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Origin of the CKM matrix:

Mass & Weak Interaction Eigenstates
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Why should we care about CKM parameter values?

* They are fundamental parameters of the theory as the masses!

L =i, M u,+d, M ,d,+h.c.

quark masses

* SM: Higgs-Fermion couplings!
But: Higgs-Fermion couplings are beyond SM physics!

=> Determine CKM parameters as precisely as possible
Physics driving Flavor needs to explain them
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CP violation! CP violation?



CP violation in CKM quantitatively: Unitarity Triangle

1 *k *k k
vV VeVt Ve VetV V,,)=0
cd " cb
Im All sides & angles
- V. VZb can be determined
pEIN=—1 v in the B-meson system!
Not the whole story:
J: Jarlskog parameter Kaon, B & D system
(10)  Re

All data compatible with CKM ?

Yes M

Precise determination New Physics beyond SM
of CKM parameters (Higgs sector, SUSY,...) 5




Bf factories

Physics Programime
Status & Plans




Physics Programme of BABAR/Belle

CKM parameters
e sin2f Search for New Physics
e O * sin2[3 in penguin modes
Y, * Rare B decays
e Sin(2B+Y) (B - 1V, sy, py, Kl Kvv...)
eV
ub
* Vcb

More than just B-factories
* tau, charm, ISR, two photon physics
=>RareT (T -~ 1v,...) & charm (D’ - I'T,...) decays; R, ...
* Spinoff:
1. Many new unexpected states discovered (DSJ, X(3872), Y(4260), ...)

2. Pentaquark search in different environments




A clean B-meson source: Y(4S)
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Mass (GeV/ic)

+ S/B ~ 1/3.5 (Hadron Machines O(107))
- Small cross section => High luminosity needed and provided
@ PEP-II/BABAR & KEKDb/Belle

e e - o (nb)
bb 1.05
u u 1.39
dd 0.35
S S 0.35
C C 1.30
T 0.94
T 1.10
e"e- ~40




The B-Factories:

Integrated Luminosity [fb

N
(=]
o

BaBar Record

" PEP Il Delivered Luminosity: 342.71/fb L=1X1034 """"""

BaBar Recorded Luminosity: 329.54/fb
Off Peak Luminosity: 28.35/fb

—— Delivered Luminosity
—— Recorded Luminosity

—— Off Peak
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Performance & Plans

Reach L= 1.6x103§4

Integrated FL.uminosity (pb ™)
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Vent, vidr, Vict:

Sin25
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Different manifestations of CP violation

|B,>cplB’>+q|B’>

|B,>xplB’>—¢q|B’> B°

r 3 Af
Am,=M,-M, 3\ t
= CP/

y q/p| - : fop
oy LB )T (B0~ |
cp\b) == RO~ A
T(B'(t)= fep)+ ( (1) fep) B A,
~ 2ImA A
>sin(Am, t)— il ‘Zcos(Amdt) A, = 9" %
TR - pA,
CP-Eigenvalue
Oscillation
frequency
€ CP violation in Mixing: |q/ p|¢1
¥ CP violation in Decay: ‘A f ;é 1
€ (P violation in Interference between decay
with and without Mixing: Im A fer 70
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Nature distinguishes between Matter and Antimatter

Expected CP asymmetry:
A p(t)=sin(2B)-sin(Am_At)

[P
=
=

Events/2.5 MeV/c?

Raw asymmetry  Events/( 0.4 ps)

Y. oy 0.5 _j_ —
5.2 5.22 5.24 5.26 528 53 '\L —-1
m_. (GeV/c)) 0 \‘:_‘ ;
N \-\} e /,;-IZL
-0.51- BABAR, PRL 94, 161803 (2005 )
BABAR 0.722+0.040+0.023 T S S S
Belle 0.652+0.039+0.020 - 0 At ips]

WA:0.685+0.032+0.016
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sin2[3 uncertainties vs. integrated luminosity

JiyK_, Lepton tags, statistical error
JhwK mode, statistical error

Golden modes, statistical error

JiyK and J/wK_, statistical error Current
All modes, statistical error systematic
uncertainty

S /

0.02—
| o e e .
— —| . Estimated
0.01 } systematic
1ab” systematic range
CITror I‘ange
I N T A N N NN T T N TN N N AN N TN T NN T N T A TN T N TN MUY T AN M @1ab_1
H.z 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
Number of BBbar pairs
(10°)

At 1 ab’!, sin2[3 uncertainty can be improved by nearly a factor of 2.
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Muon/Hadron Detector

Magnet Coil

Electron/Photon Detector

Cherenkov Detector

Sin25)in
Tracking Chamber b q modeS'
. :
Support Tube Hunting
Vertex Detector NeW PhysiCS
1n: decays
e
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Confronting Loop Decays with Tree Dominance

Both decays dominated by one single weak phase

%<

d\s}Ko

Standard model
s =SIN2[3

New Physics

VubV>l< p +ﬁ2 l)/ Wm thV:;OCAz
t
- —_—
B {b g } ¢
I E | I |
For instance:

Beneke, Phys.Lett. B620, 143,
Cheng,Chua,Soni hep-ph/0506268
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Experimental situation and outlook

sin(2B° )/sm(m T) S

PRELIMINARY
bccs World Average | ~ 069£003
_'BaBar - 00 0.RE N0

Extrapolation for BABAR:
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X Belle : otk | 0.44+0.27+0.05
< Average L | 0.47 £0.19
-  BaBar il 036 £0.13%0.03
X Belle P (M ¢ 0.62+0.12+0.04
= Average = 0.50 + 0.09
Tl - T SERR | SR
x Belle : =~ | 0.47 £0.36 £ 0.08
~ Average : i : 0.75 + 0.24
T TTBaBar T T T e T 035 T 0 £ 0.047
5 Belle R 0.22+0.47 +0.08
B » Average { " 0.31+0.26
""'gf"'BaBar — e G f T -0.84+0.71+0.08"
ook Average— i J | 084071
» B BaBar : [ 0.50 Tg3s £ 0.02
X Belle - i |~ ——0.95+053 713
S Average ; i 0.63 + 0.30
'"'""'xm"EaBar i F—k—1 | 017+£052+026
© verage e 0.17 +0.58
el 'Q"BéB'érg' ST D41 £0.18+0.07£0.11°
¢ Eelle i : w3l 0:60 +0.18 + 0.04 §i§
1 verage - 051 +0.14"
- ':f"BéB‘érg'"'"f""""";'"'i'“_f":i"" 0.637022 10,04
" Belle { oM< 0.58+0.36+0.08
_» Average b 0.61+0.23
.
-3 -2 -1 0 1 2

Averaging all penguin modes misleading:

1. SM uncertainties different
2. NP effects likely to be different
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Better than expecied:

the angle @
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“Charmless” b - u Decays

b—uud Tree : dominant Penguin : competitive ?
N W- Principal modes :
u t,c,u BB’ —>m
W~ d ™ ] - d} us - + % || NotacCP
(b —. 7 g u BB —p*m™ | |
BO - u } " d u .\ _ eigenstate
d d \"'\‘\d}n BO/BO_>p+p_
e Vub Vua’ = th V::i
oA’ oA’
k 1f penguin is negligible 5
C _ _‘Ah+h-‘ :O
th th Vl/tb V 2l Hiiiii_ h+h 1 —|— |A |2
Ay =N VoV v v —Mpp-€ | o o
th ¥ 1d ¥ ub A_._(t)=sin(2«x)sin(Am,t)

¥ However: Penguin contribution not negligible!

Al # 1 0O C,z0
Im(A\) # sin(2a) O S, ~ sin(2a ;) [] IP_/T [,6=arg(P_/T ) ?
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Isospin Analysis for B — 11, pp

SU(2) analyses : Gronau-London, PRL 65, 3381 (1990), Lipkin et al., PRD 44, 1454 (1991), a.o.

| 00 CP conjugation .1 00
AT=—=A"+A" = » AT=—A"+A
V2 2
20(6]?:20(+KmT 1-2B%/ B*°

cos(20 —2a

Grossman—-Quinn 98; Charles 99;
Gronau-London-Sinha-Sinha 01

BR(rr 1) = (5.0 + 0.4)-10°
BR(t 1¢) = (5.5 + 0.6)-10°
BR(re 1¢) = (1.45 % 0.3)-10°

|

2,
A'=e A Bound is weak.
Full SU(2) analysis needed

C(re ) = 0.28 + 0.40

=
o
'
=
=
-7
|
=
(n
¢
=
=
-7

B B4

o can be extracted up to

8-fold ambiguity within [0,TT]




Results for B? . 11* 11"

1-CL

BABAR (2004)
—0.30£0.17£0.03

Belle (2005)
—-0.67+£0.16+0.06

| Moriond 2005
L

Average
-0.50+0.12

oo Secooosmooosoneed bocooooomcoomeooooos

1.2

-2 -1.75

Ll [ |
-1.5 -1.25 -1

-0.75 -0.5 -025 O

S

R

Agreement : X 2=17.9
(CL=0.0190 230)

T
— | !ltter

EPS 2005

[ Isospin an.

— ——
B — nr (S/C,_ from

T T | T T
BABAR) |

B — ntn (S/A__ from Belle)

[ no C/A00

x 3

CKM fit %

no o meas. in fit

100 120 140

a (deg)

160

BABAR (2004)
—-0.09+£0.15+£0.04

Belle (2005)
-0.56+0.12+0.06

Average
-0.37+0.10

|Moriond 2005

| P B 11 I
-1.6 -14 1.2 -1

I I L 1 |E I L1 I I
-0.8 -06 -04 02 0 02

C

T

Constraint with same central values: 2 ab™

b -
o '
| NS | I 11 | -l' 1

40 60

180
ot

100 120

=> Precise extraction of a difficult
=> Size & error of BR(T? 1) & C(TP 1)
20
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A “surprise” : B - pp

A
HI‘

1-CL

BF's for B — pp(WA): | B-=25.2 ") x 10+

+6.1

, B =(26.4 ") x10%, B" < 1.1x10-° @ 90%CL

B - VVcanhavelL, =0,1,2
crPL,,=0,2)=+1 & CP(L,,=1)=-1
Filpp’)=097%00, f (P p7)=0.9711 50
=> almost no CP dilution
- 1 B —pp (WA)
EIE - -~ WA & B® - p*p~ (BABAR)
ws WA & S/C,5,(pTP7) (Belle)
1 & H .
0.8

CKM fit

no o meas. in fit £

5
%
| | |

40 514 80 100 120 140 160

o (deg)

BABAR (232 M) Belle (275 M)
+0.08
Soo —0.33 + 0.24 ota | Sp  0.09 £ 0.42+ 0.08
+0.10
Cp —0.03£0.18£0.09 C 0.00 £ 0.30 0,09
'~ 2 ab™
B®+10o ~ad
S sl B*-10
uk\& | } ] \\ ﬁ}
0 50 100 150

c {degrees)
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News at FPCP06 : B - pp

+3.6

/ ()
< BF'sfor B - pp(WA):  B-=252 ") x10+, B =(19.1:3.5) x 10, B" < 1.1x10* @ 90%CL

€ B - VVcanhavelL,,=0,1,2

CPL..~02) = +1 & CP(L.,=1)=~1 BABAR (232 M) Belle (275 M)
yy—Ve«) = yy —+) — T
S, —0.33x0247% 5 0.09 % 0.42+ 0.08
Fulp™p")=0.97"000, £, (p"p)=0.9717 0% —
Cpp —0.03 +0.18 = 0.09 Cpp 0.00 £ 0.30™ 00
=> almost no CP dilution :
| EEEm OB WA) i '~ 2 ab?
=L FPCP0O6  ===== WA &BY — p+p_ 0 (BABAR) |
.......... WA (fL B° —;>p+p_/0 (Belle:) B"®+10 A
3 o5t B"-10 AN
%ﬁwe‘lﬁ, infit § "
2060 T80 "nL\\ %5 j 100 \k 1J}
c {degrees)
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Combination of B --> mtrm, owy pp

L L B L L L L LN
i % .......... B — e WA ]
1.2 ~FReRos L B—prn [ Combined |
I B - +15.0y0 |
----- %pp a_(100.2_88 ) N
1 EE L AR R OE A ! ‘i
. o08f @ P
O K v F S
! - 3 P
0.6 1 CKM fit ' G mirror solution (pp)
- no o meas. in fit ;! .
0.4 ' i disfavored
I SN A 1Y (VA ) D N i (due to constraint
02 j - ._- E ’ v “\ \ |
R PGk A from T
0 m ::':.-\-T-T'Z'I Z‘J-“:'.\:"\':_- I B T I R |

0 20 40 60 80 100 120 140 160 180

o (deg)

B ;.  Needs large statistics; may become competitive with B - pp (2 ab™)
B pp: Currently best constraint; Crucial: size of B*/B*"!
If BF(B - p°p°) not too small: S measurable (at LHCb?)

B - ;' Will become more and more important
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Muon/Hadron Detector
Magnet Coil
Electron/Photon Detector
Cherenkov Detector

A\ .. m\\\’\"wﬁmm\’

Tracking Chamber

Support Tube
Vertex Detector The blg Surprise :
VAIS not ot ol reach
e \
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The Measurement of y: Methods

A

i I?: Measurement of y through CP violation in decay: | b—cius,ucs

color-suppressed

b v
= o U} —
-4 ~ r Do
B {u \““S ‘33 <V V"
S (0-
u } K _ iy i
— Ip y € : e
dominant B
U} KO-
b ) W~ ) S <V V:s ~01—03 relative CKM | relative strong
B > > c } pino phase : y phase :
u - u
< ?\ Several variants :
D ° decays into CP eigenstate: DD’ -»nw'rn ,K*'K ... « GLW »
D'>K'm (suppressed) and D°— K~ (favored) « ADS »
D’/D°—> K m'm  (interference in Dalitz plot) « GGSZ »

Gronau-London, PL B253, 483 (1991); Gronau-Wyler, PL B265, 172 (1991)

Atwood-Dunietz-Soni, PRL 78, 3257 (1997)
Giri-Grossman-Soffer-Zupan, PRD 68, 054018 (2003) 2 5




Constraints on y (Work in progress)

B L e P N R

- T - DYWK™ GLW + ADS [ WA | -

1.2 | TFPoPos . ... DYWK® GGSZ =3 Combined ~

1 :Fullfrequentist treatment on MC basis ]

1 0.8 = .

O B i}

| R s i

~— 06 j '.I i

0.4 |- .

0.2 |- CKM fit ~_ .

- o noymeas. in fit «--—~---- -

0’«" o FURDUS R
0 20 40 60 80 100 120 140 160 180

Y (deg)
BABAR (227 M) Belle (392)
. . . Cils o .

y:68 i28stati13sysillmodel y:53 —18i3sysi9model
r, = 0.12+0.08+0.03+0.04 D K 0.159' 02 £0.012+0.049
GGSZ: r*= 0.1740.10£0.03+0.03 D*K  0.17509s+0.013%0.049
r o< 019 @90% CL DK*  0.120°, 1.+0.041+0.084
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Projection for vy

o (y) degree

Sensitivity to y:
Strong dependence On r ﬂ'a : [ I'TTT1 ' T T I'TT1 | I'TTT1 | I'T 11 | I'T T | I T I:
- @ 35- m Daliz+GLW+ADS |
S B Emmm e S & A Dalitz+GLW 3
"y BABarR | T 30 pals :
- A 1 e TH H E
60— m oreliminary — o {- '. [ ] Dalitz model error ]
: W = = 25 =
501 } - E 8
401 HW E w 20 I’B=0.1 -
0 W - 15:_ -
0= . : :
C L] ]_0_— o
10 ™ :
E T L L co L | E 5
0 0.05 0.1 0.15 0.2 0.25 03
s 05 1 15 2 25 3 35 4
b™)

Luminosity (a



The unitarity trangle

1 2006
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03 %

CP violation & CKM matrix 2006: a new era

FPCP 06

sol. w/cos 2B <0
(excl. at CL > 0.95)

ol

CP violation in SM:
J=(3.05+0.18)-10"

T T I T T T ]
fitter _:

CKM mechanism
plays a dominant role

CP violation Higgs mass
too small too large

a ’

to explain
baryon asymmetry
in the universe
within SM

=> Indirect hint for NP
... but where?
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CP violation & CKM 2006: New Physics in mixing?

G, (deg)

(Ba| HAB: | Ba)

180_IIIIIIIIIIII LI

160 |

|
T shaded amas have exclusion CL < 0.1, 0.68, 0.95

:I il ITT1_I_I1_f‘I_I—r—|—J—L|-| -|- P T e e e ST
0 02 04 Ob 08 1 12 14 16 18 2
h

d

Observable/Parameter

V.l
B—D"°K" y
Bomm,pp,3m™ 2B+20,+2y
B—J/YK° sin(28+20,)
B—JIV K™ cos(28+20,)
B—D . h

Amd’s

Vcb

180
160

(Bq ‘Himﬂzz | Eq> %14 hy e?i%a)

0.8
0.6
0.4
02
h,
B°| | B0
riexp(2i9d)= EBO|H;JL Boi
eff
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Muon/Hadron Detector

Magnet Coil

Electron/Photon Detector

Cherenkov Detector

Rare decays
Tracking Chamber

Standarnd Model
Support Tube
%
Vertex Detector . \
New: Physics: =2\
= MW
e Ex: Bl = iV
\
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B - TV

Helicity-suppressed annihilation decay sensitive to (f;U|V,,|)?

Powerful together with Am, : removes f; (Lattice QCD) dependence

= Sensitive, e.g., to charged Higgs replacing W -propagator

X o w- v 2mpm? m? S
B < B(B™ = {v) = = ( _F) f8|V|"8
\U Ve ’

Experimental techniques:

__ Hadronic 30 BaBar
Full reconstruction or SL tags i SL tags
S 20+ 230 M BB

/h
. 10

_+
15GeV
L
<f// Vo
T

Signal side Hadronic O . L LTI NN ST p——
wor leptonic O 0.5 1

T -decays Visible energy (GeV) 32




FPCPO06: Belle observes B - 1V

Full reconstruction

C C
B < Vi
_ . r //
Signal side
Vi
I
y | : :
v :
O 5ol Signal + 2
= | background | B
E 43_/ | : | I
g )
o8]
30
o}
B2 0%
Background
Signal . UL :
% 05 1
E.. (GeV)

Entries ﬂ.pﬂ 2GeVic 2

N= 680k ~
eff.= 0.29% g
purity = 57% &
| =
g
b=
u:j =1 LU
Charged B
Lv ) T O
5,22 5.24 5.26 5.28 53 &
M. (GeV/cz)

T — W vy, e vy, ™ v,
B(B — 1tv) =

+0.34 +0.18
(1.06 555 (stat) 516

N=412 k
eff.= 0.19%
purity = 52%

Neutral B
Y
22 5.24 5.26 h.28 53
Mee (GeVicz)
'JT_'JTUU, T T v

(syst)) x 18
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B - tv: SMimplications

Traditional Lattice calculations

15 T T T T

-1.5

I T T T
excluded area has CL >0.95

CKM fit

el ‘ Constraint from B* — t"v_and Am,
FPCP 06 . T
1 I 1 1 1 1 i 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1
05 0 0.5 1 15 2
P
BF (B >t'v,)cfy VI
T B, ub
2

2 *
A meCdeBd‘th Vi

Improved Staggered Fermions

15 T T T T

0.5

-0.5

-1.5 [ R N

itter
FPCP 06

Constraint from B" — tv_and Am,

-0.5

0

0.5
P

9

1.5
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B - tv: NP implications (2HDM)

B(B — tv) = B(B — Tv)sm X TH, Values used by Belle:
2 |V ,|=(4.38+0.33) 10 (“Average” incl. + excl.)

RS
L= (l—. 2 La«n“ﬁ) f5=(216222)Mev (LQCD: Improved

\ Staggered Fermions)

Vub

B(B — tv) = (1.0675 55 (stat) 7012 (syst)) x 107%

(
SM : B(B — mv) = (1.59 + 0.40) x 10~ f5,=(190£25£9)MeV (LQCD:

non-staggered)

2 [] [] [] [} I I 3‘_“"- ] T ]
] 250l #
1.5 i §
= 1 B =
: o B 2
=_ Il
: 3200 ;
B 2 [ 5
= ] = o i 3
= 1 i I I
i i = 150 :
\ I"HI{]‘E? 4 - i
S 8 T _ _ i
7 | 20 ; ; :
U.E— = * =
1 H— Tevatrm Run | =
B J l B Excluded (05% €L 7
N ] : LEFExcluded {95% C L) :
3 : . NS5 Soll puge] Fely STy Tpa] ey ] R4
Op———— D'! : \‘-—ﬂiﬂ E—" 0 20 40 ) R0 100
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Conclusions |

* B-factories very successful: Luminosity, detector
Physics programme until 2008: rich & competitive

* Most of the data to be analyzed still to come!

* Analyses on recolil of fully reconstructed B decays: V,V,B-1v,..

* Precision on CKM parameters will be significantly improved (1 ab™):
o(sin203)=0.02, o(0)=8°, a(y)=10°
V :5%? V :12%

* sin2f3 in penguin modes (1 ab™): G((pKS)=0.12, G(r]'KS)=0.O7
Rare B decays: e.g. B TV (CKM phenomenology <--> NP search)
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Conclusions I

* New Physics in Mixing?

If NP present: Minimal Flavor Violation scenario likely

s €
ub K

Ib,B—>TV

Hadronic uncertainties are limiting factor: Amd, Ams, V

Partial cancelation by combining Amd, V

u

Lattice QCD: Improved Staggered Fermions, ...
Gauged by CLEO-c (BABAR/Belle)

* SuperB: KEKb and/or SuperB based on ILC technology?

* LHC(b): AmS
B --> Y@ (As important as sin2(3 in B !)
y: B-factories became hard competitors!
a: B-->p’p’ (S & C coefficients)

Rare decays: B, --> pp, B--> K*up 37



Conclusions I

MERCI BEAUCOUP
POUR
VOTRE ATTENTION!

38



sin(2B3+y)

Measurement through time-dependent CP asymmetries in

1-CL

suppressed

0.8

0.6

0.4

0.2 -

0

[ T ‘ L ‘ T T 1 1T ‘ L ‘ L ‘ T 1T \‘ UL ‘ T 1T ]
[ A - D " Partial. + fully rec. |
[ FRCPOS. ... D**n " [ Combined ]
C e D" p e CKM fit ]
NN Ry = --\‘\ T N I IR | | [
0O 01 02 03 04 05 06 07 08 09 1

| sin(2B + ) |

B /B'» D"t

estimated currently from
/ B°— D' 1" using SU(3)

. 'y )
— r g (4 y e
relative CKM | relative strong
~(0.01—-0.02
phase : y phase : 0
1 T T T T T L L B I
- A - DYK™ GLW + ADS ]
1.2 |- TFeoresT ... D™K* GGSZ == Combined
L | sin(2B+7) | He- CKM fit |
1 [y Ty & '.'-‘ ]
1 08| .
O - E . ]
I * N “‘ n
~ 06| ! L
04 '-._I ;
02 L
O -7 I T I L | \-.::'-I—,‘ R ul.‘\‘-‘i-d----'j
0O 20 40 60 80 100 120 140 160 180
Y (deg)
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NP phase in B -Mixing? V inputis crucial !

Ball-Zwicky q2 < 16
33612 0.15+0.55-0.37
HPQCD q2 > 16
420+0.29 +0.63-043
FNAL g2 > 16
37512020 +0.65-043
APEq2> 16

378026+ 1.45-0.67

CLEO (endpoint)
409+ 048 +£0.36
BELLE (endpoint)
482+2045£0.30
BABAR (endpoint)
441+£0.29+£0.31
BABAR (E_ q%)
410 £0.27 £0.36
BELLE m

4.06 £0.27+0.24
BELLE sim. ann. (m_, q%)
4372046 £0.29
BABAR (m_, )

475+ 0.35£0.32

Average +/- exp +/- (mb,theory)

445+ 0.20 £ 0.26

¥dof =5.5/6 (CL = 48.7)
CPE-HQET-SCET (BLNF)
Phys.Rev. DT2:073006.2005

m, input from b— ¢ | v and b— s moments

2

-O-
| V  from CKM fit %
' ub: ' ' ! '
O
® s
, I ;I | Whhﬁrmﬂﬁ
4 6
IV 1 [x 103

e Exclusive A% (still) large uncertainties
(FF calculations: LQCD, LCSR)

Consistent with V_ prediction from CKM fit

e Inclusive Vub: smaller (theor.) uncertainties
o Larger than but consistent with excl. V

* Average not in good agreement with
Vu]b prediction from CKM fit (w/o Vub)

+0.09 Weak Annih.
+0.17 Subleading SF
+0.13 HQE uncert.

* Theory error (+0.26):

e Adding them linearily: +0.39
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B - TV

S CLEQ
. :.‘-.].F-.P][ il
DELPHI
107 ® @ 0 =
2= - & [.: 1
E . .]mi;[ﬁ i
| ® 8%
Belle 250"

Tind CEMItter result and error e
E §F P i oy o

1995 2000 2005
year
Take advantage of correlation:

+ + 2 2
BF(B —T VT)OCde Vub

2

2 k
A meCdeBd|th Vi

BABAR: BF(B"—1"v_)<2.6 10* @90% C.L.

Belle:

BF(B*—1*v_)<1.8 10" @90% C.L.

Prediction from global CKM fit (FPCP06):
BF (B*—>71*v_)=(9.7+1.3) 107

0.5

-05

I assuming
- G(BRBHW)—> 0

ltter
EPS 2005

Constraint from B* — t*v_and Am,

-0.5

0 05 1 1.5
P

41



New Physics: B - 1V

2HDM
B(B — tv) = B(B — 7v)sm X TH, Gambino, Misiak Nucl. Phys. B611 338
= 2 Hou Phys.Rev.D48:2342-2344,1993
m- I
TH = (l — i gan .;'3)
Mgy
t
b ! — S
200 ———— W, H
E 1000 . e .
AN ..

~ T W Current limits
"o 130 @_@ s00 |- L
= | |
,;i i = _ b_)sy 50tﬁ ]
L ; 600 | g
Sl oy Run 1 (D0) s
**Im.u_ fag) evalron kun Al _ i 3

! Excluded (95% C.L.) | et B_1V =

i ] 200 | - 2

| LEP Excluded (95% C.L.) | [ ™

] S B i o et e e A neone e IEDn o 0 -f--u'"':-ﬁllvl R T T e
0 20 40 60 R0 100 g 0 10 60 20 100

tan 3 - B "



CKM determines the face of our world ! Ex.: |V _[=0.9740

¢ fusion rate in the sun

e [ifetime of radioactive nuclei

(*C-method; energy budget in the interior of planets; ...)
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e T T

PEP Il Plans

Delrverad Luminosity Comparlson
Goals:
* 1.2 x 10* spring 2006 e |
— (3300 mA LER, s /_
1700 mA HER) _ | :
* Improve peak lumi 200 / / e
\Nﬁ to 2 x 10* by 2008 'f | s /_/’_p@//_/ e B AEAR
400 s hr
2006: Double data to MLS_ PEP-II, &
450 fb™! 200 LST inztallation
. 3 F. ; 0 T T T T T T T T T
2008: Double again to of LA S A A
1000 fb™! - 585885885885




BABAR Detector BABAR, NIM A479, 1 (2002 )

- T PR =
_'_‘—'—-—-—-______1__‘___‘__ ‘--_‘-_'_"""“. _‘"'——-_______‘_‘_‘_h -P"’L1 . -f—-_ﬂ.r — W ._/ -
- f&ﬂf’/; -_—ns ér 1‘- ~— = T
1.5 T solenoid | e El‘ztll’(ﬂ\flagiletlc
alorimeter
=
et (3.1GeV)
DIRC (Cherenkov)
Drift Chamber
e-(9 GeV)
l!, /
Silicon Vertex Tracker

Instrumented Flux Return 7 T H_,H.H




Time-dependent CP violation: Experimental Technique

1 “Flavor Tagging”
Q=¢ (1-2w)* ~30%
— I

ta Lo |+
\ Vl/' VV;I"<
AVI . A <

K D & C ¢ s g
i’l% |
- ; . J/ —

lw>=IB"(1)B"(2)>—1B"(2)B’(1)> | "¢ | L
L N
-
At=Az/[ByLE B’
[AzO=250 pm

(By =0.56(BABAR), 0.42 (Belle))
[Az[1= 30 um without Boost

B?ec = Bﬁav (Flavor eigenstate) I Oscillation, life time, ...
Bf’ec = ng ( CP eigenstate) Il CP asymmetries
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CP violation in decay in the B system

O , , . \
52 522 524 52{:2 525 53
Mea (GeV)  mu=\E], 7

Ap. = —0.133 £ 0.030 & 0.009
(2 4.2 sigma effect)
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The third way to a:
Time-dependent Dalitz plot analysis B° - 1% 11+ 11"

Snyder & Quinn, PRD 48, 2139 (1993) Assume p dominance and use
phase information across
Dalitz plane to extract O

AB’ 5 2t 2% = fA(p )+ fA(p ")+ f,A(p"7°
AB > a'n )= f.A(p n )+ f A(px)+ f,A(p°7°)

i T T 7T ‘ T T T ‘ T T T ‘ T T T ‘ T T 7 ‘ T T 7T ]
= |: B"— '’ (lan.) 1 u BABAR s
— & interference regs. " preliminary 1
25 e 0.8 | N
T © : :
1B - 0.4 B
ofk | ;
: Monte Carlo 0.2 N .
5 ;: ..... e El-_"'"_ 0 -__\__\__\__\__‘__\ | 1 \____\ | 1 \__‘__\__\__\__\__‘__\__\__\__\__‘__\__\__\__\__
D B 0 3 60 90 120 150 180
0 5] 10 15
m?(x 7" U (deg)

Extraction of a without ambiguity!
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Discriminating between models

Buchalla, Hiller, Nir, Raz (hep-ph/0503151): Wilson coefficients:
differences among the values of S in several io
modes would discriminate between models. CNP_ SM(1 +cé )

b [ F | I | 1 | 1 I | | | | | 1 1
Z | NPin chromo-n?n{t?c perator
10 F (€,0)= (1,3.27)

BaBar+Belle
i 2008
15T | NPinzs
02,1.79)

Bar+Belle .
| today u

]
II|III'I|

Consistency with data

NP in Kaluza-Klein gluon exc.
(€,8)=(0.02,0.812),(0.02,2.52

O I ] ] ] I ] | 1 1 |
1000 2000 3000

L(fb™)

49



Deviation from Standard Model

Assume that current values stay the same and
compare with theoretical expectation

| I I I | I I I I ]
Zb i average taking i
. i into account i
i theoretical error |
6 |
BaBar+ i%e[[e today
| (pgg .
4 |- o~
v o Il
: ﬁ,,._a,.w“‘ :
3 BaBar/! %W‘g BaBar+Belle 2008 _
P
- l i
0 I | | | | | | | | | | | | | | |
1000 2000 3000 L(fb")
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The “GGSZ” Dalitz Analysis

v, .\Lw

9 GGSZ:B- - D K11t ) K- : Interference between amplitudes in Dalitz plot

_|_’

=+

p - ~ Sum of amplitudes
A (mz_ , mi):|A(B_ —>DOK_)|<f_ +—|—ng’(6_3/@> contributing to
D" K, 1" TU-
cr}
: _ 2 2
A (%, m®)=|A(B* =D KN f, _+rye ™y, ST )

E m,=m(K,m

‘2

A =|A(B ->D'K")

0.5 1 1.5 Z

Simultaneous measurement of r,, d and y
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The “GGSZ” Dalitz Analysis: Dalitz plane model

BABAR PRL 95(2005) 121802

2000

—_ —_
o Lh
o o
= =

Events / 0.028 GeV?/c*
E

Events / 0.028 GeV ?/c*

2' .{_\;
-'1 R
m? (GeV?c?)
5 -
CSI (892) |
~1 2 3
m2 (GeV?/c?)

Events / 0.02 GeV?/c*

[wa]
=
=
=

o
=
=
=

e
=
=
=

[
=2
(==
=2

2

_b)

CA
K*(892)

i)

3
m? (GeV?/c?)

2000FT

—
Lhy
o
o

—
=
=
o

500

4770)

05

1

PRI B
L.5

2

m2, (GeV?/c?)

Continuum data
D D1t (91.5 b )

Nevts — 82 K
Purity: 97%

Issue: contribution of
broad, s-wave resonances

Orig. method: 2 BWs
New: K-matrix

Anisovich & Saratev
Eur. Phys. J A16, 229 (2003)

¥/dof=3824/3022=1.27
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Projections and LHC: B - tv& b - sy

%50 a7 Septemberzcg
O 40 ©
e
-‘I"Dl:ll:l T T T I 1 T T I T 1 T I T T T I T T T =] 30 L .
..o-::l - .
;ﬁ'ﬂ B - 20 - S
m ..-'-- - \ \$’
I o TR I 10 =
[ *l 1 9 =
-1\ today . g §
400 I \ 1| Approx...| ° ‘
- | ° S
i e
200 _U 2HDM ] HEV A , % 2000
] 3 /_\
0 I I Ll I ) 2 / //
0 0 40 &) &0 [ 0D
tan [t
H
" 50 100 150 200 250 300 350 400 450 500

M, (GeV)

Uncertain regions could be clarified by B-Factories
» depends on all other SUSY parameters ...
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