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C, CP and CPT and their violation are
related to the foundations of modern
physics (Relativistic quantum mechanics,
Locality, Matter-Antimatter properties,
Cosmology etc.)

Although in the Standard Model (SM)
all ingredients are present, new sources

of CP"beyond the SM are necessary to
explain quantitatively the BAU

Almost all New Physics Theories
generate new sources of CP




Quark Masses,
Weak Couplings and
CP Violation in
the Standard Model



In the Standard Model the quark mass
matrix, from which the CKM Matrix and
GP originate, is determined by the Yukawa
Lagrangian which couples fermions and

Higgs l

fquarks _  gkinetic ; weakint Lyukawa

CP and symmetry breaking are
closely related |




QUARK MASSES ARE GENERATED Elementary
BY DYNAMICAL SYMMETRY Particles
BREAKING
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Diagonalization of the Mass Matrix

Up to singular cases, the mass matrix can always be
diagonalized by 2 unitary transformations
uiL N UikL ukL uiR N UikR ukR
M= Ui, M Uy (M’)" = Ut, (M)' U,
Lmass=m (U, ug +ug uy, ) +my(Cp cg+cgep)
+ my,, (t; tg + tr tp.)
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N(N-1)/2 angles and (N-1)(N-2)/2  phases

N=3 3 angles + 1 phase KM
the phase generates complex couplings i.e. CP
violation:

6 masses +3 angles +1 phase = 10 parameters

Vud V Vub

us

Vcd V Vcb

CS

th Vts th




NO Flavour Changing Neutral Currents (FCNC)
at Tree Level

(FCNC processes are good candidates for
observing NEW PHYSICS)

CP Violation is natural with three quark

generations (Kobayashi-Maskawa)

With three generations all CP
phenomena are related to the same
unique parameter ( 0 )




Quark masses &
Generation
Mixing

1V, ,1=0.9735(8)
|V, 1 =0.2196(23)
|V 41 = 0.224(16)
1V, | =0.970(9)(70)
'V, | = 0.0406(8)
1V, 1 = 0.00363(32)
|V, | = 0.99(29)
(0.999)
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The Bjorken-Jarlskog Unitarity Triangle

| V;; lis invariant under

l a; = Vi Ve = Via Ve
2 a =V, V,,, az= V. V.,
‘ ,‘ | ‘ 2 21 Y22 Q3 31 Y32

ella3l l
o— 00

C3 Y
Only the orientation depends a3 a,
on the phase convention ( ﬁ

a; +a,+az;=0
(b; + b, + b; = 0 etc.)




From
A. Stocchi

T Radiative decays ( future )

’I‘I Brik— mvv) ffuture)

B 0> E Oscillations

B decays

-

o f-nc -mb: ]-tg .
Form Factors,
F(1), duality...

-p

Theory Error




SEVERAL UNITARITY TRIANGLE ANALYSES, USING
METHODS BASED ON THE “BAYESIAN “ APPROACH,
HAVE BEEN MADE DURING THE LAST DECADE

nstraints on the
allowed values of

Measure Vekwm

LG —w/Tb—c) P+
EK n[(1-p)H

Amy (I—p)*+
Amgy/Am, (1—p)*+
Acp(By— J/9K,)  sin2B

Other NP parameters
A A, F(1), ...
] Bk
N’ 15,88,
0’ §



sin 23 1s measured directly from B — J/ K,
decays at Babar & Belle

I'BL —» JWK, ., t)-TBL — Jy K., t)

ﬁJ/prS: 0 =
I'By = JW K, )+ I'(B” = J K, 1)

‘A

K, = SIN 2P sin (Amt)




DIFFERENT LEVELS OF THEORETICAL
UNCERTAINTIES (STRONG INTERACTIONS)

1) First class quantities, with reduced or negligible

uncertainties __ o
-ﬂCP {B — j_.n"f“r] K.&' }

or less that can be
reliably estimated

['(b— c,u)
Y fromB — DK
3) Third class quantities, for which theoretical predictions
are model dependent (BBNS, charming, etc.)
In case of discrepacies we cannot
tell whether 1s new physics or
we must blame the model




Quantities used in the
_|Standard UT Analysis

i
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M.Bona, M.Ciuchini, E.Franco,
V.Lubicz, G.Martinelli, -.Parodi,
M.Pierini, , C.Schiavi,

L.Silvestrini,

Roma, Genova, Torino,

NEW 2004 ANALYSIS IN PREPARATION = =

.-

 New quantities e.g. B -> DK will be included

 Upgraded experimental numbers after Bejing

www.utfit.org

_THE QKM



PAST and
PRESENT
(the Standard Model)
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| Constraints, Parameters ‘ Value Gauss Error Flat Error Comments
[ sin2z 0.739 0.048
A 0.2240 0.0036
Vel [1I]"3] 421 2.1 Average of exclusive
Vel [1I]"3] 414 0.7 0.6 Average of inclusive
Vol 10 (excl.) 330 24 4.6 For the moment -> only CLEO
IVl 10'4[in|:|.] 409 4.6 36 For the moment --> LEP + CLEO end-point
m, (GeVic?) 421 0.08
m, (GeVic?) 1.3 0.1
A(m ) (ps) 0.503 0.006 WA (CDF/CLEO/LEP/Babar/Belle)
Afm,) (ps”") >145@95 % CL " The Likelhoad Ratio i used.
m, (GeV/c?) 167 5 (CDF/DO0)
fa, "By, (MeV) 276 38 Lattice QCD
£ 1.24 0.04 0.06 Lattice QCD
M 0.55 0.01
le, [10° 2.280 0013
By 0.86 0.06 0.14 Lattice QCD
4 1.38 0.53
Ny 0.574 0.004
My 047 0.04
f, (GeV) 0.161
A(m,) (102 psT) 0.5301
i 0119 0.003




Results for p and 1 & related quantities

A | v/ [ Withthe
1 - TN N '!?'I"""' Constraint
fromAm,
0.5 |
contours (@
IR 68% and 959
0 - _|CL.
D
p=0.174 £ 0.048 n = 0.344 £ 0.027
[ 0.085 - 0.265] [ 0.288 - 0.397] at 95% C.L.
sin2a=-0.14+ 0.25 sin 2 =0.697 = 0.036

[-0.62 - +0.33] [0.636 - 0.779]



Comparison of sin 2 § from direct

measurements (Aleph, Opal, Babar,
Belle and CDF) and UTA analysis

sin 2 f — 0.739 + 0.048

measured

sin 2 Bypa = 0.685 = 0.047

sin 2 Bypa = 0.698 = 0.066

prediction from Ciuchini et al. (2000)

Very good agreement
no much room for physics beyond the SM |l



Theoretical predictions of Sin 2
in the years

predictions
exist since '95

) experiments
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Crucial Test of the Standard Model
Triangle Sides (Non CP) compared to
sin2 § and €,
From the sides
1= q2k= 5 Only
NN AR /-*’ ,,/ sin 2 =0.7135
S N\ // + 0.050
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PRESENT: sin 2o from B -> nww & pp
vy and 2p+y) from B -> DK & B ->D(D*)x

A posteriori per sin2¢, sin2( e y: UT . I
FROM UTA 2 it

- A — 0.08
E 0.1/ i % E‘ 90".':'l Ui
S . g
£  irosso: 68% £ z o
s 95% 1 2
IJE. 0.05! o 4
o oL oaoe
¥ >90°
Prob ~0.001
% B0 100 180
.
sin 28 = 0.715*%% y=64°£7°

[0.65,0.78] @ 95% CL

[50,78] @ 95% CL




Am_ Probability Density

Without the constraint fromAm,

Prob. density
-

003 | Am, = (20.6 £3.5 ) ps”
| 14.2 - 28.1] ps'at 95% C.L.

10 20 30 élC
Am (ps )

-
L2

With the constraint fromAm,

Am, = (18.3"]7 ) ps-
[15.6 - 22.2] ps' at 95% C.L.

-
[

Prob. density
(-

-
'_I.

100 20 30 .
ﬂm(ps)



Prob. density

| IR T T
2000 300 A0

f.VB (MeV)

‘ Hadronic parameters

f, VBp.=276 =+ 38 MeV 14%

lattice

f, VB, =279 + 21 MeV 8%
UTA

O
6 /O ' £=1.244+0.04+0.06 Lattice
4°/O —_—) £=1.2240.05 UTA

f, . VBp, =223 +33 = 12 MeV

lattice

fpqVBpa=217 = 12 MeV,
By =0.86 = 0.06 = 0.14

(+0.13)
BK — 0-69(—0.08) UTA

lattice



L.imits on Hadronic Parameters
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Summary of the Results

Value £ Error

95% probability

99% probability

(.344 £0.027

[0291,0.39]

[0272,0415]

0.174 £0.048

[0.076,0260]

[0.045,0293]

sin 26

0,697 +0.036

[0637,0761]

[0619,0781]

sin 2a

.14 £0.25

[0.62,034]

[0.73,050]

1()

61979

148.6,76.0]

[432,829]

Im A, [10°]

13110

[112,150]

[106,156]

A(m) (ps™)

205432

[144,27.1]

[13.1,295]

st 1‘JEBs: (MeV)

219421

1239, 320]

[228,332]

4

1.224005

[1.10,133]

(109, 1.34]

By

(0.
(.65 +0.10

[052,091]

[0.46,105]

The parameters of the unitanity rangle (0,7, 528, sin2a, 7 and Im 11} have been determined including all constraints. In addition the values of the parameters

entering in other constraints (Am,, [y, "m-Ed and By ) are given after having removed, in tun, each of the corresponding constraint.




PRESENT
(the Standard Model)

NEW MEASUREMENTS



‘sin 200 from B ->nmx Ulgit |:|

App — Prob(B°, (At)—f) Pmb(BPhH( t)—f)
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sin 20 from B ->nm UTflt |_

_ . -
W — o 2ic I+7 A4
I
1+tA4,
P
T=— 5 :J_ f"”lm Arg|hgy| = sina, s # sin2ao
[ = sin(20.+ ¢)
[ A
¢ could be ABy—n'w ), A(By—n'w ), A(By - '),

extracted by —
measuring

» AB —n'n"), 4(B; — a'tn"),




SIn 20 from B ->

analisi dipendente dal tempo 777 e pp: . I
misure di 20 \ U Tfl t

. -t].- < 43.0° @ 95% CL Grossman-Quinn bound:
BR(B" = n'n") + BR(B" - n"z")

loz -l , <17.0° sin® § <
e ~ BR(Bt - mta"} + BR(B~ — n—n")
= 1 rosso: 68% | b |
T 05 £ PP
verde:99% | F
"*"Z— sin2o I]-IE

um
AR e———.

4.2
-1

1 TR 08 e




PRESENT &
NEAR FUTURE

I cannot resist to show the next
3 trasparencies




MAIN TOPICS

® Factorization (see M. Neubert talk)
* What really means to test Factorization

e Results including non-tactorizable
contributions

e Conclusions & Outlook
From g.m. gcd@work martinafranca 2001




CIUCHINI ET AL 2001

Contrary to factorization we predict large
Asymmetries for several of the particle-

antiparticle BRs, 1n particular BR(B*->
K*n) and BR(B" -> K*m"). This open new

perspectives for the study of CP violation
in B systems.

From g.m. gcd@work martinafranca 2001




CHARMING PENGUINS GENERATE

LARGE ASYMMETRIES
7= BR(®E)-BR(B)
BR(B) + BR(B)

typical A ~0.2 %
(factorized 0.03)

Large uncertainties L 2

From g.m. gcd@work martinafranca 2001




14 Jul 2004

arX1v:hep-ex/0407025 v1

D

/O

BELLE

In this study, the partial rate asymmetry Aqop(K - 7") is found to be —0.088 £ 0.035 £
0.013. which i1s 2.4 from zero. The corresponding 90% confidence level {C.L.) interval is

—0.15 < App(K ") < —0.03. Our central value is similar to that reported by BaBar,
Acp(K 7)) = —=0.1074£0.041 £0.013 [17], indicating that the partial rate asymmetry may

be negative. Theoretical predictions from different approaches suggest that Aqp(K 77)
and Aqp(K 7% should have the same sign. The uncertainty in our result for Aqp( K 7%).
is large enough for it to be consistent with this expectation. We set a 90% C.L. interval of
—0.04 < Aep(K'7") < 0.16. Since no evidence of direct C'P violation is observed in the

BABAR -0.130 = 0.030 = 0.009
4.2 sigma effect (last Monday !l)



| T T T T | T T T T ‘ T T T T
| | | | | | | | | | | | | | ‘ | | | |

.02 0.1 0 0.1 0.2 0. . 0 0.1 0.2
Ap(B,— K1) vs A (B, — K'n') ApB,— K1) vs A (B, — K'n)




Direct CP violation occurs because there are In this particular case sensitive to y

two different ways of reaching the same final state D" and D" are involved
; K._
Color suppressed /
also possible W i i V,=IV,le™
: i
b O ¢ b - _1.I D
] B - C
B Y D B W ¢
— — — — Kk
L 1 i L
—i .
A(B- > DK )= A, AB > DK )=Ayre' "
+ — i + " n itk +
AB" > D K')= A, A(B" = D'K")= Ayre™
strong amipliude (the same for —
Aﬁ W and ¥ medisted transitions r o= |‘4[ B — DK J|
S =4F _F  stong phase difference between ! |f'|.[ﬂ ok D"K_J|
B =T

= N and Vo, medisted transitions

| — -
GLW (Gronau, London Wyler) Method [ Dgpy) = E{ ID")£ID) ) | Look at D%CP) states

(o + L] et + il pr+ - e
JIAE Dl K )= A DK A 5D K VIMB =D, K =AMB DK -AB > DK

JIAE Dl K )= AE DK e AE DK ) VIAE D), K )=AB - D'K)-A(B D K

ADS (Atwood, Dunietz, Soni) Method D" and D" > f D" and D" give the same final




GLW (Gronau, London Wyler) Method

I'(B">D..K)-I'(B ->D.,.K)  +2r,sinysing,

Acps = (B >D) K )+[(B - D). K) l1+r +2r, cosycosd,
[(B' D!, K')+T : 1
REH — (B —> D{_F+K ) (B — D{_P+K } — 1 +?_H_ ier COS :}"C(}S §H

I'(B' > D K)+I'(B - D'K")

ADS (Atwood, Dunietz, Soni) Method (only Babar)

T(B = (K 7"),K)-T(B"—(K'n7),K)
NB > (K7 ), K ) +T(B > (K 7"),K")

AL - "B +"IJ'{'| +2"B ".n'.?{'.'i Cﬂhycﬂh{&ﬂ+éfll

foes =

/ERLD" S KT

“HERI;D'”—}K'EJ\

(3.62 £ 0.29)10

I 15 a crucial parameter. It drives the sensitivity on ¥




What about ry, ? r =|j£ J:E:: ;I

V=V, e Vo=V, et
b - u|p' b ¢ | p”
B W == t _|_ B M
- =K - u i
u u u g K

_|c+4
T T+C
/-

Wk Ve _
b @ C b - i D }
B ch [.:'I + B - W T:: ; K
u u u !
V.V IIC+A — = |C+A
r, =IRBx RCT |= - | _‘: n +p2 _‘ KRB =0.36+0.04
V-e.fjva.-f T +C + C

| Br(B »D'K
Evaluation can be done if Anmihilation diagram is neglected  RCT = al m ! —034+0.10 _
BriB” = D'K")

Beyond this approx. If [A/CI~0.3 (max?)  (+- 30% according to the interference between A and C)

7y =0.12£0 04(s1an) £0.04(theo) I SIS

measured on data



GLW A, =007+0.13 2rsinysind/ R,

A, =-0.19%0.18 —2rsinysind/ R,
R, =109£0.16 | +r" +2rcosycosd,
R, =130x0.25 14 r* —2rcos ycos Oy
CP+ K=z noom
CP- Kr K¢ Ko Kn
R, =00054+00124 Foes 15 + 2550 cosycos(0, +9,) ADS

Drawn 1nto the p—1 plane Y = (8 1 + 35 ) 0

Tree level diagrams,
not influenced by new
physics

i)
i

IIII,1I|I

vy = (61.9+£7.9)"

UTA



Nuovi Input: sin(25+y) B® - D7t U Tfl L
a" = 2r'sin(25+y)coso"”

¢ = 2r"os(2B+y)sind"”’ (tag leptonico)

— 1=
- —




FUTURE:

FCNC &
CP Violation

beyond
the Standard Model



Spin 1/2 Quarks
qp > Ug> dg

Leptons
Iy, eg

Spinl  Gauge bosons
W.,7Z, Vs &

Spin0  Higgs bosons

H, , H,

Spin O SQuarks
Qr s Urs Dg

SlLeptons
LL 9 ER

Spin1/2  Gauginos
W, Z 979 g

Spin 1/2 Higgsinos

H,, H,




In general the mixing mass matrix of the
SQuarks (SMM) is not diagonal in flavour
space analogously to the quark case

We may either Diagonalize the SMM

ZsYVs8
FCNC
Q' - Qi

Rotate by the same matrices the SUSY
partners of the u- and d- like quarks

Qi) = Ui, Qi g
L L XL Ui, [ dkL\ Ui,

or




In the latter case the Squark Mass
Matrix is not diagonal

(mzq) i = mzavemge 1y + Amyz ay - Amyz / mzavemge




Deviations from the SM ?

Model independent analysis:

Example BY-BY mixing
(M.Ciuchini et al. hep-ph/0307195)

Amg = Cyqy Am5™M (B — By mixing)
Acp(J/W K,) =sin2(8 + ¢4)



o > 6O
tj 1 _ = | ‘\
@ { ’V \-LL \ @ 4 | .
e \JH - = / L Second solution
‘ 11 vk also suggested
u”_JJ' B : - 3 0705 025 'u'”{i.zﬁaﬁr by BNNS analysis
‘ % of B ->Kmt, m
% | decays
0
| e
45 | i
| ngk
05 |: i
0 1 (1.6 -

0.4

0.2 p

p L

solution




TYPICAL BOUNDS FROM
AM, AND g,

X =m%/ m?
x=1 my= 500 GeV

“IR@ Ol < 3.9 x1072

|Re (0,2 g! < 2.5 x107

\I | Re (612)LL (612)RR| < 87 %104 frOm AMK




from g

x=1 my= 500 GeV

ITm (§,2); | < 5.8 x 1072

\Illm OpHr! < 3.7 x 104

I Im (8;,);; Bp)rr! < 1.3 x 10




AMg and AB — J/yK))

— B=2
AMg = 2Abs|<Bd|{‘Hﬁff [ By )|

AB — J/pK,) = sm2 P, sinAMg t

AB=2

2 Petr = Arg|<Bd|g'[eff |Bd>|

sin 2 3 =0.734 £+ 0.054 from exps
BaBar & Belle & others




TYPICAL BOUNDS ON THE 6-COUPLINGS

0.025 .

0<v<90

A <y< 18O =
180 <y<270 -
270 <y< 360 -

0.02 | 7
0.015 | 1A, B=LL, LR, RL, RR
0.01 ]
0.005 | 11,3 = generation index

O -

d
Im(8"{3)r RrL

~0.005 | .
0,01 F . ﬂSM — ﬁSM (6SM )
~0.015 |

—0.02

_0-025 1 1 1 1 1
—0.06 -0.04 -0.02 0 0.02 0.04 0.06

Re(8")3) popr.
0 AB=2 0\ —
( Bl H_ | BY ) =Re Aqy + Im Agy,

+ Agusy Re(039) ap” + 1 Agygy Im(d,5%) 55




TYPICAL BOUNDS ON THE 8-COUPLINGS

(B ‘H_2B=2| B ) = Re Ay + Im Ay,
+ Agusy Re(0139) a5 + 1 Agygy Im(0,54) 57

Typical bounds:
Re,Im(8,;9) g = 1+ 5 x107?

Note: in this game 0g,, 1s not determined

by the UTA
From Kaon mixing: Re,Im(,,%),z= 1 x10*
SERIOUS CONSTRAINTS ON SUSY
MODELS




CP Violation beyond
the Standard Model

Strongly constrained for b — d transitions,
Much less forb — s :

BR(B — X_v) = (3.29 +0.34) x 10"

Ap (B — X_y) = -0.02  0.04

BR(B — X 1*I))=(6.1 +1.4+1.3) x 107

The lower bound on B, mixing Am > 14 ps ™!



SM Penguins




SUSY Penguins

Recent analyses

by G. Kane et al.,
Murayama et al.and
Ciuchini et al.

Also Higgs (h,H,A)
contributions




A-p(By > ¢ K,) (2002 results)

Observable = BaBar Belle Average SM prediction
BR (in 10%)  8.17.+ 0.8 8.7 = 1.5 87757~ 5
Soks 0.19") j§+0 09 (-0.73+0.64 =0. 09 -0.39+0.41 +0.734+0.054
e
Cyks 0.560.41£0.12 0.56£0.43  -0.08

[Ap (B, -> 7 K) do not give significant constraints |

One may a also consider B, ->uu
(for which there 1s an upper bound from Tevatron, CDF

BR < 2.6 10 - 6)




A-p(By > ¢ K,) (2003 results)

Observable = BaBar Belle Average SM prediction
Sys  T0-47 £0.347098 0,96 = 0.50"” +0.73+0.07
PKs 0.06 -0.11

see M. Ciuchini et al. Presented at Moriond 2004 by L. Silvestrini

-1 —1— . 0.5<r=1.0

75 & 25 0 25 &5 75
At {ps)




PROGRESS SINCE 1988

= | =
| 1995
|
0.5 | 0.5
|
D |
1 1 0, 05 0 0.5 1
P p
1 1
1= 1=
2000 2003
0.5 @ 0.5
0, 05 0 0.5 1 0, 05 0 0.5



FUTURE:
who knows ?
This is what makes it
Interesting !



WHY RARE DECAYS ?

Rare decays are a manifestation of broken
(accidental) symmetries e.g. of physics
beyond the Standard Model

Proton decay baryon and lepton
number conservation

u ->e +y
lepton flavor number

1



RARE DECAYS WHICH ARE ALLOWED
IN THE STANDARD MODEL

FCNC:
= these decays occur only
4 > Qg+ VYV

via loops because of GIM
"o 0 B and are suppressed by CKM

qG > qx + Y

THUS THEY ARE SENSITIVE TO
NEW PHYSICS



Why we like K—=avv ?
For the same reason as Ay, _:
S

1) Dominated by short distance dynamics

(hard GIM suppression, calculable in pert. theory )
2) Negligible hadronic uncertainties

(matrix element known)

O(G?,) Z and W penguin/box s — d vv diagrams

s d
. N s T et |
< 7 | |
S{V\ oW ;oW
Diagrams g i i
/ /




H =GP/ (V21 % )[ Vg V" X+ Vg V" X1 %
(sy,(1-v5)d)(Vy*(l-v5)Vv)

® NLO QCD corrections to X, . and O(G’ym*)
contributions known

® the hadronic matrix element <w sy, (1 - v5)d | K>
1s known with very high accuracy from K13 decays

© sensitive to V,; V,." and expected large CP



A(s—dvv)
O(W ) + 1 O(k5 t) CKM suppressed

O\ D) GIM

CP conserving: error of O(10%) due to NNLO

corrections in the charm contribution and
CKM uncertainties BR(K*)sy = (7.2 = 2.0) x 10-11

BR(K*)exp = (15.7+17:5_, , ) x10-11

- 2 events observed by E787
- central value about 2 the value of the SM

- E949 10-20 events in 2 years
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CP Violatin
9 dominated by the

0. —
|<L — U VY top quark contribution

-> short distances

(or new physics)
00 A) +
O\ m?,) +1 O(A>m?,)
O ) y theoretical error ~ 2 %

CD /

BR(K*)sy = 4.30 x 10-10 (m, (m, )/1706eV)2-3 x
(Im(V,." V,q )/ A5)2=(2.8 + 1.0) x 10-1

Using I'(K; — 7i’vV) < I'(K* = 7+ vv) \
One gets BR(K; = 7i°vv) < 1.8 x 10°(90% C.L.)

2 order of magnitude larger than the SM expectations



Imhe = AVG7 =(13.0+£1.0) 107  (11.2-15.0) 107 at 95% C.L,

2 B K‘F 0.+
BR(K? — noup) — r(I,) e 30 BrltT = metw)

(nx Xo(x:) )| V| '7”

T+ 2m2 sintfy
where,
T, x+2 Jr—06
Xﬂ(It:} - E ((.'1." - 1:} + (.T.' - l}gln{l))
Br(K — wvv) = (1.75+0.3) 107" (1.25 — 2.44) 107" at 95% C.L.

Prob. density

=
i
T I T L]

00 [1]"'3 4“'5
Br(K —=m vv) (10 )




