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Outline of Today’s Lecture

= Measurements of Angle B with rare B decays
= Probing New Physics

= Measurements of Angle o

= Measurements of Angle vy

= Constraints on Unitarity Triangle from CKM
Measurements
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Separating B” and B° mesons
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Time Dependent B Oscillation (Or Mixing) at Y(4S)
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At Spectrum of Mixed and Unmixed Events

perfect

flavor tagging & time resolution
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Decay Time Difference (reco-tag) (ps)

( —\ At |/tg,
Unmlx (A t) — Unmlx (A t) —
Mix Mix 4TBd
Unmixed: By, By, or By, Bug
Mixed: BO B, or BO B,

tag tag
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realistic
mis-tagging & finite time resolution

- UnMixed
—Mixed

T o4 2 0 7 4
Decay Time Difference (reco-tag) (ps)

><( 1 £ cos(dm At) )ionFunction

w: the fraction of wrongly tagged
events
Amy: oscillation frequency
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Flavor Tagging Performance

The large sample of fully reconstructed events provides
the precise determination of the tagging parameters
required in the CP fit

Taggin Fraction of Wrong tag fraction
9ging tagged events J g Q = ¢ (1-2w)? (%)
category £ (%) w (%)

Lepton 11.1 £ 0.2 8.6+0.9 X 7.6 0.4
Kaon 4 34.7+0.4 18.1 £ 0.7 \ 14.1 £ 0.6
NT1 / 7.7+0.2 220+ 1.5 \\ 2.4+0.3
NT2 /| 14.0+0.3 373413 |\ 0.9+02
ALL/ 67.5 + 0.5 \ 25.1+0.8

Highest “efficiency”

16 Nov 2006
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At Resolution Function

—(1—f — £ VY. [([SA+ S S @ )€ Core _ eVt
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+ ﬁazl tail (SAt Sz‘all ” 8tazl) D Tall tazl — Stazl A
Outlier [ >+ -G . (0At,c, ,=0ps,0, ,=8ps
ﬂutl outl( > ~ outl p s ~outl p ) Use the event—by—event
uncertainty on At
P T T T
600 | BO flavour |
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Parameter 400 - N
SC()[’( -
S'Tail
frain (%)
f()utlier (%)
5C(Jr(:,Lepton 1
Ocore Kaon . At Residual (ps)
5C()r(>,NT1 ) _
8 Core NT2 ) | Different bias scale factor
5Tl For each tagging category
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B°B°Mixing Fit Result

Asymmetry(At) = N(unmixed )~ N(mixed) (1 2<w>) x cos(dm At)
N(unmixed )+ N(mixed )
£ | Unmixed Events
; 102; 1 1 - —
z | | BABAR {
§ 10 £ | 0.5 )
: T : H — + 0
105 .
177 29.7 foil|
’ A Lo 5 10 5 20
TR |Atl (ps)
At (ps)

hep-ex/0112044

Am, = 0.516 = 0.016 (stat) £ 0.010 (syst) ps? | NS CCRLRC:
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Probing New Physics with 3

000000000



Compare sin2 with “sin2f” from CPV in Penguin decays of BY

In SM, interference between B’mixing and dominant b — sss (b — sull)

[penguin amplitudes have no CKM phase] gives the same CPV (due to e™) as in b — cCs
Loop diagrams sensitive to high virtual mass scales = sensitive to new physics

NP coupling can bring in new phases that may cause deviations from expected "sin23"

Both decays dominated by single weak phase | |[b — cCS
c c Jly _ q) (VoVa | (4 _, i
6 * - I1yKS, I1yKS, p). VIV, p ) JIwK,
Vcb W~ Vcs KO
d d —
b — sss

S Mg,

|
ez to = (3] (e 3
New Physics? B
b
d

sin2 [charmonium] =sin2/ [s-penguin]

Must be if one amplitude dominates
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Standard Model Polution in Penguin Mode

16 Nov 2006

Decay amplitude of interest
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The « Golden » Penguin mode B° — ¢ K°

hep-ex/0502019
BaBar eP—ex

W-
= Modes with Kg and K, b m _ §} )
are both reconstructed {_ g%o<5 !
d S_} KO

d

° ¢KO —>K'K 7'tz B — ¢K (Opposite CP)
| ! ] ' | ' \ ' \ S
“or BABAR @) > BABAR ()
- Preliminary - i Preliminary ]
ESO— = g ol # H H
3 201 7 Sf; I {J‘
E % L% 10 X }Ti
L 10Tl H‘LI Ml’% ( H[ 7 N ' ful background *
Tt TTIT[+TTT'+ +ITT 4 S I\ __-?-* continuum bkg
° 5.|22 | 5.;24 5.|26 | 5.‘28 ° é) | 0.|02 | 0.54 | 0.66 | o.los
m.g [GeV/c” ] AE [GeV]
114 = 12 signal events 98 = 18 signal events

Plots shown are ‘signal enhanced’ through a cut on the likelihood on the

dimensions that are not shown, and have a lower signal event count
16 Nov 2006
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CP analysis of ‘golden penguin mode’ B® — ¢ KO

0 _)¢Kg N K+K—7Z_+7Z_— - BO

20 ] [
4 BABAR B0 | | -
- - 5

| Preliminary | 10

N ¢KB (Opposite CP)

Events /2 ps
=)

Asymmetry
o o
= (] ©
Asymmetry
& o
w_ﬂ;A o

6 4 2 0 2 4 6
At (ps)
S(¢Ks) = +0.29 + 0.31(stat) S(¢K,) = -1.05 =+ 0.51(stat)
- v‘ “““““““
Combined fit result Standard Model Prediction

(assuming ¢K, and ¢Kg have opposite CP)

nuox S, o =+0.50£0.25 * 5, m S(¢K®) = sin2p = 0.72 + 0.05
C o =+0.00£0.23+0.05 C(¢K®) =1-]2] =0

16 Nov 2006
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Time-Dependent CPV Results from Penguin Modes

sin(2 [.’)Eff)

(24)1 B]LEAS

PRELIMINARY
bccs _ World Average ;W 1 e N
- BaBar h—-: pes | ¢ 0.21+0.26 +0.11
X Belle ! Cwr | 0.50 +0.21 +0.06
< Average: — ] 0.39+0.17
- BaBar i +  0.58+0.10+0.03
< Belle -t 0.64 +0.10 £ 0.04
|5, Average: S ... N S 0.61£0.07_
v BaBar ; : 0.71 £0.24 + 0.04
. Bele T 0.30 £ 0.32 + 0.08
R o Average: GG difiesatl
i BaBar : o 0.40 +0.23 + 0.03
X Belle - : : 0.33 +0.35 + 0.08
= Average : : 0.38 £ 0.19
' BaBar ! : #—] 0.617535+0.00+0.08
o, Average: : — ; 0.6175%;
BaBar ' ;' 062 7935 £ 0.02
X’ Belle — |: ‘' 0.11+£0.46 £ 0.07
S Average: i kel G 048%024
- BaBar . : | Tt 0.90 + 0.07
< Belle —— || jif! 0.18£0.23+0.11
"~ Average! : JH-! ; 0.85 + 0.07
T T BaBa——— T T T 072071 £0.08
e Belle . | ] ! -0.43+0.49+0.09
O Average:p———r—— 5 AL et R
% BaBar i Fe o 0764011705
v Belle : p— .68 +0.15+0.03 175}
L Average: H 0.73+0.10
-2 -1 0 1 2
16 Nov 2006

All s-Penguin modes
exhibit “sin2[3” consistent

with but slightly below
sin2f3,.. while Theory
(Beneke et al) predicts same
or higher

Recall: Don’t get over
excited for 2c discrepancies!

14



What Are Penguins Telling Us ?

16 Nov 2006

Discrepancy?
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o=@, =arg

- Vd"
%k

KMK&_
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CKM Angle a From (b— v u d) Process.: B® — ntn

Neglecting Penguin diagram

ol

Vud TC+
T

o] A

Weak Phase in Penguin term is arg(V, V) different from Tree, so it will modify

ImA__ and ‘/1 ﬂ‘ depending on its relative strength w.r.t Tree. (Penguins are large!)
16 Nov 2006

17



Decay Amplitudes In B® — n*n, p* p-

Vig 0 b d

d Ytz
Vb B° .
b u Penguin

—_ + )
B° P . TP

P d

ey
_ +Petel A, = Ssin Amt — Ccos Amt
~ T + P e e

CT('_I_T('_ X Sin o

Ratio of amplitudes |P/T| and
strong phase difference 6 S 4 = \/ 1— 072+7T_ Sin 2cefr
can not be reliably calculated!

One can measure da,,, USING Isospin relation and bounds to get o

16 Nov 2006 18




Time Dependent Asymmetry Measurement:

B° > r*n (227M BB)

N
o
-]

| -

— —
- n
o o

Events/(2.5 MeV/c’)
n
o

ol

- BABAR

[ preliminary
[ 467 £ 33B — wiw—

; ¢

L 68% of N_._
[ 5% of N,.._
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5.2
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2.25

m_. (GeVic)

Events / ps

@ Events / ps

Asymmetry /2 p

9.3 5
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()
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)
-

S

S
N S W

-6IH-4IH-2IHOHI2IH4HI6
A, =Ssin Amt —CcosAmt At (PS)

= sin2a,,, =-0.30+0.17 +0.03

— -0.09+£0.15+0.04
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Estimating Penguin Pollution in B® —» nt*w-, p* p-

B—on n,n'n’ and n°n° related by SU(2) = Isospin relation between amplitudes A™, A*™ and A”
B — 7w states can have [=0 or 2; Gluonic Penguins contribute only to =0 (AI=1/2 rule)

B — n'n’ has only tree amplitude = |A™| =] A~

A" =AB’ > 1)
AT =AB" > x'n7)

200

00 — A(B0 — 72'072'0)
peng

“=AB" > 1’1"
A = AB" > 7' 7°)
V=AB >’

A+O — A—O

To constrain da.___. by isospin analysis requires A* and A” to be very small or

penguin

very large | = Measure and constrain C, , C,, A™,A” by rate and asymmet
Iy latg - 00 y y Iy

measurements

Needs lots of statistics for B > n® 7wt and B — w0 ¥ rate measurements




Constraining a.: B- — 7~ n® Rate Measurement

s B - 71 w0 (I=2, AlI=1/2) has only tree amplitude, no penguin = Base of Isospin

triangle
N B b VUb u
Vud U > 0
-
v d
b . ub . u B
B_ < TEO < T
u u

300 B T : T : T : : T : T =
«— [ B4BA4R —_ + BABAR -
5,9 - preliminary %150‘ K'n preliminary 1
©200F N =379+41 1 =, F :
= [ 7nm o 100} .
N | N.,=682+39 R +0
" 100[ 1 @ .t ntn
g 2 sof
o | @
if 0'-+—¢—+-#T4' : 21 i of

- 1 ¢ : 1 : 1 : - [ : 1 : 1
525 5b26 527 5.228 5.29 -0.1 0 0.1
m. (GeV/c) A E (GeV)
BaBar

B(BT — n7xw%) = (5.8 £0.6 = 0.4) X 10~°
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Constraining o : B — n%1® Decay Diagrams

Vub

Difficult to calculate rates for such processes
Smaller the better for constraining o,

sin®(a—aefr) <

Grossman-Quinn bound:

B(BY — 7979 4+ B(BY — #97xY)

B(B

%7“'

70) 4+ B(B— — 7~ 7Y)

16 Nov 2006
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B — n%r0 : Rate and Flavor Tagged Rate Asymmetry

B—no7tY is large !

First measurements

BF, , = (117 +0.32+0.10)x10°

ook BABAR 49¢
e C,o=-012+056+0.06 BuBar
,‘E, 1 5 .l.L‘L’ | Measured by flavor of the other B 2 Btag
B 10f [ 11 T
| = [
0 =
S 5_— 25% of N o, 0.41 6
LIJ OE 2_2% of Nqa BFyz'O;z'o — (2.321_048 i 0.22) X 10 6.06
52 522 524 526 528 C,,=-043+0.510 Belle
m_¢ (GeV/c’)
E: Average
e (B — 7°n%) — T(B — n’n°
E Borm)=TB=mT) _ 95 40.39
2 I'(B — w079 + T'(B — wox?%)
== [BABAR, BELLE]

16 Nuv zuuo

B(B — 797%) = (1.51 £0.28) x 10~

Bad news 1s C_ _1s not precise enough

= and B, 1s too large for usetul G-Q bounc
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Angle o From B> n* n~ : Bottomline

BaBar

1S
Tc Tc CP LP 2007
PRELIMINARY
-0.60 £ 0.11 + 0.03
H —k q

IT
PRL 99 (2007) 0216

Belle

i03

-0.61+0.10 £ 0.04
™

I
PRL 98 (2007) 211801
Average * 10.61+0.08
HFAG correlated average
-0.8 -0.7 -0.6 0.5 -0.4
0.008r

=

(=]

=]

o
|

0.004 —

Probability density

0.002—

"1 C
TE TE CP LP 2007
PRELIMINARY
BaBar -0.21 0.9 £ 0.02
PRL 99 (2007) 021603
Belle y -0.55 + 0.08 + 0.05
T ™
PRL 98 (2007) 211801
Average * 10.38 £ 0.07
HFAG correlated average
-0.7 -0.6 -0.5 -0.4 -0.3 -0.2 -0.1

o = [80,107]° U [156,171]° @ 95% Prob.

Standard Model Solution:
o =(91 + 8)° @ 68% Prob.)
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y=¢,=arg

B Vud Vub
%k

Ved' b 1
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How To Measure vy ?

= Interference is the key to y

A

tot

— Al

= Both charged and neutral B mesons can be used ‘Az (b
= Measure branching fractions for B” =

= Time dependent studies for B°

16 Nov 2006

_I_

Strong phase
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What to Watch Out For?

= Branching fractions of interesting B decays typically about 10~ or smaller

= Every additional decay mode is important to increase statistics but...
= Combining different decay modes not trivial

= Sensitivity to y strongly depends on 7, =
= Small values of ry make the ‘ 1
measurement very difficult

= Each decay mode has a different value of ry

= Strong phase 6 different for each final state
= Combination of decay modes more complicated

= Experimentally need to determine: rg, o, and y

16 Nov 2006
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Experimental Techniques to Measure vy

= Many papers about y on the market

= Gronau-London-Wyler method with B"—D’K"
= CP eigenstates of D’

= Atwood-Dunietz-Soni method with B"—D’K"
= Flavor eigenstates of D’

= Dalitz Analysis of B—DK", D"—K

= Time-dependent analysis B’— D" r/p

= Search for decays B*— DK™

s Other methods
= Charmless B decays (Kn)
= Variations of GWL and ADS method

16 Nov 2006

B — DYK® decays

important ingredient for y
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Gronau-London-Wyler Method
with B*—>D°K"

[ @N

D'/D' > K'K ,n'n
K’ lg/nln
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Atwood-Dunietz-Soni Method In Pictures

u
— . Vcs B +
V*
+ ch \ *
B . Vj
— 0 — : —
U u D u e b
Favored b — ¢ decay Suppressed b — u decay
Doubly Cabibbo suppressed D’ decay Favored ¢ — s decay

= Similar to GWL but replace CP eigenstates with flavor eigenstates of D’

= Combine dominant b—c transition with doubly Cabibbo-suppressed
D° decays

_ ‘A2 (b > u)‘
= Advantage: Both decay amplitudes are small but comparable r, =
‘Al (b c)‘
= hopefully large rg
= Disadvantage: Effective BF(B*>[K 1], K") ~ 10

16 Nov 2006 30



Time-Dependent Analysis
and sin(2p+y) with B’>—>D"'x

u d
\ <. T, <. DO~
,”/ d V /,’/ c
’ W’ U

C d b

p Ve
=) §o S BN B
d

d

Q|
o
o
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CP violation from interference of decay and mixing with B°—D"r/p

V
b V; g _
=)
d d

Favored b — c decay

VcbV;d:A

*

vcd/<d. 50
/T
b VU?/ u
.BO .f,ﬁ
Mixing: "% Suppres;dbaudecay

- ~

/

* i5_,'_ '—17"15
VieVea € =, A \

Determines the sensitivity
of the method

-

-

CKM angle

= Advantage: Large branching fraction for favored decay (~3 x 10°)

Strong phase
difference

= Disadvantage: Small BR for suppressed decay (~1O'6) - Small CP violating
amplitude!

16 Nov 2006
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Time-dependent Decay Time Distributions at Asymmetric e'e” Machines

___________ -— __________-- ...' Z
BaBar: y=0.56 ) CK‘
At = Az/yBc nt

BaBar: <|Az|> ~ Byct: 260 um  Average Az resolution: 190 um

f (B> DY n" At)=Ne 1+ CY cos(Am,At)+ SV sin (Am,Ar)}
(B> DV n" At)=Ne "™ {1-C" cos(Am,At)—S T sin (Am,At)}
f (B> DV, At)=Ne 1+ C” cos(Am,At)—5 sin (Am,Ar)}
f (B> D, At)=Ne 1= CO cos(Am,At)+S Vsin (Am, A1)}
Direct CP Violati Tt 2T :
rect CP Viofation Indirect CP Violation SO = —()zsm(Z,b' +y — 5)
1—r? . : < 1+I/'(*)
CHO =" 41 Sensitivity on sin(23+y) . 7., . .
1+ 72, depends on value of r s =1—()281n(2,3-|—7/—|—5())
— + 7

*
16 Nov 2006 (*) 33



sin(2B+y) Results In Pictures

& {:l.l_' N
< E Lepton Tags
0.05F —
CP Asymmetry in Partially L + tﬂ+
Reconstructed Sample oL #L —
0.05F 1 4 J
-{j.].:l e v v 0 vy 5o ] L
o -10 5 0 5 10
= No significant CP asymmetry At (ps}
so far with either method N [ — -
*IU - kaon Tags
o 0.05F +
= All measurements limited by I gt H
statistics i
0.05F -
—'|:|_]_:' IR TR T TN [N TN T T N | ] |
-10 -5 0 5 10
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Dalitz Analysis of B* — D’ (K;z'7n )K"

B+

(Ko )(Geve /e)*

2_

15 —

1 —

0.5 -
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Interference in B~ — DO[K.n'm ] K

= Possibly one of the cleanest methods to measure y

u
Vus /4 K(*)+ K(*)+
* /// §
V, ~

b o, C
 § - <

A(B' >[Kx'm 1K' )=A(B"—> D'K")+r,4(B" - D°K")

B+

AB* > [Kx'n 1K) =|A(B* — D°K™) (f(mf,mf)+rBei(7+5)f(mf,mf))

AB™ = [Ka'n 1K )=|A(B” - D°K") (f(mf,mf)+rBei(_7+5)f(mf,mf))

= Measure y+5 and —y+5 from B and B™ decay rates
= Only 2-fold ambiguity in y!
= Measure Dalitz structure f(m:.m*)=A(D' >Kz'z")  m’
with high statistics sample D" —D’[Ken'n ]n m} =m’(Kz")
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DO — K'n~ Dalitz Structure in D — Dx

m2 (GeVZcH

m>=M(Kn")
m>=M(Kz")’

BABAR _

preliminary

m2 (GeV°/c?)

-:r“‘ZOOO* —

Lo

N> C)

]

O1s00- =

[+e ]

(4]

o

(=]

~1000| -

/1)

g

5500_ -
1 3

m2 GeV’rich
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81k events with 97% purity (92 fb™)

;g()()(l) -
o)
° Cabibbo Favored
S K*(892)
o
5000 -
1]
=
g
w
0 | L L | ! I
3
2 2
GeV'/c?
m,
:“Zom""lllll\lw|||. =
o ¢ p(770)
Y
&1s00 _
o
pad '
Tlooo i
%]
5
@i 500 ]
Q= I ! TR R BT RR
0 0.5 ) L5 2
GeVZich
m__

Doubly Cabibbo Suppressed K*(892)

Isobar Model: sum of resonances
and 1 non-resonant component

Resonance Amplitude Phase (deg) Fit fraction
K~*(892)~ 1.781 £0.018 131.0 £ 0.82 0.586
K3(1430)~ 2.447 £+ 0.076 —83+125 0.083
K3(1430)~ 1.054 £ 0.056 —543+£2.6 0.027
K™ (1410)~ 0.515 &£ 0.087 154 + 20 0.004
K*(1680)~ 0.89 £ 0.30 — 139+ 14 0.003
K*(892)" 0.1796 £ 0.0079 —44.1£2.5 0.006
K (1430)" 0.368 £ 0.071 — 342 £ 8.5 0.002
K5(1430)* 0.075 £ 0.038 — 104 +£23 0.000
p(770) 1 (fixed) 0 (fixed) 0.224
w(782) 0.0391 £ 0.0016 115.3 £2.5 0.006
£0(980) 0.4817 £0.012 —141.8 + 2.2 0.061
fo(1370) 2.25£0.30 113.2 £ 3.7 0.032
f2(1270) 0.922 + 0.041 —21.3+3.1 0.030
p(1450) 0.516 £ 0.092 38 £ 13 0.002
o 1.358 £0.050  —177.9 £2.7 0.093
o’ 0.340 £ 0.026 153.0 £ 3.8 0.013
Non Resonant  3.53 £ 0.44 127.6 £ 6.4 0.073
No D-mixing

No CP violation in D decays
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Host Spots for y in the Dalitz Plot

= Sensitivity to y varies
over the Dalitz plot

= Some resonances are
better than others

= Perform analysis in each
point of (m,.m_)

16 Nov 2006

m?2 (GeV-/c")

L]

t
L

1.5

0.5

Example: y =75, 6 =m, r;=0.125

=

0.5 1 1.5 2 2.5 n 34
/) -—
m,2 (GeV7/c)
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Dalitz Structure in B* — [K.t'n JK™ Data

~260 events

Ll
T

Fa ISR R
3 B
et BABAR -
2 23 . preliminary
o | :
o™ '2_ - —
= .
- ." . .
1.5 . ' .
R N L
B e ]
1+ &, . 5 """ _
N %*ﬁ*' * - ?Qﬁ,
- E . * . -
os- BB
D_ |||||||||||||| | 1l 1 | 1l |-
0 0.5 L 1.5 2 2_52 43
m?(GeV'ic")
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Evenis/01GeV ¥c*

Events/0.1(GeV “ic*)

Dalitz Projection Plots
in signal region m., > 5.27 GeV/c

;' L B |' ryrrrrrT T T Ty T T T TTTTT ';
fpr |
S0 =
I
1of Iit E
z.o- _|| I'-. -
T Bl b
Q 05 1 1.5 2 15 3
m%(GeV )

P T
+ B + BaBax
of 1 N IR IE
AN st
m2(GeVic?)

Events/0.1(GeV “ic*)

Events/0.1(GeV “ic*)

= B"‘ BABAR ~
C preliminary
iy T -]
st | J( ]
1of H AN| %’:‘L E
5 I' ’4‘ T #\\ | },4 - q»_'
DUI I U.SI — LI I ILS IIIIII EEG vEm'ﬂ;
m3(Ge
TR BaBar °
5.3:— | preliminary —
3 | E
“t | '
m;— |I -
zn— .j» I',I -
: {4
1ap= 1 : . i .
T b bl
4] 0.5 L L3 2 n 2 4)3
“{GeVic
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Constraints on y and rg with B~ — D™°[K.n'n ] K

BiABiR
r, =0.118£0.079(stat) +0.034(syst) " o (dalitz) %_006 _
r, =0.169+0.096(stat) e (syst) 2o (dalitz) : |
0 =104"+45° (Stat)f;: (Syst)ij: (dalitz) ?.004'

5" =296 £ 41 (stat)'* (syst) £ 15 (dalitz) oo

-100 0 100
+12 +14 c \\O Y(deg)
y =(70x£31(stat)’,,(syst)_,| (dalitz))
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Dalitz amplitudes and phases for signal b Dalitz E
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Sensitivity to y decreases significantly for small r T
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Sensitivity of GWL, ADS, and Dalitz to rg
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Dalitz Analysis Dominates Current Knowledge of y
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Most promising method for determination of y in coming years
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Constraints on Unitarity Triangle
from Measurements of
CKM Elements and CKM Angles
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VCKM — Vcd Vcs Vcb
\ V;d Vts th Y,
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V= 1222 4 Law
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Determination of CKM Elements from Measurements

Measurement Constraints on

theoretical parameters

P-4, 0.0.0m...)
Xtheo(.VmodeF ’ yQCD) Yaco=(B,fsBggs ---)

Quarks confined in hadrons!

Theoretical predictions |

N =2 InL(ymodel)
L(y model) = Lexp [ m_xtheo(y model)] X Ltheo(y QCD)

Often «_A part of theory error might come from Guesstimates »
Assumed Frequentist Bayesian
G to be : -
“allowed ranges”
CKM Fitter UTTit

http://ckmfitter.in2p3.fr http://www.utfit.org
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B ‘ excluded area has CL <0.05 ‘
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‘ excluded area has CL<0.05 ‘

+ Sin23
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All measurements consistent, apex of (p n) WeII defmed
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Unitarity Triangle after All Constraints

1.5 T T T T I T T T T} l T T

[ | excluded area has CL >0.95 | '

0.5

-0.5

L | !ltter

| CKM 2005

_1 .5 1 1 1 1 I 1 1 1 1 i 1 1 1 1 I 1 1 1 1 1 1 1 1 | 1 1
-1 -0.5 0 0.5 1 1.5 2

Includes constraints from all CKM-related measurements
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Impact of Angle Measurements on CKM Fit
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Measurements of angles dominate the constraint on the UT apex!
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Status of UT in 2007

Only angles from B
and g, from Kaons

All constraints

= UTjit
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Future of CKM Physics

= BaBar & Belle are mature experiments and have a long term and a rich program
for B physics (>2007)
=  Most CP asymmetry measurements are statistics limited
= S-Penguins
= o and y measurements (multiple to be sure)
= CPV in B mixing remains to be discovered

0 Rare decays such as Radiative and Electroweak are clean probe of NP
= e.g. F-B Asymmetry in b—> s/ /
= CPVInB > syetc

= Tevatron is accumulating large B samples:

= CDF has finally provided measurement of B, oscillation
= They are the only current laboratory for studying B, and A, properties

= B Physics returns to Europe in with LHC-B !!
=  Will be an instrument for precision B physics
= Precise exploration of CPV in B and B, systems

= Super B Factory: studies started to evaluate possibility of very high luminosity B
factory in near future
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