the orientation depends on the phase
convention

Usually we see re-scaled version where
sides have been divided by |V V*y|

Voo Voo

(P.M)

In the Wolfenstein parameterization, Vg Vb
the coordinates are Vg V22|

(0, 0), (1, 0) and (p, n),
and the two sides are

(p +in) and (1 - p —in). (0,0) > (1.0)

17
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The CKM matrix: third unitarity relation
VuaViy+VedVi+ViaViy = O(A%)+O(A)+0(X%) = 0

Global Fits

(p.n)

1/11‘(1' Vﬂ{

ub

Vea Voo

Vi Vio

td

I/ﬁ.‘d I{b

o —

3 =

The angles can be written
in terms of CKM matrix
elements as:

arg|—VigViy/ VuaVap)
arg[—VqV.y/ViaVi)

(0,0 (1,0 Y= arg[—VudVJb/Vchc’E]

In the Wolfenstein parameterisation:
¢ the [3/¢, angle corresponds to the phase of Vi
¢ the y/¢; angle corresponds to the phase of V,

¢ the a/¢, angle can be obtained with 1T — 3 — y (assumes unitarity)

Marcella Bona
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The Unitarity Triangle

Many different ways to
measure the angles and sides.

B? = Jhp K°
A

(0.0) ' (1,0)

¢ We need to measure the angles and sides to over-constrain this triangle,
and test that it closes.
¢ Need to define observables and experiments to measure these quantities

Marcella Bona 19



UTyiz

UTfit method and inputs:
f(p, 7, X|e1, ..., em) ~ H fi(Clp, m, X)*

Bayes Theorem

C=ciynem=€,Amg/Amgs, Acp(J/YKg), ...

Marcella Bona

(b—ou)/(b—=c)| PP+0* A A,F(), ..
€K n[l(1 — p) + P] Bk
Amy 1-p2+7  f&Bs
Amg/Ams | (1-p)* + 7 3
Acp(J/¥Kg) sin 23 —

Global Fits

j=1,m

|1 fi(=s) folp, 7)

i=1,N

Standard Model +

OPE/HQET/
,| m; Lattice QCD
to go from

guarks to hadrons

20
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Global fit constraints

Before the B factories, the available constraints used were:
» Mixing in the K system: &k

» AMys IN the Bgs Systems

» Vu/Vie from semileptonic b to ¢ and b to u

B factories started to improve some of the above
And also adding the measurements of the angles:
> 3/, Y/dzand a/¢,

In any case, we need to reconnect the experimental observables
with the fundamental parameters we want to obtain,
In our case the CKM matrix elements.

Marcella Bona

Global Fits
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Global fit constraints

Before the B factories, the available constraints used were:

> Mixing in the K system: &k
Amgs In the Bqgs systems
Vun/Vie from semileptonic b to ¢ and b to u

Global Fits

|
| Veo/ Vs |

" €K “ Amygy E Ams/Almd

T | ‘

. ! (1 —p)* + 47

us—fr_)[(]_ —_ ﬁ) —|— P] 5— 5

1_£t1_.u|5 0o 05 1 1Fﬂ?{lls U TR 1t£‘1_{'|5 . 88
D ' P

Marcella Bona
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Global fit constraints
So = Inami-Lim functions for c-c, c-t, e t-t

= Mixing in the K system: & contributions (from perturbative calculations)

le, EC.B; Azk‘in{—[l ~A"/2) +'r1’|27'»‘[1 - p)l

\from lattice QCD . <K |JHJ“|?>
* <K|J |0><0|J"|K>

1;—8K

B, = 0.7627 + 0.0060

i e« = (2.228 + 0.011) - 10°®

| PDG | ¢ _ [’y _s
< l(1 - p) + P

qéu'_l.llq"".n'.si"'u""o.'s""%" > tf > d

p
Marcella Bona 23
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Global fit constraints

Amgs In the Bqgs systems

Global Fits

S = Inami-Lim function
for the t-t contribution
(from perturbative calculations)

Am,

2 2N 2 2
My, S (x,) "TIBde(,BEJVrE:[ |Vl

mfv n,S(x,) maj-f‘.r'.i,—f;;.s.'- IV.PA? (1 P ) + ’l_'ll) Am, = fff B,
™

bl A
52

Am, =[(1-p) +n°]

I= [ t |
T Amg ™ Ams/Amg
5 N2 | =2
'1:P1 | T
U_‘:n's S _I;Julsu
: 5 .

Marcella Bona

Be, and fg, from lattice QCD
Amgy = 0.5069 + 0.0019 ps™

Amg = 17.766 + 0.006 ps™ HFLAV

d t, b

24
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Global fit constraints

Vuw/Ven from semileptonicbtocandbtou v v
I I
Lrl'ub — )\ _ ﬁ;z —l— ﬁl’ b . ) c b . 3 u
‘bl 1 — & S

tree diagrams
. | 0 _neglig_ible new physi_cs contr_ibution_s
| Veo/ V| o inclusive and exclusive semileptonic
B decay branching ratios

i,

QCD corrections to be included

o inclusive measurements: OPE
72 + 72 0 exclusive measurements: form
tLIT u
e factors from lattice QCD

p
Marcella Bona 25



UTyiz

Vcb and Vub

average of arXiv:2105.08674,
2204.05925, 2310.03680

V| (excl) = (40.12 + 0.55) 107

V.| (incl) = (41.97 + 0.48) 10°
from arXiv:2310.20324

update of arXiv:2202.10285
V| (excl) = (3.63 + 0.26) 107

V| (incl) = (4.13 + 0.26) 107
PDG 2025

from arXiv:2310.03680

|Vub / Vcbl - (87 + 09) 10-2

Vw / Veoo| (LHCb) = (7.9 £ 0.6) 10°

Marcella Bona

Global Fits

6.0
m Measurements
Io UTfit $ = 68% region
— 5.5 g B 95% region
=_Q summer25 v Full Fit

3 = 68% region

> 5.0 7 95% region

4.5

Inclusive
4.0

3.5

_af
P
//

3.0

- il
/”/

2.5

-
/’/
ol e
// =
//
f"
=
a/
ol S

2055 32 34 36 38 ) 42 aa 46 a8
Ivcb|[10_3]
Ay, excluded following FLAG guidelines
26



UTyiz

Vcb and Vub

average of arXiv:2105.08674,
2204.05925, 2310.03680

V| (excl) = (40.12 + 0.55) 107

V.| (incl) = (41.97 + 0.48) 10°
from arXiv:2310.20324

update of arXiv:2202.10285
V| (excl) = (3.63 + 0.26) 107

V| (incl) = (4.13 + 0.26) 107
PDG 2025

from arXiv:2310.03680

|Vub / Vcbl - (87 + 09) 10-2

Marcella Bona

|Vup|[1073]

~10 «

Global Fits

6.0
t Measurements
UTfit g m 68% region
5.5 L M 95% region
summer25 Té Full Fit
- = 68% region
5.0 1 95% region
4.5
Inclusive
4.0

3.5

3.0

2.5

e

- il
/”/

-
/’/
ol e
// =
//
//
=

a4 46 48

Ivcb|[10_3]

40 42

~20

38
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|
| Veo/ Vs |

||||||||||||||||||||||||

I=" 12

1
0.8
0.6
0.4
0.2

0

Global fit with pre-B-factory constraints:

Global Fits

Am,

Am
Am,

-0.2

0 =0.175 + 0.015
n = 0.375 + 0.022

1 1.2

p
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UTsit

The angles

B factories have been groundbreaking

IN measuring the angles:
> 3/, a/d, and y/ds

Global Fits

= - = :

: qel[0P
°5: 0.5__

; of
-0.5" 0]

1 1

I [ TN T T N U TN T O Y T /T A T ] |

1 -0.5 o 0.5 1 1 0.5

(1,0)

Marcella Bona
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The angles B?

A
- Bt DN

sin23 from time-dependent
Ace in B - J/PKP

Prob{B°(t) > f) - Prob{E°(£) > fi)
Prob{B°(t) > fr)+ Prob{B(t) — fo)

a,_(t)= =CrcosAmt + S smAm,t

B/6, a 1. (8) = —Tlep SINAM At SIN2 5

I BT PP BRI
-1 -0.5 0 0.5 1

Marcella Bona 30
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UTyiz

sin2p in golden b — ccs modes
leading-order tree decays to ccs final states

b Ve C

p
LLL< i F o T
\V* S+d KO o Kg,

CS

here the CKM elements contributing are V,V*, that in our Wolfenstein CKM

parameterisation have no phase.
The CP conjugated case is also leading to (about) the same final state:

V*cb

)
LLL< ' o
VCS g +d K° - KS,L

b

O Ol

Marcella Bona 31
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sin2p in golden b — ccs modes

_ RO _,
leading-order tree decays to ccs final states B JWPKs.
V tree diagram
b cb C _
> " e ~ —A
C A Vcbv*cs VCSV*Cd
V*cs S +a RO N K SL A - V*cbvcs V*csvcd
B o | ——
because both B and B can decay in this common final state, K mixing
this can interfere with the oscillation diagram:
b ovx, bV d
BY W W §g A — EA(B — f) —izﬁf_
- pA(B = f) A
g - g
d Vw t Vy b

Marcella Bona 32
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sin2p in golden b — ccs modes

leading-order tree decays to ccs final states
b Vcb

Global Fits

B° - J/PKs,

tree diagram

)
_ -
LLL<"’
V* S+d KO o Kg,

CS

possible penguin contributions:

@y

V0 Vis diagrams

s
c
c

Marcella Bona

—
A Vcbv*cs Vcsv*cd

K: V*cbvcs V*csvcd

e

K mixing

;\N\/"% where x can be any up-type quark
> / hence this counts for three penguin

33
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sin2p in golden b — ccs modes

— gj\M/,% /X:u - Pu - VUbV*us
b >

V* V S S X=C = PC o VCbV*cs
xb XS —

. t

¢ X=t = P~ VpVs
C

using this unitary condition (2" 2 3 family), we eliminate V,V*,
Vubv*us + Vcbv*cs + thV*ts — O — thV*ts - — Vubv*us - VcbV*cs
thus the amplitude is:
Acs ~ VoV (T+ P =P') + V,, V5. (P = P')
H_/
CKM-suppressed
O(A?) O(A*)

pollution by penguins
Marcella Bona 34
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sin(2p) = sin(29,) R

PRELIMINARY
BaBar - J 069 + 0.03 + 0.01
PRD 79 (2009):072009
ESE%B{E—GOKQJ 12001 0.69 +0.52 + 0.04 + 0.07
BaBar J/y (hadronic) K | : 1,56 +0.42 % 0.21
PRD 69 (2004):052001 - ! :
Belle § : 0.67 + 0.02 + 0.01
PRL 108 2012)1?1802 ; '
Belle II : 5 L 0.72 £ 0.04 + 0.01
PRD 110 (2024) 012001 :
ALEPH ; ; L 0.84 "85 £ 0.16
PLB 492, 259 [2000) ; >
OPAL : ; . 3.20 "L o0 +0.50,
EPJ C5, 379 (1998) : ! "
CDF i : 0.79 7543
PRD 61, 072005 (2000) ¢ T
LHCb : : : 0.72 +0.01
PRL 132 (2024; 021801 :
Belle5S : : ! 0.57 £ 0.58 £ 0.06
PRL 108 (20123 171801 1
Average : : 0.71 +0.01
HFLAV
2 -1 2 3

Marcella Bona
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sin2p in golden b — ccs modes

Use HFLAV charmonium value

o Include correction due to
Cabibbo-suppressed penguin
contributions

u Model-independent data-driven
estimation from J/yn® data

ASJ/wKO = SJ/wKo — Sin2[3 =-0.01 £ 0.01

, Final corrected number:
sin2 = 0.700 £ 0.015

Ciuchini, Pierini, Silvestrini
https://arxiv.org/abs/hep-ph/0507290
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The angles
> 0f _
b b - uud transitions with possible loop

contributions. Extract a using ] i
» SU(2) Isospin relations. b —> uird
« SU(3) flavour related processes. B aw

B— pr
I<:1:_ _B— pp
-0/
0; Vud \/:b
0.52— Vcd V:{)
B S v TN - T (030) (1’0)

Marcella Bona 35
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The angle a/¢.

Interference between box and tree results in an asymmetry that
IS sensitive to a/¢, in B hh decays: h=m, p, ...

Vaib u
E B — —> a
n,p
W ~
B® t 1 B’ d
. b O « u
d —— @ S b B d ‘/ub : 9/ d TP
VP
_ J This is again a case of interference
Y between mixing and decay.
C,=0 This scenario is equivalent to the
measurement of sin2f3 in charmonium
S, =sin(2a) decays ... but in this case it is more
complicated..

Marcella Bona 37
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UTyiz

The angle a/¢.

Interference between box and tree results in an asymmetry that
IS sensitive to a/¢, in B hh decays: h=m, p, ...

V.:p " ) W )
_ _ ‘ d
b —S————ns —> d < . N b LG T[+, p+
s T,p u
W ” \“‘.
B t g° / d BY 0 -.
b 6— u i | _
BO . - u
d —&8en] I >b d ‘/ub ) g/ d T p d , d n p
Vi
— _J — _J
~ ~
O(N°) 6 (\3)

In this case the penguin diagram is not CKM suppressed so

It spoils the clean measurement of the CP violation effect

Marcella Bona 38
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The angle a/¢.

Interference between box and tree results in an asymmetry that
IS sensitive to a/¢, in B hh decays: h=m, p, ...

Via : P ’ 5 Y
E —_— &—>d .+ Lo o TE+, p+
; P u
B t t g° ’ d B 2
b O * u r | B
B’ - T, p .
d —— @] S bh d ‘/ub ¢ %/ d d N d T, p
VaiP
o o
C, =0 Cyy o 5in(0) Measure S oc o

—_ s = msmg%ﬁ) Need to determine 9§, = o — @

S, =sin(2x) S s [P/T is different for each final state]

Marcella Bona 39
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The angle a/¢.

Several recipes describe how to bound penguins
These are based on SU(2) [or SU(3)] symmetry.

SU(2)

e and ptp np*
Gronau-London Lipkin (et al.)
Isospin Triangles Isospin Pentagons

Use charged and neutral Use charged and neutral B
B decays to the hh final decays to the pr final state
state to constrain the to constrain the penguin
penguin contribution and contribution and measure
measure o. o. Remove any overlapping

regions in the Dalitz plot.
H. Lipkin et al., Phys. Rev. Lett. D 44, 1454 (1991)
Marcella Bona

Global Fits

and measure a/¢..

A. Snyder and H. Quinn, Phys. Rev. Lett. D 48, 2139 (1993);

(ISOSpIn a.n alySIS) H. Quinn and J Silva, Phys. Rev. Lett. D 62, 054002 (2000).
M. Gronaun and D. London, 65, 3381 (1990) i

oL A0 1
Snyder-Quinn (et al.)
Fit Dalitz plot and extract
parameters related to o

Regions of the Dalitz plot
with intersecting p bands
are included in this
analysis; this helps
resolve ambiguities.

40
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The ang Ie a/(l)z | Channel | Decay Amplitudes |

rr | A(BT =ty = ‘fi.ﬁ.d:t_.-:_: |

FAB = wtam) = Ay e — (/5410

from oz — to o iIsospin analysis

A(B" — n"r%) = ﬁﬂ- 3/2,2 + ﬁ,-"llﬁfi:,:':.n

VB - w'w, ', 7’ connected by isospin relations 1
Jm Sstatescanhavel=2o0r1=0 V2
u gluonic penguins contribute only to | = 0 state (AlI=1/2) L z+ , 70 —z%
o '’ is a pure | = 2 state (Al = 3/2) and it gets V2
contribution only from the tree diagram
Utriangular relations allow for the determination
of the phase difference induced on a

A+- +A00 :A+O

Both BR(B?) and BR(B?)
have to be measured OO0l = Ol
In all the tx channels

Marcella Bona 41
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it
The angle a/¢; Isospin analysis inputs

BBO-ntn)

May 2025
I HFLAV 1 from HFLAV
PDG l
—e— CLEO 1
—e— BaBar =+ - f —+———
i + -
CDF J-[: J-[: l
o el | 7 SCP \L CCP Moriond 2021
—e— Belle | , o Cep PRELIMINARY
LHCb : L T T T T !
— | 0 [ BaBar
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The angle o/
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The angles
>~ Y/§s

Vud ij

Marcella Bona

Vcd V;b
I

b — ¢ interfering with b — u
B— DVK®

B> D K’z*

B’ > D%

B > DYp

+ charmless

(0,0)

Global Fits

(1,0)
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v/®s from B to D decays via tree diagrams

> DWK® decays: from BRs and BR ratios
no time-dependent analysis, just rates
othe phase y is measured exploiting interferences:

Global Fits

two amplitudes leading to the same final states 5 V. 0°
» some rates can be really small: ~ 10 0 , U
= Vcb (~;\'2)
/ DK’ \@)
. L 5 7 Vub=|Vub|e B (~\)
- v + strong phases Ll b . Y
Spe DO K A(D°> f) 3 w LLLLL’1<S

Theoretically clean (no penguins neglecting the D° mixing) Y

Marcella Bona
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v/¢s from B to D decays via tree diagrams

u Vub=|Vub|e & (~}\'3)

A K™ b , u_

- - D°
b i Z B~ W'HILL5<C 5ﬁ= Stré%fr;g
phase diff.

Bg Vcb (~;"2) Do S KE

u . U U 0 |
A(B_ — DOK_) = Ap A(B_ — DOK_) — ABTBez((sB_'T)
A(BT - D°K™) = Ap A(BY = D°KY) = Agrpgei(98+7)
rs = amplitude ratio
B~ — DOK_ \/_2 _2 -
e B— —- DOK—| m*+ p7 X Fes hadronic contribution

T channel-dependent
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v/®s from B to D decays via tree diagrams

= | & modes 2o [UTr; =
2 0.15- [C]B* modes g
-8  [J All modes z°
o i []B° modes ;Eo
0.1+ £

0.05:
ol NI
0 50 100 ]
v[°] '

y = (65.7 £ 2.5)°
Updated analysis in arXiv:2409.06449

analysis of charm and beauty observables, together

with neutral D mixing and CP-violating parameters

Marcella Bona
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The angles - - 0T
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Unitarity Triangle analysis in the SM:
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Unitarity Triangle analysis in the SM:

=" 12

1
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[ summen25 ¢| f’Y €k

— SM fit e Am,

i Am,

- Am,

1 1

-0.2 1.3
P

Global Fits

levels @
95% Prob

0 =0.160 + 0.009
n = 0.352 + 0.008

A =0.2250 + 0.0006
A=0.826 + 0.009
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Inclusive Vy, inputs vs exclusive Vy, inputs

UTyiz
Unitarity Triangle analysis in the SM:
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Compatibility plots

A way to “measure” the agreement of a single measurement with the indirect determination
from the fit using all the other inputs: test for the SM description of the flavour physics

Colour code: agreement between the predicted values The cross has the coordinates (x,y)=(central
and the measurements at better than 1, 2, ...no value, error) of the direct measurement
— 10y 9 —~ Sy 6 O
5. mﬁt\\ \\ < T\ |\ | L] /H
o 8 summer25 © summer25 5
1R
I W\ | i
4 \\\ | |
X =HFLAV | \|+W/ 2
2 i1
;
% 60 70 8 9 100 110 ° 40 60 80 100 °
O (0]
ey = (95 + 8)° of’ Yeo = (65.7 £ 2.5)° 1
aure = (91.7 + 1.4)° yurie = (65.7 + 1.3)°
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Checking the usual tensions..

B4 o5 06 07 08 09

SIN2 Byt

Marcella Bona

sin2f3

SiN2B.., = 0.700 + 0.015
0.768 + 0.029

|

0%36 0.038 0.04 0.042 0.044 0.046 0.048

> 0.45

0.5 x1 0“_3 _

Vebeo = (41.18 + 0.76) - 103 oofl-
Vebyr = (42.07 £ 0.42) - 1073 o

Global Fits

0%02 0.0025 0.003 0.035| 0.004 0.0045 0.005

Ve

Vubey, = (3.82 + 0.34) - 107

’ VUbUTﬂt - (374 + 008) ’ 10_3

1

0

X = exclusive
* = Iinclusive
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Result summary

Observables
sin2g

Y
o}

|Vcb| - 10°
[Veo| - 10° (excl)
[Veo| - 10° (incl)
IVus| - 10°
|Vuo| - 10° (excl)
[Vus| - 10° (incl)
BR(B — )[10%]

Marcella Bona

Measurement
0.700 £ 0.015

65.7 £ 2.5
95+8
41.18 £ 0.76
40.12 + 0.55
41.97 £ 0.48
3.82 £ 0.34
3.63 £0.26
4.13 £ 0.26
1.12 £ 0.21

Prediction
0.768 = 0.029

65.7+1.3
91.7x1.4
42.07 £0.42

3.74 £ 0.08

0.884 £ 0.040

Global Fits

Pull (#0)
~ 2
<1
<1
~1
~2.8
<1
<1
<1
~14
~1
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UTfTit results across the years:

Historic o values Historic n values
0.31
0.2
Q.
0.11
0.01
0.15
1995 2000 2005 2010 2015 2020 2025 1995 2000 2005 2010 2015 2020 2025
Year Year
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Historic sin 28 values

UTTit and experimental results across the years:

Historic y values

1.0 S UTs
UTyit 100 fit
0.9
90 .
0.8
80 % "
Q. —_ 1
Gyrae i A 117 \./I‘."/h\\
.E > 70 | Ilulllll ./-)l\ |
@ 06 || w .,A.“lluhml;?
-l R el
60
0.41 B predicted values 50 A Il predicted values
= experimental values = experimental values
404
03l : : : : , : ; : : ; K :
1995 2000 2005 2010 2015 2020 2025 2000 2005 2010 2015 2020 2025
Year Historic V,, values Year
= UTit
42{ =
a n
4.0
g2 n
Q 1 | 1 | ']
>338 | | | = - lI'Il
3.6
3.4
55 I predicted values
= experimental values
2005 2008 2010 2012 2015 2018 2020 2022
Marcella Bona Year
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UT analysis including new physics

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 AF=2 transitions

B, and B; mixing amplitudes

i e ANP
(2+2 real parameters):  A,=C, e* " A%

1+ASM

(¢NP_¢SM)

SM

— _ SM
Arnq/K_CBq/AmK(Arnq/K) EK_CEEK

A =sin2(B+p, ) [AG Y ~sin2(-B,+¢;)
A% =Im[lE,/A, | AT?/Am,=Re|T%,/A,]

Marcella Bona
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UTﬁ't|

new-physics-specific constraints

' . .. . I'B,—=*X)-T(B, —» X I
semileptonic asymmetries in B° and B;: AgL = l‘E 5 =0 x% A I‘E R, \.; = Im(_},lf'lj,)
sensitive to NP effects in both size and phase. :

_ _ HFLAV from Cleo, BaBar,
same-side dilepton charge asymmetry: Belle, DO and LHCDb

admixture of B, and B4 S0 sensitive to DO arXiv:1106.6308
NP effects in both. .
ALl x 10° =-7.9% 2.0

lifetime 7S in flavour-specific final states:
average lifetime is a function to the b0 8 -2
width and the width difference ey

1°(Bs) = 1.527 + 0.011 ps  HFLAV ,
¢s=2Bs VS Al's from Bs—Jhpé }A et

angular analysis as a function of proper time
= - ATLAS 99.7 fb~!
and b tagglng (I)S — _0039 + 0016 I‘ad *%%3 -0.1 R 0.1

HFLAV

AM¥KK[ps—1]
o
o
o
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— . NP
—rom the NP fit we get A=|1e ] et | e
n q
= B UTﬁf ¢3/'Y
T summerzs — —
- - SF UTfit o 8 UTsi
2o B . summer 25 Z.» 25
= S 60F > eoF  summer
0.5~ 40F 40F
i Y 202— 203—
o Ve o pE
i 7202— 7202—
- // —40;— Bd ‘405‘ BS
-0.5 -60F ~60F-
I —805— -80F | |
i 0"'0?2"'of4"'o.a o o0z 04 06
1 ANP/ASM AYF/ASM
— D The ratio of NP/SM amplitudes is:
0 =0.157 £0.021 < 18% @68% prob. (25% @95%) in B, mixing

n =0.376 £ 0.035 < 20% @68% prob. (25% @95%) in B, mixing

Marcella Bona
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Testing the new-physics scale
At the high scale

new physics enters according to its specific features

q
|

== At the low scale
use OPE to write the most
general effective Hamiltonian.
the operators have different
chiralities than the SM
NP effects are in the Wilson

Coefficients C ’
(:E(f&)451;EE?

function of the NP flavour couplings
L

qiqj
O 2

Q4"
Qi
Q4"

loop factor (in NP models with no tree-level FCNC)
N\. NP scale (typical mass of new particles mediating AF=2 processes)

Marcella Bona
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§—1 i=1
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M. Bona et al. (UTHfit)
JHEP 0803:049,2008
arXiv:0707.0636

(¥ ~ Y —In'r_j ~ M Ig'fj’
G Vudir 4L 9L
— o =0 [

T r%L9RYL -

- .3 8 .o
4ir%iL9 R -

o o =0 B
4ir%ir 9 L%R -

i 8 -6 «
4;r9iL9L9R -
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Testing the new-physics scale

The dependence of C on A changes (A @@
depending on the flavour structure. 2( ) —\LJ /\—;,
We can consider different flavour scenarios: AT

® Generic: C(A) = a/A® F~1, arbitrary phase
® NMFV: C(A) = a x [Fsu|/A* Fi~|Fsu|, arbitrary phase

a (L;) 1s the coupling among NP and SM
® o ~ 1 for strongly coupled NP
® o ~ oy (as) In case of loop
coupling through weak If no NP effect is seen
(Strong) interactions lower bound on NP scale A
F is the flavour coupling and so
Fsu IS the combination of CKM factors for the considered process
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Generic:

C(A) = a/A?,

F~1, arbitrary
phase

o ~ 1 for

strongly
coupled NP

A>4910°TeV

o ~ oy In case of
loop coupling
through weak
interactions

A>1510TeV

107

10°

101

Results from the Wilson coefficients

Generic Flavor Structure

Re(CK) Re(CD) CBd UTfit
Im(CK) Im(CD) CBs
summer25
C1 Co Cs Cy Cs

Global Fits

the bound has
increased of a
factor of 2 with
respect to the first
UTfit NP analysis
in JHEP‘08
[0707.0636]

for lower bound for loop-mediated contributions, simply multiply by o, (~ 0.1) or by ow (~ 0.03).

Marcella Bona
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Results from the Wilson coefficients

Global Fits

NMFV:

C(A) = a % |Fey|/A?,

F~|Fsul, arbitrary
phase

o ~ 1 for

strongly
coupled NP

A>1510°TeV

NMFV
104
Re(Ck) Re(Cp) % (UTft
Im(Ck) Im(Cp) Cg
103 summer25
< 102
(D)
=
1
the bound has < 10
Increased of a factor
of 2.5 with respect 0
to the first UTfit NP~ 10
analysis in JHEP‘08
[0707.0636] ]
10~
C1 Co Cs Cy Cs

o ~ oy IN case of
loop coupling
through weak
interactions

A>45TeV

for lower bound for loop-mediated contributions, simply multiply by o, (~ 0.1) or by ow (~ 0.03).

Marcella Bona
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some conclusions

@® test of the SM consistency and the CKM mechanism:
comparison between inputs and indirect determinations
® using all the available inputs from experiments and theoretical
and lattice QCD calculations
© extraction of the most accurate SM predictions

U
@® model-independent new physics: o

© overconstraining of the SM fit allows
for extraction of generic amplitude and phase
for all the systems (K, By, Bs) |
© scale analysis: putting bounds on the Wilson coefficients
gives insights into the NP scale in different NP scenarios
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Back up slides

Global Fits
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