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Why flavour ?

Lgy = ﬁgauge(Aaa \U/') + ﬁH/gg5(¢, Aa, \U/')
Gauge part Lgauge(Aa, V)
@ Highly symmetric (gauge symmetry, flavour symmetry)
@ Well-tested experimentally (electroweak precision tests)
@ Stable with respect to quantum corrections

Higgs part Lhiggs(¢, Aa, V)
@ Ad hoc potential
@ Dynamics not fully tested
@ Not stable w.r.t quantum corrections
@ Oirigin of flavour structure of the Standard Model
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From BEH to CKM

@ In Ly4gs , general Yukawa interaction between Higgs and quarks
Qi Ykdko+ QlYkuko+he.+... Q= (u,d)
@ Vacuum expectation value for Higgs (¢) # 0 yields mass matrices
dj MEdk + uf Mk ul + . ..
@ Diagonalise the mass matrices to get mass eigenstates

_ Yq(9)
V2

@ Misalignment between rotation matrices for M, and My

charged currents in mass eigenstates involve CKM matrix V

Sy = Ui d], — U Vi Vd) = T V"]

Mg Mp = diag(mgy, ms, mp) My = diag(my, m¢, my)

Flavour physics (CKM and masses) deeply connected with
the Yukawa interactions of Higgs and fermions
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Flavour parameters and SM

-\.r g W Z

—> Gauge

> Higgs

o — — } t —> Fermions
vieud u s cT b t

Important, unexplained hierarchy among 10 of 19 params of SM,, —o
@ Mass (6 params, a lot of small ratios of scales)
@ CP violation (4 params, strong hierarchy between generations)
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Flavour parameters and SM

-\‘r g W Z

—> Gauge

> Higgs

o — — } t —> Fermions
vieud u s cT b t

Important, unexplained hierarchy among 10 of 19 params of SM,, —o
@ Mass (6 params, a lot of small ratios of scales)
@ CP violation (4 params, strong hierarchy between generations)
With interesting phenomenological consequences
@ Hierarchy of CP asymmetries according to generations
@ Quantum sensitivity (via loops) to large range of scales
@ GIM suppression of Flavour-Changing Neutral Currents

Very significant constraints on any SM extension
and challenge to explain the hierarchy dynamically
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From Fermi to SM: an effective approach
Fermi-like approach : separation between different scales

@ Short distances : numerical coefficients
@ Long distances : local operator

¢ b

\c\/
W E—
/d/.\u\
d u

2 _ —
VuaVeo S5z Tu(1 = 1)dby*(1 = 35)c
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From Fermi to SM: an effective approach

Fermi-like approach : separation between different scales
@ Short distances : numerical coefficients
@ Long distances : local operator

¢ b
w § _—
d u

T

u

Vua Vi 55 U(1 = 75)dby*(1 = 15)c

Before/below SM, Fermi theory carried info on yesterday’s NP (=EW)
@ GF: scale of NP physics
@ O;: interaction with left-handed fermions, through charged spin 1
@ Obviously not all info (gauge structure, Z° ...), but a good start
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From SM to NP: an effective approach

SM = effective low-energy theory from
an underlying, more fundamental and yet unknown, theory
At low energies, below the scale A of new particles

C
Lsm1/n = Loauge(Aa, V) + Lriggs(6, A2 V) + D +575007(6, Aa V)
a>5
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From SM to NP: an effective approach

SM = effective low-energy theory from
an underlying, more fundamental and yet unknown, theory

At low energies, below the scale A of new particles

c
‘CSM+1//\ = ﬁgauge(Aaa w}) + ['Higgs(¢7 Aa, \Uj) + Z /\Tlig]_ofgd)(d)7 A37 wj)
d>5
New operators O, suppressed by powers of A
@ Describe impact of New Physics on "low-energy” physics

@ Made of SM fields, compatible with its symmetries, o
e.g., dim. 5 effective neutrino mass term (g’f//\)w’ng)LT/gbng

@ Split high energies ¢, and low energies O, separated by scale A
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From SM to NP: an effective approach

SM = effective low-energy theory from
an underlying, more fundamental and yet unknown, theory

At low energies, below the scale A of new particles

c
‘CSM+1//\ = ﬁgauge(Aaa w}) + ['Higgs(¢7 Aa, \Uj) + Z /\TLOI(Td)(QS7 A37 wj)
d>5
New operators O, suppressed by powers of A
@ Describe impact of New Physics on "low-energy” physics

@ Made of SM fields, compatible with its symmetries, o
e.g., dim. 5 effective neutrino mass term (g’f//\)w’ng)LT/gbng

@ Split high energies ¢, and low energies O, separated by scale A

@ New d.o.f. and energy scale of NP ?
@ Symmetries and structure ?
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A multi-scale problem

‘\‘Vg W Z
} — > Gauge
0 .
! > Higgs
o — — } t > Fermions
vieud u s cT b t
Electroweak NP?

@ Tough multi-scale challenge with 3 interactions intertwined
@ Several steps to separate/factorise scales
BSM — SM+1//\ (/\EW//\) — Heff (mb//\Ew) — eff. th. (/\QCD/mb)

S. Descotes-Genon (LPT-Orsay) Phéno savoureuse 03/10/13 8



A multi-scale problem

Y9 W Z
I — > Gauge
0 .
! > Higgs
o — — } t > Fermions
vieud u s cT b t
Electroweak NP?

@ Tough multi-scale challenge with 3 interactions intertwined
@ Several steps to separate/factorise scales
BSM — SM+1//\ (/\EW//\) — Heff (mb//\Ew) — eff. th. (/\QCD/mb)
@ Main theo problem from hadronisation of quarks into hadrons:
description/parametrisation in terms of QCD quantities
decay constants, form factors, bag parameters. . .
@ Long-distance non-perturbative QCD: source of uncertainties
lattice QCD simulations, effective theories. . .
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Different processes for different goals

NP NP SM NP
—— [ ] 1
SM expected to be SM and NP SM zero or
dominant competing very small
(tree-dominated (loop-dominated (SM symmetry
processes) processes) forbidden proc.)
Metrology of SM Constraints on NP Smoking guns of NP

Separation between the last two categories hinge on theorists’ beliefs
concerning the size of NP, theoretical accuracy of SM prediction
and experimental measurements. . .
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SM I Flavour-Changing Charged Currents
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Determining flavour SM-parameters accurately even with NP
—only SM-dominated processes, i.e. tree-level FCCC
@ |Vyq|, |Vus| (rather accurately known from K and nuclear decays)
[ I (not yet at the same level of accuracy as « and (3)
@ |V,p| and | V| from exclusive semileptonic B decays
(improvement of hadronic uncertainties from lattice QCD)

Caveat: Babar B — D(*)rv with significant tree-level NP ?
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NP ? Flavour-Changing Neutral Currents

Forbidden in SM at tree level, and suppressed by
so good place for NP to show up (tree or loops)

AF 2: Bs mixing AF =1: Bs — up

b N u*
W gy
t
w w

u.ct

uct u*

I % g
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NP ? Flavour-Changing Neutral Currents

Forbidden in SM at tree level, and suppressed by
so good place for NP to show up (tree or loops)

AF = 2: Bs mixing AF =1: Bs — up

b uct
Y- - u
w w t
e
s u.c.t b s
b uct s b u*
Z.‘
" W >A/vv\rvvvvv\<
S w
s u.ct b
1 = T 2 C/ =
N ApF=2 ~ — (Bs|(bL75L)"|Bs)+ 75 (Bs| Oj| Bs)
b ms A
>< O, = SM-like or with other structure (scalar, V + A...)
s b in Heg linked to new particle features (H*, Wh...)
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Bounding NP: AF = 2 constraints

Operator Bounds on Ain TeV (cp = 1) Bounds on ¢, (A = 1 TeV) Observables
Re Im Re Im
(BLv*ay)? 9.8 x 10° 1.6 x 107 9.0x 107  34x1077° Amg; e
(3r.d1)(3.dg) | 1.8 x 10% 3.2 x 10° 69x107° 26 x 10" Amg; ek
(Cv*u)? 1.2 x 10° 2.9 x 10° 56x 10~/ 1.0x 10~ Amp; |q/pl, ¢p
(G u ) (Gug) | 6.2 x 10° 1.5 x 10* 57x10%  1.1x1078 | Amp;|q/p|, ¢p
(biy*dy) 5.1 x 107 9.3 x 107 33x107%  1.0x107° Amg; Sykg
(bg dy)(bydg) | 1.9 x 10% 3.6 x 10° 56x 1077  1.7x1077 Amg i Sykg
(b v*s.)? 1.1 x 10? 7.6 x 10~° Amg,
(bg s1)(bLsR) 3.7 x 102 1.3 x 1075 Ampg

[Isidori, Nir, Perez 2010]

Neutral meson mixing (AF = 2) SM-like, and ¢;/A?> must be small:

@ Significant mass gap

@ Couplings with close-to-SM pattern of flavour violation
@ Additional selection rules
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Bounding NP: AF = 2 constraints

Operator Bounds on Ain TeV (cp = 1) Bounds on ¢, (A = 1 TeV) Observables
Re Im Re Im
(BLv*ay)? 9.8 x 10° 1.6 x 107 9.0x 107  34x1077° Amg; e
(3r.d1)(3.dg) | 1.8 x 10% 3.2 x 10° 69x107° 26 x 10" Amg; ek
(Cv*u)? 1.2 x 10° 2.9 x 10° 56x 10~/ 1.0x 10~ Amp; |q/pl, ¢p
(G u ) (Gug) | 6.2 x 10° 1.5 x 10* 57x10%  1.1x1078 | Amp;|q/p|, ¢p
(biy*dy) 5.1 x 107 9.3 x 107 33x107%  1.0x107° Amg; Sykg
(bg dy)(bydg) | 1.9 x 10% 3.6 x 10° 56x 1077  1.7x1077 Amg i Sykg
(b v*s.)? 1.1 x 10? 7.6 x 10~° Amg,
(bg s1)(bLsR) 3.7 x 102 1.3 x 1075 Ampg

[Isidori, Nir, Perez 2010]

Neutral meson mixing (AF = 2) SM-like, and ¢;/A?> must be small:

@ Significant mass gap

@ Couplings with close-to-SM pattern of flavour violation
@ Additional selection rules

NP flavour problem: BSM models with many flavour violation sources

[\ large compard to Agy, loop suppression]
[Minimal Flavour Violation: all flavour violation from Y]
[Loops with NP only, coupling only within a generation]

@ Decoupling
@ Universality

@ Alignment
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Bounding NP: AF = 2 constraints in the fufure

@ Stage I 7fb~1 LHCb data + 5ab~" Belle Il
@ Stage II: 50fb~' LHCb data + 50 ab~" Belle Il

p-value p-value
T

L T 1.0 08 : 1.0
i FH 1 Bos i R | Bos
04 - - [Hos 04 - — |Hos
[ ] 0.7 [ ] 0.7
0a- - Hos 0a- - Hos
= E 1 Fos = i 1 Fos
02 - [Hoa 02| - Hoa
[ ] 0.3 [ ] 0.3
01l | Moz il - Bo2
1 Bos L 1 o1
00 P N B R 0.0 Ma’f\HH\HH\HH\‘H’ 0.0
0.0 0.1 0.2 03 0.4 05 0.0 0.1 0.2 0.3 04 0.5
hy hy
NE; N Bd %nd BS mIXIngS2' Couplings ‘ NP loop ‘ Scales (in TeV) probed by
_ lo order By mixing | Bs mixing
M, = (M%)sn x (1+hg €2i79) 2 d
12 ( 12)SM q Gyl = ViV | | tree level 17 19
B 2 T n 2 (CKM-like) one foop 14 15
from C/j//\ X (bL’}/ qL) [Cj| =1 tree level 2 x 10% 5 x 10°
[J. Charles et al] (no hierarchy) | oneloop | 2 x 107 40
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Hunting NP: AF = 1 effective approach at u = mj

10
b— sv(") : HAE o Y VisVinCiQi + ...

=1
e Q= g%mb SoH (1 +75)I-LW b [real or soft photon]

e Q= §§vu(1 —8)b Pyl [b— spp via Z/hard 4]

@ Q= Séﬁ;ﬂ —5)b by, vsl [b— spu via Z]
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Hunting NP: AF = 1 effective approach at u = mj

10
b— sv(") : HAE o Y VisVinCiQi + ...

=1
e Q= g%mb SoH (1 +75)I-LW b [real or soft photon]

e Q= ?237“(1 —8)b Pyl [b— spp via Z/hard 4]

@ Q= Séﬁ,ﬂ —5)b by, vsl [b— spu via Z]

NP changes short-distance C; and/or add new long-distance ops Q;
@ Chirally flipped operators (W — Wg)
Q; x 86" (1 +v5)F b — Qp x o (1 —~5)F,u b
@ Scalar/pseudoscalar operators (y — H) _
Qg o< v, (1 —75)b Pyl — Qs o Sb(1+75)2¢, Qp o< 8b(1 +5)lst
@ Tensor operators (y — T) B
Qg x Sy, (1 —v5)b byl — Q1 o< S0, (1 — v5)b Loyl
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Hunting NP: b — s+(*) data

Choose incoming and outgoing states (same quark content, but
different spin, parity...) to select some of the operators for b — sv(*)

B — Xsv, B— K*~v: C7, good agreement with SM

T o T T T

] o
LHCb E 08 LHCb SM Predictions

AN I TUC
sl 87 L

Candidates / (44 MeV/c?)

5500 ey MV "0 5 10 15q R [Gevzlio“ ]
Bs — pu: Br B — K*(K7)uu: ang. analysis
Cio()> Cs(): Cp(y: OK with SM All operators: Cy # C5M?

—>Global fits to data suggest Cq # C;?’V’, all the rest ~ SM

[SDG, J.Matias, J.Virto; D.Straub, W.Altmanshoffer]
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Hunting NP: model building

Model-independent approach restricted to b — s+ transitions
@ Interpretation in terms of a particular NP model
@ Accounting for pattern of results
@ And complying with other constraints (in particular AF = 2)
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Hunting NP: model building

Model-independent approach restricted to b — s+ transitions
@ Interpretation in terms of a particular NP model
@ Accounting for pattern of results
@ And complying with other constraints (in particular AF = 2)

. u b [
2 >WV£NW<
t
W e .
Which model for this pattern ? [from “Fermi” to “EW”]

@ Contribution to (real) Co: FCNC coupling b and s o< Vi Vi,
@ No contribution to Cg p: vector meson (Z' style)
@ No contribution to Cq: coupling to left-handed b and s
@ No contribution to Cyq(/y: vector coupling to muons
=—>Not easy to account for in other models (susy, compositeness)

[D.Straub, W.Altmanshoffer]
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NP huntfing: connecfing AF =1 and AF =2

E = 12 e~ e V, P e
>vazwwv< W Z z W
s b u- Y Vy b s u
Such a Z’ would also affect at least
@ B;Bs mixing [A, = AMg,/AMEM —1]
@ unitarity violation in 1st row Vi [Ackm = 1 — | Vud|? — | Vis|? — | Vb |?]
@ b— sup [still to be observed...]
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NP huntfing: connecfing AF =1 and AF =2

b s
’
>/vwvzvvw/v< w 4 Z W
s b [ b § u

Such a Z’/ would also affect at least

@ B;B; mixing [Ap, = AMg,/AMEM — 1]
@ unitarity violation in 1st row Ve [Ackm = 1 — |Vl — | Vusl? — | Vi|?]
@ b— sup [still to be observed...]

o
[
S

@ Correlation between observables
(depend on Mz =1,3,10 TeV) OK
with bounds [R. Gauld, F. Goertz, U. Haisch]

@ Extended to Z’ having FCNC bd
and bs to reproduce Amg/Amy,
other lepton couplings. . .
=>more correls [e.g., By s — np]

[A. Buras, J. Girrbach]
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Prospective: recent improvements in lattice QCD

@ chiral extrapolation in quark masses physical quark masses
@ isopin limit strong and electromag isospin breaking
@ u,d,sonlyinthe sea effect of dynamical charm
@ 0 or 1-body (ground) state 2-body final states, resonances
@ SM operators general BSM operators
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Prospective: recent improvements in lattice QCD

@ chiral extrapolation in quark masses physical quark masses
strong and electromag isospin breaking

@ isopin limit

@ u,d,sonlyinthe sea

@ 0 or 1-body (ground) state

@ SM operators

effect of dynamical charm
2-body final states, resonances
general BSM operators

6
51,10.1%

0.3%5, ¢

L{fm]

R

S
T
&
°
k3
%
s

x ETMC'09 (2)

7 o ETMC'10 (2+1+1)

o MILC'10

= QCDSF'10(2)

© QCDSF-UKQCD '10
WMB'10
PACS-CS '09

o RBC/UKQCD'10

o JLQCD/TWQCD '09

HSC 08
* BGR'10(2)

@ Most results already
dominated by syst

@ Saturation likely 1% for

Il Il Il
100 200 300 400 500
M, [MeV]

S. Descotes-Genon (LPT-Orsay)
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many qties (small syst
neglected before. . .)

@ Little about systematics
correl. between observ.

Phéno savoureuse 03/10/13 18



Prospective: recent improvements in lattice QCD

@ chiral extrapolation in quark masses physical quark masses
@ isopin limit strong and electromag isospin breaking
@ u,d,sonlyinthe sea effect of dynamical charm
@ 0 or 1-body (ground) state 2-body final states, resonances
@ SM operators general BSM operators
o 1| meni | @ Most results already
° = QCDSF'10 (2) .

S[ei01% 7 |o cosrukaep o dominated by syst
o' owbian e 1 ¢ aonenw| @ Saturation likely 1% for
=3 1 15 Bormow

u:ijf:;%“«a K ] many qties (small syst
s s neglected before. . .)
@ Little about systematics

I I I I I
100 200 300 400 500 600

MMV "lon. Haing correl. between observ.
fD,fDS,fB,g,BK < 1% D—>7Tfl/,B—>7T£l/ 2%
D — Ktv,B — D*lv 1% Amg 5%
B — K[E, K — 7‘(—[[, BSM mIXII’]gS soon 2018 USQCD predictions
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Prospective: observables of interest

v, B — w(p)lv Accurate tree-level SM

B — D(*)rvvs B— D(*){v, B— tv Charged Higgs
Bsg — L Higgs mediated FCNC
¢s [CP-violation in Bs mixing] New CPV mechanisms

B — K(*)t¢,B — K(*)vo (and A — Ap) Non-standard FCNC
~ polarisation in b — s~ Right-handed currents
K — v MFV
CP-violation in charm Null test of SM in up sector
EDM CPVIinAF=0

Lepton Flav. Viol. (u — ey, 7 — 3pu) Null test of SM in lepton sector

without mentioning all the neutrino phenomenology. . .
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Outlook

Flavour physics
@ Low-energy window on electroweak scale and beyond
@ Using SM symmetries to look for tell-tale signs of NP
@ Exploiting different scales through a series of effective theories
@ Long distances: non-perturbative QCD source of uncertainties

NP analyses in flavour with two successive steps
@ Model-independent: focus on class of quark processes to
constrain ¢/A? and operator structure [already NP flavour problem]
@ Model-dependent: design model and connect it with other flavour
constraints (and high-pr if possible)
@ lllustration with AF = 2 (setting bounds) and AF = 1 processes
(model building)

Powerful tool to probe and constrain not ontly SM but also NP
if enough data from different sources to extract meaningful patterns
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Back-up




Theoretical tools for QCD

(K" (k,£)87.(1 = 75)b|B(p))
= €uvpo X 2V(qP)/(mg + mx-)
—I'E?(*yu(mg —+ My~ )A1 (qz) +...
4 form factors
depending on ~ virtuality

@ lattice QCD (discretised version of the theory)

@ progress in computational power (1% accuracy in view)
@ access to final-state interactions for two meson states, start tackling
unstable particles under strong interaction
@ heavy-flavour effective theories
@ Expansion in Agcp/my to exploit heavy-quark symmetry
@ Separation of soft (universal) and hard (process-dependent)
e Simplification in terms of soft form factors (all B — K* : 7 — 2)

@ sum rules

e Duality between hadron and quark in specific energy range
e Different energy window from lattice QCD
o Difficult to assess corrections due to duality violations
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Flavour and SM

Misalignment of up-type and down-type Yukawa couplings
=weak interaction not diagonal in mass eigenstates

U; w g -
>m /2 Vi oy Wit e
d; unitary Cabibbo-Kobayashi-Maskawa matrix

Ve Vs Vb 1— /\72 A AXN3(p — in)
V=1 Veg Vos Vo | = - — )‘?2 A\2
Vie Vis Vi AN(1 —p—in) —AN2 1

1 complex phase (for 1, # 0) source of CP-violation in the quark sector

(A0

IO

(small but non-squashed) Vi Vi Y Vi
B-meson triangle (bd) Vo | VooV

) B
LEL] (108
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SM: Constraining the CKM matrix

2 d b ; N
e g
P Z e il
" ne=y, |K == | =3
o s s
= c - U i - I/
D — D C-i:!rh B I__-:_?D
t W
% ' B | BB B T,
-

d s b
u " -
c ®m . .
t - B

CP-invariance of QCD to build hadronic-indep. CP-violating asym.

or to determine hadronic inputs from data

Lattice inputs (mostly) for CP-conserving quantities
@ Statistical framework to combine data and assess uncertainites

Exp. uncert.

Theoretical uncertainties

Tree B — DK

B(b) = D(c)lw

| Veo| vs form factor (OPE)

ol B(b) — w(u)tv | Vip| vs form factor (OPE)
M — v |Vup| vs fiy (decay cst)
Loop | B— J/VKs g ex (K mixing) (p, 1) vs Bk (bag parameter)
B— wm,pp a | Amg, Ams (Bg, Bs mixings) |V Vie| Vs 5B (bag param)
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SM: The current status of CKM

1-5 T T T ‘ L ‘ T T T \* L T 1T T 1T
[~ | excluded area has CL>0.95 | % 7
r N 1 [Vl [Vusl, [Vebl, | Vil st
ror %o Amg& Am, 5
F 4 — TV
Fsin2p B
0.5 — A —
- My o Amy, Ams, ek
L ©k o
IS 00| < £ 8 | .
Co U 1 a, sin23, v
[ bls ]
L |Vub| 4 ]
-0.5 — TV =
L ] +0.012
L Iy
I el solwicos2p<0 A=0. 2246+881Og1
L FPOP 13 (excl.atCL>0.95) - _
_1 -5 L I ‘ I I ‘ I ‘ I | ‘ N | ] p 0 129 8 8?8
-1.0 0.5 0.0 0.5 1.0 1.5 2.0 7 =0. 348+O 012
P (68% CL)
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SM:

BR(B — )

A discrepancy dies away
030 18 ‘;:i-valu%.o 030 11 ‘;i-valuem
r 1 [Foe F { Hos
0.25 — — 0.25 — —
F 4 [os F { [Hos
020 |- E 07T oz s E 0.7
= + B 0.6 g 0.6
r ] 1 r ]
0.15 — — 0.5 0.15 — — 0.5
s ] Q r ]
r 1504 £ r +/ 1 Hoa
0.10 — — 0.10 — —
F { Fos3 F { o3
E 1 o2 E 1 o2
0.05 - | 0.05 - |
- i i = o
P ST R E P B B 0.0 P S R P R B 0.0
05 0.6 0.7 08 0.9 1.0 0.5 0.6 0.7 0.8 0.9 1.0
sin 2f sin 2f

@ There used to be a significant discrepancy for B — rv or sin(2/3)

2.80 [Moriond 12] — 1.60 [ICHEP 12]
New Belle result with hadronic tag for Br(B — 7v) changing WA
(1.6840.31) - 103 [Moriond12] — (1.1540.23) - 103 [ICHEP12]
Brings pure QCD (no CKM) ratio d' (B — ntv)/dq?/Br(B — Tv)
closer to theoretical estimates (sum rules)
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FCNC in agreement with SM

AF = 2: Bs mixing AF =1: Bs — MM

b uct s
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w w
s u.c.t b

K -+ Prediction w/o Amg
010 Ty T LB s e reoris | --- Prediction w/o fg
PR excudedarea s CL> 095 O3 Prediction
) ] 10 N BN B -
ros v 08 -
005 |- Am, & Am, =
];ﬂ . g osf 4
a \ g
o | Vi | o Pl ]
1= 0.00 r n
i 02 - -
00 Latt v 1o - M Dl
r 28 3.0 3.2 34 36 38 4.0 42
005 b Br(B_—uy) [107]
F sin 2B *
e ’ o o
=t _— Brew = (3.2+£1.0) - 10
PRI B i, P R
10 th +0.18) -9
-0. 10 -0.05 0.00 0.05 0.10 = .
o Brgy, = (3.557;3,) - 10
sz

Agree well with SM, as probed by LHCb (Bs) and before, by B-factories
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Setting bounds on NP in AF = 2: Inputs

2003 2013 Stage | Stage Il
Vgl 0.9738 £ 0.0004 0.97425 £ 0 + 0.00022 id id
[Vus| (Ke3) 0.2228 + 0.0039 + 0.0018  0.2258 + 0.0008 = 0.0010  0.22494 -+ 0.0006 id
lek| (2.282 +0.017) x 103 (2.228 +0.011) x 103 id id
Amg lps~ ] 0.502 =+ 0.006 0.507 = 0.004 id id
Amg [ps— 1] > 14.5[95% CL] 17.768 + 0.024 id id
[Vgp| x 103 41.6 +0.58 + 0.8 41.15 4 0.33 4 0.59 42.340.4 42.3+0.3
|Vyp| x 10° 3.90 - 0.08 - 0.68 3.75 = 0.14 =+ 0.26 3.56 & 0.10 3.56 + 0.08
sin28 0.726 £ 0.037 0.679 & 0.020 0.679 £ 0.016 0.679 & 0.008
a (mod ) — (85.4140)° (91.5 £ 2)° (91.5 £ 1)°
~ (mod ) — (68.018,0)° (67.1 & 4)° (67.1 £ 1)°
Bs — —0.005 + 0.035 0.0178 £0.012  0.0178 + 0.004
B(B — Tv) x 10* — 1.15+0.23 0.83 +0.10 0.83 + 0.05
B(B — pv) x 107 — — 3.74+0.9 3.740.2
AZ x 10 10 = 140 23 + 26 —7+15 -7+10
A x 10* — —22 452 0.3+6.0 0.3+2.0
o T2E0£02 7.286 £ 0.013 £ 0.040 1.286 £ 0.020 7.286 £ 0.010
g 167.0 + 5.0 165.8 + 0.54 + 0.72 id id
as(mz) 0.1172 & 0 + 0.0020 0.1184 + 0 + 0.0007 id id
By 0.86 - 0.06 = 0.14 0.7615 = 0.0026 + 0.0137 0.774 =+ 0.007 0.774 + 0.004
fas [GeV] 0.217 + 0.012 £ 0.011 0.2256 = 0.0012 + 0.0054 0.232 + 0.002 0.232 -+ 0.001
B, 1.37 £ 0.14 1.326 + 0.016 + 0.040 1.214 + 0.060 1.214 + 0.010
fas /Ta,, 1.21 4 0.05 + 0.01 1.198 + 0.008 + 0.025 1.205 + 0.010 1.205 + 0.005
Bg /Bg, 1.00 + 0.02 1.036 + 0.013 + 0.023 1.055 + 0.010 1.055 + 0.005
E;BS/E;Bd — 1.01 £+ 0 4 0.03 1.03 £ 0.02 id
Bg — 0.91 £ 0.03 & 0.12 0.87 + 0.06 id
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Setfting bounds on NP in AF = 2: CKM projections

@ Stage I: 7fb~! LHCb data + 5ab~" Belle Il
@ Stage II: 50fb~! LHCb data + 50ab~" Belle Il
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[J. Charles et al.]
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Hunting for NP in AF = 1: Global fit to radiative

4t W el 1 @ B— K*uu:
Do P1, P2, Py, Py, P, Py, Ars, FL
1 ST e B XeyiBr
s o @ B— Xsutp:Br
@ Bs — up: Br
_ol @ B — K*y: Ajand Sk,
N/ with interesting results
-4} N @ consistent pattern favouring

A . A A A A ~ SM
-0.15-0.10 -0.05 0.00 0.05 0.10 0.15 Cg ~2 7& CQ ~ 41

cyP @ C$M =0 discarded 3.9 &
[SDG, J.Matias, J.Virto]

Other global fit with different binning and observables agrees with
Cg ?é CéSM but favours also Cé ?é 0 [D.Straub, W.Altmanshoffer]
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