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Flavour Structure of the Standard Model

u v cC V [ Vv ~ 7
f ) () SR
d e s U b 1
 Pattern of masses
- Flavour Mixing —

Related to SSB

) c;5 Scalar Sector (Higgs)
« Kaon Factories: u,d, s « LHC: t,b,cc
e 7cF: c,1 « LC: t,b,c

e BF: b,c,x  vF: Ves Vs Vs
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Universality: Family-Independent Couplings
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CP still a good symmetry (1 family)
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FERMION MASSES

Scalar - Fermion Couplings allowed by Gauge Symmetry

(+) (0)+ _ (+)
EY = = (%aqd)L {C(d) (i(o)) (Qd)R + [_¢¢(+)Tj (qu)R} o (VI’Z)L C(l) {Z(o)j ZR + he.
] ssB

H B B _
L, = —(1+7) {qu Gpdqq + M, 4,9, +m, ll}

Fermion Masses are
New Free Parameters

m, f

v : : m,

H \ Couplings Fixed: Eurr =
f
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FERMION GENERATIONS

N.=3 Identical Copies Masses are the only difference
Q=O [Vj ujj Q=+2/3 (j:la...,NG) WHY ?
0=-1 [ d; Q=-1/3

— 71 (d) ¢(+) ' (u) ¢(O)T ' — 7 (/) ¢(+) '
EY - _Z (uj’ j)L Cjk ¢(0) dkR + Cjk _¢(+)’r Wep | — (vjﬂl )L C]k ¢(0) l + h.c.

gj (d)-My-djy + Mt + -M- I + he |

L, = —(1+

Arbitrary Non-Diagonal Complex Mass Matrices

(MMM ] = [ |
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DIAGONALIZATION OF MASS MATRICES

H; = HI‘
U.-Ul =U-U; =1
S.-SI =8]8, =1

M, =H,bU, =S -M, S, U,

o _ g
M, = H,-U, =8§,-M,-S§,-U,

L, = - (1+ﬁ) (dMyd+T-M,u+T-M,1}

A%

M, = diag(m, ,m,,m,) ; M, = diag(m,,mg,m,) ; M, = diag(m,,m,,m,)

Mass Eigenstates

d, =S,-d; ; u, =S, u; =S80 -
dp =8, U,di 5 up=8,.U,up 5 [p=8.U; I Weak Eigenstates
6 =Tt 5 Tath=Tef m— Lo = L

u,d;, =u,-vV-d, ; V=S,-S/ —> L. # L.,

QUARK MIXING
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Flavour Conserving Neutral Currents (GIM)

LZ . = — ¢ 7 fy v, —a f
Ne 2sin @, cos 6, “ Zf: 4 [f f7/5]

S wt
/
d Ty
Br(K, > u"u") = (6.84+0.11)x10” .,  Br(Kg— u'u) <1.0x10” (95% CL)

LHCb, 1706.00758

Sy > utu
K¢ (x'n7) > (yy) > p'uw
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Flavour Changing Charged Currents

u c t
A / 1 \ A
v l v
d s b
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Weak Decays

7 -
w ¢ W e, u,d,
‘7(3 veﬁvluaﬁ
2 2 ) 5
g q << M,, g
T(—>v,I'v,) KL 426G
/ [ M;/_qg I%V "
L_Gemy oo _5_2
— = fmimy) W G = (1166378 7:£0.000 000 6) x 107 GeV
y7,
2
Tew = {1+ Ol(mu) (é_;ﬂj-rcz a(mé,) :l = 0.9958 ; f(x)=1—8x+8x3—x4—12x210gx
272' 4 T
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UNIVERSALITY
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CHARGED CURRENT UNIVERSALITY

g./g,|

Br—>e T,u/z-r
FT—)ﬂ'/Fﬂ'—),u
T—)K/FK—)/J

W—)z'/BW—>,u

1.0011+£0.0015

0.9962 +0.0027

0.9858 +£0.0070
1.034+£0.013

2,/8.
B,,,/B. . | 1.0018+0.0014
B,,,/B,,. | 1.0021+0.0016
By, /Bk e | 0.9978 £0.0020
By s/ B sme| 1.0010 £0.0025
By /By e | 0.996+0.010
/2|
B,,,7,/7. |1.0030+0.0015
By /By | 1.031£0.013

Flavour Physics

A. Pich, arXiv:1310.7922
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Flavour Changing /f\ 1
Charged Currents Xl)<

2

O <

I'(d, > uev,) «

We measure decays of hadrons (no free quarks)

Important QCD Uncertainties
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V; Determination (©-o0) 4.

Konfv, D—>K¥v...

=~
xQ

(P i d | P(R)) = Cpp{(k+Y [, (4 + (k=K [ ()}

G2M§ 2 >
(P —P'ly) = 0o Vi [ Cop [ /(O[T (146¢) | /(") suppressed

L2 (k=K' T7,(—95) v ~ m,
f+(q )
f.(0)

MM dg®  3n 9 0 o
I ~ fo ~w A MM

P

Measure the g2 distribution —=mp 1
Measure T — J(0) [V
Get a theoretical prediction for /., (0) mmsp [V |

Theory is always needed: Symmetries
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Symmetry (CVC): o5 =0.(mrd)~m, -—m =0

Vij(x) = " Vi) e ™
k

.
(RGNS D|P(0) = € Cpp (kK'Y V(0 ?q

Clebsh-Gordan:  C,,. =1/+/2 (P'= "), 1 (otherwise)

oV =0 - N, = f d’x V(x) = f d*x uf(x) d (x)

Cpp Agp = <B'(k')|N,~j

PP’ ik

P(K)) = (B [ dx Vx| Pooy)

= Cpp (21 8(§) 2k [7(0) = Cpp Ay, £7(0)

= | f7(0) =1
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|Vud|

f:(0) = 1+0[(m, —m,)*]

Superallowed Nuclear B Transitions (0*— 0%)

|2 77311'12

|V

!

TG (14 b))

(2984.4840.05) s

Jt (14 dgc)

(Marciano — Sirlin)

V4| = 0.97420 + 0.00021

] T
0.975 1
Vud i }
0.974 } { .
0.973
L 1 1
1990 2000 2010

Date of analysis

Flavour Physics

3090
3080

3070

3100

7t(s)

3070

3060

3090

3080 |

[ Hardy-Towner 2018 } :
(]
$=
]
5 10 15 20 25 30 35
Z of daughter
22Mg 38ca 62Ga 74Rb
10C 34C|38mK 46V 54Co
140 26mAI 34Ar 4zsc50Mn
(] L iﬁiii s { }

Z of daughter
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|Vud|

f:(0) = 1+0[(m, —m,)*]

Superallowed Nuclear B Transitions (0*— 0%)

3090+
Vo= 7 1n2 (2984.4840.05)s
U A GEmd (14 6,) fill+6
i’)’ 3060
See =AY +Ayy - Fi=fi(l+Ay,)=307227(72)s ~
3040
3030
v |0.02361(38) Marciano-Sirlin, 2006
®10.02467 (22)  Sengetal, 1807.10197
3100
’UT 3090
“L",\ 3080
| B 0.97420 (21) Marciano-Sirlin 3070
ud®10.97366 (15) Seng et al 3060

Flavour Physics

[ Hardy-Towner 2018 } :
(]
$=
]
5 10 15 20 25 30 35
Z of daughter
22Mg 3sca 62Ga 74Rb
10C 34C|38mK 46V 54Co
140 26mAI 34Ar 4zsc50Mn
(] L iﬁiii s { }

Z of daughter
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e Neutron Decay: Vo= (4908.7+1.9) s
e 7 (143)%)

(Czarnecki — Marciano — Sirlin)

PDG10: 1,=(885.7+0.8) s , A=g,/gy =-1.2694 + 0.0028
PDG18: 1,=(879.3+0.9) s , A=g,/gy =-1.2724 + 0.0023

0.982 ———
0.98F
ﬁ | |V 4| = 0.9763 + 0.0016
0978~  PDG 2008 T, -
0.976 Newt,
>g i O+% O+Vud |
o974 o o T,=(878.5+0.7+0.3) s
0.972} T PDG16 (Serebrov et al, 2005)
i PDG 2008 % :
s Je—— PDG10
1255 126 1266 127 1275 128
||
e Pion Decay: Br(z" — z'e'v,)=(1.036£0.006)x 10"

(PIBETA)

IV 4| = 0.9749 + 0.0026
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K - nfv Decays

FLAG2016

f4(0) = 1+ O[(m; _mu,d)z]

FLAG average for Ne=2+1+1

ETM 15C
FNAL/MILC 13E
FNAL/MILC 13C

Ne,=24+141

Ne=2+1

FLAG average for Ny=2+1

RBC/UKQCD 15A
RBC/UKQCD 13
FNAL/MILC 12|
JLQCD 12

JLQCD 11
RBC/UKQCD 10
RBC/UKQCD 07

|

FLAG average for Ny=2

ETM 10D (stat. err. only)
ETM 09A

QCDSF 07 (stat. err. only)
RBC 06

JLQCD 05

JLQCD 05

——

Cirigliano 05
Jamin 04
Bijnens 03
Leutwyler 84

O(p°)
O(p*)

Kastner 08 }Large xPT correction

non-lattice

094 096 0098 1.00

2012:

/.(0) =0.959£0.005

—

2016: f.(0) =0.9706+0.0027

Flavour Physics

Flavianet,

arXiv:1005.2323 [hep-ph]

Moulson, arXiv:1411.5252 [hep-ph]
0.213 0.214 0.215 0.216 0.217
" I ' 1 " I ' 1 " I
K_e3 i | =
K_u3 —
Kg e3 .
K" e3
K*u3 4
N 1 L 1 N 1 L 1 " 1
0.213 0.214 0.215 0.216 0.217

[£,.(0) Vyg| = 0.2165 +0.0004

= (0.2255£0.0014

= 0.2231+0.0007
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I(K*> p*v,)/T(n* > p*v,)

Vs | 0.2313+£0.007
| Vud |

Jie Vs | = 0.2760 £ 0.0004 >
f7r |Vud

<O‘c7l.7“75uj‘P(k)> =i fp k"
foslfne

FLCAG2016
— T . . FLCAG2016
+ FLAG average for Ne=2+1+1 T :
- ETM 14E 0.230 :
+ FNAL/MILC 14A H
o~ ETM 13F H
HPQcD 13 e J
I MILC 13A |
= MILC 11 (stat. err. onl}l)
=z —{— ETM 10E (stat. err. only)
FLAG average for Ni=2+1
RBC/UKQCD 14B
—H RBC/UKQCD12 Meedop o | _— ™Y =T
Laiho 11
MiLcio 1 T ) S
— —L{— LQCD/TWQCD 10
+ — BC/UKQCD 10A "
™ BMW 10 N Ay T
I {\';,EE%QXVQCD 09A (stat. err. only)
e
= H MILC 1 lattice results for £,(0), Nr=2+1+1
e é}k’g'srlgss 08, 08A I iattice results for fi/fys, Np=2+1+1 T
' —— i EES%(/%EB@S o7 [ lattice results for £,(0), Nr=2+1
—— [ iattice results for fesl e, Ne=2+1
| '_—H:H—< Iltlll'lall'CQ%E 06 [ Ilattice results for £,(0), Nr=2
FLAG average for Nr—2 I iattice results for f-/f,., Ny=2
HH ETM 14D (stat. err fonl ) 1 lattice results for Ny=2+1+1 combined
c|\|l _ QIE;E{HlAl:LBA T Y 1 Iatt?ce results for Ny=2+1 combined ]
= {1 { BV 10D (stat. err. only) 1 lattice results for N;=2, combined
ETM 09 nuclear g decay
. . o — ) QCDSF/UKQCD 07 . ‘ L ‘ ‘ . |
1.14 1.18 1.22 1.26 0.96 0.97 0.98 0.99 1.00 1.01 1.02
vud

fo/f.=1.1933+£0.0029 (FLAG 2016)
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Lt~ = v X)) ¢ ’
us — _ W
e I'(t— = vre ) s
Vo ™ @
Gamiz-Jamin-Pich-Prades-Schwab
R R 2 v, [ = s
= —rwd o og T ('”2'%) A(ay) = 024040.032  mmmp =R .
‘Vud‘ ‘VuS‘ 4 —5 —OR,
Vad
HFAG 2016: R__, =34718x0.0072 . R, ¢ = 0.1633£0.0027
- V| =0.2186 £ 0.0018,  +0.0010,,

Replacing t— vK(n) by K—vu(n) data: IV, .| =0.2213+0.0023

With better data, could give a very precise V, . determination
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Heavy Quark Symmetry

® Atomic Physics: w=m,My/(m+My) ~m, < My , %N/MN
- Flavour Symmetry: Same chemical properties for different isotopes (Z=2", M= M)
- Spin Symmetry: Atoms with nuclear spin J are (2J+1) degenerate

® Heavy-Light Mesons Qq: My > m ,A ; 6Pg~A ; dvg~AINMg < 1

- Q is practically at rest and acts as a static source of gluons (Ag ~ 1/Mg < Ry.q~ 1/A)

- The interaction is My and Jq independent =  Flavour and Spin Symmetries
BoD B < B*

® BoDblv: Bi=My+k , =1, k~A, Qa)me " b)) , |M(P) =M, \M@)}

<D|57ﬂb|B> =) <D(UD> E](;)’y”héz) B(UB)> = &(vp-vg) (vp + vp)!
b = c Vp-Ve Nothing changes at zero recoil: Vp=Vg [(0?),. = (Mg-Mp)? ]

t<o0 t>0 ‘ §(1)=1

Flavour Physics A. Pich — TAE 2018 24




cbI

—0.043

Inclusive B Decays (OPE, HQET)

- G2\ V|2 12 12,
B — X i) = £ 7b I ™ G
( c(7) 19273 {f(p) +k(p) 2ms +9(r) 2ms; }

| Fits to lepton energy,
S hadronic invariant mass and
_ // photon energy moments
0.042 gzg‘f‘. -
- | v | _[(4219£078):107  Kinetic mass
s | HPAG 2016 [V, - (41.98+0.45)-10° 1S mass
L X, Y constraint : -
L m, constraint
0.04; T B B ]
4.55 4.6
m, (GeV) n -3
PDG 2018: Vel =(42.2£0.8)-10

Gambino- Healey-Turczyk, 1606.06174

V| = (42.00 £0.63) <107

Higher Power Corrections
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G IV_| [107]

nEW

QCD Symmetries
at 1/Mg— 0

Ari=1 CLEO g ax=1 CLEO
0 —2 HQET
i BABAR global fit ; 401 CanriniLellouch-Neubert izt
BELLE i - 85@‘]}‘ aprini-Lelloucn-Neubert parametrization
401 AVERACE (¥ ) m? 7, ELPHI
= / T/ E}Ert.reco.) New G(l) |Vcb | —
35 "IVBABAR (Global Fit)
(L AABAR (D*0 ) -3
ol BEEBABAR - (41.57+£1.00)-10
ALEPH 307 Tew F(l) |Vcb | —
201 | | | | dof = TW 8 i | | | ‘ | | x“-fldaf= 30.|2/23 3
0 | > o o5 T 1 15 2 (35.61 £ 0.43)-10
p’ p?
FNAL / MILC :
ey G() =1.0614£0.010  web |V, |=(39.1840.94, +0.36,)-10"
ey F() =0912£0.014 =i |V, |=(39.05+047, +0.58,)-10°

=(39.10£0.60)-107°

- ‘ Vcb

3.3 o discrepancy with inclusive measurement
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Parametrization Dependence

Analyticity, Unitarity * Boyd-Grinstein-Lebed (BGL)
Crossing Symmetry » Caprini-Lellouch-Neubert (CLN) (HQET relations valid within 2%)
*
‘ B —> D 'g Belle data (1702.01521) + Lattice + LCSRs Bigi-Gambino-Schacht, 1703.06124, 1707.09509
. L o
> 50 14 -3
© 'N .
£ 10 SN 107+ |V,
5 0 Z Lo CIN 39.2+1.1
E 20 E 0.8 BGL- | 40.6+1.3
5 10 S 06
0! B B ] 04
1.0 1.1 1.2 1.3 1.4 1.5 1.0 11 1.2 1.3 1.4 1.5 w = vglhp
w w

See also Grinstein-Kobach, 1703.08170; Bernlochner-Ligeti-Papucci-Robinson, 1703.05330, 1708.07134

1:3

® BoD¢v il

L1t

— Babar
— Belle
— FNAL/MILC

_ HPQCD Bigi-Gambino-Schacht, 1606.08030

fo(z) 09»{% R
V| =(40.49£0.97)-10
t. = (mp+mp)”. t_ = (mp—mp)°. 08¢
o VIFw VAN ty—t orf
N = vy Vo

0.6
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B> X,{V

CLEO (E)
4234049 +022-031 _——t a)
BELLE sim. ann. (m, Q)
4524047 +025-028 —
BELLE (E) H
4.95+0.46+0.16 - 0.21 o
BABAR (E) :
452%026+0.17-0.24 -t
BELLE multivariate (p*)
4.62+0.28+0.09-0.10 i
BABAR (my < 1.55) ;
430+0.20+0.20-0.21 i
BABAR (m\,< 1.7) g
4.10£0.23 +0.16-0.17 e
BABAR (m<1.7. q° 2>8) ;
4334023 +0.24-027 i
BABAR (P*<0.66) :
425+0.26+0.26-0.27 e
BABAR (m @ fit, p*>1GeV) b
4444024 +0.09 - 0.10 e
BABAR (p*>1.3GeV) :
4434027 +0.09-0.11 _—
Average +/- exp + theory - theory
452+0.15+0.11-0.14 e
dof = L9210 (CL = 5100 %
?HEP 0711no 038, 236%1 a(“GOG(’U) ssola. N. Uraltsey : H F A G
! | | | | | i Summer2016|
2 4 6 [
-3
V[ [x107]
u
| Framework [V |[1077] | u
BLNP 444 £0.15753)
e 15
DGE 4.52+£0.1671¢ u
GGOU 4.52 40157011
ADFR 4.08 £0.137013

BLL (mx/q* only)
LLR (BABAR) [531]
LLR (BABAR) [532]
LNP (BABAR) [532]

4.62+0.20£0.29

4.43 +£0.45x£0.29
4.284+0.29£0.29£0.26 £0.28
440 £0.30 £0.41 £0.23

2
S

th
=)
=]

Entries per 0.1 GeV/c
g 5
=] =]

8
=}

* B® data
[[B—=X,ev
@B—X,ev
[FlSecondaries
Elcombinatorial
/Continuum

s b b b b |
-
S
[E—

V., 50
12 14 1. 3=rT2 2.4
b Vub u
[~ [~
_ w _
Vi L‘< Vi

Large backgrounds from B — X_lv

Strong experimental cuts

Large theoretical uncertainties

HFAG 2016:

Van

incl

4.52+0.15

+0.11
—0.14

1073

| Vun | Differential Models

12 "| BLNP:NP B699, 335 (2004)

10f DGE: JHEP 0601, 096 (2006)
< os GGOU: JHEP 0710, 058 (2007)
2 ADFR: Eur. Phys. J. C59, 831 (2009)
S 06
[
=04

02

00 . : .

10 15 20 25
My(GeV)

Flavour Physics
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—

—

0 -t 6 -
dB(B"— = I" v)/dg’ [10° GeV™]

Bonfv

T T T I T T T T I ] ({‘_' I T T T T | T T T T I T T T T | T T T T I T T T T I
- Input Measurements: - '> B -
- . | g —¢— Average Belle + BaBar  __|
2 B o ‘-,ic E-;E,,e u,,,agged..p,‘,ys Re.," f.j’agiiif-fuﬁ‘(.zoyﬂ,‘- & B"%B;?asavunfaggsc Phys fev Dsf. fszi fsz) — 8 10 [V, I=[3.67 £ 0.09 (exp) + 0.12 (theo) ] x 10 ? LCSR (Bharucha) _
C WV B° Belle had. tag, Phys. Rev. D88, 032005 (2013 [0 B°&B" BaBar untagged, Phys. Rev. D83, 032007 (2011) 7] © —  Fitprob.: 47% = BCL fit (3 + 1 parameter) 7
L A B’ Belle had. Tag. Phys. Rev. D88, 032005 (2013) @ Likelihood fit average _ ‘9 = Data & LQCD (FLAG) & LCSR-
O T ]
. | 1% ]
8 Jz ] —— _] = N ]
Tk i ” B '—+— —
—y ! 4 =

- — —— _ ' B 7]
6= — 4 :r— _ B — -
I [, T I‘ — 1 T 4 B m
- —_— - ‘| - o - —
4 L ! ; _ @, B 7
| —— _ [an] — —
- I _ © L -
F ITE B o EEN% -
C [ [ Summer 2016 | 7
T [Summer 2016 B Summer 2016 -
0 B 1 I 1 1 | L I 1 1 L 1 I L 1 1 1 | 1 1 L 0 B I 1 1 | 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I I—

0 5 10 15 20 25 0 5 10 15 20 25
2 2
q* [GeV’] 9? [GeV]

HFAG 2016: Vb

u

= (3.67+0.09,,,£0.12, )10~

excl

3.4 o discrepancy with inclusive measurement

m) | [V,|=(3.98+0.40)x107
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B(A, — 5 GeV:
LHCD : 1504.01568 r= Bl = pim)ess cet () 040,04+ 0.08) x 102
B(Ab — AC[LV)q2>7 GeV 2

F I T ] |
) 5 N B—-D*lv ]
: — B—=Dlv - 1
— C Bonmnlv I i
S 45 A, —=puv e E— —
> " [ Average 68%C.L. T;CITZZOU . ‘Vub‘
[ Average i G 0.080 £0.004, +0.004,
4 — — cb
@ :
3F !!ﬂggg!i
2.5 — ] I l ‘ I ] PO - 11'O%l'
34 36 38 40 42 44

Vgl [107]

Combination exclusive + LHCb: (HFAG 2016)

Voo | =(39.13£059)-107 | [V,,[=(350£0.13)-10°
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IVcdl & IV

HFLAV
D — fu, o 0.2164 £ 0.0050 £ 0.0015
—D — mluy == 0.2141 £+ 0.0029 £ 0.0093
fiverage o 0.216 & 0.005 |
£
LN —e— 023040011
- Indirect (*) o 0.225297 5 00032 |
| | |
0.15 0.2 0.25 0.3
| Vcd|

(*) Global CKM fit (unitarity assumed)

Flavour Physics

0.85

cs|

HFLAV
--Ds — fu, —e—] 1.006 + 0.018 &+ 0.005
—D — Kfluy —iot— 0.967 4+ 0.005 4+ 0.025
Average HeH 00997+ 0017
| Ds — fuy + D — Keuy : : N
® 0.32
W — cs 004702 + 013
CIndirect (x)  # 0.97339470000006 |
| | | | |
09 095 1 105 11 115
Ve
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CKM entry Value Source
1] Vil 0.97420+0.00021 |  Nuclear £ decay
> 0.9763+0.0016 nos pey,
= 0.9749 +0.0026 > nlev,
L | Vil 0.2231+0.0007 K-> e,
_—— 0.2253+0.0007 K/m— puv, Lattice, V
—— 0.2213+0.0023 7 decays
\'M 0.230+0.011 vd >cX
L 0.216 £0.005 D — (7)lv, Lattice
H A 0.997+0.017 | D—Klv,D,—lv, Lattice
i V| 0.0405+0.0010 B—D'I%,DI7,
T 0.0420 +0.0006 b—clv,
- Vo 0.00367 +0.00015 B—rlv,
- 0.00451+0.00020 b—uly,
-— 0.00398 =+ 0.00040
‘th‘/ /Zq Vo[ | > 0.975 (95%CL) t>bW/t—>qW
iy Ve 1.019 +0.025 pp—>th+X
=

Vaa| + [V +|Vin| = 0.9989 +0.0005 V| + | V| +| V| = 1.040£0.051

Vo' + [Vt +| V" = 1.04220.034 >

J
Flavour Physics

2
v, | +

uj

V,

<j

2) = 2.002+0.027 (LEP)
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CKM entry Value Source
1] | Vad| 0.97366 + 0.00015 Nuclear S decay
o 0.9763+0.0016 n—>pe v
Seng et al .
= 0.9749 +0.0026 "> rlelv,
e | Vil 0.2231+0.0007 K—>rev,
= 0.2252 +0.0007 K/m— uv, Lattice, V4
— 0.2213+0.0023 7 decays
\'M 0.230+0.011 vd >cX
e 0.216 £0.005 D — (7)lv, Lattice
H A 0.997+0.017 | D—Klv,D,—lv, Lattice
. V| 0.0405 +0.0010 B—D'1%,,DIV
TE 0.0420 £ 0.0006 b—cly,
- Vo 0.00367 +0.00015 B—rlv,
I 0.00451+0.00020 b—>ulv,
e 0.00398 +0.00040
‘th‘/ [> v | > 0.975 (95% CL) t>bW/t—>qW
iy | Ve 1.019 +£0.025 pp—>th+X
=
Vaal + [ V| +| V| = 0.9978 £0.0004 V| + | V| +| V| = 1.040£0.051
2 2 2 2 2
[ Vea| + | Ves| +| V| = 1.042£0.034 Z( Vil * [V ) = 2.002+0.027 (LEP)

Flavour Physics

J
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Hierarchical Structure

1—2%/2 A AV (p-in)]
V ~ W) 1222 AQ + (9(14)
AV (1-p—in) —AA° 1

Axsin@,~0223 ;  A=084 ;  \p*+n’~04

| l |
d S b
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Backup

T E'2_018, Centro de Fisica de Benasque “Pedro Pascual"’,-_'_B_fena-sque, Spain, 2-15 September, 2018




FPEO0) Vgg| = 0.7226£0.0022+£0.0026  HFAG 2017

Do Klv:

FLAG 2016 (N=2+1:  f7¥(0)=0.747+0.019 mmmp |V¢s| = 0.967 £0.005 +0.025

DS > |lv: ‘st VCS‘ = (250.3+4.5) MeV HFAG 2017

FLAG 2016 (N,=2+1+1): f,, =(248.83+1.27) MeV mmmp |V | = 1.006+0.018 0.005

Do rxlv: [/7OV,]=0146+00017+00008  Heac2or

FLAG 2016 (N =2+1:  fP7(0) = 0.666+0.029 mummp |V 4| = 0.2141%0.0029 £0.0093

Dolv: To Vgl = (45.941.1) Mev HFAG 2017

FLAG 2016 (N 2+1+1): f, = (212.15%1.45) MeV mmmp |V, 4| = 0.216420.0050 +£0.0015

mm) [V | = 0.997£0.017 Veq| = 0.216:£0.005
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2016 | Ved Vsl

"'_' L FLAG average for Ne=2+1+1 HlF-

_|_

c|~|4 I ETM 14E -

e — FNAL/MILC 14A -
. FLAG average for Ny =2+1 -

X — HPQCD 11/10B -

|l —— HPQCD 12A/10A H -

Z - FNAL/MILC 11 -

yQCD 14 -

cl\il » FLAG average for Ns =2 .

Z| —m— ETM13B -

O

.0

= ——@—— neutrino scattering

IC o CKM unitarity o

o) .

c

020 0.22 0.24 0.95 1.05
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