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Unitarity Triangle analysis in the SM

SM UT analysis:

2 All updated with Summer 2022 inputs
_ provide the best determination of CKM parameters

U test the consistency of the SM (“direct” vs “indirect’
determinations)

J provide predictions (from data..) for SM observables

.. and beyond

NP UT analysis:

2 Also all updated with Summer 2022 inputs
2 model-independent analysis
J provides limit on the allowed deviations from the SM

0 obtain the NP scale

Marcella Bona
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Unitarity Triangle update

M.Bona, M. Ciuchini, D. Derkach, F. Ferrari, E. Franco,
V. Lubicz, G. Martinelli, M. Pierini, L. Silvestrini, S. Simula,
A. Stocchi, C. Tarantino, V. Vagnoni, M. Valli and L. Vittorio

Plots and numbers in this talk are obtained with
updated inputs and labelled “summer22”.
Some changes included with respect to the results
presented in May 2022 at LHCP22 and FPCP22:

- all new plots!
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Unitarity Triangle update
Usual method and inputs:

f(p, 7, X|e1, ..., em) ~ H fi(Clp, 7, X)*
Bayes Theorem J=1lm

|| fi(z:)folp, 7)

i=1,N

(b = u)/(b—c) -+ | Standard Model +
OPE/HQET/
€K Lattice QCD
— to go
Amy ’ from quarks
=== to hadrons
Amd/AmS
|
M. Bona et al. (UTfit Collaboration)
Acp (J/ vKg ) JHEP 0507:028,2005 hep-ph/0501199

M. Bona et al. (UTfit Collaboration)
JHEP 0603:080,2006 hep-ph/0509219
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Ve and Vyp —_, 0.006
-]

= 0.0055

|Vl (excl) = (39.44 + 0.63) 107 0.005

|Vl (incl) = (42.16 + 0.50) 10°° 0.0045

from Bordone et al.

arXiv:2107.00604 o0 ISCrepancy’ o,0o4f

0.0035F

from UTTit (coming soon

V.| (incl) = (4.32 + 0.29) 103

0.003

0.0025

from UTfit (coming soon)
0.002

Vu» / V| (LHC) = (9.46 % 0.79) 10

Vo / Veo| (LHCB) = (7.9 £ 0.6) 107
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Unitarity Triangle update

UTfii’

summer22
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~1.70 discrepancy |

\%
cb

From B; to K at high g

From A,, excluded following FLAG guidelines



s \ |
= 0.0055[ §§ UTftt
x N summer22
A-la-D’Agostini two-dimensional  0.005F N
average procedure: - -
0.0045-
[Veo| = (41.25 £ 0.95) 10° | pincl. V,,
. 0.004_ SRR
uncertainty ~ 2.3% Exehvonc Rl i
V| = (3.77 £ 0.24) 107 | 0.0035F \\\ki\\\\\l‘}\w:\\_\
s global SM UTTfit

uncertainty ~ 6.4%

Correlation p = 0.11

Updated averages
iIncluding correlation

From global SM fit
V| = (42.3 £ 0.4) 107
V| = (3.72 £ 0.09) 107
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Unitarity Triangle update
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Vo and Vg,

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

IVe| = (41.25 + 0.95) 107
uncertainty ~ 2.3%

IVa| = (3.77 £ 0.24) 1073
uncertainty ~ 6.4%

Correlation p = 0.11

Updated averages
iIncluding correlation

From global SM fit
IVeo| = (42.3 £ 0.4) 107
V| = (3.72 £ 0.09) 107
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Unitarity Triangle update

- Vub vs Vcb
I 1 | 1 I 1 1 1 I 1 1 1 I 1 1 T I T T T I |
42 [ T \1/ i
I — _ I
mo 41 | \V |
S | | Oom |
>° 40 [ .-L O FLAG '21] -
: <>inc|usive ]
39 | i
) A UTAt 22
38 i 1 1 1 I L 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 L 1
3.4 3.6 3.8 4.0 4.2 4.4 4.6
IV 1x10°
ub

See talks from Ludovico Vittorio and Manuel
Naviglio (with G.Martinelli, and S. Simula)

UTTit prediction:
|Veo| = (42.6 £ 0.5) 107
V| = (3.70 £ 0.10) 10°®



Some updated inputs

lattice inputs updated for this summer

Observables Measurement
Bk 0.756 * 0.016

fas 0.2301 * 0.0012
feslfaq 1.208 * 0.005
Bss/Bsqd 1.015 + 0.021
Bss 1.284 + 0.059

V. and Vs updated for this summer

Observables Measurement
Vg 0.97433 + 0.00019
Vs 0.2249 (+ 0.0004)
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Unitarity Triangle update

We quote, instead, the
weighted average of the

N=2+1+1 and N=2+1 results
with the error rescaled when
chi2/dof > 1, as done by FLAG

for the N=2+1+1 and N=2+1
averages separately

[new HPQCD (2+1+1) result
1907.01025]

V4 IS taken from the PDG
average of V4 FLAG numbers
(for 2+1+1 and 2+1) and
superallowed beta decays value.
PDG scale factor S=2.0

Vs IS not used in the fit



Unitarity Triangle update
Unitarity Triangle analysis in the SM:

= | = = _ 0T

n.s;I VCb/VUb | 05 8K o.sg_ (0
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Unitarity Triangle ana

ysis in the SM:

1= F

0.5

UTfit

11— summer22

/

//

amd

= K Vi
0- vch
I 4
-0.5
1
w I L 1L/ '
—1 -0.5 0.5
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Unitarity Triangle update

levels @
95% Prob

~6%

0.160 = 0.009
0.345 = 0.009

p
0

~3%
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Unitarity Triangle analysis in the SM:
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Unitarity Triangle update

levels @
95% Prob

~6%

0=0.160 + 0.009
N = 0.345 + 0.009

~3%
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Unitarity Triangle analysis in the SM:

2022
= . S !
1.2_ UTfIf’l )
[ summen22 K
1_— Amd
Y Amg
N A
0.8 / M
0.6:— //
% / 7
0.4_— )‘/ / o
o |
B / Vch
O'l.. i | A . Lo |
-0.2 0 0.2 0.4 0.6 0.8 1 1.5
p
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Unitarity Triangle update
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Unitarity Triangle update

Some interesting configurations <2
=k 0T -11%
1 oo 0 =|0.160 £ 0.017 0s
! n =/0.338 + 0.011
. . ] | ] ~3% 0.6
0sf Universal Unitary Triangle
E 0.4
0.25_ / / o 0.2
i ' gh 0
07(2:.2I I I0 = I0?2I ) I(3:4I I I0.6I I I(')23I 1 I1.IE
1= o ' i =" 2
Tree-level B y p =+0.162 + 0. ()24
Processes:. osf n=+0361+0. 025
Semileptonic Nn==
and DK 081 ~7%  °°
B decays
0.4 0.4
- reference
for model °°F . ) 02
building ~ F,.. /.., .. “Tree-only” D
-0.2 0 0.2 0.4 0.6 0.8 1 1.

Marcella Bona

UTﬁfl

[~ summen22

— angles

- Y

- Angles only

B X

NI A Sl I B L

-0.2 0 0.2 04 0.6 0.8 1 1.3
Y

[ UTﬁd
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| Am,
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-_ Vub

. v,

(1. IS P P Ll
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Y
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Inclusive vs Exclusive

only inclusive values

= !
1.2 UTe
: uﬁt 'S
B summerfz K
1= inclusiv Amd
i Am,
Am,
0.8p—
0.6
0.4 h a
0.2 / Vo
- 4 Vo
0 -I [ 1 1 [ ] 1 [ I [ 1 1 [ 1 I 1 ] [ 1 I 1 [ 1 [ 1 I [ 1 I
-0.2 0 0.2 0.4 0.6 0.8 1 1.2
P

p =0.164 £ 0.009
n = 0.348 £ 0.009
sin2f3 = 0.753 £ 0.028
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Unitarity Triangle update

only exclusive values

N summenr22

— exclusiye

Amd

0 =0.162 £ 0.009
n = 0.356 = 0.009
sin2f3 = 0.755 = 0.020
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Unitarity Triangle update
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

Color 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
— T 6 O
S 14
<
© i
10
0 0
60 70 8 90 100 110 20 40 60 80 100 120
0 —
aexp — (95-0 i 4.7)0 [0] Yexp - (65'8 i 3'4)0 FY[O]
oure = (92.3 + 1.5)° Yurie = (64.9 £ 1.3)°
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Checking the usual tensions..
~1.30

SiN2pB., = 0.688 + 0.020
SiN2Bur = 0.732 + 0.027

8.4 05 06 07 08 09 1

Sin2p

Marcella Bona

Unitarity Triangle update
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Unitarity Triangle update
Checking the usual tensions..

V| (excl) = (3.74 + 0.17) 107

V| (incl) = (4.32 + 0.29) 10°

’ |Vcb| (excl) = (39_44 + 063) 10°

|Vl (incl) = (42.16 + 0.50) 10°®

—~ 0.6 mmm— ] 6 O —~ 0.0018 6 O
Q T Q
> o
> > 0.001cW [V "JI0| B i ]l SSEEERES
PR § oY - P o (R SRR S _ 5
© © 0.0014 BB s el o
..f.. .f ...................... f .................... + 0.0012 ...:.A. A.5. .......... 4
0.001
..................................................... : : 3
t ...................... , ..... 0.0006 + ................. + 2
0.0004 .................
........................ E .I
0.0002 - ..............
8 50 % | o
0.0025 0.003 0.0035 0.004 0.0045 0.005 0.036 0.038 0.04 0.042 0.044 0.046 0.048

V! \%
Vb, = (3.77 £ 0.24) - 107 Vebe,, = (41.25 + 0.95) - 107
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Unitarity Triangle analysis in the SM:

Observables
sin2f

Y
o

g, - 10°
[Ves| - 10°
[Ves| - 10° (incl)
[Ves| - 10° (excl)
IVus| - 10°
[Vus| - 10% (incl)
|Vus| - 10° (excl)
BR(B = tv)[107]
As® - 10°

ASLS - 103

Marcella Bona

Measurement
0.688 + 0.020
65.8 3.4
95.0 £4.7
2.228 + 0.001

41.25 £ 0.95
42.16 0.50
39.44 0.63
3.77 £ 0.24
4.32 +0.29

3.74 £ 0.17
1.09 £ 0.24
-2.1+1.7
-0.6 + 2.8

Prediction
0.732 £ 0.027
64.9 +1.3
92.3+1.5
2.04 +0.14
42.6 £ 0.5

3.70 £ 0.10

0.88 £ 0.05
-0.33 £ 0.02
0.014 £ 0.001

Unitarity Triangle update

obtained excluding the
given constraint from the fit

‘/Puu (#0)

~1.3
<1
<1
<1

<1
<1
~ 4.0
<1
~ 2.0

<1
<1
<1
<1
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Unitarity Triangle analysis in the SM:

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

* only lattice parameters

ratios
* (Fes/Fs, Bes/Bea used)

e only B parameters
* (Ble, BBs/BBd Used)

e only decay constants f
* (fas, fes/fs iINncluded)

Marcella Bona

Observables

Bk
No B lattice
fB '\/BBd

fas VBas
§
Ratios only
fas
Bes
B pars only
feslfea
fas
f pars only
Bgs/Bed
Bes

Measurement

0.756 = 0.016

(0.2142 + 0.0056)
(0.2607 + 0.0061)
(1.217 + 0.014)

0.2301 + 0.0012
1.284 + 0.059

1.208 = 0.005
0.2301 £ 0.0012

1.015 £ 0.021
1.284 + 0.059

Prediction
0.832 + 0.054

0.212 £ 0.010
0.259 + 0.010
1.225 + 0.033

0.227 £ 0.009
1.30 £0.10

1.215 £ 0.028
0.228 + 0.008

1.017 £ 0.028
1.290 + 0.065

Unitarity Triangle update
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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
(2+2 real parameters):

Unitarity Triangle update

AL =Im[T%/A,| ATYA mq:Re(F‘}Z/Aq)S

Marcella Bona
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Unitarity Triangle update
new-physics-specific constraints

o LB = OX)-T(B,—X) . (T
£28L: = I(Ba — f } ){j - I(B.‘ . = t( ){) — ;'1)];”“

semileptonic asymmetries in B° and Bs: sensitive to NP effects in both size

and phase. Taken from the latest HFLAV. Cleo, BaBar, Belle,
D0 and LHCb

same-side dilepton charge asymmetry:
admixture of B, and B, SO sensitive to
NP effects in both DO arXiv:1106.6308

» Ad : S
ppe ,_f(f\tﬂl]-4gg - f'» X 50 -41-,']:_

AL % 10° =-7.9+ 2.0

f *d Xdo T f ;s X 50

At =

lifetime 77S in flavour-specific final states:
average lifetime is a function to the
width and the width difference

HFLAV

DO 8 fb™

Ars[ps1]

©(Bs) =1.527 £ 0.011ps  prLay N g ¢ 125
0.11 CMS 116.1 fb?!
$¢s=2Ps Vs AI's from B.—Ip¢ 009
angular analysis as a function . LHCb 4.9 b1

of proper time and b-tagging ATLAS 99.7 fbo-

0.05

¢s=-0.049£0.019rad > o
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NP analysis results

IS F .
. lUTﬁ.t‘ Y
1— summer22
0.5
- levels @
i Vub 95% Prob
0 L
—0.5f
- only shown
- the constraints
B 1'_ unaffected by NP
-I | I | 1 I | | | I | | | | I | |
—1 -0.5 0.5 1
Y

Marcella Bona

Unitarity Triangle update

0 =0.169 + 0.025
N = 0.365 + 0.026

SMis
o =0.160 = 0.009
n = 0.345 £ 0.009
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NP parameter results

SM: red cross

' . SM dark: 68%
— 2105, ASM Zlq)j
A=Cz e TAj e
= —
m | ‘<
< 10-— CBd =1.14+0.11 summer22
[ | ¢s, = (-3.4 £ 2.0)°
5F-
0:— &
sf
10}
- CBd VS (B4
5 : e )
C

Marcella Bona

Unitarity Triangle update

K system

Ce, =1.12+0.12

E Cgs VS Bs UTjie

summer22

Cs, = 1.14 +0.08
ds. = (-0.3 + 0.6)°

b 05
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Unitarity Triangle update

NP parameter results P
A 2i(q)NP_ q)SM) SM 2i¢SM
A,=|1+—1 Tt A e

q ASM S
q
E 80 ° . sof
ol - o
Z_e_'o 60F summer22 Z_e_‘-‘) 60Ed summer22
40 40
20_— 20—
o of=
~20F ~20F dark: 68%
—40f- —40|= Bs
- Bd - SM: red cross
—60|= —60|-
-80[— I I -80[— I I
o 02 04  os o 0z 04  os
NP ;A SM NP, A SM
ANP/AS ANP/AS

The ratio of NP/SM amplitudes is:
< 25% @68% prob. (35% @95%) in B, mixing
< 25% @68% prob. (30% @95%) in B, mixing
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Unitarity Triangle update

testing the new-physics scale M. Bona et al. (Uit
JHEP_ (?803:049,2008
At the high Scale | | 3 arXiv:0707.0636
E new physics enters according to its specific features
™ At the low scale o=
use OPE to write the most
general effective Hamiltonian.
the operators have different 4% — Fo N g G B
chiralities than the SM @ L wdindLY L
NP effects are in the Wilson i _ =a a =B B
Coefficients C Q2" = GirtiLGir%L »
iqj —a .0 - .o
@ ¢ gq = 4ir%Gi1.9RYL
_ S s qiq; o a =0 O
C?(A) AQ Qi Vo= 4;r9 L9 L9iR
qiq; y B B «
34 = (T; rRULA;L gh -

function of the NP flavour couplings

loop factor (in NP models with no tree-level FCNC)
A NP scale (typical mass of new particles mediating AF=2 processes)
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Unitarity Triangle update
testing the TeV scale

The dependence of C on A changes C’i (A) ®/\_,2

depending on the flavour structure. |
We can consider different flavour scenarios:

® Generic: C(A) = a/A? F~1, arbitrary phase
® NMFV: C(A) = a x |Fsy|/A* F~|Fs\|, arbitrary phase
®

a (L) is the coupling among NP and SM
©® a ~ 1 for strongly coupled NP
@ o. ~ aw (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
Fsv IS the combination of CKM factors for the considered process
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Unitarity Triangle update
results from the Wilson coefficients

Generic: C(A) = a/A?, NMFV: C(A) = a x |Fsyl/A%,
F~1, arbitrary phase Fi~|Fsu|, arbitrary phase
a ~ 1 for strongly coupled NP

—_
o
=

> 3
S UTyit c UTsit
< 10° summer22 < 10°F summer22
[<H) < o
© [\ B
Q 10° 3 i
z Z ol

10% & F

ok i

: 1
102§ u
10_ 10“_
¢ & & & G ¢ G q} < Cs
Lower bounds on NP scale
a ~ oy, In case of loop coupling o~ o In case of loop coupling
through weak interactions through weak interactions
A>1.310%TeV A>29TeV

for lower bound for loop-mediated contributions, simply multiply by o (~ 0.1) or by aw (~ 0.03).
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Unitarity Triangle update

conclusions

o SM analysis displays very good (improved) overall consistency

o Still open discussion on semileptonic inclusive vs exclusive:
exclusive fit shows tension, V., now showing the biggest

discrepancy..

o UTA provides determination of NP contributions to AF=2
amplitudes. It currently leaves space for NP at the level of 20-25%

o So the scale analysis points to high scales for the generic scenario
and at the limit of LHC reach for weak coupling. Indirect searches
are not only complementary to direct searches, but they might be
the main way to glimpse at new physics.
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Back up slides

Unitarity Triangle update
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Unitarity Triangle update

sin2a (¢.) and y (¢s3)

o. updated with latest nrt/pp y updated with all the
BR and C/S results latest results (LHCDb)
> i = B
2y UTgit @ 03 UTsit
) summer21 O | summer22
© B S |
> | >
— all E i
§ @m § i e Z)'(I:'t dict
09_ 0.05 882 PP De_ = i
i pT
i 0.1
o 50 o % 80 PO 'Os_ao
0./
o from mr, PP, TP decays: ' y from B into DK decays: g
combined SM: (95.0 £ 4.7)° HFLAV: (65.8 + 3.4)°
UTfit prediction: (92.3 £ 1.5)° UTfit prediction: (64.9 + 1.3)°

o from HFLAV: 85.5 £ 4.6
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Unitarity Triangle analysis in the SM:

Prediction A/puu (#0)

Observables
g, * 10
g le, - 10°
|Veo| - 10°
[Veo| - 10° (incl)
[Ves| - 10° (excl)
IVuo| - 10°
[Vus| - 10 (incl)
[Vus| - 10° (excl)
BR(B — tv)[107]
BR(Bs - up)[10]
BR(B — pu)[10™]
As @ - 10°
As.® - 10°

Marcella Bona

Measurement

2.228 + 0.001
(1.66 * 0.23)

41.25 £ 0.95
42.16 0.50
39.44 0.63
3.77 £ 0.24
4.32 +0.29

3.74 £ 0.17
1.09 £ 0.24
(2.84 £ 0.33)
(<1.9)
-2.1+1.7
-0.6 + 2.8

2.04+0.14
1.38 £ 0.43
42.6 £ 0.5

3.70£0.10

0.88 £ 0.05
3.25+0.12
0.948 + 0.038
-0.33 £ 0.02
0.014 £ 0.001

Unitarity Triangle update

obtained excluding the
given constraint from the fit

<]

<1
<1
~ 4.0
<1
~ 2.0

<1
<1

<1
<]l
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Unitarity Triangle update

some old plots coming back to fashion:
2007 global fit area

As NA62 and KOTO are analysing data: 7

E949 central value osf

N > .
o2 projection
F 100 events [
B L R 4 05 0 0.5 1
p
SM central value =
" "Fprojection : : :
»£ 100 events 05- including O
i BR(K® — mvv)
o SM central value
—0.5_—
s
-II-1'III0I.5IIII0IIII0|5 1

=l
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Old future predictions..

future | scenario:
errors from

=

Unitarity Triangle update

i UTfff
1__ future | Belle II at 5/ab
: +LHCbat10/fb ..
0.5 %UO-“; :J Tﬁf
- 12<EU0_2:_ NP fit
B Y = f
0 future | 9, ol *
. NP fit E
osf >
: i LE 'o'-%._sl ' '-0|.4' ' '-ol.zl = (I) = 0|2 ) '0,|4' 0.6
AN r ; Re(e ™ ANP/ASM)
O . B §O.6:
F_) : %"’ 0.4 UTfit
— i O 01 5 -1:— &Z<(wo_gf_ NP fit
=iOO15 : e e I .
pE |
= =+ 0.016
p=0.154£0.015  cyrrent sensitivity == oaf
N = 0.344 + 0.013 =+ 0.019 :
- E = 0150 * 0027 n 'O‘-%.-sl ' 'o|4' ' 'olzl ' '(I)' ' '0!2' ' 'o.|4' o6

Marcella Bona
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