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UTfit

Outline

o very briefly:
- introduction and motivations
o the tool: the Unitarity Triangle fit

® Standard Model fit
e Standard model constraints
® checking for tensions
e Standard Model predictions

® Beyond the Standard Model:
®» model-independent analysis
» New-physics-specific constraints
®» New-physics scale analysis
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UTfit

Flavour mixing and CP violation in the Standard Model

o The CP symmetry is violated in any field theory having in the
Lagrangian at least one phase that cannot be re-absorbed

> The mass eigenstates are not eigenstates of the weak
Interaction. This feature of the Standard Model Hamiltonian
produces the (unitary) mixing matrix Vcyw.

Vud Vus Vb ~
Ved Ves Ve
‘ftd Vis Vfb
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Flavour mixing and CP violation in the Standard Model

> The CP symmetry is violated in any field theory having in the
Lagrangian at least one phase that cannot be re-absorbed

> The mass eigenstates are not eigenstates of the weak
Interaction. This feature of the Standard Model Hamiltonian
produces the (unitary) mixing matrix Vcgy.

Vud Vus Vup| 1- 2 A AN(B — iT)

‘/(-:d ‘/(-.‘.S Vcb —\ 1 — /\Tz A\2

Via Vis Vb AX3(1 — p —in) —AN? 1
Boéﬂ-ﬂ-’pﬂ- o With three families of quarks, there

IS one phase that allows CP violation

In the SM. All the flavour mixing

processes are related (through the

unitarity of the Vckw) to this phase.
Unitarity Triangle

VudVap + VedVep + VedVip, = 0

All the angles are related to the CP
asymmetries of specific B decays
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CKM matrix and Unitarity Triangle

VudVap + VedVeb + VidVip = 0

many observables

functions of p and n;:

overconstrail nlng
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www. utfit.org

M.Bona, M. Ciuchini, D. Derkach, F. Ferrari, E. Franco,
V. Lubicz, G. Martinelli, M. Pierini, L. Silvestrini,

S. Simula, C. Tarantino, V. Vagnoni, M. Valli, and L.Vittorio
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Method and inputs:
(P17, X|c1y .y em) ~ H fj(clﬁa 77, X )%

Bayes Theorem J=1lm

|1 fi(=s) folp, 7)

i=1,N

(b = u)/(b— c) -+ Standard Model +
OPE/HQET/
€EK 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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The LEP-style analysis in the p-n plane:

= E | = F |
1; IVubIVcbI 1; €K }’
05} 0.5 _ = ‘f‘
m: uL;“
- Al(1—p)+ P
-oLE:— -u.s:- n[( p) + ]
i _2 _2 B F
AL p + n A
(Ut L10Ts,] a
_‘1J —oE 'l' s ;_ A | e mame: v o fl_
P p
= E = E
1: Amy 1; AmsIAmd
us} us}
: N2 =2
4 (1—-p)+17
D.EE— 0.55—
2 i
"1"'i:lé"'u'“'uls'”'-il“_ "'-1"'¥u|§"'u'“'uls'“';“_
P p
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F |vubl\‘/cb|
by PFT

= l

' P

Amd 1: Amsh&md
c Q-p*+7

from lattice QCD

le, EC.B, A*An{m

The LEP-style analysis in the p-n plane:

€« = (2.228 + 0.011) - 10°
PDG

B

So = Inami-Lim functions for c-c, c-t, e t-t contributions
(from perturbative calculations)

ex from K-K mixing

<K|J J'|K>

- <K|J 0> <0|/*|K>
B, = 0.756 + 0.016 ¢ ac s016

K
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The LEP-style analysis in the p-n plane:

|'::

.QF'V"*”V‘:*" S Amg from Bg-B, mixing

Amg = 0.5065 % 0.0019 ps”
Ams = 17.765 + 0.006 ps”

2 2 N 2
6172 My N, S (X,) ”"’BdeABEJVm[EWm[

Am = | B B 5

—myn, S (x,) mBJ_f‘_.-_:i,!;,-,_,IVL.E,IE A ((1p)Y +Mm)

S = Inami-Lim function
for the t-t contribution Be, and qu from lattice QCD
(from perturbative calculations)

Am, =[(1-p)’ +n°

g=d,s

HFLAV

HFLAV

]53

il A
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10




UTfit

The LEP-style analysis in the p-n plane:

= I=F

CVlVal | g Voo Vool

| Al — ) + P N y
ﬁ2+ﬁ2 [

0T | “ ot
G I | 1 1 | e 1
A 05 0 05 1 E] 05

L
Ty,

tAmg " Am¢gAmy b c b u

: 4
4

1-p)?+7

tree diagrams

wERwy s b - c and b - u transition

o negligible new physics contributions

Jinclusive and exclusive semileptonic
B decay branching ratios

ENCES

=l

= =P+ 1 QCD corrections to be included
ix Jinclusive measurements: OPE
J exclusive measurements: form
factors from lattice QCD
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Ve and Vy —_, 0.006

>
| = 0.0055
from FLAG 2019 arXiv:1902.08191

|Vcb| (excl) = (39.09 £ 0.68) 107 0.005

from Bordone etal.  ~2.8¢ discrepancy
arxiv:2107.00604 0.004

from FLAG 2019 arXiv:1902.08191 0.0035

V| (excl) = (3.73 + 0.14) 10°
0.003

|Vl (incl) = (4.19 £ 0.17 + 0.18 ffiat]) 107
0.0025
adding a flat uncertainty

covering the spread
of central values

from GGOU HFLAV 2021 <155 discrepancy

A

\ \ \{\ -

- ncl. Vub

59

i,

i

i

Gt

R

o

o

Ly

_ e RES
&

(i “global SM UTfit

Ulgit

summer21

0.0%03' —

[V / Voo| (LHCDb) = (9.46 £ 0.79) 102 | Erom B, to K at high ¢?
IVu [ V| (LHCb) = (7.9 £ 0.6) 10 | From A,, excluded following FLAG guidelines

\%
cb
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Ve and Vub

average procedure:

Veo| = (41.1 % 1.0) 10° |

uncertainty ~ 2.4%
V| = (3.89 + 0.21) 107 |

uncertainty ~ 5.4%

From global SM fit
Veo| = (41.7 £ 0.4) 107
Vw| = (3.70 £ 0.10) 107

A-la-D’Agostini two-dimensional

— 0006
-

= 0.0055

0.005

0.0045

_Jlllllllllllllll

0.004

0.0035

0.003[ A

\

> 9\

g,
4

2
e

XU 35

PRGN
\\\“-"31 &\

B

Lo

summer21

ﬂobal SM UTfit

UTfit

g ( ~°
0.00251 N & i
: £
B 1 1 1 1 I 1 1 Lo i I 1 1 1 1 I
° 0% 03 0.035 0.04 0.045
UTfit prediction: ‘Vcb

V| = (41.9 + 0.5) 10°
V| = (3.68 + 0.10) 10°
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I

i Ivublvcbl
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=
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Amy

0.5
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D.E%
3

ey e A, B L o
-1 -0.5 0 0.5 1

1
€k

0.5

3

gﬁ[(l — p) + PJ

-05
'1:hu1...,.
- | " L | I
= 05 0 0.5 1
= I
i
E AmsIAmId
0.5
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The LEP-style analysis in the p-n plane:

levels @
95% Prob
“L (UT 'It
- ;nfm ek
—~ Am,
[ Am,
[ Am,
-_ Vul:h
: Veo
Ve e e Lol
-0.2 0 0.2 0.4 0.6 0.8 1 1 2_
Y
~10%

p=0.169 + 0.017
1 = 0.383 + 0.025

~7%
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angle constraints in the p-n plane:

B factories
+ LHCDb

m.bona
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angle constraints in the p-n plane:

sin2p from

time-dependent
Acr In B - JYK

At

Prob{B°(t) - fir) ~ ProblBY(t) > fiy)
Prob{B°(f) > for)+ Prob{B7(f) > fir)

a. (t)= =C,oosAm,t + S smAmt
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Latest sin2f results:

sin(2) = sin(20,) [=r2

PRELIMINARY

2 E ' % w3 BaBar : , : 0.69 £0.03 +0.01
g S O <34 BABARY 7 PRD 79 (2009) 1072009 : :
300 «B" tags SR preliminary ; :
€ B i ) g BaBar x : . 0.69 +0.52 +0.04 +0.07
5 200F-2B° tags IO = PRD 80 (ﬁ'bogqjﬂzram : |
o o =3 £ 3 . 3 BaBar JAy (hadronic) Kg i L 1,56 +0.42£0.21
@ 100 o : : = PRD 69 (2004) 052001 ; :
2 = T s W< - i Belle : 5 ; 0.67 £ 0.02 + 0.01
5 04 b PRL 108 (2012) 171802 | o
E 02 g ALEPH : o B 0847241016
NN . PLB 492, 259 (2000) e '
: F T OPAL ’ 5 Pl 3.20 ;o0 + 0.50,
~ 021 3 EPJ C5, 379 (1998) 2
04 - T S CDF - SN N 0.79 0%
= 3 PRD 61, 072005 (2000)  : ‘"~ .
At (ps) LHCb | : ;H : 0.76 +0.03
JHEP 11 201?} 170 ; -
raw mmetr Belle5S i 5 L 0.57 £ 0.58 + 0.06
a asy_ et y PRL 108 (2012) 171801 | N
as function of At Average | g E s 0.70 + 0.02
HFLA : : 5
-2 -1 0 1 2 3
. O —
sin2p(JpK°) = 0.698 + 0.017
HFLAV

data-driven theoretical uncertainty

AS =-0.01 +£0.01

UTfit input M.Ciuchini, M.Pierini, L.Silvestrini
Phys. Rev. Lett. 95, 221804 (2005)

sin2p(JPK®) = 0.688 + 0.020
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angle constraints in the p-n plane:

o. CP violation in B - '

» considering
the tree (T) only:
7\'7575: eZioc
C.=0
S..=sin (2a)

> adding the penguins (P):

oo = |P/T|Ei‘iei7
1+ |P/T|etbe—*

Axgy =

18
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angle constraints in the p-n plane:
from o to a: Isospin analysis

® B - ', 7w, n’n® decays are connected from isospin relations
® xrstatescanhavel=2o0rl=0
® the gluonic penguins contribute only to the | = O state (AlI=1/2)
® n*n®is a pure | = 2 state (Al = 3/2) and it gets contribution only from the
tree diagram
® triangular relations allow for the determination 20 = 200 + Koy
of the phase difference induced on a:

ATj=|A)

| Both BR(B®) and BR(B°)

have to be measured A rT)
In all the t;w channels

!
!

P

=AB—a'nm) AER—1TAN
2 ,.
/ \

AB—n ") - AB™— 11"
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o, result for x*m and p*p

+ -
T T SCPVS CCP

Maoriond 2021

Contours give -24(In L) = Axg =1, corresponding to 39.3% CL for 2 dof

Cep PRELIMINARY
T T T T T
0 | BaBar
7 Belle
~ LHCb Run 1
LHCb Run 2
02T % Average |
04 ¢ C.. =-0.311 £ 6.030
Sm'c — '0-666 i C).029
-0.6 - :
0.8 - -
1 L I I |
-0.8 -0.6 -0.4 -0.2 0
S

cpP

-0.4 - .

angle constraints in the p-n plane:

CCF’
T T T T I
: ~  BaBar
0.4 - 77 Belle |
% Average

| 1 i 1 |
04 02 0 0.2 0.4

Contours give -2A(In L) = 312 =1, corresponding to 39.3% CL for 2 dof

C,, = 0.00 % 0.09
S, =-0.14 + 0.13

+ -
P P Scp Vs Cep ﬂ

cP

m.bona
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angle constraints in the p-n plane:

y and DK trees

®» DWK® decays: from BRs and BR ratios,
no time-dependent analysis, just rates
. ®the phase y is measured exploiting
K Interferences: two amplitudes leading to
the same final states
Jsome rates can be

really small: ~ 10 ;§< K™
W s
° / D°K* ( by 7 T
Vcb (~}\'2)

[f 1K”
strong phases .
\ + gp/' Vai=|Vule ™ (~1\Y)
~Tse b EH< >
B W
* T * s .
B—D"*(D")K' )decays can proceed both 7 ;¢

through V_ and V amplitudes

m.bona
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sensitivity to y: the ratio r;
\Iub=|‘7ub|e - (~)\'3)

A K- b > U 50
W~ s ~ W ¢ Og = strong
b C o B phase diff.
8 NaGA) D S\
U u U U
A(B~ - D°K™)=Ap A(B~ — D°K™) = Agrge(®8—7)
ABtT - D°K™) = Ap A(BT - D°K1) = Agrge*9B+7)

s = amplitude ratio

B~ — DK - \/_2 A
i — T ) 4
~0.36 hadronic contribution
U in B* -> D®OK*: 1, is ~0.1 channel-dependent

o while in B® to D¥°K° rg is ~0.25
o Also measured: rs(DK), rg(D*K) and r°s(DK*)

m.bona
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angle constraints in the p-n plane:

y and DK trees

Parameter: y = ¢3 from all B -» DK and similar b -» cu-bar s & b —» uc-bar s modes

Y = @3 (66.2 ¥3:4_3 ¢)°
rg(DK*) = 0.0996 + 0.0026 6g(DK*) = (128.0 +3:8_, g)°
rg(D*K*) = 0.104 +0.013_4 574 6g(D*K*) = (314.9 *7:8_14 0)°
rg(DK*+) = 0.101 +0.016_4 43, 6g(DK**+) = (49 *01_¢)°
rE{DK*C'] = 0.257 +D'021_0,022 GB{DK*':'} = (194 +9'5——8.8]°
R — L 0.16 ——————————————
1 . 4K | [B*—DK*, DK hh |_PDG 2021 ||
0.8~ CBSDK 1 0141 B DK’ D' hIKix K wlKig -
- B - B All B*—DK* modes .
- C_1B—D"K" | | World Average }
0.6F s | 012F -
B ] Combined 7 B 7
i A i i i
041 . . I i
L Al L 683% 1 o4 .
02F . I 1
. = 7. N\ 955% 1 OU8[ ]
T ) | ! | !
00 150 200 0 150 .
(o]
y L] y L]

23
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sin2a (¢,) and y (¢s)

o updated with latest zrt/pp
BR and C/S results

 [OTiz

©

| summer21

all

Probability density

o

o

()]

| T
%
i)
o

o. from 7trT, PP, TP decays:
combined SM: (93.6 £ 4.2)°

UTfit prediction: (90.5 + 2.1)°
o from HFLAV: 85.5 £ 4.6

y updated with all the
latest results (LHCDb)

=
2 UTfff
) summer21
O 0.15
>
=
o)
© | .... &P
-S 0.1 3 25y UTHit prediction
o
0.05
. . A | , )
%0 60 80 100
0-
V[

Yy from B into DK decays:

HFLAV: (66.1 + 3.5)°
UTfit prediction: (66.1 + 2.1)°

m.bona
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angle constraints in the p-n plane:

iz

i

levels @
95% Prob

p
~12%
p =0.156 + 0.018
n =0.335 + 0.018
~5%
m.bona 25
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Unitarity Triangle analysis in the SM:

1=

- |UTfit

— summer21

levels @
95% Prob

~8%

0.157 +0.012
0.350 £ 0.010

p
I

~3%

m.bona
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Unitarity Triangle analysis in the SM:

<
no

zoomed In..
= B '
1.2_ UTﬁt
_  summen21 €k
1
0.8-—
0.6:—

o

<
I £
;'_l LI BRI B | T
L
o

levels @
95% Prob

~8%

0.157 £ 0.012
0.350 £ 0.010

ﬁ:

~3%

m.bona
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Unitarity Triangle analysis in the SM:

2021

2004

1= T
1.2
UTﬁi‘
C = 12
: mmmmmm 21 EK —
i Am B
d 1
- n Amyg ~
- m b
0.8} ? d 0.8 =
[ 0.6
0.6 / —
B 4 ~
0.4
J 7 u
1 / S

0.2 :

0.2
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Some interesting configurations e
T . - fit
1= 1.2:— @ ~10% 13 summen21
R 0 50.162 £0.017
0.8-— n :l: 0.341 i 0.0ll 08~ AI’]g'GS Only
[ : : : ~3% 0.6
" Universal Unitary Triangle %
g 0.4 o
0_4_:\B§ a4 -
L 0.2
02f- :
b Mo N ¥ R Y- R T2
-0.2 0 0.2 p
1= 4 o '
1= 2 “F |UTrie
- C ‘ ~15% [ summen21 €k \
B 1~ my
Tree-level T =+0.166 + 0.025 | Am, 8
processes: | - +037B+0.025 °F
Semileptonic [ -
and DK 0.6k ~7% 0.6~
B decays : 3
f 04f N Sides and &g
- reference B Vo
for model o2} ) ) ’ - V:b
bU|Id|ng 0 L 1 Treeonly . 0—(3:.2l 0 I0f2l l .0.I4. I .0I6 IO.I8I 1 .1.I2
-0.2 0.2 0.4 0.6 0.8 1 1.25 ﬁ
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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

Color code: agreement between the predicted values The cross has the coordinates (x,y)=(central
and the measurements at better than 1, 2, . 0 value, error) of the drrect measurement
— , ................. 5 E E ............. , ............... 6 —
o 14 o .
3 <
© ©

12

10

8 ............................................................

6 ..............................................

4

BN,

0 60 70 80 90 100 110 0 0 20 40 60 80 100 120 0
o = (93.6 % 4.2)° O[] Yoo = (66.1+3.5)° Y[
OLUTflt (90 5 + 2 1) YUTfit — (661 i 2-1)0
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Checking the usual tensions..

~1.40

SiN2pP., = 0.688 + 0.020

T T PP T PR P T P

mramsmmEanazerirnrasareeranney denemnannmm—_.

..................................

....................

05 06 07 08

SiN2Pum = 0.751 £ 0.027

0.9 1

sin2p

m.bona
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Checking the usual tensions..

|Vuw| (excl) = (3.73 + 0.14) 10

V| (incl) = (4.19 + 0.20) 10°

L R T T P R R PR FRER RN [ T e e e ey

....................................................................

.......................

0.8025 0.003 0.0035 0.004 0.0045 0.005

Vi

Vube = (3.89 + 0.21) - 107
Vubur = (3.68 + 0.10) - 107

||Ves| (excl) = (39.09 + 0.68) 10°

Veo| (incl) = (42.16 + 0.50) 107

~—~ 0.0018 6 O
g
>~ 0.0016
— ;
© 0.0014
0.0012 - .. .
0.001
3
0.000Q . N i oobfn
0.0006 LA )
0.0004 oo
1
0000 NN

Vebeo = (41.1 + 1.0) - 10°
VCbUTﬂt — (419 + 05) : 10-3

m.bona
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Unitarity Triangle analysis in the SM:  coen conatraint fram the fit
Observables Measurement Prediction A/Pull (#0)
sin2p 0.688 * 0.020 0.751 + 0.027 ~1.4
Y 66.1 + 3.5 66.1 2.1 <1
o 93.6 £ 4.2 90.5+2.1 <1
€ 10° 2.228 £ 0.001 2.05+0.13 ~1.4
Vo] - 10° 40.4+1.3 41.9 + 0.5 <1
[Ves| - 10° (incl) 42.16 0.50 <1
|Veo| - 10° (excl) 39.09 0.68 ~2.4
|Vus| - 10° 3.89 £0.21 3.68 £ 0.10 <1
V| - 10° (incl) 4.19 +0.20 - ~ 1.7
|Vus| - 10° (excl) 3.73+0.14 - <1
BR(B — tv)[107] 1.09 £ 0.24 0.87 £ 0.05 <1
As - 10° -21%1.7 -0.32 £ 0.03 <1
As°- 10° -0.6 + 2.8 0.014 £ 0.001 <1
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UT analysis including new physics

Consider for example B; mixing process.
Given the SM amplitude, we can define

e_zi%s: <E HSfI;/I'l'HI:fﬂB > 14 ANP e_zi.ngP
(B, |Heff B,) ASMe_ZlﬁS

BS

All NP effects can be parameterized in terms of one complex
parameter for each meson mixing, to be determined in a
simultaneous fit with the CKM parameters (now there are
enough experimental constraints to do so).

For kaons we use Re and Im,
since the two exp. constraints =
ex and Amg are directly related m

_Im "1 K

’)

T

(K

(K

to them (with distinct RE<K ‘Hﬁrff Ku>

theoretical issues) = < |H’”’ >
eff

m.bona

34



UTfit

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
® extract posteriors on NP contributions to AF=2 transitions

B, and B mixing amplitudes
(2+2 real parameters):

ANP

q
1+—; €

2|CI) SM 2| SM 2| NP_ SM SM 2| SM
e Bquecbq: (¢ qu)Aqubq

_~ _SM
e, =C. g

Al M ~sin2 (=B + by )
ATAm,=Re[T% /A,

m.bona
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new-physics-specific constraints

1s
Agp, =

(B, = ("X)-T(B, —("X) Im
(B, » +X) + (B, —» - X)

5

12 )
Afull
41811

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

same-side dilepton charge asymmetry: DO and LHCb

admixture of B, and B4 So sensitive to

AL 103 — ‘79 + 20 o
AL x 10

AP
J.‘_lSL ph—

lifetime 77S in flavour-specific final states: JaXdo + JsXso

average lifetime is a function to the

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

faxaoldS H foxsddsy

width and the width difference T
5(Bs) = 1.527 £ 0.011 ps  ppLay S o
0.11 CMS 116.1 fb~! |
$s=2Bs VS AT's from B-—Ilypd 000
angular analysis as a function LHCb 4.9 for
of proper time and b-tagging Y
¢s = -0.050 + 0.019 rad PRs s on a3 e

m.bona
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NP analysis results

1~ summer21
05 p=0.175 + 0.027
: levels @ ﬁ — O 380 _|_ O 026
- Vi 95% Prob
_ 7
0 cb
X 4 SMis
0 0=0.157 + 0.012
i only shown_  — 0.350 + 0.010
B the constraints . = U.
= unaffected by NP
:"' - P B
~1 0.5 0.5 1 _
P
m.bona —




UTfit

_ 2i05 A SM _2i¢."
A=Cge "A e

NP parameter results

dark: 68%

SM: red cross

K system

Ce, = 1.05+0.10

— 45 20
o - o -
e_mv [ Cs, = 1.03+0.10 ]UTffr2 e_mw s£. CBs VS (Bs 1UTffr2
summer21 = summer21
| de, = (-3.1 £ 1.8)° :
- 10
5k -
- 5E
of T oF &
_5: _55_
; ~0F Cs, = 1.04 £ 0.07
10 - .
- Cgd VS (Bg 15[ ¢s, = (-0.3 £ 0.5)
155~ ; S C 2 ~205 05 B IR -—
B, CBS
m.bona 38
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NP parameter results AP
A =| 1+-2 el 0] pM @210
A
q
F=% 60:— = 60_— summer21
40 40_—
20 20
oF of
—20f —20
_aof- ol [ dark: 68%
_e0F B, - . B,
- —60F SM: red cross
80 —805—
R S S Y B 11 | S (Y
A A ANP/ASM
The ratio of NP/SM amplitudes is:
< 18% @68% prob. (30% @95%) in By mixing
< 10% @68% prob. (18% @95%) in B, mixing

m.bona
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testing the new-physics scale
E At the high scale

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

Ci(A)

function of the NP flavour couplings

-

=

M. Bona et al. (UTfit)
JHEP 0803:049,2008
arXiv:0707.0636

new physics enters according to its specific features

& =0
Yudir9;L7Y '-'J?f

o o =0 0B
9r% L9 R

—x 2 =l (8
9;r%L9RY: L. -

=¥

q},

%L%L%Ra

—a [ 8 .«
4;r9%L9L9iR -

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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testing the TeV scale

The dependence of C on A changes O?:' (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 ~ 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
Fsv 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

> :
= i UTﬁt

< 10 summer20
)

8

& 10

o

=

C C c C C

7 2 3 4 5

A>4310°TeV (at 95% prob.)

o ~ oy In case of loop coupling
through weak interactions

A>1.310*TeV

Lower bounds on NP scale

results from the Wilson coefficients

NMFV: C(A) = a x |Fsy|/AZ,
F~|Fsu|, arbitrary phase

EJ MRe C, UTf‘ft
AP _[W/m CK

< summer20
o ImC,

; me.

o o

> 10

1071

C C c C C

7 2 3 4 5

A >389 TeV

o ~ oy In case of loop coupling
through weak interactions

A>2.7TeV

for lower bound for loop-mediated contributions, simply multiply by as (~ 0.1) or by aw (~ 0.03).
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conclusions

o SM analysis displays very good (improved) overall consistency

o Still open discussion on semileptonic inclusive vs exclusive:
exclusive fit shows tension, V4, 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-
30%

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
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lattice QCD inputs

Observable

Nf=2+1 averages.

updated in early 2020
Measurement

0.756 £ 0.016
0.2301 = 0.0012

1.208 + 0.005

1.032 £ 0.038
1.35 + 0.06

FLAG 2019 suggests to take the most precise between the Nf=2+1+1 and

We quote, instead, 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
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Contribution to the mixing amplitutes

analytic expression for the contribution to the mixing

amplitudes Lattice QCD

( q|H&B ’|B q>i :2 — ‘ .7,0 '<Bq|qu|B>

arXiv:0707.0636: for "magic numbers” a,b and c, | = as(A)/as(m,)

analogously for the K system

i=lr=1

to obtain the p.d.f. for the Wilson coefficients Ci(A) at the
new-physics scale, we switch on one coefficient at a time
In each sector and calculate its value from the result of the
NP analysis.

5
{KFI]'H.E'LS_E'HD _ z Z (bgr,i} 4 T}E{rﬂ}) Ly E,I:J"i} R, {EFIZI'Q;:!:'HD}
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some old plots coming back to fashion:
As NA62 and KOTO are analysing data:

2007 global fit area

E949 central value osf

S . )
projection
100 events

£ projection

=100 events including

BR(K® — ni®vv)
SM central value
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Look at the near future
future | scenario:

=T U errors from
1__ future | Belle II at 5/ab
: +LHCbat10/fb ..
0.5/ %00-45‘ :J Tﬁf
_ = F 12<EU0_2:_ NP fit
o- i %PCD
i I NP fit E i @
-0 5:_ 0'5:_ 0.25_
: of B e S
1 Re(e™® ANP/ASY)
2 0.5 <0
p — i 0-01 5 1= D_Z<Emo_25_ NP fit
n=iOO15 1 0.5 o 05....%.;p§i.é,’o'_ @
_ =+ 0.C
p= 8 éij: + 881 g current sensitivity b :_ 88:"8_‘ oaf
n = + (). = L . L
Tl E = 01 m i - 7 n 'O‘-%._sl ' '-o|.4' ' '-ol.zl ' '(lnl ' '0!2' ' 'o.|4' ' 'o.s
n = 0.363 i 0.025 \ Re(e|¢s AEP/ASSM)
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Theory error on sin2: A.Buras, L.Silvestrini
Nucl.Phys.B569:3-52(2000)
Channel ﬂ\ll 2 Ey | EAs | A2 | A 1 PFM | B 4
*oVes dla| e | ach \V. 1 SR AVERY 1
AL N N | N . B Vits W e |V ubVus & N3
Byg—m®Jfp | D | = [ X3 ¥ | =[] X¥ | -] - o= [ A
V*cbvcd V*tbvtd V*ubvud
o 1) Fit the amplitudes in the 5 _
uf SU(3)-related decay J/yn® 3 2) Obtain the upper
and keep solution compatible 2 oo limit on the penguin
with JK i amplitude and add
g 100% error for SU(3)
2 5 0005 breaking
SR T e
3‘ _ . yI
3) Fit the amplitudes in 2 | U0 AS = 0.000 + 0.012
JApK°imposing the s T -
upper bound on the E ' M.Ciuchini, M.Pierini, L.Silvestrini
CKM suppressed '_g Phys. Rev. Lett. 95, 221804 (2005)
amplitude and extract <2
the error on sin2p & o002
-q).1l - -0|05 - IO.(I)SI - |0.1
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