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Flavour Structure of the Standard Model

PR IR

 Pattern of masses
» Flavour Mixing —

Related to SSB

Scalar Sector (Higgs
. P (Higgs)
« Kaon Factories: u,d, s « LHC: t,b,c
e tcF: c.t « LC: t,...
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- v, u v, c vt
Three Families { ¢ } : { “ } , { i }
e d us T b

Family Vil du| Z N 9.
Structure L quj| ) { (le’ G IR} | { (%]L’ ol (qd)R}

N Left—-handed Fermions only
Charged Currents W~

Flavour Changing: v, <[ , q, < q,
Neutral Currents v, L Flavour Conserving

Universality Family — Independent Couplings
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Flavour Physics & CP

YES NO
/] €—> [,
|| €—> Iy
NO YES
JD/ and ¢ In Weak Interactions
CP still a good symmetry (1 family)
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FERMION MASSES

Scalar - Fermion Couplings allowed by Gauge Symmetry

(+) (0)+ _ (+)
[’Y - = (q_uaqd)L {C(d) (Z(o)] (%')R + (_¢¢(+)T] (qu)R} o (VI’Z)L o (Z(o)] IR + he.

SSB

H B B _
L, = —(1+7j {qu 4y qq +m, 4,9, + m ll}

Fermion Masses are

_ dy w 07V
m, ,m, ,m | = |c,c",cC ——
New Free Parameters [ fa } [ ] 2
o f
mg m,
o M Couplings Fixed: 8y =
\Y
"
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FERMION GENERATIONS

N, =3 Identical Copies Masses are the only difference

0=0 [vj ujj 0=+2/3 (=L, WHY ?
0=-1/3

SSB

H - _
Ly = —(1+—j {d]’J-M’d.d;Q +oup M cup + M+ h.c.}
\

Arbitrary Non-Diagonal Complex Mass Matrices

(M M M = [ R %
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DIAGONALIZATION OF MASS MATRICES

M,=H, U, =S, M,-S,-U, H, = H|
M, =H, U, =S -M,-S, U, U,-Ul =UL-U, =1
M, =H,-U, =S/-M,-S, U, S;-S} = SIS, =1

o (1+ﬁ) (d-Myd+T-M,u+T-M,I]

v

M, = diag(m, ,m.,m,) ; M,= diag(m, ,m;,m,) ; M,= diag(m,,m, ,m_)

Mass Eigenstates

dy=8,d, 5w =S, 5 =S ”
dg =8,-U,-dy 5 ug=8,-U,up ; [p=8,-U- I Weak Eigenstates
AT £ . £ £ _ F ’ —
fL fL = fL fL . fR fR = fR fR ENC — LNC
u,d, =u,-vV-d, X VESU-SL L,cc 7 £cc

QUARK MIXING
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Flavour Conserving Neutral Currents (GIM)

L5 = — ¢ 7 fy“[v, —a f
Ne 2sin @, cos 6, “ Zf: 7" ve —ac 7]

S ot
\ Z /
o NO

YRR

Br(K, > u ) = (6.84+£0.11)x10° , Br(K.—>u u)<3.2x10"’
L 7HH s 7H H

Yy > utw

K> (x'n) > (ry) > p'u

K, >
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Flavour Changing Charged Currents

Loo = — -2 W .' wy" (1-y5) V, d; + Zvly + h.c.




Weak Decays

V. 7
,u‘_)_/ T__>_/
W ‘< ¢ 4 .<e Mo dy
v, VeV, U
Tt 17y~ LM, £ _4pg
v, l'v,)~ _
U My -q 2 7
| ‘m’
— = —& f(m}im}) r,, wh) G, =(1.1663788+0.0000007)x10~° GeV "
T, 192 =
2
Few = l:1_|_ a(m;,) (2_7[2)+C2 a(mzﬂ) } = (0.9958 : f(x):1_8x+8)€3—x4—12x210gx
27 4 T
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Muon Lifetime

2.197 03+ 0.000 04 PDG '06
2.197 013+ 0.000 024 MuLan '07
2.197 083 +£0.000 035 FAST '08

12.196 980 3£ 0.000 002 2 MuLan '10

F

A

S

T

-y GI%“ mz A+6..) dqep known to 0.3 ppm

A D 192 . R (van-Ritbergen & Stuart)

New World Average: #

T, =2.196 981 1 (22) ps Gr =1.166 378 7 (6) x 10° GeV2 (0.5 ppm)
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LEPTON UNIVERSALITY




CHARGED CURRENT UNIVERSALITY

2. /g,

Br—)@ T,u/z-r
FT—HZ/F%—)ILI

FT—)K/FK—>,U
BW—)T/BW—>,U

1.0006 + 0.0021

0.9956 +0.0031

0.9852 £0.0072
1.032+£0.012

‘glu /ge
B, /B, e | 1.0018£0.0014
B, . /Brse | 1.0021£0.0016
By, /B e | 0.9978£0.0020
By /B s ze| 1.0010 £0.0025
BW—>,u/BW—>e 0.991+0.009
2. /8|
B, ,,7,/% |1.0024+0.0021

BW—)Z'/BW—)Q

1.023+0.011
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LEPTON FLAVOUR VIOLATION

90% CL Upper Limits on Br(l — X ) [MEG13,SINDRUM88, Bolton'88, BABAR , BELLE]

w—oey  57-10° poeete 1.0-107° p—oey 72-107"
T —> €7y 33-10° | o eetes | 27-10° | t—>eetu  1.8-107°
T Uy 44-10° | > euru- 2.7 10° 1> uweru- | 1.7 10°°
toeeut | 1.5-10° ltoppu | 21-10° | toen® | 8.0-10°
toun® | 1.1-107 | toen | 16-107 | topum | 1.3-107
T—>emn | 92-10° 0 t—opum | 65-10°  t——>eK©? 32.10°
T—>eKg  26-10° | tpKg  23:-10° | toup® 1.2-107°
e KK~ 34-10°  toeKtn | 3.1-10° | toenK- | 3.7-107°
Tou KK | 44-10° | top K | 45-10°  tou K- 8.6-107°
et | 23-10° | tountr | 21-10° | tope | 47-10°
> uK® 59-10° | toed | 3.1:10° toAm  72-10°
ToetK K- 33-10° t—oeKn 32-10° toennm 20-107°
o KK- 47-10° topKn 48:-10° topmw 3.7-107°
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Exciting Prospects
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Impact of 6,3 on LFV processes
(All plotted points lead to 'viable BAU' and respect EDM bounds)

(—m/4 < arghy S /4, 0 S argbs S w/4)
BABAR

1078

Br(un—ey) ~ 1013
Pr(u—e) ~ 1018

SPS 1a
my = 10" GeV, my, = 10" Gev
m,, =107 eV ’
0< 04 < n/d

0<[0, < /4

1
T T TTIT

g

o T s

II\IIH[

U

gt mis=10"Gev
- 1912 ws
my3 = 10" GeV -

107 1072 10T 1o 0 - 107
BR(t—>uy) Herrero et al

ou
]

o-
IS

| II\IIH{

MLFV

[normal ordering]

[ \HHIl

e =0

[Cirigliano, GI, Porretti, '06]

o IHIH‘ T I\I\II\‘ 130

Br (t-py) Br (T—>wt, un)

-10 1.x10°®
"10 M. Blanke et al
,10_10 1. xlO_lO

107 1.x10"

.10 1.x10 ™

o
N
o

SII'IB13

Br (T—>uy)

12 1.x10°°®

-10

1.x10 " 1.x10




Br(un—ey) ~ 1013

Impact of 013 on LFV processes 18
(All plotted points lead to 'viable BAU' and respect EDM bounds) P"(H—>e) ~10
(—m/4 < arghy S /4, 0 S argbs S w/4)

107
10°
10—10
10-11 A
10—12
10—13 v

10714

Herrero et al

Br (T-uy)
-10

"10 M. Blanke et al

. 10—10
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Br(un—ey) ~ 1013

Impact of 013 on LFV processes 18
(All plotted points lead to 'viable BAU' and respect EDM bounds) P"(H—>e) ~10
(—m/4 < arghy S /4, 0 S argbs S w/4)

107
10°
10—10
10-11 A
10—12

10" F 7

107 108
Herrero et al

Br (T-uy)
-10

"10 M. Blanke et al

. 10—10
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Flavour Changing |\ \}, 7
Charged Currents ‘.-

V. i
d 1 > }
W ,<e I'(d: > uev,) «

178

2
v,

We measure decays of hadrons (no free quarks)

Important QCD Uncertainties
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V;; Determination (-0 , Vit
K-nlv, D—>Klv ... v -<‘7)

(P'(k)ityd ;| P(k)) = Cop{tk+ kY f(q") +E—kY f(q")}

G>M>
I'(P— P'ly) = ﬁ | Vi; P Cop | /(O T (14+6¢) |/ (4°) suppressed

fi(g%)
f,(0)

Mp=MeY dg® 35, 5 2
I ~ J; o X MG M)

P

® Measure the g2 distribution |
® Measure T J(0) |V
® Get a theoretical prediction for /. (0) |Vij|

Theory is always needed: Symmetries

Flavour Physics & CP A. Pich — Corfu 2013 22



\" £.(0) = 1+0[0m, —m,)*]

Superallowed Nuclear B Transitions (0*— 07)

VP 7 In2 ~(2984.48+£0.05) s Hardy-Towner
ARG (&) i+ &)

(Marciano — Sirlin)

100 22Mg 38Km 46V
o A *Ar OMn %2Ga  "Rb
34C| 4230 54C0

V.4| = 0.97425 + 0.00022

V4| = 0.97377 £ 0.00027  (PDG 06)

Z of daughter




e Neutron Decay: Vo= (4908.7+1.9)s
ua 7 (1+3)?)

(Czarnecki — Marciano — Sirlin)

PDG10: 1,=(885.7+0.8) s , A=g,/gy =-1.2694 + 0.0028

PDG12: 1,=(880.1+1.1) s , A=gx/gy =-1.2701 £ 0.0025

[V | = 0.9773 + 0.0017

PDG 2008 T,

1, =(878.5+0.7+0.3) s
(Serebrov et al, 2005)

PDG 2008 PDG12
PDG10
1255 126 i265 128
|2 |
e Pion Decay: Br(z" — 7*v,) = (1.036+0.006)x10"®

(PIBETA)

IV 4| = 0.9741 + 0.0026



Flavianet, arXiv:1005.2323 [hep-ph]

0.213 0.214 0.215 0.216 0.217
- 1 1 - 1rr 1 1T

K, e3

L

f1(0) = 1+O[(mg —m, d)z]

our estimate for N¢=2+1"

K_u3

MILC 12
JLQCD 12
JLQCD 11
RBC/UKQCD 10
RBC/UKQCD 07

RBC/UKQCD 13

*

our estimate for Nf =2

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

QCDSF 07 (stat. err. only)
RBC 06

JLQCD 05

JLQCD 05

Cirigliano 05 0.213 0.214 0.215 0.216 0.217

Jamin 04
Bijnens 03

O(p°)

Kastner 08 }Large xPT correction

non-lattice

LR 84 o) |f+ (0) Vus| =0.2163£0.0005

0.94 0.96 0.98 1.00

2012:  £.(0) = 0.959+0.005 V| = 0.2255+0.0014

2013:  £.(0) = 0.967+0.004 V| = 0.2238£0.0011



I'(K*>p*v,)/IT(n*—> p*v,)

S s | 976340.0005 Wus|_.231420.0011
JelVia | Via |
(O]d A" y5u; | P(k)) = i f K*

FTAG2013

PRELIMINARY

FTAG2013

PRELIMINARY our estimate for Ny=2+1+1 '
HPQCD 13A

MILC 13A

MILC 11 (stat. err. only)
ETM 10E (stat. err. only)

our estimate for Ny=2+1"

RBC/UKQCD 12
Laiho 11

MILC 10
JLQCD/TWQCD 10
RBC/UKQCD 10A

JLQCD/TWQCD 09A (stat. err. only)

MILC 09A - e for 7
MILC 09 attice results for fx

~
Aubin 08 . T e lattice results for £ (0),
PACS-CS 08, 08A lattice results for f
RBC/UKQCD 08 . . (o
HPQCD/UKQCD 07 lattice results for f_(0)
NPLQCD 06 lattice results for f

MILC 04 lattice results for N, =2+1 combined
our estimate for N¢=2" lattice results for N, =2, combined

BGR 11 unitarity

ETM 10D (stat. err. only) . nuclear 3-decay
ETM 09

QCDSF/UKQCD 07

fie/f=1.194+0.005 (FLAG 2013)



e TSV, ALEPH

s=I(t>v.S)/IT'(t>v.eV,) =
— Kd4x (MC)

— K5 (MC)

<+ OPAL

+ (K) from PDG
[l (Kn+Kn)~
B (Knan+Knn)~
B (Krnn)~

" Rr ud RZ’,S ~ 24 M A(OCS)
BVl T
~
e =
rud _5Rth
v, > V| =0.2173£0.0020,, +0.0010,,

m.(2GevV) =94+ 6 MeV J

Simultaneous m¢ & V. fit possible with better data

The T could give the most precise V¢ determination



Do K/intlv

D>y Lattice input

D — Kiv
— lattice QCD [Fermilab/MILC, hep-ph/0408306) — lattice QCD [Fermilab/MILC, hep-ph/0408306]
experiment [Bel x/0510003] experiment [Belle, hep-ex/0510003]
0020 [hep-ex]] experiment [CLEO- 2.0998 [hep-ex]]
experiment [CLEO-¢, 0810 hep-ex]]

02 025 0.3

2, 2
qimye

3070509013

V|, . =0229+0.025

o* (GeV?)

PDG 2012:
\A =0.230+0.011 \Y =1.006 £0.023

dlvag— pc CS D Klv,D,—>lv



cb

S
(=)

~
“@
(e
p—
e
>
X
oy
p—
N
(&

G(l) =1.07420.024 (FNAL / MILC)
F(1) =0.908+£0.017  (MILC)

‘ Vcb

excl

QCD Symmetries

at 1/Mq— 0
HQET
G(1) | Vg | =

(42.64+£1.53)x107°

BABAR (excl.)

BELLE F(l) |VCb | s

HFAG
[End o 2071]
of = 29.7/

(35.9040.45)x10°

|V |=(39.70£1.42, +£0.89,)-107°
| Vg, |=(39.54£0.50,  +0.74,)-107°

=(39.6+0.9)-107



Inclusive B Decays (OPE, HQET)

Fits to lepton energy,

= 0.043 hadronic invariant mass and

photon energy moments

Vep|  =(41.9£0.7)-107

CD lincl

B X,y constraint
1 m. constraint

1.9 ¢ discrepancy with
exclusive measurement

V| = (40.9£1.1)-107



* B data
[IB—=X.ev
OB —=X,ev
[]Secondaries
JCombinatorial

ZlContinuum
CLEO (Ee)
4.194+049+0.26-0.34
BELLE sim. ann. (_mY, q?)
446+047+025-027
BELLE (Ee)
4188+045+024-027

3]
~
>
[
0]
-
o
£
o
o
o«
Q9
b
=]
c
1]

466+031+03
BELLE multiv
447+027+0.
BABAR (m
417019 £
BABAR (m_
397 +02240
BABAR (m
425+£023

402+£025+
BABAR (m

= Large backgrounds from B — X_lv
= Strong experimental cuts
= Large theoretical uncertainties

0.19 - 0.20
p + theory - theory

.0/11 (CL = 44.00 %) )
1§ d Paz (BLNP)

| Vun | Differential Models
'|BLNP:NP B699, 335 (2004)

DGE: JHEP 0601, 096 (2006)

GGOU: JHEP 0710, 058 (2007)

ADFR: Eur. Phys. J. C59, 831 (2009)

u

PDG 2012: | |Vy,

= (441£0.157%17)-107

15 20 25
A. Pich mxc&orfu 2013




Large theoretical uncertainties

Belle untagged (13 bins)
BaBar untagged (12 bins)
BaBar untagged (6 bins)
BCL fit (3+1 par.)

FNAL/MILC PDG 2012:
V| =(3.23£0.31)-107

V| = (4.15£0.49)-107



F. Bernlochner, EPS-HEP-2013

Summary for |V,

HFAG world average
E. > 2.0GeV,s"™ < 3.5GeV?
E. > 1.9GeV, s < 3.5 GeV?

HFAG world average
E. > 2.0GeV, s < 3.5GeV?
E. > 1.9GeV,s"™ < 3.5 GeV?

Inclusive

HFAG world average
E, > 2.0GeV, s < 35GeV?
E. > 1.9GeV,s"™ < 3.5GeV?

Bonlv HFAG world average 0
[Phys. Rev. D 86, 092004 (2012)] i,

Bo1tv HFAG world average

CKMFitter
UTFit

| | |
4.5
3

IVubI x 10




BaBar [468M]
(2010) semilep-tag

BaBar [468M]
(2012) hadronic-tag

BaBar (combined)
with correlations

Belle [657M]
(2010) semilep-tag

Belle [772M]
(2012) hadronic-tag

Belle (combined)
with correlations

W.A.

private average (MN)

——

i
SM (1.20+0.25)x10™

CKMfitter (0.73"%)x10*

1 2
BF(B—1v) (107

Tension between B™ — ttv
world average and CKM fit
becomes much smaller

3

(1.70+0.80+0.20)x10™
PRD81,051101

+0.53 -4
(1.837)+0.24)x10

arxiv:1207.0698
(1.79+0.48)x10™*
arxiv:1207.0698

+0.38 +0.29 4
(1 .54 -0.37 -0.31 )x10

PRD82,071101

+0.27 -4
(0.727 7. +0.11)x10

ICHEP 2012

(0.96+0.26)x10™*
ICHEP 2012

(1.15+0.23)x10™

-value
E 1.0

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2

0.1

ICHEP 2012, w0>

0.25
0.20

0.15

BR(B — 1tv)




V .. CKM entry Value Source
1
J | Vad| 0.97425 +0.00022 Nuclear S decay
— 0.9773+0.0017 n—pe v,
R 0.974140.0026 s nletv,
el | Vil 0.2238 +0.0011 K—>rev,
0.2256 £0.0012 K/m— uv, Lattice
E— 0.2173+£0.0012 7 decays
R Vd 0.230+0.011 vd —>cX
N/l 0.229+0.025 D — #lv, Lattice
] \'A 1.006 +0.023 D—>Klv,D,~lv, Lattice
| | Vo 0.0396 +0.0009 B— D' /DIy,
_ 0.0419 £0.0007 b—clv,
- — 0.0409 +0.0011
T | Vi | 0.00323 £0.00031 B—rxl¥,
] 0.00441+0.00032 b—uly,
o 0.00415 £0.00049
V| NE V[ | >0.97  (95% cL) t—>bW/t—qW
—r— | Vi | 0.89 +0.07 pP—>th+X
-— — =
: : : “rv.[) = 2.00220.027
Vool + |V +|Vi[” = 0.9993 £0.0009 (| Val + Vel | = 2:0020.
J

Flavour Physics & CP
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Hierarchical Structure

1—A2/2 A AX (p-in)
V ~ ) 1122 AL + (’)(/14)
AL (- p—in) —-AA° ]

A~sin@.~0224 ;  A~082 ; JpP+nt ~045

c
(9]
-
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QUARK MIXING MATRIX

° N, x N, N; parameters
V.-Vi =V .V =1

® 2N,-1 arbitrary phases:

G-

i V. o 0% v

J 1j 1]

u. — el u d, — ¢

1 1

V.,  Physical Parameters:

%NG (N;— 1) Moduli ; %(NG - 1) (Ng— 2) phases

Flavour Physics & CP A. Pich — Corfu 2013 37



e N.=2: 1 angle, 0 phases

v { cos O siné?c}

—sin 6. cos 0.

(Cabibbo)

NoC/fD

e N.=3: 3 angles, 1 phase (CKM) ¢j=cos§; ; s;=sin6

Cpy Ci3
= S1p Cy3 = €y §y3 83 €
S1p Sy3 = €, G383 €
[ 2
1-4°/2 A
2
~ —A 1-4°/2

A=sin @, ~0226 ; A~0.80 ; p’+n° =045

Flavour Physics & CP

AX (1-p-in) -AX

—i6)3 |
NPESE S;3 €
Cip Cy3 = 81 5383 € Sy €3
—Cp Sy3 = S G385 € Cyr3 €3
3 - N\
AL (p—in)
2 4
w) + O (/1 )
1

0; #0 (17 #0) C,ﬁ)

A. Pich — Corfu 2013 38
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. P - ‘ -
»
-

~~of
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® C,P: Violated maximally in weak interactions
® CP: Symmetry of nearly all observed phenomena
® Slight (~0.2%) ¢fP in K' decays (1964)

® Sizeable C# in B" decays (2001)

® Huge Matter— Antimatter Asymmetry
in our Universe Baryogenesis

CPT Theorem: (P T

Thus, C;ﬁ requires: = Complex Phases

» |nterferences

Flavour Physics & CP A. Pich — Corfu 2013
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Standard Model C%D: 3 fermion families needed

v H(M?) - HM?) - J # 0
H(M) = (m] —m>) (m} —m.) (m] —m)
H(M}) = (m; —m?) (m} —m}) (m; —m))

_ 2 : _ 216 —4
J =c,c;Cp 8, 85 8, SN0, = ‘A A 77‘ <10

- Low-Energy Phenomena
« Small Effects ~ J
* Big Asymmetries Suppressed Decays

- B Decays are an optimal place for C%’ signals

Flavour Physics & CP A. Pich — Corfu 2013 iy



DIRECT (P T(P—f)| = |T(P>T),

B0 E—»&z}“ T(P —)f) =T 20 T, &’ ¢
d d u nt
_(-W\_‘d} CP
b_,fﬁ LS — = —ig, 6 —ig, i
I T(Po>f)=Te " e +Te e
4 15}“
o _L(PoD-T(P>T) 2T sin(g,—¢) sin(s, -5))
T P—)f)+l“(§—>f) T+ T,°+2T, T, cos(¢, —¢,) cos(5, —J,)
One needs:

= 2 Interfering Amplitudes
= 2 Different Weak Phases |sin(¢,—¢) 0]
= 2 Different FSI Phases sin(5,-8,)= 0]

Flavour Physics & CP A. Pich — Corfu 2013



INDIRECT P : K°— K° MIXING

eI e s ML
S S VU A olp = (1-5)/(1+5)

(R°[H[K®) ~ DA% SGr) m; {Ossea)
ij
s

A=V, Vl: X IfiEml.z/Msz (i=u,c,t)

<OAS=2> = G 07) <IZO ‘(EL yadL)(EL yadL)‘K0>

= GIM Mechanism: A, +A.+A, =0

(M, —M, ) /MKO = (7.00£0.01)x10"°
» CP: Im), = —Im), > pAS4>
= Hard GIM Breaking: S(7,7;) ~ r t quark
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INDIRECT P : K°— K° MIXING

eI e s ML
S S VU A olp = (1-5)/(1+5)

(KP[HIK®) ~ ST XA SGr) my {Opsoy)
ij
(203 12

A=V, VZ X rl.Eml-z/Msz (i=u,c,t)

<OAS=2> = G 07) <IZO ‘(EL yadL)(EL yadL)‘K0>

clk?) =|K%) . PIK)=-|K°) . CP|K%)=-|K")
KLy= s (K)FR)) o op[Kkh) = = |x7)
Ks) > kD) +E(R) L |KD) = K+ E KT
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INDIRECT P : K°— K° MIXING

d u,c,t s d W S

> > > — i ANNNNTT—— K() N KO IZO

V\é %N ucty AU Ct ‘ S’L> p ‘ > :F q ‘ >

2 — = q/p = (1-&)/(1+&)
K>z l'v, G-u) 5 K oz'lv, (s>u

D(K; > 2 1'v)=T(K] > 7' 17V) | pP—|qf 2Re(%)
F(K} > l'v)+T(K) > zT%) |pP+lgPf |5

= (0.332+0.006)%

Re(s,) = (1.66 £0.03) - 107

T(K, >7*7") T(K, > z°7z°%)
n, = L = 2 Moo = L R Eg
T TKgo>atr)  © T(Kg - 7°7°)
=(2.228+0.011)-107 &'**
ok = )10 n [(1-p) 4> +0.22] 42 B, = 0.143

@. =(43.5£0.5) Buras et al
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Lattice Results for ﬁK

N

BY3(2GeV)=0.560+0.007 , B, =0.766+0.010

FTAG2013
PRELIMINARY

our estimate for Ny =2 +1

RBC/UKQCD 12
Laiho 11

SWME 11A

BMW 11
RBC/UKQCD 10B
SWME 10

Aubin 09
RBC/UKQCD 07A, 08

our estimate for Ny =2

ETM 10A

JLQCD 08
RBC 04

0.65 0.70 0.75 0.80 0.85

Flavianet Lattice Averaging Group



DIRECT (P in K> rm

ZT(KL—)7Z'+7Z'_)~6 e ZT(KL—)7Z'07Z'O)~8 oy
n._ = T(K, Sar) KT ¢k Tloo = T(K, _)7[07[0) K K
1 2 NA48, NA31
’ ~ _ 7700 _ + ) -4 ’
Re(ei /e5) = 41 = [T+ = (1681410 P
+_

§ ! » Short-distance OPE
G W Ciuchini et al, Buras et al
d u = Long-distance yPT
Pallante-Pich-Scimemi
Re(g[’< /gK )T = K Cirigliano-Ecker-Neufeld-Pich
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B — BY MIXING

q u,c,t b q W b ;
> > > e s VAVAVAVAVAVA sy k * k
Vuqub NVchcb Nthth ~ AA
w w u,c,ty AU, C,t
- 2 4
e ——nnnd = (B°|H|B%) ~ V| S(r.1) | =M
b u, c, t q b W q R}

. -1
AM , =(0.510+0.004) ps \th\

M AMB}} /FBdO = 0.775+£0.006 AMBS/FBS = 26.74£0.22

v

S

= AM , =(17.768+0.024) ps™

2 2
> |V
= AT, /AM , ~m}/m} <1 AT o/ T ==0.123£0.017

= Re(z, | =—0.0002:£0.0007 Re(2,, ) =~0.00430.0014
d s

C%D very small q/p| =1 ~ m | m
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q u,c,t b q W b
> > > —>— NN
M M, 2 N B
w W u,cty AU,cC,t \% = -
M, M 2\r, T
S I N —" N —<— NN
b u,c,t q b W 3
; 1/2
M* 7]?‘*
‘BO> 1 ( ‘Bo> :Fq‘go>) 151—53_ 27 5712
PP +laf P 1-¢ |p_ir.
2
%2 q 1|, | . _
AT/AM ~T, /M, ~m, /m; <1 ; A 1+5 SIN Py, ) Prpr = arg(Mlz/Fu)
12
AMEM&—MB , AFEF&—FB
q I t
: a0 Le,o| (., o [AM——AF] _]
‘B (t)> _ p ‘B> g,(t) _ oMt g-Tt/2 2 2
EO { EO ’ t .
q 2 2
A. Pich — Corfu 2013 49
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Time Scales: Oscillation ~ sin| (x—iy)lz/2]

AM A
X=——" 5 Y=
I 2T
1000 1500
|AZ] (um)
= KO: x~y~1
= DO0: x~y~0.01 Slow oscillation (decays faster)

= By: x~1, y~0.01

= B.: x~25, y<0.01 Fast oscillation (averages out to 0)



Time Scales: Oscillation ~ sin| (x—iy)lz/2]
x=AM/T : y=AI'/2T

Prob[Bs](t)

Prob[D"|(t) .
almost zero? = 5 Prob[Bs](t)

e e e T W N I T T e
1 1.5 2 2.5 3 . 1.5 2 2.5 3 0.5 1 1.5 2 2.5 3

Proper Lifetimes Proper Lifetimes Proper Lifetimes

= DO0: x~y~0.01 Slow oscillation (decays faster)

X~25 , y<0.01 Fast oscillation (averages out to 0)



Widths & Mass Differences

)
-0.02 -0.015 -0.01-0.005 0 0.005 0.01 0.015 0.02

ps

M. Gersabeck




B. Mixing @ LHCDb

Tagged mixed
Tagged unmixed
Fit mixed

Fit unmixed

—_—
A
Q.

)

S

~
7
L

|
e
=

o
=
e
Q

| 3 — 4
decay time [ps]

Am, = 17.768 £ 0.023 (stat) £ 0.006 (syst) ps—’
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B. Lifetimes

Contours of A(logL) = 0.5

HFAG

Combined

BY — J/i¢
Measurements

(B - KTK™)

066 070 074
I's[ps]

[ 0.6596 * 0.0046 ps™*
1/T 1.516 £ 0.011 ps
Tshort = 1/T| 1.428 £ 0.013 ps
Tiong = /Ty 1.615 £ 0.021 ps
Al +0.081 + 0.011 ps™*
Al /T +0.123 £ 0.017

Contours of A(loglL) = 0.5

HFAG

Combined

QB? — J /¢ Measurements




B°— B° MIXING AND DIRECT (P

0 — — —
B® ey { T, >T[B° >f] ; T, >-T[B'>f] ; p,=T,/T,
\ / T. >T[B' >f] ; T, >-T[B">f] ; p.=T./T;
EO
CP CP
1 — .
T[B(t) — f] ~ Ee—“ (ITeP+IT: ) {1+ C; cos(AM 1) — S, sin(AM 1)}
MB°(1) —F] ~ %e“ (TP +1T ) {1—C; cos(AM) +8; sin(AM 1)
95 _ 97l 2 s
B - zzlm[ppfj V- e Vi
B Y Y V- R oY
JANRR @AV’ iz th Vtg :e_2i¢M ° é z{ﬂ 5 (B:;)
P thth : B, = =A"1 (Bso)
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B°— B° MIXING AND DIRECT (P

B’ ey f T, 5T[B* > f] ; T, >-T[B* >f] ; 5, =T./T,
\ / T. >T[B' >f] ; T, >-T[B">f] ; p.=T./T;
EO
CP CP
I — .
T[B°(t) — f] ~ Ee_“ (|Tf |2+|Tf |2) {I—I—Cf cos(AM t) — S, s1n(AMt)}

T[B°(t) — ] ~ %e“ (| T +|T; |2) {1 — C, cos(AM 1) + S, sin(AMt)}

21m£q,5fj i ) —ZImLP pfj
P . C. = _|pf| . S_ = q

1+| p; P 1+ p; [

1-1p [

1+|15f|2

C; S¢

Tr=nT 5 Te=nT 5 ps=1/p;

CP self-conjugate: f =7, f C;=C; ; $;=8,
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B°— B° MIXING AND DIRECT (P

By | CP self-conjugate: f=n;f

\_/

EO

<

* e b ¢M ~ 2 0
Vi V, -py, = —=A"n (Bs )

1
p g

q Assumption: Only 1 decay amplitude

q' %k
W Ab—>q67q’ _ qu VC]Q' — o 2
q AE—)cchj' qu qu’
F(EO—>?)—F(BO—>f) ) feh o
= = = —1, SIn sin t : =@ +
F(BO—>f)+F(BO f) r MoTD

Direct information on the CKM matrix
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B) > J¥Y K, B) »>r'n” B; — p’Ky
b~ 3 p=f+y=71—« oy
7 i - - P
b N s b i d} & b > d

ool w

4 <
Vi

|
.
>~ A

b
Vie ™

d}n‘
"

0
<}

L

Vi Vig ~ AN (1—p+in)

Vi Vig ~ AX (1—p+in)

**k*

Flavour Physics & CP

**

BAD
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(B > JwK)-T(B’ > JwK,)
(B > JwK)+T(B" - JlyK,)

= -7 sin(2f3) sin(AM 1)

HFAG:
sin(2p) = 0. 682 + 0.019

B' 5> JlwK,, . wQS)K,, y. K, 1. K

© S 9o
N B o o

RELIMINARY

2
k]
€
£
>
7
<

S
N O

0.8

0.6

S &
o b

0.4
6 4 -2 0 2 4 6 6 4 -2 0 2 4 6

0.2
BELLE 2012 At (ps) At (ps)

=]
w
o
>
<
]
c
T
m
lw)
@
_<
[
<
]
9
9
Sy
ez
o
=
N (=]

0

V%2 0 02 04 06 08




.
A
A
o

eff.

1)

KgSK K° Avérage o
& Avérage

4

08 06 04 02 0 02 04

Flavour Physics & CP

Vo Vie ~ — AN

Sensitive to

New Physics in
Penguin diagram

Avaiarage
Avérage

08 06 04 02 O

. eff. o o eff, y

sin2f7) =sin(20; ) vs C.,=-A_.
B ' q)l C CP Moriond 2012
PRELIMINARY

04 -02 0 02 04 06 08, 1 .
sin(2p°"™) = sin(205™

Contours give -2A(In L) = \',f_: =1, corresponding to 60.7% CL for 2 dof

Agreement with

B® — JW K, (b— ccs)

No signal of

direct C7f>

A. Pich — Corfu 2013 60



B? > ntre

w AT
b, Eéd}Jt
d

u i
—_Ux
—4\(d

T

ub

Ve o~ AN </)—1'//>

Sk
- g \19 .
—€ 1(1}7E
Vi Vig ~ AN (1= p +i7)

r(B° —>f)—r(B° —>f)

= —C, cos(AM 1)+ S, sin(AM 1)

B° —>f)+F(BO —>f)

+ -
T T SCP VS CCP

CKM 2012
PRELIMINARY

1—1 D5 2
sz—|pf:2¢o

Average

LHCb 13

Direct (,75

Penguins

-0.8 -0.6 -0.4 -0.2
Sce

Contours give -2A(In L) = Ax® = 1, corresponding to 60.7% CL for 2 dof



PRELIMINARY PRELIMINARY

B0 —> nn,pp,pn @ p+ P Scp Vs Cep &

; ‘ BaBlar
— 2 Belle _ Belle
1 _ | P f | ! ‘ kHCb i % Average
Cf — " #0 o B Veragfie | 1

./Ooo

Direct CJ°

Penguins

1

-0.8 -0.6 -0.4 -0.2 -OI_4 -OI_2 OI_2 0{4

Contours give -2A(In L) = Ax® = 1, corresponding to 60.7% CL for 2 dof Contours give -2A(In L) = Ay® = 1, corresponding to 60.7% CL for 2 dof

-~ nn/pp/pn (BABAR)
Fropis . --- wtn/pp/pm (Belle) e CKM fit

3 =n/pp/pr (WA)

winter13

SM fit

Probability density

EFT [T T T[T rorT

., s .- R
S WP B e et

20 40 60 80 100 120 140 160
o (deg)




MEASURING HADRONIC CONTAMINATIONS

= Time Evolution

= Transversity Analysis: B—H>VYV

= |sospin Relations (Gronau-London)

- Dﬂ-ﬁo Mixing (Gronau-London-Wyler, Atwood-Dunietz-Soni)
V2T(B" - D)K") = T(B* > D' K")+T(B* - D'K")
J2 T(B) > D)K,) = T(B* - D°K) + T(B® - D' Ky)

= Dalitz Analysis

SU(3) Relations: B-o=nK,=nmr, ..
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D’-D’ Mixing

Gronau-London-Wyler

Atwood-Dunietz-Soni

V2T(B"—->D)K")=TB"->D’K")+T(B"—> D’K")

J2 T(B) - D) K¢) = T(B* - D’ K,) + T(B* - D" Ky)

[ ] Combined

B Dalitz

ADS winter13
X GLW

: --- Belle 3 Combined
FPCP 13 -T = LHCb

winter13

SM prediction

>
=
7]
c
(]
©
>
=
Ko
©
o
(o]
} =
o

Probability density




UNITARITY
TRIANGLES

Vuiij‘l'VciV;"'VtiV;:O (i# )

ds uc sb
\]cd\]cz< 5 Vudvcd VtSVt;x;
/\thvts vV b\// N
VuaVis Yty v Tl o
ct * cchd \Y V
N Vcths ts
O ——
VCbVﬁ) uqud thth Vt qud thVub
1= A AX (p-in)]
S A =222 AR + 0(2%)
AN (1= p—in) —A I I
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sol. w/cos 2B <0
(excliat'CL > 0.95)

1o}
R
(=
A
=
(&}
(0]
©
i =
©
[
2
©
ie
o)
e
=
o
x
o

(04

7=n (1—%12j = 0.350+0.014

Yo,

D (1—%/@ = 0.132+0.021

a=88.7£3.1° ; f=21.95£0.86° ; y=69.2+3.2°
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,:_________,,__:__:__i______: - __:_:___:__________________:: -

3

itter

FPCP 13

itter

sol. W/ &os 2 < 0
{excliat CL > 0.95)
FPCP 13

sol.w/ 6os 2§ < 0
{excl at CL > 0.95)

lating

10

Loop processes
CPV

G6°0 < 1D SBY Bale papn|oxs G6°0 <D Sey Eale papnjoxa |
:________:,__:_______:______ 3 __,______,_______________,___,___M
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1
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HFAG HFAG
e

68% CL contours
(Alog £ = 1.15)

‘LHCb

C.L.

68% CL contour
@(Alogﬁ = 1.15)

¢e™ [rad]

PDG 2013: ¢ =10.04 ~ |rad

LHCb 2013: P = (0.01i0.07) rad

S




B, Semileptonic Asymmetry

LHCH

DO

DO
Y (4S) HFAG
Do

-0.04 -0.02




DIRECT qu 10.9 ¢ signal

0  Br(B) > 7K )-Br(B) > 7 K")
AB] > 7'K") = —— : = —0.087+0.008
Br(B), - 7K )+Br(B) > 7 K")

i . Br(B->z’K)-Br(B" > 7'K")
AB~ > n°K") = = 0.037+0.021
Br(B~ - 7°K )+ Br(B* > 7°K")

AB) > 7" K" )~ A(B~ = n°K") = —0.124 £0.022

Difficult to accommodate in the Standard Model (but huge uncertainties)

—0.080+£0.008 LHCb 2013

0 +r—\
AB; > K) =) _0083+0.013 CDF2013
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DIRECT (/Pin B, Decays 65 signa

0.27+£0.04+0.01 LHCb 2013

AB? > 7 K") =
0.22+0.07%£0.02 CDF 2013

AB) >7'K") T(B) > 7 K")
+

A 20 20
AB;, > K") TI'(B; >7n'K)

= —0.02£0.05+£0.04 LHCb 2013

SM prediction (Lipkin): A=0
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DIRECT C/i?

AS . =-0087+0.008 Agy g, = 0.19£0.05
K 7 —

AS .. =-022%0.06 , Cpo e = —0.3820.15

7 T T T

A) o =0.37£0.10 , A, =—037£0.08
AL =-0.14£0.07 : AT =0.170£0.0033

B —>nn B =K Dcp(y)

cP _ +0.19 CP _
Ay iy iy = —0:68 Lois : Ay gy = 0.72£0.22

A% . —Ay, . =-0.0068+0.0016
DK K D" —>r'rx
A. Pich — Corfu 2013 [
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in D decays
n
DIRECT CP |

0068+ 0.0016
CP —ACP fm _O.
A

AA(:P Eanay
AA;, Belle prel.
X cl
QAK e AAcp CDF t prel
28 [ A LHCb prompt p
rm R = Mg emil.
HFAG-cha R AAcp LHCb s
22

HCb
- L
3
Ty, A
277 ""'".' % ."""'."
"'..'. A

dir __ ( 0.
BaBar A CI
SN A, rel. 7
A Belle p TFFIILT S
e
@, 7 = Lo
bS Z
77 777 1777 0.}:‘ £ 2 777
177 .'.."."'u."bi CH
L AT ""."""'."'.'"'.','.':".a 2k
7 """""-'-'l:.'.?,-,,.,'.',.,"""' 2
roog "'."."'
T s
s

77
LT
LT

"."":l"".',',' T
n'.nn"".'

AT

.". (7
z ."'..',"u".
g,
"
L7 X v,
e z
777

162)%
| —0.010+0.
atp = (=0

0.02
0.005 0.01 0'015aigg

<t ind
+ dp
Aadir l-l—ycP
AC{)) tr -
P Acf)) Kk Tp'or
C —
AT = Ay



T ViOIation @ Babar Quantum Entanglement

Flavour (B' >["X, B >1"X) and CP (B, > J/yK,, B. > J/yK,) tags

(Banuls-Bernabeu-Martinez-Villanueva)

ere” > Y(43) - (By(ty) =11, Balty) > ) = (f;, ;) : >t

S, ~ =—137+£0.14+0.06

B 5B B 5B

S, = 1.17£0.18£0.11




Ve Vi Z (C; O; + C1O}) +h.c}

SM: C,=-4.134 ; C/~Cpg~0

O10 = (57, PLb) (17" 350), Ot = (57 Prb) (17" 51)
Og = mb(§PRb)(l_l) Ofg = mb(§PLb)(l_l)

Op = mb(EPRb) (Z_’\/5l)./ O/p = mb(EPLb) (l"/5l)

S(C(Bs(t) = 1 n7))

t=0

8. G ML sin® Oy
B 875

SM *
‘ ClO ‘/tS tb

Br(B) — 't ), = (3.35+£0.28)-107 . Br(B) —pu'u)gy =(1.07£0.10)-107"




Experimental Branching Ratio: Al'y/(2I's) = 0.0615 £ 0.0085

5 /‘x@(_Bs(f‘) — pp)) dt

J0 (Fleischer et al)

() = pt )+ DB = )

Br(B’ — u'p gy = (3.5640.30)-10° ; Br(B) — p'u )gy = (1.07£0.10)-107"7

LHCb: Br(B’ — ﬂm):(z.9ff-é)-1o9 . Br(B) —»pu'p)<74-100"° (95%CL)

CMS: §(33Hﬂm):(3.oj(l):8).1o9 . Br(B) —pu'u)<1.1-10°  (95%CL)



4
— Fy, cos? O cos 20, + S sin® O sin® 0, cos 2¢

+ Sy sin 20 sin 26, cos ¢ + S5 sin 20 sin 6, cos ¢

1 AT 9 [3 f f 1 f
= —(1 — Fy)sin® Ok + Fy cos® O + —(1 — F1,) sin® O cos 26,
AT /dg? deos b, dcos O dodg? 327 [ ( L) sin® O + F1, cos” O + 4( L) sin” O cos 26,

+ S sin® O cos B, + Srsin 20 sin 6 sin ¢

+ Sg sin 20 sin 26, sin ¢ + Sy sin’ O sin? §, sin 2¢

V§=7TeV ; V§=7TeV

T

Vs=7TeV

-
N

o
[} -
TT

o
o0

dBF/dg? (107 x GeV %)

o I S
N »
LA I B L I

!I||IH|\1\|!I||||1|H\[!|||||1‘H\[III

o

RRTI TRRI
16 18
o’ (GeV?) 9’ (GeV?)

Good agreement with SM  @oveth eta

Large hadronic uncertainties




dF/ldQQ Tcos0r dcos Oy A0 A7 :3271_ E(l — 1) sin? @y + F, cos® 0 + i(l — 1) sin® Oy cos 26,
— Fy, cos? O cos 20, + S sin® O sin® 0, cos 2¢
+ Sy sin 20 sin 26, cos ¢ + S5 sin 20 sin 6, cos ¢
+ S sin® O cos B, + Srsin 20 sin 6 sin ¢

+ Sg sin 20 sin 26, sin ¢ + Sy sin’ O sin? §, sin 2¢

Improved observables

Largely free from FF uncertainties

- 1 T T T T T T T T T T T T T

~ L - 1
QL o8

SN Predictions LHCb * 08 23 of 24

0.6 0.6
0.4 0.4 measurem.

0.2 0.2 agree with
0 0 the SM

-0.2 -0.2
-0.4 -0.4
-0.6 -0.6
-0.8 -0.8

7 PP PRI SRR B I S— 1
0 15 20 20

q? [GeV?/c4] q2 [GeVZ/c4]




Descotes-Genon et al, 1307.5683

. 68.3% C.LL

[ 955%CL

e | Observed pattern consistent with
New Physics contributions to C; 4

Only [1.6] bins

= ¢/(1672) mp(50,, Prb) F*”
e? /(167°) (57, PLb) (1+"0)

-0.15 =0.10 =0.05 0.00 0.05 0.10 0.15 Z boson .

NP
C7




(B~ — K ptp) =T B
(B~ — K-ptp)+T(Bt — Ktutp—)

ACP =

Acp(B*D K*II) =

-0.03+0.14 Babar
20 -0.04 £0.10  Belle

q> [GeV?*/c4]

LHCb: A p(B° KOu*u) =-0.072 + 0.040



Long-distance dynamics

Ky 7y,
L

vy) = (5.47 = 0.04) - 10~*

Finite loop: Br,, =2.0-107° WZW Anomaly

vy) = (2.63 £0.17) - 10~° T.o =0 [O(p*), GMO cancel ]

(FSI) : SU(3) breaking, n—n" mixing

Agreement at O(p°)

+_— ~
Ks = 7mm — 7 — %) Well understood




KO — ¢t~

Long-distance dynamics Br(K. — ptp~) = (6.8440.11)-107°

o Br(K, — ete ) =(919%) 10712
Finite 2-loop amplitude:

Saturated by absorptive contrib.

Br(Ks — ete ), =2.1-10"
r(Ks = e"e ), 0 Local countertem <@ SD

-y —12
Br(Ks — pu"pi7),, =5.1-10 LD extracted from 7° 1 — (/-

Br(Ks — ete™).. <9-107° Fitted SD contrib. agrees with SM

Br(Ks — ptp™).,. <32-1077 Longitudinal Polarization:
(90% CL) PL]=(2.6+£0.4) 10




K — myy

peg e

Br(K, — 7%yy) = (1.27£0.03)-107°

+ NA48/2
— 0(p9), a% = - 0.46

Nevents/0.02 GeV

\f
|

—— T ‘ —
0 0.05 0.1 0.15 02 0.25 03
myy (GeV)

Finite 1-loop amplitude [O(p*)]:
Br(K, — 7v7),, =6.8-107'

O(p®) unitarity corrections needed

r'dr/dmy (GeV'_‘) i
s =

Local O(p*) LEC:
¢=16(1.8)%£06 at O(p*) (p°)

Small higher-order corrections




K — 7l

Br(K* — nfete™) =3.14 (10)-10~’

Br(K* — 7%utu~) = 9.62 (25)-108

d r/dz (Gev) x 10%
dr/dz (Gev) x 105

Local O(p*) LECs

Electromagn. transition form factor

O(p®) corrections

Br(K, — m%te~) < 2.8 10710
Br(K, — m°u"p~) < 3.8-10719

3 contributions:

e Direct C/b

e Indirect Cﬁj
e CP conserving (27)

Cﬁj dominates for eTe

Br(K; — 7%ete~) =3.1(0.9)-10~ 1!




Ko>ntvy

TNF(V;; Vl.d,ml.z/MVZV) (7 vw) {75 vdi &) |,

=

Br(K* — 7" ) = (18+0.8)x10" ~ 4*[? +(1.4—p)’]

Buras et al

Br(K, — 7' v7) = (24+£04)x107"" ~ 4% 5’

Long-distance contributions are negligible
T(K, > 7’vi) =0 C7f>

= BNL-E949: few events! Br(K* > x'viv) =(1.73%]43) 107"

= KEK-E391a: Br(K, > 7°vv) < 26x107°  (90%C.L)

New Experiments Needed: NA62, KOTO (ORKA, Project-X)

Flavour Physics & CP A. Pich — Corfu 2013 85



Standard Model Mechanism of C/ﬁ

Complex phases in Yukawa couplings only:

_ @ ¢(+) w ¢(0)T
L, = E (u;,d)), | ci 4O I et u, | + hec.
ik o

— =[]

H \% =1 (d) g1 — () 1
L, =— (1+— — {djL Ci dr T UL ¢ Ug + h.c.}

v) 2

C§E) diagonalization Ny,

H) (-
L, = - (1+—j {djL my dg + Uy m, Uy + h.c.}
Vv J J

__& f —
LCC = m W,u ZJ: Mij/'u (1—]/5) Vij dj + h.c.

The CKM matrix V; is the only source of Cﬂj

Flavour Physics & CP A. Pich — Corfu 2013
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SUMMARY

= Flavour Structure and C%D are major pending questions
= Related to SSB Scalar Sector (Higgs)

= |Important cosmological implications (Baryogenesis)

= Sensitive to New Physics

2 Cﬂj IS highly constrained in the SM: 1 phase only

= Many interesting Cﬂ’ signals within experimental reach
= Better control of QCD effects urgently needed

= Challenging future ahead:
BES-III, LHCb, NA62, J-Parc, Super-Belle, tcF, ...
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x=(0.49 *017)%
y=1(0.74%£0.09)%
lq/p1=0.69 1]

$=(~29.6 53

Long-distances Dominate

* No-mixing excluded at > 5c

™o <Tp. > M, >MD+
* No evidence of IN mixing

CP conservation disfavoured at 1.8 ¢

- CPV allowed

HFAG-charm !
April 2013
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ﬁ Direct CP Asymmetry in t Decay

L 1"(2'+ —>7Z+KSVTg

T —
F<T+ —> 1 K,

—F(r‘ —> 7Z'_KSVT)
+F(r‘ —> 7Z'_KSVT)

= (-3.6£23£1.1)-107 (> 0m)

AN (7 — 7Kgp,) = (3.6£0.1)-107 2.8 ¢ discrepancy

</~ Belle does not see any asymmetry at the 0.2-0.3% level

BELLE

A" ~ <cos 3 cos ¢>;_ —<cos 3 cos ¢>Z.T+

bins (i) of W = Q2
6=K ¢ direction in hadronic rest frame

¥ = 7 direction

W (GeV/c?)



A word on tauonic modes: B—= DTty

e Higher values than expected from the SM

But, no indications in favour of a Type Il charged Higgs.

=]

=

Belle Had. 2009 b «

N

my tanf+m, cot _/_\
— \\

m. tanf?

Belle Inc. 2010

Belle Average

Belle Had. 2009
Belle Inc. 2010

Belle Average H—e—H _ _
L  SM : . : | Belle hadronic tag update coming soon!

0 02 '0.4'* 0.6 *I0.8
BR(D"w)/BR(D"v)

Isospin invariance assumed

wﬁ ’ Semileptonic B decays, IUPAP Prize, ICHEP 2012 Phillip URQUIJO 37 universitatﬂ




B—->1tv., B> DMy,
e Sensitivity to —)—/

: scalar exchange -
WA (early 2012) . 9 i <

(Fajfer et al, Sakai-Tanaka, Crivellin et al,
Datta et al, Becirevic et al, Bailey et al ...)

CKM fit Type Il 2HDM excluded

2
ch™ = —‘4 H{a [qVMPr — ¢, MIVPL] d + q UM;Prl} + h.c.

Celis-Jung-Li-Pich

K——> v)/T(rt— v
rf V) v

t—)Kv)/l“ ToTV) D,—wrv(+B—1v)

B data fitted within
Aligned 2-Higgs
Doublet Model

C/ME)/GeV

 Im(g,

But tensions with charm

-01 : 0.1 ) ) - 05

95% CL Re(CaC'/MH)/GeV Re({, C./MH)/GeV
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Fig. 86. Decay time distributions from BABAR [1110]. (a) B® — ptp~— decays (b) BY — ptp~ decays, and
(¢) the asymmetry (N — N)/(N + N), where N (N) is the number of signal BY — pTp~ (BY — ptp™)
decays. The dashed curve shows the fit result for all backgrounds, and the solid curve shows the fit result
for the total.
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