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UT triangle fits

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 Vcgw.
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UT triangle fits

Flavour mixing and CP violation in the Standard Model

_J 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 Vcgw.

Vud Vus Vup| _ 1- A A AN — i7)
‘/(-:d ‘/(-.‘.3 Vcb - _ /\72 AAZ
Via Vis Vip ANY(1—p—im) —AX2 1
B> 2 With three families of quarks, there is
nn,en one phase that allows CP violation in the

SM. All the flavour mixing processes are
related (through the unitarity of the Vcgwm)
to this phase.

Unitarity Triangle

VudVaup + VedVep + ViaVip = 0

0
V..V, B —>JAYKs Al the angles are related to the CP

asymmetries of specific B decays
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UT triangle fits

CKM matrix and Unitarity Triangle

VaudVap + VedVep + ViaVip = 0

many observables

functions of p and n:

overconstraining

Marcella Bona (QMUL)
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UT triangle fits

www. utfit.org
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UT triangle fits

Method and inputs:

f(p, 7, X|c1, ..., em) ~ H fj(clﬁaﬁax)*
Bayes Theorem J=1l,m

|1 fi(es)folos )

i=1,N

(b —>u)/(b— c) ...| Standard Model +
OPE/HQET/
EK Lattice QCD
, to go
Amy 9 from quarks
| to hadrons
Amd/AmS
1
M. Bona et al. (UTfit Collaboration)
Acp(J/PKs) | JHEP 0507:028,2005 hep-ph/0501199

~ M. Bona et al. (UTfit Collaboration)
JHEP 0603:080,2006 hep-ph/0509219
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UT triangle fits

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

= I:_ | = F |
1: I Vcb/vub 1[_ €k
u.s:- u.s;_
us: uL:.
- {1 — p P
-oLE:— -u.sF- n[( p) + ]
. PR
LU, b U
_‘1J 535 'l' 05 T T - fl_
P p
= I:_ = I:_
T Amgq T Ams/Amg
us} us}
: N2 =2
°; (1-p)*+7
asf— -asf—
1'[u1 '1;'_u1.
"_-:J""JJI.E'"'u'“'u.ls'“'-il“_ -“_-EIJ”“—(II.EI "'u'“'u.ls'”';“_
P p

oo ]
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UT triangle fits

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

ex from K-K mixing

= | |
F IVer/Vus| |

P+
" Am  Am./Am, T E————
T i € = (2.228 £ 0.011) - 10°
G PDG
L
4'%"'&5"'n""n.'s"“%‘; -IE%"'A'.s"'n“"o.'s""%‘; B — <K|JIJJ |K>
" " " <Kl|J |0><0|J"K>
i B, =0.756 £ 0.016
from lattice QCD K AG 2010

e, k- CEBI_;AE}UHI]{—’I][I _a fﬂ}m@n 24(1— p))

Sy = Inami-Lim functions for c-c, c-t, e t-t contributions
(from perturbative calculations)
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UT triangle fits

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

|'::

= | =: _ o
'SF IVCb/Vubl ,,5;_ €k 2 Amq frOm Bq'Bq mIXIng q=dS

| Al — 7) + Pl

Amg = 0.5065 + 0.0019 ps™
Ams = 17.765 + 0.006 ps™

HFLAV

HFLAV

2 2,S2.Bs
Am, =[(1-p) +n ]f_

4 n A
My nyS(x)mp f5 B [Val [Val

- A L I — . — 0, »,
sy, S (x)my [ B IWVER (1p ) + 1) || Am, = fiBy

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

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

i | N

o Veo/ V|1 | Vuo/Vep |

‘ |

§ | Al — ) + P . .

ﬁ ﬁ2-||-'ﬁ2 . | z 1
| Am, ' Ame/ Amg I D T .
| (1- ﬁ)2:+ 72

: tree diagrams

L T b - candb - u transition

_ negligible new physics contributions

J Inclusive and exclusive semileptonic
B decay branching ratios

=1l

- = =2

T M P+ QCD corrections to be included

J Inclusive measurements: OPE

J exclusive measurements: form
factors from lattice QCD

Marcella Bona (QMUL) 11



UT triangle fits

Vcb and Vub _-Q 0.006 —

: [ ]
| = 0.0055 Ulgt
from FLAG 2019 arXiv:1902.08191

E : summer21
[ Vo (exCl) = (39.09 +0.68) 10°| ¢ g5

from Bordone et al. ; B
arXiv:2107.00604 ZCCiaEEE 0.004

e

EXCL VL PR I

SR SHTEETEN
from FLAG 2019 arXiv:1902.08191  0.0035F | \\\\:}}“\\,\ﬁ > _
. AR global SM UTHit

||Vl (excl) = (3.73 + 0.14) 10°
0.003

V| (incl) = (4.19 £ 0.17 + 0.18 [flag]) 107

0.0025{—
from GGOU HFLAV 2021 ~1 55 di C
adding a flat uncertainty ~1-20 @Iscrepancy. . |
covering the spread 0.0%203' 0 45' '

of central values

[V / Voo| (LHCb) = (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

1V
cb
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UT triangle fits

Vcb and Vub — 0006_ NN
2 Tk N
"0.0085F |\ UT;
= 0.0055[- \ fit
. . : - : summer21
A-la-D’Agostini two-dimensional 4 g5 N
average procedure: - %
0.::1045;—I LV
nc
Veo| = (41.1 £ 1.0) 10° | :
0.004 -

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

uncertainty ~ 5.4%

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

. -3
[Vio| = (3.70 £ 0.10) 10 UTfit prediction: ‘Vcb
V| = (41.9 + 0.5) 107
V.| = (3.68 £ 0.10) 10°?
Marcella Bona (QMUL) 13
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UT triangle fits

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

= F ‘ =
1 1
= | Ven/Viun] €k
n.s:- 0.5
e 0
-as:— 05 ﬁ[(l - ﬁ) + P]
o | ﬁz + ﬁz 1 Uyt
1 9 0 s i | B e . i -
P P
= F =
il
- Amg Ams/Amg
u.s:- 0.5
e: -
: (1-p)°2+7°
_0_5:._ -0.5
'1:’u1..,| T
o I I I T T, oogeiy oy 1 1
3 05 0 0.5 1 3 05 0 0.5 1
P P

=45

0.6
0.4

0.2

0.8

levels @
95% Prob
| :_:jn?r:g; €k
- Am,
i Am,
- Sides and &,
[ Vub
N Veo
) PR Y ) z
~10%
0 =0.169 £ 0.017
n = 0.383 £ 0.025
~7%
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Angle constraints in the p-n plane:

-1 -05

actories
+LHCDb
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UT triangle fits

Angle constraints in the p-n plane:

sin2f from
time-dependent
Acr In B = JPK

B At
Prob{B’(t) > for)~ Prob(E°(t) - fi)

Prob(B"(t) — fzr)+ Prob(B°(f) - fz)

a. (t)= =C,oosAm,t + S smAmt
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UT triangle fits

Latest sin2f results:
sin(2) = sin(29,) F=rT
PRELIMINARY
a2 E 5 ' E BaB :
S 300 <34 BABAR® 3 PRD 79 (2009) 072009 § 069002001
;300 B° tags o reliminar B -
€ B ) P A = BaBar 5 . . 0.69+0.52+0.04 +0.07
2200 °B° tags 3 PRD 80 ('ﬁ'bogqjﬂzem : ;
L%looi— p = Eggaerg‘](zoégﬁgéggéﬁj s L Lpo 042202
=T e s Belle : i : 0.67 + 0.02 + 0.01
Eoall E PRL 108 (2012) 171802 i
g L B s ALEPH ; B 0.84 9% +0.16
£ 02 =L = PLB 492, 259 (2000) : ]
< o = OPAL | 5 ol 3.20 130+ 0.50, |
5 0aF —tS EPJ C5, 379 (1998) ; Pk
i W‘ E CDF : i, 079041
0.4 | | | = PRD 61, 072005 (2000) ' —
-5 TO 5 LHCb E L 0.76 + 0.03
At (ps) JHEP 11 201?}1?0 ; Ho
Belle5S : : N IR 0.57 + 0.58 + 0.06
raw asymmetry PRL 108 (2012ﬁ 171801 : | )
: Average § L 0.70 +0.02
as function of At HFLA ; S . .
2 -1 0 1 2 3
: 0\ _ + : . .
sin2p(J/YK’) = 0.698 + 0.017 data-driven theoretical uncertainty
WEEAY AS =-0.01 + 0.01
' 0
- +
SIHZB(J/II)K ) 0.688 + 0.020 _ M.Ciuchini, M.Pierini, L.Silvestrini
UTHit Input Phys. Rev. Lett. 95, 221804 (2005)

Marcella Bona (QMUL)
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UT triangle fits

Angle constraints in the p-n plane:

o:. CP violation in B — '

J considering
the tree (T) only:

7\%”: eZia
Cu=0
S..=sin (2a)
~ adding the penguins (P):
oin 1+ |P/T|e®e™
1+ |P/T|ette—*

Sex = \ll — C,%.ﬂ Sin(Zaeff)

Axx =

Marcella Bona (QMUL) 18




UT triangle fits

Angle constraints in the p-n plane:

from oz — to a: isospin analysis

@ B- o', n'n’, nx° decays are connected from isospin relations
@ nmrastatescanhavel=2o0r1=0
= the gluonic penguins contribute only to the | = O state (Al=1/2)
= '’ is a pure | = 2 state (Al = 3/2) and it gets contribution only from the
tree diagram
= triangular relations allow for the determination 205 = 20 + K
of the phase difference induced on o

Both BR(B°) and BR(B®)

have to be measured A rT)

In all the t;w channels
,.-""'f
%

AB—n ") - AB™— 11"

Marcella Bona (QMUL) 19




UT triangle fits

Angle constraints in the p-n plane:

o, result for & and pp

+ -
T T SCPVS CCP

Mariond 2021

+ -
P P Scp Vs Cep ﬂ

Cep PRELIMINARY Ccp |
T T T I T T T
o e N 111 1: 1 ity - BaBar
7 Belle 0.4 ""/ Belle
| LHCbRun1 ©%  Average
i LHCb Rup 2
0.2 8 Average 0.2
C.. = -0.311 +/0.030 |
S,.. =-0.666 £/0.029
-0.2
-0.6 F -
-0.4
-0.8 F | i
-OI_B -ol_ﬁ -0|_4 -.:.I_g 6 -0.4 -0.2 0 0.2 0.4
Contours give -2A(In L) = 5.12 — 1, corresponding to 39.3% CL for 2 dof SCP Contours give -2A(In L) = Ay =1, corresponding to 39.2% CL for 2 dof cP
C,, = 0.00 +0.09
S, =-0.14+0.13
Marcella Bona (QMUL) 20



UT triangle fits

I
1

B+

Vcb
%\
HI‘HBIY _D

B~ D°(D"°) k" decays can proceed both ) CK
through Ve, and Vi amplitudes

DD

K

+

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
Interferences: two amplitudes leading to
the same final states
_ some rates can be
really small: ~ 10

Vcb (~}\'2)

+ strong phases Lol .
Vubzlvuble _ly (~7\'3)
0 g+ A(D°> f) : : 3

B W

u u

Marcella Bona (QMUL)



UT triangle fits

Sensitivity to y: the ratio rg
= Vub=|Vub|e B (~}\'3)

U
- b ; u
A K ‘ 50
W~ s _ W ¢ Og = strong
b c B phase diff.

A(B~ — D°K™) = Ap A(B~— — DYK—) = Agrge*B—)
A(BT - D°Kt) = A  A(Bt — D°K*) = Aprgei(®s+7)

s = amplitude ratio

B~ — DK - - \/n

X F,
B— — DOK- + CF

B

~0_36 hadronic contribution

o4 0L+ o channel-dependent
®IinB"— D*"K" rzis ~0.1

® while in B? - D%°K° r; could be ~0.2-0.4
J to be measured: rg(DK), r*;(D*K) and r*;(DK*)

Marcella Bona (QMUL)




UT triangle fits

Angle constraints in the p-n plane:

Y = 93

y and DK trees

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

rg(DK*) = 0.0994 + 0.0026
rg(D*K+) = 0.104 +0.013_, 1,
rg(DK**) = 0.101 +0.016_; 45,
rg(DK*0) = 0.257 +0.021_, 153

T
HFLAV
B)—DK*

) BY—=D K*n*m
B+—)D0K*+
E B+_)D*UK+
O B"—=D'k*
B*—D°K*
[ Combined

I|I]\|II

(65.9 +3:3_3 5)°
6p(DK*) = (127.7 ¥36_3g)°
6g(D*K*) = (314.8 ¥79_g g)°

6g(DK**) = (48 *39_14)°
6g(DK*0) = (194.1 ¥2-6_ g g)°

v 0.16 ' T T T T T
S - [1B*—D'K*, D'—hha'/h3x HFLAV B
s . [@B*—D'K",D*—=Khh | PDG2022 |
0.14 B*—=D’K*, D"—=h*h"/Kym"K{w/K{¢ —
- @ All B*—=D°K* modes 3
[ World Average ]
012 —
0.1—
0.08—
|
0 50
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UT triangle fits

sin2a (¢,) and y ()

o. updated with latest nrt/pp
BR and C/S results

> i
2 o4 UTsit
8 | summer21
>,
e
— all
_Q .
2 | @
o) [ 3
pTt
1 I
% 50

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

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

y updated with all the

latest results (LHCDb)

Yy from B into DK decays:

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

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

Marcella Bona (QMUL)



UT triangle fits

Angle constraints in the p-n plane:

levels @
95% Prob

[ summenr21

02 0.2 04 06 08 1 1.2

p
~12%
0=0.156 + 0.018
n = 0.335 + 0.018
~5%

Marcella Bona (QMUL) 25




UT triangle fits

Unitarity Triangle analysis in the SM:

Marcella Bona (QMUL)




UT triangle fits

Unitarity Triangle analysis in the SM:

fom

0.5

[ |UTg¢

— summer21

7

LI
i
-

levels @
95% Prob

~8%

0=0.157 + 0.012
= 0.350 + 0.010

~3%

Marcella Bona (QMUL)




UT triangle fits

Unitarity Triangle analysis in the SM:

0.4

0.2

zoomed In..
1= . .C '
1.2 - Uszt
: summen21 8|(
1=
0.8 [
0.6:—

|
e
o
o

levels @
95% Prob

~8%

0=0.157 + 0.012
= 0.350 + 0.010

~3%
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UT triangle fits

Unitarity Triangle analysis in the SM:

I= 12
1

0.8

0.6

0.4

0.2

0

-0‘2 1 | L 1 1 1 | C

1 0.5
<L UTfif
[ summer21 €k
1= Am,y
R Am Amg
0.8-— y d
2021  osf /
0.4 ;&
o |/
O—UI.2I = = I1.I2_
P
Marcella Bona (QMUL) 29
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UT triangle fits

Some interesting configurations e
T . - fit
I= 1.2:— @ ~10% 13 summen21
£ 0 30.162 £ 0.017
F N :l: 0.341 +0.011 08 AngleS 0n|y
c o o ~3% 0.6
" Universal Unitary Triangle k
£ 0.4 o
0_4k / > [
[ 0.2
0.2 Vi
Vg L P A el L1
O-I......I...I...I...I.. y -0.2 0 0.2 0.4 0.6 0.8 1 1.25
-0.2 0 0.2 0.4 0.6 0.8 1 1.2
| P o
|:1-2_ UTfff ‘ ~15% " sumnfr; €k
[ summer 1 Amd
Tree-level 'F p=+0.166£0.025 | Am,
processes: N =20.378+£0.025 "}
Semileptonic [ = = [
and DK sk ~7% >
B decays - b
04 | Sides and &g
- reference o V.
for model o2 ] [ V.,
bU|Id|ng ol Vo o 1, o1 ] reel-onlly 1 0—0I.2l l 0 l I0f2l l .0.I4. I .0.I6. 0.I8I 1 l1.l2
-0.2 0 0.2 0.4 0.6 08 1 1.% ﬁ
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UT triangle fits

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
and the measurements at better than 1, 2, .

R - - 6 (5

The cross has the coordinates (x,y)=(central
value, error) of the drrect measurement

14

o(of’])

12

10

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

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

50 70 80 80 00 110 0720 40 60 80 100 120 °
e = (93.6 + 4.2)° O] Yoo = (66.1 +3.5)°  Y[°]
owrie = (90.5 £ 2.1)° Yurie = (66.1 £ 2.1)°
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UT triangle fits

Checking the usual tensions..

~1.40

SiN2p., = 0.688 + 0.020
SiN2Bur = 0.751 + 0.027

8.4 05 06 07 08 09 1

sin2p

Marcella Bona (QMUL)



UT triang

le fits

Checking the usual tensions..

’ IVw| (excl) = (3.73 £ 0.14) 107

V| (incl) = (4.19 + 0.20) 10°

T o
=3
>
3 0 5 ..........................................
©
(/= I W ———
03 ..................... .......
0.2
0.1 -

0.8025 0.003 0.0035 0.004 0.0045 0.005

v |
Vubey, = (3.89 + 0.21) - 107

|Vl (excl) = (39.09 + 0.68) 10°®

Vebe, = (41.1 £ 1.0) - 10°

|Vl (incl) = (42.16 + 0.50) 10°

Marcella Bona (QMUL)




UT triangle fits

Unitarity Triangle analysis in the SM: gfifg‘;]”fgniﬁf;fndt'?r%rﬁ:‘fh -
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
[Veo| - 10° 40.4+1.3 41.9 £ 0.5 <1
|Veo| = 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° -2.1%1.7 -0.32 + 0.03 <1
As® - 10° -0.6 + 2.8 0.014 * 0.001 <1

Marcella Bona (QMUL) 34



UT triangle fits

UT analysis including new physics (NP)

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

Marcella Bona (QMUL)



UT triangle fits

UT analysis including new physics (NP)

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):

ANP

q
1+—,€

2|(I) SM 2| SM 2| NP_ SM SM 2| SM
o Bquecbq: (¢ d)q)Aqed)q

_~ _SM
e, =C. g

Ag;f/w¢~sin2(—ﬁs+¢35>
A I—'CI/A mq:Re(rcllzlACI)

Marcella Bona (QMUL)




UT triangle fits

M.Bona et al (UTfit)
Phys.Rev.Lett. 97:151803,2006

;M | Cgy ey | C Ceqr b
V . /V X
y (DK) X
£, X X
sin2f X X
Am, X X
o X X
A, B, X X X
AT T X
AT /T, X X X
Am, X
. A X X X X

UT analysis including new physics (NP)

model independent
assumptions
SM SM+NP
tree level
(Vub/Vcb)SM (Vub/Vcb)SM
YSM YSM
Bd Mixing
M BM+p,
asM oSM- ¢Bd
Am, Ci,AMy
Bs Mixing
AmSM Ce AmSM
BSSM BSSM+¢BS
SKSM CSK g, M

Marcella Bona (QMUL)




UT triangle fits

New-physics-specific constraints
_ DB~ X)) -T(B, ~ X)) _ ( ) |

A = == ' .
sl [ By =5 rX )T (B, rsdniX)

Afull
3 13“

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

and phase. Taken from the latest HFLAV. Cleo, BaBar, Belle,
same-side dilepton charge asymmetry: DO and LHCD

admixture of B, and B, SO sensitive to
NP effects in both.
ALE = J0° =

DO arXiv:1106.6308

— -7.9 i 2-0 X 1 . A
f d X do 423]4 i f s X s0 4;1_

Al —
i fd,\'du T js_\dsU

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

width and the width difference -
TFS(Bs) == 1.527 i 0.01 1 pS HFLAV %0.13 DOSfb_lﬁs%
< (Alog £ =1.15)
0.11 CMS 116.1 fb!
$¢s=2Bs VS AI's from B—Jlyp
. . 0.09
angular analysis as a function A T
of proper time and b-tagging 007 [
ATLAS 99.7 fb~!
(I)S — '0050 T 0019 rad 003 -0.3 -0.1 0.1 03
p<[rad]
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NP analysis results

fom

[ |UTg¢
11— summer21
0.5
i Yuy
0 i Vt:h
: /
0.5
_‘I e
-I I [ | [ | I [ | I [ |
—1 0.5 0.5

0 =0.175%£0.027
n = 0.380 = 0.026
SMis
0 =0.157+0.012
n =0.350 +0.010
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NP parameter results

K system

2i¢, 2i dark: 68%
A C e ) ASM |(1) 0

Ce, = 1.05%0.10

SM: red cross

— 15 — 20
o - (@) N
_e_mv E CBd =1.03+0.10 su]::ifrfm _e_m‘” 155_ CBs VS (I)BS su]:-';lr:frrm
"Fl ¢e, = (-3.1 £ 1.8)° F
|
B S5
o o 05— 5
_5:_ _55_
; 1o Cs, = 1.04 £ 0.07
~10f- : o
- Csd VS (Bg 15[ ¢s, = (-0.3 £ 0.5)
_18;5’IIII;II”1-I5””2 I T B - —
CBcl CBS
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NP parameter results up
A 2i(¢"°— o) SM _2i¢"
A,=| 1+ T AeT

q ASM €
q
2 eof 0T o
= T ) summer21 summer21
o 60f
40
20F
of-
-20F
_of | dark: 68% s
i B S
-60F d SM: red cross
—Bﬂ-—
i i 1 I | i i i | 1 1 1 ; i L & | i i § | L L L
0 0.2 0.4 0.6 0.2 0.4 0.6
NP/ A SM NP/ A SM
Ad / Ad As / As

The ratio of NP/SM amplitudes is:
< 18% @68% prob. (30% @95%) in B, mixing
< 10% @68% prob. (18% @95%) in B, mixing

Marcella Bona (QMUL)
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Testing the new-physics scale

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

new physics enters according to its specific features

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

C?Al\)lﬁifeg

function of the NP flavour couplings

— a =0

= G180

q?f

—(¥ a =0 5
9r% L9 R

—x O = v
9;rYG L9 RYL

=¥

Goira0h

—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 new-physics scale

The dependence of C on A changes C? (A) : /\_‘2
depending on the flavour structure. |

We can consider different flavour scenarios:

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

a (L) Is 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
Fsw IS the combination of CKM factors for the considered process

Marcella Bona (QMUL) 43
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Results from the Wilson coefficients

Generic: C(A) = a/A?,
F~1, arbitrary phase
o ~ 1 for strongly coupled NP

{UTﬁt

summer20

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>1310*TeV

Lower bounds on NP scale

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

EJ T Cy UTf‘ft
AP _[W/m CK

< summer20
o ImC,

;.

o o

=

10E

1071

C C c, C C

7 2 3 4 5)

A >389 TeV

a ~ 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).

Marcella Bona (QMUL)
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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 calculation
© extraction of the most accurate SM predictions

@ model-independent new physics:
© overconstraining of the SM fit allows
for extraction of generic amplited and phase
for all the systems (K, By, Bs)
© scale analysis: putting bounds on the Wilson coefficients
give insights into the NP scale in different NP scenarios

® LHC(b) and Belle Il will reach better precision and
provide new measurements

Marcella Bona (QMUL)
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Conclusions

o SM analysis displays very good (improved) overall consistency

2 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%

» 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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theory error on sin2

3:

A.Buras,
Nucl.Phys.B569:3-52(2000)

L.Silvestrini

Channel \i i? Ey |EAs | A | A | B | Py | P Pg™
“eoVes sl V% | & VRV | 7
- N N N o MBVts W ¥ ubVus & N3
RN () NN L © JE R T
Byg—nJfp [ D | = [ X3 ¥ | =[] X¥ | -] - 2 olo- [ A
V*cbvcd V thtd V*ubvud
o 1) Fit the amplitudes in the s |
uf =2 SU(3)-related decay J/pm° 8 2) Obtain the upper
2 and keep solution compatible 2 oo limit on the penguin
with JApK F amplitude and|add
s g 100% error for SU(3)
] Q- 5.0005 breaki ng
DD 1 ; : ‘; ’ ; ; T ] t’l:l 2I AII 6
IPS™.p,| IPS™-Pyl,,
: , : 2
3) Fit the amplitudes in 2 UTfit]
JAPKPimposing the Q
upper bound on the :;, 0.004|~ AS - 0-000 i 0-01 2
CKM suppressed g M.Ciuchini, M.Pierini, L.Silvestrini
amplitude and extract 3 Phys. Rev. Lett. 95, 221804 (2005)
the error on sin2f3 E ooo2
%7 oo 005 o4

AS(JIYKO)
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lattice QCD inputs

Observables

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

Ni=2+1 averages.

We guote, 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

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

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

Marcella Bona (QMUL)



UT triangle fits

exclusives vs Iinclusives

only exclusive values

only inclusive values

1= o - 1= 4 o :
L EUTfit - !UTﬁt
summen21 B summern21

1 1=

0.8 0.8-—

0.6 0.6

|
= — |

0.2 0.2f-
02 0 02 04 06 08 T 0 '

Am,
Am

ol v
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effective BSM Hamiltonian for AF=2 transitions

Most general form of the effective Hamiltonian for AF=2 processes

A K ZC Q5d+ ZC Qsd

B,— B, " be ~ A b
H. 7" = Z C; Q) + Z C; Q"

The Wilson coefficients C. have

In general the form

 F:[function of the NP flavour couplings

Putting bounds on

the Wilson coefficients
give insights into the
NP scale in different
NP scenarios that
enter through F, and L,

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

transitions)

Marcella Bona (QMUL)
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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 '<BGIQ?Q|BQ>

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

analogously for the K system

h
{KFI]'H.E'LS_E'HD — z Z (b{"'ﬂ}' + 1 E'[’"i":') ¥ (7 {ﬁ} 7. {KU|QEE£|HD}

i=lr=1

to obtain the p.d.f. for the Wilson coefficients C/(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.
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results from the Wilson coefficients

the results obtained for the flavour scenarios:
In deriving the lower bounds on the NP scale, we assume L; =1,
corresponding to strongly-interacting and/or tree-level NP.

Parameter 95% allowed range Lower limit on A (TeV) Lower limit on A {TeV) 0.1 x10™"°
(Gev—2) for arbitrary NP for NMFV e F
ReCl  [-9.6,9.6]-10-13 1.0 10° 0.35 E 0.08
ReCZ  [-18,1.9].10-1 7.3-103 2.0 il
ReC:  [-6.0,5.6] - 10~ 41103 11
ReC% 88 2.6)-1015 4.0 R0
ReCy [-1.0,1.0] - 1074 10-10° 2.4 0.02f-
ImCL  [-4.4,2.8] 10715 1.5 10 5.6 -
ImCZ  [-5.1,9.3]-10-'7 10 - 104 28 0:_
ImCc:  [-3.1,1.7]10-16 5.7 104 19 0.02F
ImCic T I LSl . -0.0 :|||||||I|||I|||I...I......I...l...l..,x10'15
mes  [-5.2,2.8]- 1077 14 - 104 ‘ 37 0 8 6 4 2 -0 4 6 8 10
/ Re(CK)
To obtain the lower bound for loop-mediated contributions,
one simply multiplies the bounds by as ~ 0.1 or by aw ~ 0.03.
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some old plots coming back to fashion:
2007 global fit area
As NA62 and KOTO are analysing data:

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

0.5

-0.5

UTﬁt

future |

current sensitivity

0=0.150 +

W\

future | scenario:
errors from

Belle Il at 5/ab

+ LHCDb at 10/fb

0.5

future |

NP fit

| o
8]

—
(.OO)|

I
+ I+
oo
oo

=0

n = 0.363 £ 0.025

~— 0.6
5o |
<L o4 UTit
Jo
o o future |
Z T C
. :E 0z NP fit
= C
L
£ T
0.2_
0.4l
_0-%_I 1 1 I 1 1 1 I 1 1 1 I 1 1 1 | 1 1 1 | 1 11
0. 04 02 o 92 04 06
i0
d ANP/aASM
Re(e * AN/ASY)
~— 0.6
% -
w F
s o4l UTflt
[a o future |
Zn C
< oaL NP fit
Z n -
E=3 C
= QL
_E (@
P =
0.2
0.4F
_O.%-I 1 1 I 1 1 1 I 1 1 1 I 1 1 1 | 1 1 1 I 1 11
0. 04 02 o 02 04 08
0" NP/ A SM
Re(e"® AVP/ASM)

Marcella Bona (QMUL)



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55

