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1.

Grand View




‘ The Standard M odel \
Quarks

&) (8] (o), an s e "

+ Leptons

Fundamental Forces

Gauge } . SU(R) ® SU(Z)L%U(]-)Y

Theory —_—

QCD U(1)
Strong - ~ 90
Interactions Electroweak Interactions

(Gluons) (WE, Z9, )

M esons
Ko=(ds) K*=(us) K =(us) h )
p*=(ud) p°=(Uu- dd)/v2 p =(ud) .
B) =(db) BY=(db) B'=(ub) ~ Bound
B?=(sb) BY=(sb) B =(ub) Stetes



Four Basie [Properiies Ih (e Sii

1].] Charged Current I nteractions only

between left-handed Quarks

2.1 Quark Mixing

1]
d.

2((@J)

{ Wesk Eigenstates } # { Mass Eigenstates }

f

"

d
S =
bl

o

Weak

[Eigenstates}
3. GIM Mechanism

Vud Vus Vub d
Vg Vo Vi S
Vie Vis Vi b
Unitarity Mass
CKM-Matrix Eigenstates

Natural suppression of FCNC

YACAP | L oop Induced Decays, sensitive to
{ M< j =0 }‘{ short distance flavour dynamics

}



4. Asymptotic Freedom

(04
QCb I K’ ;
$ — gQCD

LD| € |RG| = |SD

) 4p ¢ p Inin(Q°/LZ)
bIn(QP/LE)g b In(QULZ)
L& =225+40MeV  a®(M,)=0.118+0,003

MS

340 (Q)

u
+ ..U
d

SD = Short Distances (Perturbation Theory)

L |

RG = Renormalization Group Effects

:

LD = Long Distances (Non-Perturbative Physics)







‘ Kobayashi-Maskawa Picture of CP Violation \

CP Violation arises from a single phase o
In WE Interactions of Quarks

ud us ub :
C12C13 S12C13 Si3€'°
cd .« | CS : cb
5
-$15C53-C155,35,3€ C1Cr3-51553515€° $,3C13
td i5 |ts s |
S15S,3-C15C»3S,5€ -S$,3C15-51,5,35,3€ C>3Ci3

—our Parameters: (015 = 0ipp0)

S12 = Ivusli

S13 = |Vub|’ 523 = Ivcb|’ 6

C;=C0S0; ; §5=9Nn6;; C3=Cp3=1




7\1 A1p1n

Vus:7“+o(7‘7)

V ,=AA2+0(A8)

V, =-AN2+0(\4)

(A=0.83+0.02)

‘Wolfenstein Parametrization \ Parameters:

d S b

|2 A=0.22
u 1_3 7\‘ Vub
|2

C A -~ Vg
t Vid Vis 1

V, °

Al(r - ih) Vy, =Al*1- T - in)
|

)

| 2
- )
2

(AJB, Lautenbacher, Ostermaier, 94)

2
RbO /r_2+ﬁ2: 1 l_ lV_Ub
2 l Vcb
e =LV
I Vcb

Circle around
(p,1) =(0,0)
Circle around
(pP.M) = (1,0




Particular Definitionof A, A, p, 1

Sp=A

S =A A7

S,€° = A A¥(p-in)
BLO: Phys.Rev. (94); (Schmidtler, Schubert)
At O(A°) equivalent to (Branco, Lavoura, 88)

Basic Virtues of this Definition:

V=1 +0(17)

V,, =Al 3(r - ih)

V,, = Al 2+0(1 °)

V= Al °(1- 7 - ih)

The apex of UT given by (7,h) (BLO)




h
T_> _ l h1 0 Signals

Unitarity Triangle

Via Vio + Vea Vo + Vig Vip = 0

(r,h) CP Violation

Vi Vi x
K I 3b \/[d \/tb
Al
— - ib
th — Ith |e !
(0,0) (1,0)

An Important Target of Particle Physics

Jep =12V fm=2x /N

Area of unrescaled
UT



Tree Level Decays
LWC
d
>
xﬂﬁc :
1
>




|nformation from Tree L evel Decays

V| = 0.2240 + 0.0036 = |
Ve | = (41.5+0.8)-103 (A =0.83+ 0.02)
:’/Ub = 0.086 + 0.008 (R, = 0.37 + 0.04)
cb _
- 8
L,
Rb
(00) (10

Apex of Unitarity Triangle somewhere on this Band

Tofindit GO TO L oop Induced Decays

CP-Violation in K-Decays

CP-Violation in B-Decays




View at Short Distance Scales

W S d,s W
Ke t K° By, t t B,
S d b d;s
* |ef €, -Parameter Bj - By Mixing *
AM (K, -KJ)
W W
d S d S d t S
* € t\ ft e\ ft W W
G YRZ vy Z




View at Short Distance Scales

* *

K'® p'nn| K, ® p°nn |K, ® nm,| B® nm B® X/ nn

d W v d v d y
t ZO Wi ZO
t | W t
t _ W=
S \Y, S n s n
d W= : d o d o
t W+
Z0, o
Wi
t Wi

K, ® p’e'’e B® X,e'e, X,nm

b s B® X.g B® K'g| %
; / _ B® X, b— sgluon
Y. 9




Hunting A with Rare and €P Decays

2011
154 K.°® pe'e v K'® p'nn| _
KLO® ponﬁ V—cb ,’——s\\
10 efde s B® X ,nn| Y
| j , s \\t&®ﬂ
B? N\ {
051 y. AN
B® X, \
€ \
(B\JB |
05 0f 05 10 15 20
— r
(K. ® mm)g,
(CP Asymmetries]
Quark Mixing and CP Violation * Jin Y > ﬂ J
closaly related in the St. Model
|B- Decays )

«Q T QO




2.

T heor etical
Framewor k




‘ The Problem of Strong Interactions \
|Bg- B; Mixing\ (SM) |Bg- B; Mixing\ (MSSM)

Short Short
Distance Distance

| Long Distance | | Long Distance |

@ . Perturbative : Non-Perturbative

(Asymptotic Freedom) (Confinement)




‘Effective Field Theory \

Full Theory
(W*ZOGy,tHObudscI)

mz?

u=M,,

Effectlve Theory
(G,v,b,u,d,s,cl)

b d b ¢ b s, | u=0(m,)
CB(H)>X< Cz(u)>2< CAM))X(
d b u d q q

"Generalized Fermi Theory" with calculable
"couplings' Cg(1), C,(W),...



Operator Product Expansion

&gﬁz.mt;} {gz.?m& g
GF A(M@ F) GT CKMaC <F‘Qi (m)‘M>
Hy = VCKMa C( ) Q ’_ , M n=0(1Gev,m) 0
pn |

y
RG Long Distance

[pg, 0 n
Four Quark mm g,...‘
Q ”)8( | nteraction (sd) /Short '
Vertex . v . |
Top Renormalization| |[Lattice, /N
6 [SUSY] J Group L {HQET, QCDS}

aM,,) [ o M,
( )H gglrjlgtlzlirr]]%s (m):[ S( W)} a a,log= ChPTh

- y

B, F2 m? [ocs(m)]Z’9



Problem of Matching| (Non-Leptonic Decays)

| Summing Large Logs C.(M
m
<Q'( )> (LogM¢, / nf) (M)
Long Short
Distance Distance
Non- h mM + ot =
Perturbative ool | W) (tH.c%8,.)
Renormalization
Group Improved Perturbation
Perturbation Theory in o
Theory
Tough |
N, Fully calculable Fully calculable
Chiral QM, ..)
0(2 GeV,m,) M.,

Poor Control Full Control



‘ Prime Motivations for NLO Efforts \

* L —= In Weak Decays
%  Reduction of 1 dependences *)
(RG evolution; m,(m), m.(m.) )

* Proper Matching to Lattice Calculations

) Physics cannot depend on
particular choiceof |, mr,, .

for -
Emb £m £2m,

%mt£r11£2mt

1 GeV £m £ 3 GeV




Renor malization Group Transfor mation

(Operator Mixing)

C(m)
C,(m

Ci(My,)
— U(m MW) CZ(MW)

Case of a single Oper ator

_Cn(I:\/IW)_

C(uw) =Uu,M,) C(My)

(m
4

P

a(m)

g(O)

|

2bg
(1_ J as(M W)
4p

J

g(a,

)

.2
=08y & O

4p

&4p &

Anomalous
Dimension



Typical Two-Loop Diagrams| 7 W

G

S d S v S V S t v
Z Z

d s d N d n gt n

Two-Loop

Anomalous

Dimensions




Status of NLO Review: Buchalla, AJB, Lautenbacher (Rev. Mod. Phys. 96)

Decay Authors
AF=1 Hamiltonians (Current —Current) |Altarelli, Curci, Martindli, Petrarca; AJB + Weisz
NLO Correctionsto Bg ACMP, Buchalla; Bagan, Ball, Braun, Gosdzinsky;
Lenz, Nierste, Ostermaier
AM (K -K o) Herrlich, Nierste (h.)
o . . B
B - BY. Mixing AJB, Jamin, Weisz (h3) , seeaso
' ’ Urban, Krauss, Jentschura, Soff

€k AJB, Jamin, Weisz (n3) Herrlich, Nierste (h¥)
AS=1, AB=1 Hamiltonians AJB, Jamin, Lautenbacher, Weisz
with QCD and EW Ciuchini, Franco, Martindli,
Penguinse’/e Reina
K, ® pe'e AJB, Lautenbacher, Misiak, M{inz
B® X_, g Chetyrkin, Misiak, Munz; Greub, Hurth, Wyler;

> AJB, Czarnecki, Misiak, Urban; Ali, Greub; Pott;
B® X549 Adel, Yao: Ciuchini, Degrassi, Gambino, Giudice
B® X4 I'I Misiak; AJB, Miinz
K'® p'nn, K, ® p°nm, B® nm Buchalla, AJB (94)
K,® nm B® Xnnn, K'® p'nm Misiak, Urban (98)
Inclusive AS=1 Jamin, Pich




‘ M ost Recent \

(DG)y 5 (DG 5 Beneke, Buchalla Greub, Lenz, Nierste

Two Loop g for Ciuchini, Franco, Lubicz, Martinelli, Scimeni,

"New" DF=2 Operators Silvestrini; AJB, Misiak, Urban

Charmonium Decays Beneke, Maltoni, Rothstein

SUSY Ciuchini, Degrassi, Gambino;

B—Xgy Bobeth, Misiak, Urban; Giudice

SUSY Ciuchini, Lubicz, Conti, Vladikas; Donini,

B. BY e Franco, Martinelli, Scimeni; Gimenz, Giusti,
d  Tdr K Masiero, Silvestrini; Talevi

2> HDM Ciuchini, Degrassl, Gambino, Giudice;
Ciafaloni, Romanino;

BoXy Strumia; Borzumati, Strumia

B® Dp, B® pp Beneke, Buchalla, Neubert, Sachrajda
SUSY .

B—XJ*I Bobeth, Misiak, Urban, Ewerth

SUSY

K® pnf, K, ® nm Bobeth, AJB, Kruger, Urban

B® X.,nn, B® nm




‘Master Formula for Weak Decays\

Non-Perturbative || QCD RG
Factorsin the SM || Factors

Short Distance Loop
Functions (Penguins, Boxes)

New Flavour-
Changing Parameters

|

|

Represent different
Dirac and Colour ‘
Stuctures

F;_.M’ |:INeW’ C-:'iNeW

. J \NeW
Naco g"bCDH

Bi | BiNeW

(represent (Qi >)

Non-Perturbative Short Distance Loop
Factors beyond SM || Functions Penguins, Boxes)

. Fully calculablein

Perturbation Theory

. Fully calculablein RG

improved Perturbation Theory

. Require Non-Perturbative M ethods or

can be extracted from leading decays




M SSM with large tanf3
General Supersymmetric Models
Models with complicated Higgs System

G New
NLO ghoep | ¢ Ciuchini, Franco, Lubicz,
Martinelli, Scimemi, Silvestrini

AJB, Misiak, Urban, Jager




General Structurein Models
with Minimal Flavour Violation

Ciuchini, Degrassi, Gambino, Giudice;
AJB, Gambino, Gorbahn, Jager, Silvestrini;

7,':( No new Operators (Dirac and Colour Structures)
beyond those present in the SM

7,'1( Flavour Changing Transitions governed by
CKM. No new complex phases beyond those

present in the SM

N\

A (Decay) =B hiQCD Vekm éfél\/l + Fli\leNJH
rea

Examples. SM

v
MSSM at not too large tanf = V—Z
1




IMain Targets of Qlf\ Useful for CKM and 2\

(Rather clean)

Standard Analysis of AN
e, Vi / Vo, DM (B3 - Bg), DM (Bg - B?)
(Mixture of K- and B-Physics)

CP-Violation in Rare K-Decays | )

K, ® p°nn (K ® p*nn) ()
(KL ® pOe+e- ) (Vi)

CP-Violation in B-Decays
(Asymmetries and other Strategies)

Important Tests of 2P, C Lage )
¢'/e , Electric Dipole Moments Hadronic

2P in Hyperon Decays Uncertainties
2P in D-Decays ~ ~




3.

Particle Mixing and
Various Typesof CP
Violation




K- K° Mixing| =% fcAke)=-|k")]

K®=ds
_ % K | |
Due to K°- K° Mixing > » (discovered: 1960)

K° and K‘are not Mass Eigenstates

Mass Eigenstates:  (when CP conserved)

K°- K°
K, = 7 CP=+1 (K9  S=Short
K®+K°
K. = CP=-1 (K,) L = Long
2 & L

M(K,)- M(Ks) =350 "GeV :Eig » 600
S

(+)
K,® p'p,p°p° (CP = +1)

(-)
K,® p'p p’,p°p°p° (CP=-1)
Xo p'p,p%p° (forbidden if CP conserved)




Gaillard - Lee (1974)

W > ) (c = charm) )
K° ¢ ¢ ¢ K° =) DM @b. I\Tg }10‘1ZGeV
5 q (M,, = 80 GeV) lw

(DM),,, » 3530 “GeV

=) m,_ » 2 GeV |Prediction

Bi - By Mixing

—_ 0 Do

B, =pB’- gB°

b d <

By =(bd) B =(bd)

M ass Eigenstates:
(DIVl)BO MBH_ MBL (DM)

B

{(DM

_](42+08)40 “GeV (DESY, 87)

B {(311 01)40 °GeV  (CERN, 97
Cornell)

to be heavy




[Indirect andDirect 2Pin K, ® pp]

(-) (+)
K, =K,+eK,

(K°- K° Mixing)

Mass Eigenstates are not
CP Eigenstates

indirect CP violation ()
CP(+)

p'p, p’p°

€

—

“direct CP-Violation (&)

€’=0 in Superweak Models
Wolfenstein (64)




‘February 2003\

DM, =(0.5301+ 0.0016)x.0°*/ ps
DM , =(0.503+ 0.006) / ps
DM >14.4/ps (95% C.L.)

e=(2.280+ 0.013)40 2"

ae'0 4
Rer~—=-=(16.6+1.6)+0
5eb ( )

1/ ps=6.582x0 ~GeV




Express Review of K°- K°Mixing

€ Flavour Eigenstates

K® =(=d)

0 :(Sa) In the absence of K° - K° Mixing:

CP KO> —_ R0> KO(’[)> — KO(O)>eXp[' | Ht: H=M - |§
crfe)=- )| K0 =k e-ing A

€ TimeEvolution in the Presence of Mixing

RACNEIWRIN _F(me

o 4K°(1)5
Hermitian Matrices
with positive (real)
eigenvalues .
~ O’?\/Ill |i M, - iig M;;-transition with virtual
(=M .9_9‘ 2 2 ' intermediate states
V- 2 =€ G G, . T-transition with physical
éM - i—= M, - 1—22% intermediate states
2 2



Diagonalization

Eigenstates K= K1+éK22 K, = K, +éK21
1+[g 1+[g
K?- K°
K, = 7 CPK,) =|K,) CP=+
KO+KO
K, = 5 CRK,)=-|K,) CP=-
*‘ Mass Eigenstates are not CP-Eigenstates‘
= i Iml\/l12+ X X:|on
1+i DM 1+ ReA,
Eigenvalues DM =M, - M =2ReM,

DG=G - G =2ReG,
DC » - 2DM




ceand & in K, »>nn

€ |sospin Decomposition : K—(rtm),

A(K™® p'p’)= \FA e
KO® p p \/7A idg _l_\/IAzeidz
® P p \/7 oeIOIO B \/7 2eIOIZ

A, = Isospin Amplitudes (contain weak phases)
9, = Strong Phases

ReA, = 3.33X0 'GeV
Re A (D

0 » 22
REA,

d,»37°+3 d,»-7"x1 d,-d,»p/4

=1/2 Rule)




€ Basic Definitions of € and €’

Denote:

AiL® A(KL ® (pp)l)
A s A(Ks® (pp))

o)

(1=0 only)

(1=0,2)



€ Basic Formulaefor € and ¢’

exp{i L2

e=

J[Im M., + 2XxReM ]

P

€=

\ﬁ

e J{

Phase convention
Independent

ImA, Wlon}

ReA, ReA,
\f

Phase convention
dependent

Phase convention Phase convention
Independent dependent
_ ImA
Ree=Rele) x= :
ReA,

ReA, @1
ReA, 22

W =

The second term ~ 2%
(can be neglected)

ImA, - dominated by
QCD-Penguins

Im A, - dominated by
Electroweak Penguins




€ CPViolationin Mixing
K°® K°® pI'n
I (Phase Difference)
K'®@ K°® p*l'n
_GK,_® p’l'n)- GK_® p’I'n)
= GK,® p'I'n)+GK, ® p*I'n)| r»1- ,mI\CA%;

2 —
1-r — 2ReB=Im G, (for K° - K° system)

1+7r° M,

"wrong charge"
leptons

Ay =

Note |ay measuresthe difference between the phaseﬁ of ', and M,

K which should be aCP

f ag #0 \ elgenstatefor conserved CP,
\Signal of 2P( = <decays into CP conjugate >
final states with different

- ? rates
. J



Express Review of B-B? Mixing

€ Flavour Eigenstates

Bg = (ba)
BY :(oa)
BY = (Bs)
B. = (bs)

€ MassEigenstates

B, =pB°tqB’
(1+éB) (1' éB)

o \/2(1+\63\2) - \/2(1+\éB\2)
ﬂ: ZMiz' iqz
P DM i DG

I -
2

DM = M(BH)' M(BL)

DG = G‘(BH) ) G(BL)

All exact formulae from K° - K° system apply

but now:

My, >>|G,

)




€ Master Formulae (B°-B9)

DM =2|M,,|

DG=2

, q@
Re(MlzGlz) B ‘Mj i

th = ‘th‘e- P Vts = ‘Vts‘e P (bs @))
q 2. :I-b BS-ES
p & " 71b, BY- B

(Pure Phase)



The Routeto AM

w Box Diagrams with internal top

Ha ™ = 1(63; M (thth) h S( ) s(n}))-G/23 %_.,.a

(DB=2)=(bd) (bd)
(x,)=0.78x®  hy,=055+£0.01  (AJB, Jamin, Weisz)

eff

1 |/— _ 2
oM, = B o) [ o, = % B v
e R L?ief:ﬂsir:t

in (L)




(DM )d,s ’ ‘th‘/‘

V,| and R,

ax

osoefFBdue V| U 6hy 06S(x ) -
(DM), = ps 8230|v|ev§ 57.840° 80550 2.34 =) S A0
(DM). = _1845 /B, uewueh ueS(x,) hg =0.55+0.01
S ps 827OMeVH 50.0403 E0.55Hg 2.34 § —
AJB, Jamin, Weisz
V,l=1 [V, |R, 2 5 B.F
Vil =1 [Ve |Vts|:|vcb|§[-|—+r—|22 x:\/i > =1.22+0.07
e 2 BdFBd
V
Vil _g 1 5 [PMa R, =090 | M4 |184/pse X U
V| DM 0.50/ps\ DM_ &1.22H




M odern Classification of CP Violation

We have:
Particle-Antiparticle L cprViolationin Mixing
Mixing =) @. CPViolation in Decay
q &. CP Violation in the Interference
an of Mixing and Decay

Decay




1.

| Classification of CPin B- and K-Decays\ (Nir 99),...

CP Violation in Mixing

0 =R8)2q5) |

CP: |lg/p/* 1 = (Not CP Eigenstates)

Mass
igenstates

4

G(B°(t)® I'nX)- G(B°(t)® I'nX)

= GB°(t)® I"'nX)+GB(t)® I'nX)

A

H:M-IE
2

A

B°® B°® I'nX

B°® B°® | nX

t (Phase Difference)

"wrong charge"

leptons

Hadronic Uncertaintiesin I';,, M,

Observed in K-system: Reg, #0




CP Violation in Decay

A, =(f|H"=[B) A, =(f|H"*B)

eP: | A /A1 1

f3.9®f

fi

Decay —
a v =

G(B'® f*)-G(B ®f ) 1-|A /Al

G(B"® f')+G(B ®f) 1+A /A, [

Requires at least two different contibutions
with different weak (¢;) and strong (o,) phases

A = é Aiei(di+j ) A :é. A

1 =1, 2

d9) (A <)

r°&<<1

1

ar » -2rsin(d, - d,)sin(j ,- j,)

Observed in K-system: |Reg'y #0

Hadronic Uncertaintiesin A, , o,




BO-Decaysinto CP-Eigenstate

B DM = Difference between Mass
Ezg EZ) f Eigenstatesin (B, B®) System
f °f, = CPeigenstate
h, = CP-parity = +1
Time-dependent asymmetry:.
. gB°(t)® f)- dBt)® f)
(1) = gB(t)® f)+GB°(t)® f)

a (t,f) = acs™ cos(DMt) +aiy* ™" sin(DM)

1- x| oo 2lmX
aDecay - fl o mix-ind" — f o _
CP 1+‘Xf ‘2 f CP 1+ ‘Xf ‘2 81
o Kf(§0® f) «—
X, =exp|i2 Deca
N p_[Y_J M]J A(B°® f) «—  Amplitudes
Mixing

For asingle decay contribution or sum of contributions with

— — the same weak phase
X =- h 9<p[l21 M]>€><F{ 12 D] &~ given only
In terms of
CKM phase

2 . weak phase
X[=1 jy in the B° decay

8" =0



Dominance of asingle CKM Amplitude
At Ap - hadronic matrix elements
07, Op - final state interaction phases
O, Op - weak CKM phases
Kf (EO ® f) _ h _ATreeei(dT-J: T) + Apei(dp'l: p)
A(B°® f) | A8l + AT
Tree Dominance Penguin Dominance
A (B°® f . A (B°® f »
f( - ):_hfe-IZJT f( ; ):_hfe-IZJP
A(B°® f) A(B°® f)
(Pure Phase) (Pure Phase)
Very Clean! Very Clean!

Also pure phase If =0p

Il (Example B} ® J/y Kq)



3 s | CP Violation in the Interference of Mixing and Decay

Misnomer: (“Mixing induced CP-Violation®)

a(t,f) =Imx, sin(CMt)

Im X :hfSin(Zj b~ 2 M)O - S Veryl_lc_:llean

M easures the difference between the phases
of B%-B° mixing (2¢,,) and of decay
amplitude (2¢,)

Examples. (@ yK,|: j,=0 j,=-b h=-1

Imx, =- sinZb

Bg®p+p_ : jD:g jM:'b hf:+l
Imx,, =sin(2(g+b)) =- sin2a

K_® p’nn | : | Measuresthe difference between
the phasesin K°-K° mixing and
S® dnn amplitude




BO-Decays into CP Eigenstates

o o)
gﬁ'wo Contributions r =2 « 1=
& Al g

acp(t,f)=C, cos(DMt)- S sin(DMt)

C,=-2rsin(j,-j,)sin(d,- d,)
S =-h&in2(j,-j,)+2rcos2(j,-j)sin(j.-j,)cos(d - d,)g
J . =weak phases d. = strong phases

{r=0 m |C, =0 S =-hsin2(j,-ju)




‘Comparison of Two-L anguages\

CP violation
IN Mixing

CPviolation
IN decay

CP violation
N Interference
of mixing and
decay

M anifestation of
indirect CP

M anifestation of
direct CP

With asingle

decay it isimpossible
to state whether CP
In Mixing or decay.
But Imx; * ImX
signals CP violation
in decay (Direct CP)



e, €’ and B-Physics L anguage

% Ree#0: £P inMixing

Y Ime=0: P inthelnterference
of Mixing and Decay

% Ree #0:.2P inDecay (9,0, 6,#5,)
* Ime¢ #0: Requires 0,70,




Classfication of CP Violation

. Old
2P Examples Terminol ogy
Mixing Re(ey), ag (K), ag (B) Indirect 2P
Decay e'/e, acp(BY) Direct 2P

nterference |, @ p'nn, age (y Ko) 9
of Mixing
and Decay Im(e, )

*) In order to find out the presence of 2P in
Decay (direct CP) at |east two processes,
asymmetries have to be measured




4.

Standard Analysis
of
Unitarity Triangle




‘Standard Analysisof UT \

Relevant Parameters

N N

By, K, +/B

o X=Fo By /Fi,y/Ba,

Bg,s - Egs
Mixing

S Vin| = 0,086+ 0.008
i |
R, =0.37+£0.04
e, DM, DM _/ DM,




Indirect CP In K, ® pp
S d _
{Imdms+qco} m) ¢ @ {Experiment}

L
= (2.280 + 0.013) X0 e * ‘

‘BS,S- B,. Mixing\
b ds CLEO
(T vomn|  monem {0

d,s b Belle

(DM),.° M(By), - M(B?) _

"

Mass Eigenstates

exp. (DM), =(0.503+0.006) /ps
* (DM), >14.4/ps (95% C.L.) (LEP/SLD)




‘ Basic Formulae \

£ - Hyperbola

ng1- T)A’Rhie, +P.(e)§A°B, =0.213

hoep =057+001; P.(e)=0.28+0.05; F, =2.39+0.12
(F.° S(x,))
B;- B, Mixing Constraint

. ‘ e U
u ~ .
R, 20.8660" .0410\/2.34\/ DM, §23E)|\/|eVL,J /OQ?:E)
é‘Vcb‘ 0 F, O.50/psg /BdFBd H hg

V,,|=0.041+0001; DM, =(0.503+0.006)/ps, hZ®™ =0.55+0.01

B;- B, Mixing Constraint (AM/AM)

DM, [18.4/psé X U JB.F,
R, =0.90 ~— o |x=Y_—=E
0.50/ps\ DM, &1.224 JB.F

By
AM_>14.4/ps (95%C.L) LEP (SLD)



4. [sn2B from A (wKJ)

A (YKs) © - &, sin(DM,t)

a, =sn2b (SM)

041
10.70+ 041 (CDF)
sin2b,, = ! 0,741 0,067+ 0,033 (BaBar)
| (stat)  (syst)
{o 719+ 0.074+0035  (Belle)
(ALEPH : 0.84 "0s +0.16)
3
(Nir) [sinzo= 0734x0054] (a«. )
3

o 1|(236+22)

(sinb =0.400+ 0.035)
i(66.4+2.2)" (excluded in the SM)




Different Treatmentsof Errors

Particle Data Group

Gilman, Kleinknecht, Renk

"Gaussian" Approach

Ali + London; Mé€le, ...

Bayesian Approach

Ciuchini, D" Agostini, Franco, Lubicz, Martinelli, Parodi, Roudeau, Stocchi

Frequentist Approach

Hocker, Lacker, Laplace, Diberder

95% CL Scan Method

Plaszczynski, Shune; BaBar

Nalve Scanning

Rosner; Stone; AJB

b Bayesian




‘ Crucial Parametersin SM and Beyond \

V= 0.2240 + 0.0036
V| (3.57 + 0.31)-10°
CERN vV, 103
CRM Workshon | (41.5 + 0.8)-10 ) ¢
Vub
V. 0.086 + 0.008 +
m,(m, ) (167 + 5) GeV
B« 0.86 + 0.15 )
Lellouch, \BoF, (235173 ) Mev (AM,)
Becirevic
(Amsterdam) B
X= " 1.24 +0.08 DM _ 6
BaFsyq ¢ DM ~
(1.22 + 0.07)* eag

Valid for al extensions of SM !! *BeGirevic et 4.




‘ Universal Unitarity Triangle \

AJB, Gambino, Gorbahn, Jager, Silvestrini (00)

In the full class of MFV-modelsit is possible to construct
guantities that depend on CKM parameters but in which
the dependence on new physics parameters cancels out

8

CKM Matrix determined without
"New Physics Pollution”

g

‘ Universal Unitarity Triangle ‘

Examples

R, =0.90 DM, [184/psé X U
0.50/ps\ DM_ 81.224

‘ast :sinZ:)‘




Universal Unitarity Triangle 2002

AJB, Parodi, Stocchi

Use only quantities that are independent of parameters
specific to a given Minimal Flavour Violation model

Vub — (1- I 2/2) Vub
» R,-=
Vcb I Vcb
DM X DM .
R =t d sin 2b
DM = R DM B,




Unitarity Triangle 2002 (SM and MFV Models) | (oo ot ooy

(AJB, hep-ph/0210291)

R i
& EI T I ER T i
HiE i iEi e i I

0.6 F @ s

0.2

i | I ] ! | | | l |
0—1 -0.5

10.734+0.054 (a, )
) I )
SN 71510055 (UT without ., )
T V. WITNou

10,045 A,

(sin20)wona = 0.725+ 0.033

Perfect Agreement Averee
b=(23.2+1.4) *




‘ Bayesian Output (November 2002) \

AJB, Parodi, Stocchi  hep-ph/0207101

SM UUT
h 0.357+0.027 0.369:+0.032
r 0.173+0.046 0.151+0.057
sin2b 0.725+0.033 0.725+0.034
sinZa -0.09+0.25 0.05:0.31
g (63.5+7.0)° (67.529.0)°
R, 0.400+0.022 0.404+0.023
R, 0.900+0.050 0.927+0.061
V,,|/10°3 8.15+0.41 8.36+0.55
iml [ /10°* 1.31+0.09 1.35+0.12
V!V 0.205+0.011 0.209+0.014
DM  (ps) 180 " 1737

* X%

(1 =ViVy)

ts









\e'/e In the Sandard I\/Iodel\

W+

| QCD

(1.B)

QCD - Penguins Electroweak - Penguins

e' .€ Iml U
E: 48]-.20&6_4HF(mt,L(I\;)g,ms,B6,BS,W|B)

2
é 110 Mev U , - 2 L
F»16> 0 88, (1- W) Z0mJBSH§34O MSeV

am, (2 GeV)g A
P

25 'Qcp Pew

Z(m,) @.4% M, . W, = Isospin Breaking

43 ;
8165 GeV

Iml, =Im(VLV, ) =V, ||V, sind

ts ¥ td

Basic _ (4)
Parameters | Iml, L5, Bg, Bg, Mg, Wig




‘ First Round of M easurements \

e _ {(2316.5)&04 (NA31)
e (74+59)40* (E731)

Second Round of M easur ements

e _ {(14.712.2)404 (NA48)
e (207£2820*  (KTeV)

Grand

e’ _ -4
fyEEse o (16.6+1.6)x0

Waiting for KLOE

Direct CP Violation *

firmly established




[e7¢ 2003]

(e0/€),,, =(16616)0°| [ g0y _ 1

e/ e
(NA48, KTeV) SM (0_5_ 3) ( )exp
Lattice: (e¥/e),, <O ?

TarQEtS for e/ e A lot of room for New Physics
(SUSY, etc.)

1- e'/le from KLOE

z‘ 861 881 mS’ Im7\~t

a' Wh+h" L(%






‘Basic Contributions\

ml Decayswith Treesand Penguins

W —
b a4 P C b® CCS
v.Z b® ccd
w q G q b® uUs
4 [G=ue q b® utd
h. Treesonly m. Penquins only
] q, b® cUs , W b® SSs

—-— b® cld =~ ——L e b® s5d
MZ b® UCS H&-{Q b® dds
de P® ucd q |b® ddd

q, * qZT {qu} g=d,s



Penguin Diagram



a, b, gfrom B-Decays

B, ® J/YK, | yos | Ba® Jy] B,® D'p,Dp’
(b) - (b) (2b +9)
F+P] b® ccs|%® B |[+p b® cts T] b® ucd, cud
lc@s \@%ld ld®s
B, ® j K, B, ® p'p B:® DK, D_K"
(b) (b+g) 4 (20, +0)
[Pl b® sss b® utd T] b® ucs, cUs
As | Jzes
' ® K'K- B*® DK*, DK*
B, ® K'K U-Spin Symmetry |
(bs, kN = adb (9




B°® J/yK, and b

Vig = ‘th‘e_ib
b C d
—< <+ Jy 3 >
Bg W(L.}CC Bd : KS VcsV:b @A‘l i
S .
: KS Vusvljb @A‘I 4Rbelg
\y * * *
C v Vtsvtb = - Vcchb - Vusvub
O _ * * *
A (Bd ® ‘J/y KS) - Vcchb (AT i Pc) v VusVubPu v VtthbR
= VeV (AT +P.- Pt) A (Pu ) P[)
(Dominance of a single phase)
Vollcom im0 8 IO andl )= an
s | I I di _ ; !
® y‘ |JM—'by Iagp(st)_O acp(yK ):O y
R.- R | i | i i
<1 < " sn2b




B°® J/yj andb,

Vts — Vts e—ibS
b C s
— — Jy >
B, KC & . P Differsfrom
S
: : BS® J/yK, only by
> Ty "spectator” quark d ® s
(J D :O)

Complication: (Jyj ) admixture of CP=+ and CP = -
(Can be resolved: see Page 40: "B-Decays at the LHC ")

\I =0 U \IarCn _SInZ(J _j M)ZZI 2h:OOSU
|, D ) ) |, |, . — |,
_I,‘M__bS:_I hy ‘ llaC 2b y
%ij =1 ;o } A lot of room for New Physics! 1




Bg ® ] KS and b (Pure Peguin Decay)

A V* = Al °
V. V., =Al ‘R, €°
Vtsvtb V V Vusvub

A(B]® j Kg)=V VLR +V VP, +V, V,P

cs " cb

=VeVe (R - R)+VieVis (R - R)

(Dominance of a single phase)

T (j Kg)=-sinzb=aZ (yKg) u
Cy. »0 Sk, :Sst:Sin%y

I
|,
|
Grossman, |

I
ipc- : o b?%lf@t':g;f\sm ] £008 (M) B

L ondon, Soni b




First Resultsfor By ® j K

g*0.52
(§n2b) . = I 0191922 (stat) +0.09 (syst) (BaBar)
s 5.0.73£0.64+0.18 (Belle)
' 4 (Belle) (BaBar)
(World) |S§ . =-0.39£0.41 Sk, = 0.76£0.36 S, = 0.02+0.035
(Belle) |C o = 0.56+0.43 Ch.KS =-0.26+0.22
Sk.- Sk |=112+041 (fully consistent with SM)
(Violation of SM by 2.7s) but S . * S, possible g™
as non-leading terms Worah
New Physics could be different Sivesrin

Enhanced QCD Penguins
Z0 Penguins, ..

Hiller, Raidal, Ciuchini + Silvestrini
Fleischer, Mannel




Decaysto CP non-elgenstates and vy

=)

B, ® D*p*
(Dunietz+Sachs)

d® s

B’ ® D*K*
Aleksan, Dunietz, Kayser

BS(BS) and ES(EE) can decay to
the same final state

Requires full time-dependent analysis:

4 time dependent rates
Bg,s (t) ® f’ Egs(t) ® f !
BS. ()@ f, BL()®T,

Tree diagrams only

Xf:eiszA(E"@f)
A(B°®f)
e A T)
A(B°® f)
[-b By
Mo, B




(Dunietz, Sachs)

f=D"p d g
C u Tt
2 %0 oS
B; > B; > >
d d
(M Al “R,€" (MAI?)
— - B
SO = iz A(BOI ® f) _ il 1 M, Xfcd) »((?d) —e i2(2b+g)
f A(BS® f) | ?R, M, ’
(d) i2b A(Eg ® f_) -i(2b+g)y 2 I\_/l‘ l
Xp =€ —y =€ VIR, == 2b + g without hadronic
A(BS® f) M.
— — uncertainties
M; =M- M; =M- — (Bknown)l
Hadronic Matrix Elements e @
difficult exp.
task




B ® DK™, B, ® DIK* and g

Aleksan
Dunietz
Kayser
Directly obtained from B, B; ® D*p* through |d® s
f =D!K S s f =D.K" s 5
C D; K- D-S U K*
D T o N | VL I
B KR "D || B Uk B ° D
c > < < >
S S S S
(M AI°R,€°) (M,AI?) (M;AI°R,€ ) (MAI®)

Inanalogy to By, B, ® D*p?

X\ ¢

b, - phasein B? - B?

(s)

f

—€

Much bigger interference
thanin B3, B ® D*p*

- i2(2bg+ 2b. +g without hadronic
o ‘ uncertainties ‘

b, from
B® jy

S




Directly obtained from B_, B, ® DIK* through|B,® B*
: b
b u K+ _< ‘U DO
—< <+ C +N +
. C = B \‘C K'D°1 K'D°
B D S +
g f ‘ 8
u u
S ; Need
b ;Q N —» — B*® DK*
g e B %C 1 +
B DO S ) DO - DO+DO
< < K A

To each process only single diagram contributes

A(B+ ® [_)OK+):A(B' ® DOK‘) A(B+® D0K+):A(B' ® [_)OK-)eZig

o(AI'®)

O(AI 3Rb) Colour suppressed




Gronau-Wyler Method for y

J2A(B'® DK*)=A(B*® D°K*)+A(B*® DK")
J2A(B ® DK )=A(B ® DK')+A(B ® DK")

-5 (07)+ [P cp=

¢

A(B*® D°K") J2 A(B°® DK")

J2A(B*® DIK")

A(B*® DK*)=A(B ® DK")

Advantages

* Pure Trees Disadvantages

+ No tagging + Br(B*® D°K*)~0(10°°
+ No time dependent measurements  « Br(B* ® D°K*) ~ 0(10™*

* Only rates + Detection of D?



‘Other clean Strategiesfor vy and [3\

Gronau + London; Fleischer

Analogous arguments as in: Bg® D*p7, Eg ® D*p” (2b+g)
B)® D:K", B ® DIK" (20, +)
B*® D°K*, D°K* (g)

¢ !

By ® K.D°, K.D” (2b+g), g| |B*® D%, Dp* (g
B} ® p°D° p’D° (2b+g), g| [B:® D°DZ, D°D: (g)
+ + WOt
B®jD°%jD° (2b+g), g 5.® OD%, D'D" (9)
B°® K.,D°, K,D° (2b,+g), g
(26+9) | . |Time dependence v| - [Ratesonly

(2b,+g) | tagging



V:quOI = Al 3Rbeig
V:;bVOol =Al 3
VtLth = - V:bvud - ngvcd

A(BS® p'p7) =V Ve (A7 +R) +VLVeP + Vo VR
:Vljbvud (AT v I:)u ) Pt) +V:bVCd ( RJ i P[)

V(;bvcd — 1 » 0 ( 2)
Vuqud I:Qb
R: ” P[ — I:)pp 2

AT+Pu_ I:)t Tpp

Assuming

I—D'fllo—<<1

PP

Dominance of a
single amplitude uncertain

| S

] o =0

=-b ‘pr‘zl

agy =h_sin2(j 5 - j y)=sin2(g+b)=-sin2a

2% =0

C

pp

=01 |S,, =sin2a




First Resultsfor B, ® p'p’

i -0.
Cpp :|,
1-0.30+0.25+0.04
o _1-123£0.41008
P 1. 0.0240.34+0.05

77+0.27(stat) £0.08(syst) Belle | cp

BaBar | Consistent with 0
Belle | eP

BaBar| Consistent with 0

| sospin analysis (Gronau + London)

Model independent determination of o

Model independent upper bound
(Grossman, Quinn; Charles)
Br(B0 ® p°p°)
Br(B+ ® p*po)
Imxy,

X

sin’(ay - a)£

sin2a . °
DP‘

Model dependent determination
of a using (P, /T,)..

Beneke, Buchalla, Neubert, Sachrgjda:jsmall C |
Keum,Li,Sanda: large C |



U-Spin Strategies| ©-s

Fleischer:
iBi® p'p i
|

B ® K*K'i;

|BO®DD]J
y =)

By ® J/yK.i

) Y
B, ® J/YK

Uncertainty from
U-Spin breaking

Uncertainty from U-Spin breaking,
rescattering, colour suppressed
EW-Penguins



B;® p'’p and B ® KK

{Replacein Bi® p'p :d® s}

S
b {”Q: K
— +
B K’

S

>
S

BO

(b and g) (Fleischer)

ViV =Al %R,
V:bvcs = AI °
Vt*bvts = - VJqus - V:bvcs

A(B2® K'K') = ViV, (Ag+PS- PO+ VLV, (PS- PY

U-Spin Symmetry:

al (B3® p'p’)
adL(BS® p'p)

I:)pp — Pc_ Pt — ch:_ I:)tq: — PKK 0 ded
Tpp AT + I:)u B Pt Ag:-l_ I:)uq:_ th]: TKK \strong
phase
am (BY® K'K") d. d,[b.g
L o ‘ subject to U-Spin
aCP(Bs ® K'K ) breaking corrections

(b, fromB, ® J/yj )

b present in B - B] mixing



‘ vy from B—nK \ CLEO, BaBar
Belle
Penguin dominated decays \

Br (B* ® p'K°) =(181+17)2¢ | |Br (B, ® p'K*)=(185:10)40°
Br (B* ® p’K*) =(127+12)40°| |Br (B, ® pK°)=(102+15) 26"

Uncertainties from: | Non-Factorization SU(3),. breaking
Final State Interactions

Electroweak Penguins

General Parametrizations

AJB, Fleischer; Neubert Strategies
Gronau, Pirjol —
B*® p'K’, B)® p*K*| | Fleischer - Mannel Bound | "mixed"

Parametrization through
Neubert-Rosner Bound | "charged"

Wick contractions

B*® p*K°, Bt ® p°K*
BS® p°k° B ® p*K*|| AJB - Fleischer "neutral”

Ciuchini et a.:
AJB, Silvestrini



Penguins. A2
(P) e

(c.t)
(u)

Trees, A€

(T)




Colour suppressed Tree Topologies | (C)

B°® p°K®°

B"® p°K”




‘General Par ametrization of BenK\

(AJB + Fleischer, hep-ph / 9810260; CERN-TH / 98-319)

SU(2) Relations

A(B ®pK)+A(B°®pK) [T+PECW]
A(B"® p'K°)+2 A(B =- [T+C EW]°3A3,2
V2 A(B]® p°K®)+A( B°®p|< =-[(T+C)+ Py ]° 3A,,

- 1ch
ids

P, ° A(B*® p'K®) =-1%A [1+rcheqche'g]bch e

J J

.

u-Penguin t,c-Penguins
rescattering

PO \@A(Bg ® pOKO) = - 2A[1+r e'q”e'g]
T+C=T+C| €€’ P, =-|Py,|€"™ ec

n
I




‘General Par ametrization of BenK\

cont.

Parameters
T P
Mixed Strategy: I = ‘ ‘2 q:?EW d=d,-d,
Pl
T+C P :
Charged Strategy: r,, = o Oen = iWC dy, = dp,c - d
ch
T+C
Neutral Strategy: T :‘ ‘ q,=0y = Few d, =d;,.- dg

m n T+C



Deter mining the Parameter s through SU(3): Symmetry

Y | o M Gen = 0, CaN be fixed by SU(3). Symmetry

r, g cannot be fixed —) Larger TH uncertainties
by SU(3) In the "mixed" strategy

€0.39U *® pp°
oy =0, =0.66 &~ =2V K Br(B+ © p+p0)
€Ro 0 V| F, || Br(B* ® p*K®)

(Neubert, Rosner)

(Gronau, London, Rosner)
T+C| fromB*® p*p°

Vus FK \/Br(Bi ® p“—‘po) BI’(Bi ® pipo):(5.8i 10))(]_06

V| E A\ Br(B°® p°kK°
wl B\ Br( p°K°) (CLEO, Babar, Belle)
(AJB, Fleischer)

r. =

n

r,, @0.22+0.02| [r @0.21+0.02




Non-Factorizable SU(3) —Breaking and Strong Phases

Very interesting and important devel opements

Recent dynamical approaches to
non-leptonic Decays
(beyond Factorization)

QCD Factorization Approach

(Beneke, Buchalla, Neubert, Sachrajda)

Perturbation QCD Approach

Soft-Collinear Effective Theory

(Bauer, Fleming, Pirjol, Stewart;
Chay, Kim; Beneke et d.)

Phenomenological power of
these approaches still to be seen
and tested

(Chang, Li; Cheng, Li, Yang;
Keum, Li, Sanda)

The measurements of CP asymmetries
and branching ratios will giveinsight in
these issues:

p'K°)
p°K*) =-0.10+0.08
p°K°)
p K"

=-0.08+£0.04



‘ Clash between B — nK and Unitarity Trianglefits? \

Studies by many authors vy = 90° favoured
1999, 2000: by B—nK
He, Hou, Yang, Smith, Wirthwein, | mm

AJB, FHescher; Flesscher, Matias, = = |
Neubert, Rosner, BBNS, ... y=(6417) UT fits
Bargiotti et al.

L arge non-factorizable
SU(3)breaking effects?

New Physicsin EW penguins?

Critical Analysis: r
L Inclusion of large "charming" penguins
Ciuchini, Franco 1d shift v below 90°
Martinelli, Pierini < could shift y befow
vesrin .
Sllvestrin No useful constraint on y from S
B—nK to be expected
\







Leading Decay:

Isos'plin Symmetry
(P7[(s), oK) =V2(p°[(s0),. . [K ")
(P%(sd), 4 [K°) = <p°\(§U)Vt. <)

K*® p°e'n




‘K+® p'’nh and K, ® ponﬁ\

(CP Conserving) (Direct.€P)

S Z0 ¢ N s W N
e O T 11
g d n

LO: Dib, Dunietz, Gilman (91)
NLO: Buchalla AJB (94); Misiak, Urban (98)
|sospin Breaking Effects. Marciano, Parsa (95)

Theoreticaly Very Clean ~N

{Basic } | ( K ® p nn))TH:ﬂ% (m,(m))

Virtue ( K ® pnn)) L 22% (mt(m))

J

(7.6£12)20"  (SM)

i
Br (K ® p nn):%a_e[57+1759 ou (E787 = Br (K ® p’nn _)
18 82¢ Brookhaven)

1(27+05)40"  (SM)
T <59x0" (KTeV)

Future: KEK E391, KAMI, KOPIO; AGS E949; CKM (Fermilab)

Model Independent Bound: (Grossman, Nir)
Br(K, ® p’nii)<4.4 Br(K' ® p'ni)<240° (90% CL.)




‘K* ® p'nn and K, ® ponﬁ\

21

A .2 U
Br(K+ ® p*nﬁ) :4.31&0'11%ml t X(mt)g Lol P+ ReEI) tX(mt)g U
| 5 & | | X
A ..ZU
Br(KL ® ponﬁ) =1.8840* E%dml : X(mt)g G |P.=0.40£0.06
| a (Buchalla + AJB)
% | 2 ¢ 126,
Rel ,=-1 - —3| |Rel, =-1 - =—2A%°(1-7)| | Iml, =hA?®
& 2g & 29
X(m,)=151+0.05| || =0.221£0.002| |Al *=V,, =(40.6+0.8)40°

Br(K* ® p*nn) =) Iml =) T, 0, Unitarity Triangle
Br(KL ® ponﬁ) Rel | sin2b, |th|

*

I t = VtSth




K*® p'nn in the (T, n) Plane

Br(K*® pnn) :4.31&0‘11A4X2(mt)§g(sﬁ)2 +(ry- 1)

S =

1

(1-12/2)

P

ro =1+ .

° T APX(m,)

2

O

»1.4

1 ésBr(K+ ® p*nﬁ)l}l
TAXE(m)a  43140° 4
t) 8 -

R, =1+R;- 2F
V, =Al *(1- 7 - in)
|th|:| |Vcb|Rt




‘Anatomy of |Vl from K* ® p'nn \

D|th| D|V | DT DBr(K*) Uncertainties from
=0.044 + +0.73—=+0.66 " R,, m, L
|th| scale |Vcb| m, Br(K ) very small

D|V,|=%0.001  Dm,=+50MeV  DBr(K")=+10%

D -
PVl _ 044+ 0,025+ 0,028+ 0.066 m | Vel VItNET%

| . | accuracy

Can be improved through:

. NNLO andysis - Reduction of D[V, 4- 5%
_ B Determination
- Reduction of Dm, - Reduction of DBr( ) possible
Present knowledge 6- 12%
: dependently on
of V| error analysis




UT from K® pnn|ay™®

)

Iml , = RK(m,,Br(K,))

sn2b = Fz(R:’ Br(KL)’ BF(K+))
| t ~ Vtsvtd
snzb €&==p snD

\ _ B® J/y,KS

(0.0) 10 - (1-4,.0) (K ® pnn) ( ®1 K, )
[ x(m,)~ ] Chi[m K-Physics ¢z B - Physics

(O.4OJ_rO.06)~ = p Test
AZX(mt) Sol\f/l and | Beyond




Intriguing Property of Modelswith Minimal Flavour Violation
AJB, Fleischer (01)

Br(K, )= F(Br(K*), a .. sgn(X)) TH very

Independently of any parameters, for given *
Br(K*) and g, only two valuesof Br(K ) possible.

-

Br(K,) A

4/4

X<0

X >0 4= (SM, MSSM)

Br(K*® p'ni)£39x0 "
(90% C.L.)

0

a, . = fixed

> Br(K%)

a, £ 08

Br(KL ® ponﬁ)

13140 0
14,920

X>0
X <0

KTeV: < 59107




8.

Brief Look Beyond
Standard M odel




‘What Is affected by New Phys cs?\

Assume 3 Generations Unitarity

Vi | Vs All determined Essentially
Vg | Vo | Vg | |intreeleve ‘ independent
Processes of New Physics
Vi
V. 1., R
=-1+—| “@l- 2(r +ih
VCb a g]- ( )JH Vts @ Vcb
g
Atmost 5% effect Possible impact Independently
(Rb < 0-5)‘ Typicaly: 1% effect of New Physics of New Physics
— - ig — - ib
V,, =Vuled] Vo=V fe
Essentially independent Can be affected
of New Physics by New Physics




R, = Independent of New Physics
R, B, Y= Can be affected by New Physics




‘Impact of New Physics\

General Comments
® Essentially no impact on tree-decays

® Possible substantial impact on loop
Induced decays (on short distance physics)

8

® No impact on determination of

A= Ivusl J Ivcbl J IVub/VCbl

® No impact on calculations of non-perturbative
parameters (B;) (except for new B.'s from
new operators or new strong forces)

® Possible substantial impact on
p, M, /N, CP, rare decays



Special Featuresof CPin SM

1 s | CPiIsexplicitly broken (Yukawa
couplings)

2| Single complex phase (0x )

3. CP only in charged current weak interactions (W2)
of quarks (flavour changing)

2

4. CP strongly suppressed in neutral current transitions
(Z°,y,G,HO9 and very strongly suppressed in flavour
diagonal transitions (el ectric dipole moments)

51 CP is not an approximate symmetry (Sinoy,,=0(1)).
P small only because of small quark mixing angles



Possible Featur es of Qlfbeyond SM

1., CPisexplicitly and/or spontaneoudy (ve'®) broken

2, Several complex phases

31 CP occurs at tree-level in both charged current and neutral
current (Z°) interactions of quarks, in lepton interactions,
In new sectors beyond SM (extended Higgs, SUSY, ...),

In strong interactions, in scalar interactions, in flavour
diagonal interactions

&

4: Large CP effectsin neutral current and flavour diagonal
transitions possible

sl CP is an approximate symmetry (all complex phases small)



. AJB, Gambino,
Resultsin M SSM Gorbahn, Jager,
Silvestrini
(hep-ph/0007313)

Define: | T(Q)° [Q]MSSM

053£ T(e/e) £107 Constraints on supersymmetric

065L£T(K™® p*nﬁ) £102 parameters from:

(
041£ T(K, ® p°nn)£103 | i) By~ By, mixings, e, B® X
( 1) EW - precision studies
(
(

048£T(K_® p°¢’e )£110|
1) Lower boundon M

0.73£T(B® Xy nn)£134
068 £ T(Bs ® N £153




‘RareK Decays in General SUSY I\/Iodels\

AJB, Colangelo, Isidori, Romanino, Silvestrini (hep 9908371)

Main new effects: |~ magnetic Penguins

Enhanced Z%Penguins

Constraints from AM,, €,
e'le, K, ® niv and Renormalization Group

:

Most probable bounds: (SM) e
Br (K, ® p°nn) <1240 || 040"

Br (K*® p*nn)<17x0* 11340

Br (K, ® p%'e )£2040"| | 070"
Larger values possible, but rather unlikely

Earlier Analyses. Nir, Worah; AJB, Romanino, Silvestrini



9.

Special Topic




10.
Short Outlook




* o X% % % % X X X %

‘Shoppi ng List 1999-2008\

e/e at D(e’/e)=10"

K*® p'nfAi, K, ® p°nn

sin2b from B® yKg, | K

(DM)_ from B¢ - B Mixing

B® X_mm B,,® nm B® X_,nn
K .s® p’e'e, K. ® ne

a and g from B-decays

Electric Dipole Moment of the Neutron
Improved Measurementsof V,, V,, B® X,.0

Improved Calculations of Hadronic
(Non-Pertubative) Parameters



‘ Shopping List for 2003 - 2004 \

sn2b from
B® | Kg
(New Physics?)

First Measurements
of DM and
B,, ® nm(?)
(Tevatron)

(Improved Calculations

of X, Fy /By, Fy 1B, )

Clarification of
CP-Violation in
By ® p'p

|mproved
M easurement
of K"® p'nn
(Brookhaven)

First M easurements
of gin
B Decays

|mproved Determinations
Vi
Vo

of |V,| andR, ~




‘ Parameters in Electroweak Gauge Sector \

A, G- STy

: 1

A oep, GF’ M z

4

A 6ep, MW’ |\/Iz

Flavour Sector

Until 2001

For the next years
Vi) Vol R

appears like a better choice.

Or, even better: [ AJB

Parodi
‘Vus J Vcb 1 R, b Stocchi

sin2b

us|’ t?

t?




Fundamental Flavour Parameters

AJB, Parodi, Stocchi, hep-ph/0207101 (updated)

V| =0.2240+£0.0036  |V,,|=(41.3£0.7)20°
1(23.6+2.2)

Rt =0.91+0.05 b= ( ) (ay Ks)
$(23.2+1.4) (total )
10.734+0.054

sin2b = (av Ks )

10.725+0.033 (total)



80
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‘ (R,, B) Plot 2002 \

(AJB, Parodi, Stocchi)

70

50 -
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‘Searching for New Physl cs\

9

V%
> I

h




‘ 1989-1999 \

Electroweak Precision Studies

Qoep » G, Mz, My, My, mH‘

(v, A
Spontaneous
Symmetry
2000-2011 Breakdown

&

CKM Precision Studies

7\'1A151ﬁ1mt

with the hope to discover New Physics
and learn about Flavour Dynamics



The Future
until 2011

should be
very exciting




