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Thank you ....

Thank you to

+ organizers: for invitation as convener
+ presenters: excellent presentation
+ Working Group 2 et al.: stimulating discussions

Appologies
+ cannot show everything here ....
+ radically cut contents to fit in my 20 minutes

Contents
+ highlights: kaon physics
+ unitarity triangle: status
+ what the future brings
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Highlights: Kaon Physics

CP Violation

+ here is where CP violation started in 1964

+ Re(e/le’) by NA48 and KTeV (reasonably consistent
with SM)

+ K - 3mfuture experiments

Rare kaon decays

+ observation of Ks — m°lI*l~
+ is K. — m°I*l~ becoming feasible?
+ clean theory for K* - m'vv and K, — n°vv
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N%F@ Preliminary result on A,

A, = (0.522.4,,, 2.1, 4ig)22.15,¢ )x10-4

A, = (0.5£3.8) x 10-* NA48/2 - 2003 data

= Smith et al. (1975) ("N”)

102E"| = Ford et al. (1970) (“C” | . -

— °rH “ a(‘:; I_“ 2)000 — This is a preliminary result,

< || | Myperet prelim COOOCE) with conservative estimate of
- TNF (2004) (“N”) :

10-3 the systematic errors

[ T TTTIT

» The extrapolated statistical
error 2003+04 is 5A,=1.6x10-4

104
» 2004 data: expected smaller
systematic effects (more
frequent polarity inversion,
better beam steering)

10

e
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First Observations of K§ — w%¢t¢~ by NA48/1

Kg — nete” K — nutpu~
PL B576 (2003) 43 PL B599 (2004) 197
o 065 —
g | of ~add
o 08f wl ™, QowE -, .
g - T4 o4 o 4 E :_o"‘-
:0.55 e ‘-'0.15 :,_ 3.,
E .| :
05 %] 0.14
- E : 3]
04s k- 0.13 P
i 012 £
04 L
- b) T T 1 AW ST U SPIPO AP TR
(I S TS VO TS EVEWE NV T VIS P TS R S e re 0.44 0.46 0.48 0.5 0.52 0.54
01011012013 014015016 0.7 m, GeV)
m., (GeV/c™) LT
Data Bgd observed | BR (vector matrix element, no form factor)
(5 — wlete 0.151’3:62 7 :"h\'*'j;r_hmﬁ + 0.8(syst) x 107¥
K — 7#utu~ 0.22fg:ﬁ 6 '.E'.E_'l__f']l‘éf..sfrxf] + 0.2(syst) x 107°
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Improved Measurement of the K — wtvi Branching Ratio

E949 2002 dataset (~ 30% of E787), PRL 93 (2004) 031801

e 71 Range vs Energy

E" E787/E949 e | E949-2002 | E787 | MonteCarlo
M .
& 3 | e background: 0.304-0.03 events

%* |- “Blind” analysis

3 |- Likelihood analysis

oy to the candidate events

0 -

» [ e BR = (1.471539) x 10710

90 100 110 120 130 140 150 in 68%C.L. intervals

Enerqy (MeV)
- [);, — “IGO
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K} — 7°vv in the SM

r s d
| u,c,t |
~ | |
P .
| |
l |
Standard Model (Buras): Im A =ImV_V, =nA’A’
BKKY — 7%v)- 1.8,\*10_10( mA x(x )]

~4.1x10710 4% =30+0.6x10711
BK* = zv1)~10x107° 4% " +(p, - p) | = 7821251071

Errors from CKM parameter uncertainties
Intrinsic errors ~7% for K+, ~2% for K_L
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Highlights: Unitarity Triangle, CKM

Motivation
+ measure unitarity triangle in many ways
+ find Inconsistency = new physics
Angles
+ [,aandy
Matrix elements (Sides)
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Summary ot results
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e S_ = 0.726+0.037 s C, 0.031+0.029
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. Mixing phase ¢ = 2p | b »
e Penguin/Tree ~ AJA|? = small hadronic uncertdinties

e Definite CP content: CP(J'/lpKS(L})=+(-)1

o B F=+1
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HI.Z 20
lag%ﬁ
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Asymmetry
o

=)
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!l Events /2 ps =
So o

(=)

' BABAR

| Preliminary

CP=-1

S
C

= €0.50:0.25%%
- 000+0.23+0.09

At (ps)
CP=+1

S = 0.33i0.09
C = 0.08+0.22+0.09
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A 3body mode: B K K. K

e Again Beam Spot Constrained erTexing

« If one K_ decays outside the “good-vertexing” fiducial
region, most likely 1 or 2 of the other K_ decay within

(€7~ 100%) ' F5F BABAR J=gprelimi
\E Belle :,% 10 preliminary
0.5 g 2 k}
0 ' i oo . ,
£ 05 EWER ek '
» i SL—,EHZ Pt -
S
05 Fasg | ;F“
'.17‘5 s .. - A - - 2 -6 4 -2 0 2 St (pSf
- +0.38
= +1.26+0.68+0.18 2 '0'71+028-0.32i0'04
= -0.54+0.34+0.08 C = 0.34™ 5+ 003
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cos2B from B° — ccK™®: result

BELLE BABAR AVERAGE (HFAG)
Care !
# Events 354 104
sin(242¢) 0.30+£0.32+0.02 0.10+£ 057 +£0.14 0.21£0.28 (cL=0.55, 0.60)
cos(242¢,) +0.31+£0.91£0.11 +3.324076 5 o £ 0.27 1.60£0.67 (CL=0.026, 2.20)
sin(2424,) 0.731 (WA) 0.731(WA)
cos(242¢,) 0.31+0.86+0.11 724050 20 4 0.2

——

0.75

~
"J.

hrssaphasatugafosssssssssrsnnsgfiossnsassnsssansranngannianrsigtiesrinssisstsnsdinssannsannsansns

=

| Y
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Y

Raw Asymmetry

0.25 |
0.5
0.75

| sin(2p) & co;(zm free |

| 2 3

4005(2[3)!
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CP violation in the interference
between mixing and decay

For a CP final state f.p, time-dependent

asymmetry is: B, -
Hi A= L(B" = fp)=T(B° = f.,) Mixin?é,/p) \
fep o F7)
(B > fop)+T(B° > fop) BO 7 fep
=8, sin(Am,At)—C, cos(Am,At) Jer
4 5 T b o
o~ 2 \ ,
S —_ 2 (A’&P) 1 j’ﬂﬂ j. =£ q A}‘cp' S'Itr;?e |
fr 14+ 4 for 1422, Jer =.\p';,;f4' N Amplitudes
\ =% B e s L
i : _ 1 ( _ — i from mlxmg :
S # 0 : Indirect CP violation C # 0 : Direct CP violation J

June 8, 2005 Georges Vasseur |BH) e p‘BG) & q|§<l> §5
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CP violation in B%—p*p-
Access to a from the interference of a b—u decay
(v) with B’B” mixing (B).

ST /[ | /[ - ]
0 R0 Tree deca Penguin deca
/[B B ml)*ungJ ,‘ \ YJ \ g y
v p 3

=
ANAAY] %‘-
|
MAAAAN -
|
|
/
‘b
(@
=
=
= &
il
1
p¢
=R

0 0 D0 b
B t B B d p — s *
g —D d d
l:_rf [J.H";
\_[ g/ peV,V, IV,V, ]_/ \_[“’ < VgV ’—/ \—[ A=VaV
Tree only Tree + Penguin
T oy .. T4+ Pete?
A =4 L _ 2Bty _ ik A, =gt e
T = tree amplitude £r p A 2 I +FPe™e
P = penguin amplitude
o = strong phase difference S =sin(2a) S=1-C"sina,, )
between penguin and tree C=0 Cocsind

How can
we obtaina |6
from a g 7

June 8, 2005 Georges Vasseur
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Isospin analysis

« Use SU(2) to relate amplitudes of all pp modes.

A+_ + AW _ A0 _ KOZK_I__ +:&00

V2 V2

A" =AB" > p'p)
A" =AB > p'p)
Aoe

A+0 :A(B+ _)p+p0)

4 .
AOO ZA(BO _)popﬂ)

KO():A(EU_)pOpO)

| Gronau, London : PRL65, 3381 (1990) I ‘ Small amplitudes |
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Result with B—rtnrt°

* Hint of direct CP-violation « Likelihood scan of a using:

- A" = T“‘e_'.a o e ke {40
A o [B—é f; };{B_ﬁ f:] T =tree amp.
pr

ATK‘ - T.Feh"a +Pr P =penguin
=-0.21£0.11£0.04

' BABAR

Ly T T preliminary
Ap,r =[B—ép‘ﬁ3—ép’] 0.8
— —047tg:: +0.06 i 06

g | | @)

[ B“}kBAR_ 04
05 — 0.2

0 30 60 90 120 150 180

[ 213 Mg J as= ll 137 (stat.) + 6(syst.)]°

Mirror solution not shown
1 05 0 0.5 1 Georges Vasseur Weak constraint at C.L.<5% 18
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Combined o measurement

| | L 1 |' | L T '| L 1 1 I L] L] | T | I L L L | 1 L [ '

« The best individual B C B nn BABAR

ey et A B —-pr [ Combined
;:lc?rerilsurement comes | RiGes FwIEHMM
- Mirror solutionare b i T
disfavored, thanksto © | | STRER
PTL. T oo8R
+ Good agreement 0af
with global CKM fit. B _
. 02f% i
« Combined value:
L = ST PRI il el 2 L W Sl

0 20 40 60 80 100 120 140 160 180

a=(103""))°

o (deg)
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CPV parameters in B'—>n*n

1.5 HFAG Moriond 2005 |
hep-ex/0502035
BABAR (2004)

1 [ —0.3010.17 +0.03

Ann

Belle (2005)
~0.67+0.16+0.06

Average
-0.50+0.12

|Mmonu 2005

-2 -1.76 16126 -1 -0.78 05 -025 0O

by

0.5 |

Foorox o= o= o= ow omox ox o= ox om om om-ow ow o omoE m R R R R u pee——— = = x = m x == %

I BABAR (2004)
1 F -0.09+0.15+0.04

- hep-ex/0501071 i i
=0.56 +0.12+0.06

-1.5 [ L A L A |. i A A A l A L A L L A L A l A L A L l L A A L
-1.5 -1 -0.5 0 0.5 1 1.5
Snr

Average
-0.37:0.10

~2.3c difference between e —a—s

Belle & BaBar 16 14 12 1 -08 -06 04 02 o 0.2
: i

an
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Constraints on ¢,(a) from isospin analysis

1

08 |

=
O 0.6

' 0.4 [
0.2 |

~—

0

0 <@, <19 02071 <, <180°

0 30 60 90 120 150 18‘1.'\

1 t
0.8}

----------------------------------

0 0
<29 o(degi6]l <¢, <180 90% CL

100 150

95.4% CL

1-ClI
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CKM fitter Moriond’'05
........ B - nr (S/C,_ from BABAR)
12 e s B — =n (S/A,_ from Belle)
1 Combined no C/A,,

1 . 1 - h ‘: J‘!
0.8 ~ \ [ i B
os |}

0.4 '
&2? 1 no a meas. in fit "]

0 L “!P-h L P ]

20 40 60 80

0

0Pl <2F o

100 120 140 160 180

(deg) 63 < ¢, <180



B->hh’ in 180 pb-!

Selection cuts

Parameter value " i
3% axial COT hits >20 >
# stereo COT hits 9 3
# axial SVXII hits >3 53 avo
max (| p(x:) |, | (=) ) <1 3
min(pr(m ), prixs)) | 22 GeV/je
prix:) + prim) > 5.5 GeV /e gsao
glm) - qglm) <0 W
Ad(x, 72) [20°,135°)
min(| do(x:) |, |de(xa) [) | = 0.0150 cm
max(| dof{x:) |, | dolx2) [)| € 01000 em
do(:) - do(m2) <0
| n(B) | <1
| dol B) | < (LOMBO e '°
L.,(B) > (.03 cm
1solation > (L5
0

The only significant cut
not already present in the trigger
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d‘sl i

** [ By 2Kkn

Evenls ser 158 IVeV/c)

"By~ nn
COF] "B, kn

+

(893147 signal events
L Meon 5.253+0.002 GeV/c?

A 1 i A i 1 I — A 1 i i i 1 A i i

.
+* +¢f-

1

Invariant mass nt hp (GeV/c?) |



Fit Projections

Events per 25 MeV/c®

o
1 E“m‘__.ﬁdﬂl{l

COFY pretiminary, L=100 pb . mmm.ump‘l z COFIl preliminary, L=180 pb’

: > 200+ ¥ 2 4
" .Bd—)Kl' o E::’_.:: 390‘}_ .Bd—bK‘l'I:

[]8, = KK ‘E‘lﬁl): =B: ? §BDU_— | |B

i K pena

- e, -~ 140! | Cackgrowne ci?m:* e
. - 3 — Kn
r .B,—»Kl 1200 .%Bu[};_ .El5

| Background 100f 500+ [ |Background
- i 400}
y 300
: 44 44 4 2001
= + ]
E i 100
" Paatl D ik Dt

52

COFIl preliminary, L=180 pb”

g 400= [1]B,— KK
E 350; . B,—mn
sm; . B, = Kx
250; !_]Baclq:rwnd
2005

o F
o

!:-4505_ .Ba_’KI
§4003_ DBS—)KK
c350- lB ™
3003_ .Bﬁ-)KI
250= | | Background

200"
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Acp =

B—2>hh' results BR and Acp

Analyzed Luminosity =180 pb

BR(B® - nt7™)
' 0.21 +=0.05 (stat.) £ 0.019 (syst.
BR(BY = K+tn-) ) ).05 (stat.) +0.019 (syst.)

N(B® - K-m) - N(B® = K*7°)

~0.022 £+ 0.078 (stat.) £ 0.012 (syst.)

N(B' - K-7+) + N(BY = K+7-)

fa- BR(B" = 7#7xn™)
fs BR(B® - KtK~)

0.45 £+ 0.13 (stat.) £ 0.054 (syst.)

fs+ BR(B® = KtK")
fi-BR(B° = K+7-)

0.46 £+ 0.08 (stat.) & 0.063 (syst.)
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The Gronau-Wyler-London Method (GLW)

. _ [Phys. Lett. B 253 (1991) 483)]
B*—DcpK'*, Dp is CP-eigenstate [Phys. Lett. B 265 (1891) 172]

CP+ DO — T[+ﬂ:-, K+K- CP' D0 — KSRO,KST], Ks(l), Ks(p go oo

4 observables (3 independent) 3 unknowns
) _ () - TYOt () + . . .
A(“P* - [ (B aa D;"PLK ) l (B o D(}.])iK ) - __*_?J'HSln :, Sin ()H/R”h
©I(B ->D.K)+I'(B > D!, K |
R LB > DK)+I(B - DK |

P = mp— - + 2. COSY COS O, + 12

Br(B — DK) ~10* ® Br(D — f.p) ~102

rg ~ 0.1 | } statisticaly limited
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CFD

D SK*r @ B }

A *)-
” DCSD~)2 = J” KTV
AB - D°K") AB 5> DK )=re e’ | A(B - D’K)|

both amplitudes of comparable size = big CPV, small effective Br

: : : AD' - K*x
count B candidates with K*K- pairs | n=-ao—>") -0.06020.003

_ AD' > K7 Phys Rev.Lett 31:171801,2003
I'(B > [K'7]K)-TI'(B" > [K7']K")
ST B > [K 7K )+I(B = [K77 1K)
I'(B »[K'7]K)+I'(B" > [K7z ]K")
ST (B > [K 7 K )+T(B = [K'7 ]K')

B VAR DO ' S/
= 2r 1, SIny Sin (0, +0, )/ R

R

T+ 21,1, COSY COS (0, +0,)+1; + 15,

o, —D decay strong phase, unknown

Bondar & Gershon & : . . 0 | Rune(D)+R,ne(DY) = 24 2 +i',:
hep-ph/0409281 op —differs by n for D*»>Dy & D*—-Dn | aps(D)+Rps(Dy) 2 +1p)
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Dalitz analysis of B*—>DPK")* DO—Kgn'n-

Giri, Grossman, Sofer & Zupan [Phys. Rev. D 68 (2003) 054018]

M (nt*,m)=| AB~ = DK ) |[{f (" ,n )+ r,e” 7€ f(m?,m”))

0 BaBa : ) 0 l "'. k. l —
ST S

em’ =m (Ko ) ' g

= iak - :
. i w44 f ‘:.‘ L oY :
B x T t £ e e
Folw; " s ‘\Rﬂ;.' M
» 18 2 a5 i 25 )

M, m’=m’(Km")

M. (mZ,m)=| AB" — D"K") | {f(m_,n") +r,e”€” f (n”, )}
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B* - DK*, D ->K 1 Dalitz plots

139 events 137 events

& | T
T | S g
E 2 g 2 E 2| ..
.--' | -"'. ) :-
o ¢t = T s 27 o Fit these DY Dalitz plots using
i w s w o w = unbinned maximum likelihood
M: . (GeV?) M? _ (GeV?)

D' from B~ DVK- F : .
. | . ree parameters: rp, e

2-fold ambiguity:

;: " 5'-:.¢_ "? ‘.':3., <am |
b 132 BABAR | Faf e, S5 , ave _
d | ¥, o %’ L é’& | 03,6,  ¢3+180°,6+180°

| 3 . v |

. B ww "":__ "_ '

ORI B B e
e b

. e TR

[II_--_II_"___-E _________ E'----?-‘_’_-__I :- e - A - - -

mi(GeV/c') . wi(@eA e,
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Constraints on ¢,(y) from B—>DK

Sy~ Dalitz analysis CKM fitter Moriond’05

----- DK GLW + ADS

é, = [6871F +13(sys) £ 1 1(model )|

1.2 [ Worondes ... DK Dalitz == Combined
[22°.113°] 1
r(D'K)=0.21£0.08+0.03+0.04 _ o8
r(D'K)=0.12"; ) £0.02+£0.04 l
- 06

r(D'K)=024"717£0.09+0.04 £0.08

2 0.4
g Dalitz analysis 02|

WA

1/ = |7U__ “} Sy ‘s) m(ﬁ)de/)]: 00" 20 140 J 510” 80 100 120 140 160 :80
[12°,137°] Al results combined  ¢3(*) [9edl

r(D'K)=0.118" £0.034"%%
."{1'_} K)=0.169%0 }*)ﬁ
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Semileptonic B Decays

e Semileptonic B decays provide V.|, IV, | i
best way to measure |V | and |V | . o

——p—————— —‘un—‘:\f\'
> Fa a9

e

. r
';:3:‘;.'\ \ e

- Hadronic and leptonic currents factorize B

- Hadronic matrix element needs to
be corrected for interactions within B meson

* Theoretical framework: Heavy Quark Expansion

- Provides method to separate perturbative from non-perturbative
scales

- Expansion of M, in powers of 1/(m_-m,) in terms of local operators

- Non-perturbative physics enters through matrix elements of local
operators

- Perturbative effects enter through coefficients of operators
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Combined Fitto E_, and M, Moments

PRL 93:011803

* 8 fit parameters.

2 .3 3 .3
|Vcb|-B"(B_’XJV)-mb-mc’“n'“ﬁ-pu'pm

e 27 measured moments used: 0"-3" E_ moments, 1"-4" M_moments (highly corr.)

 (Calculations:

Benson, Bigi, Mannel, Uraltsev (Nucl.Phys.B665:367)

and Gambino, Uraltsev (hep-ph/0401063, hep-ph/0403166)

2.10 1 1

a - .

. .
Q i N —
od
E 2.06f \Hs* 1 2
S b 1 ©
s I *' %o
i =

2.02} .

L (a) 5

” A\l T T g
E 0.10_ o 1 _
| >
g ! " 1 ®
S R 0.08_ . 18
S - 0.06} s

i H

0.04—(3) o

0.5 1.0 1.5

used in fit (stat.+sys. errors)

not used in fit
theoretical prediction
theoretical uncertainty

45 i | | 96 B I | |
A E -
‘-.'.
\"-\ eg“‘ 92} H+ o
431 1 o = + .
L - £ "
+* x_ 88 *% +-
- i 1 o
i +-.,_ = - S
4.1(b) . 8.4-(c) 9
T ] *' | ] I I
0.181 -1
i 1€ e :
O
16F 1 @ R -
e o 1= 010F g
1 5 - P 4 . o " “ -
. = N\
~ 4 7 B LN g
4L i (9) N
L | 1 002 | 1 | \Y‘\
05 1.5 0.5 10 1.5
Ecu (GeVY)

L 41 1

ndof=20)

1.0

15
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Combined Fit; Results

PRL 93:011803

Vsl = (41.390 +0.437,,,%0.398,,,,£0.150, +0.620,)-10"
2% uncertainty””| BR.,, = (10.611+0.163,,%0.063,,,%0.000, )% b
x ’ . additional 1.5%
/ m; - (46] | i0.0SZm 10.041,,Q,__-i().OIS“E)Ge VIC— erroron
1.5% uncertainty 1", = (1.175+0.072,,+0.056,,,,+0.015  )GeV /c? |
- ’ u=1GeV
* HQE predictions agree very well 4 , | Ay>=1 ellipses
th t ___ Lepton [ Hadror )
wi measurements l" S Moments{ Moments .~
~42[ Y T g
« Separate fits to E and M_moments 2 \ -
. - E :' :. ,*".J_ 1
are in good agreement >ﬁ4 "’"\ M ]
. . . - |
* Fit results compatible with external o iR A
" oments
knowledge from B-B* mass splitting RN Mol L)t SS |
(n?) and heavy-quark sum rules (p, .*) m, (GeV) n,? (GeV)
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Inclusive V,, with Full Reconstruction
V. Extraction with the “New” V,;, Method

AB(B — X )
|Vub| - R
*TB

e Dirctly relate V,;, and AB by R 3
» Shape Function : ﬁ

¢ similar contribution to b— sy events %

o fitting ¥ spectrum by Belle measurement t 5

o my, = (452 +0.07) GeV, u? = (0.27 = 0.13) GeV> i }Hﬁﬁ b
¢ Weak annihilation effect N JA MY R T B

E*, 1GeV]|

V.l stat syst bou b—c SF theo.
mx—q- 4.93x10~ 50 44 31 27 93

=59
my 435x10” 46 35 31 11 92 *°
P, 456x107° 47 46 32 44 102 *
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Summary of BABAR |V | Measurements

Using m_ =4.63 £ 0.08GeV and p *(SF) = 0.15 £ 0.07GeV?

(correlation: -0.4)

errors: expt + SF % theory expt £ (SF + theory)
Method ABr x 10# IVub| 10° (BLNP) | IVub| 10° (ICHEP)
(SF params from b—clv) | (DFN, BELLE b—sy)
Endpoint [5.31+£0.59| 3.93+0.34+038+0.18 440+ 0.24 + 0.35
(8.7+£9.7+46)% (+6.4+86)%
g*-E 446+093| 3.89+040+045+021| 499+048+0.29
(10.3+11.5+5.4)% (+9.6+58)%
q°-M, 8.96+204| 445+049+040+022| 518+0.57 +0.34
(11.1+9.0 +4.9)% | (+11.0+6.5)%
Average 4.07 £ 0.51 | 4.61+0.46
(£ 12.5)% ; (+£10.0)%

significant change in inclusive |V , | value
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Exclusive B—X Iv Decays: Summary

i

ntlv

e

o
= 2
L
»

; - e  mma

BF(B—nlv) (x10%)

losaaloni

inclusive average: |V | = (4.07 £ 0.51) 107

inclusive average ——
- LCSR1 0-15 GeV* o+
t_-t LOCD1 15-25 GeV? ———
+ BABAR SL. tug n"(*1.85
. Sy LQCD2 15-25 GeV? gt
BABAR SL tug 1" .
BABAR Hud g x"(*1.85 LCSR1 0-25 GeV' P
BABAR Had g x* > [ LOCD1 025 GeV* —wvvR——
BABAR vrecon | i, 2 | LOCD2 0-25 GeV botieds
BELLE SL tag ISGW Il 0-25 GeV® T R
CLEO VvV reco ¢ No FF norm.
> |ISGW Il 0-25 GeV®  h—to+ uncertainty
P — & | LCSR20-25GeV?  j—+e+—i available
Prob(z’) = 0.05
4|“ i i | 1 L | | L
. 0 1 2 3 4 5 B
|Vub| (x107)

LCSR g’<15GeV2, LQCD g*>15GeV
or extrapolation to whole g range

Light Cone Sum Rules (LCSR)
(Ball-Zwicky, Phys.Rev.D71:014015,
Phys.Rev.D71:014029,20095)
New unquenched LQCD2 calculations
(HPQCD’04, FNAL'04)
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Belle |V | Mesurement Summary

lnclusne Full Reconstructmn (2‘“ fb ) ]
P, e
Inclusive Endpmnt (27 tb )
1.9-26 &
2026 ®
2126 »
2226 —e |
2326 #®
2426 — o
Exclusive ntlv se%nilepmnic (140 fb') Preliminary
Quenced .
FNALO4 &
HPQCD |  ——e——

0 2 4 6
IV, (107)
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Unitarity Trlangle Who Measures What’P

Appex (p, )

Squeezing along
side b

+ sin2f

+ Vub/Vcb

Squeezing along . 0:_

side ¢C
+ Amg
+ Amg

CKM fit result:
Amg =17.8 *$-[ps™

-0.5

_15 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1

\ cluded a hCLoos\ \\
\
‘ N

0.5

| ICHEP 2004 \\
l | I\I 1

-1 -0.5 0 0.5 1 1.5 2
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Why Is that so difficult?

Ve 1 B4 mixing Am =0.5 g1
Bs mixing o g Am,=0.5 p
+ very fast 3 0.05] —.
Challenge g ;
. > 1 \\ //
+ precise vertex 2 0-
+ precise momentum B ] \ /
+ many events §'0.05—_ SRR
’ taggmg essential 0 1: D|Iut|on 0.05%

0 25 5 75 10
proper decay time, t [ps]

Very tricky!

The larger Amg the more crucial o(ct)

significance = \/SED V525 exp(- (Amsact) )

o(ct) = \/ (60)2 + Ct "p)
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Result

Imperial College

London

DO Run |l Preliminary

-0.54

_._ +++++

T T T . T T T T T

0 0.02 0.04 0.06
VPDL (em)

No obvious oscillations

B, Amplitude

25

- {data

2
1.5

Amplitude
|

1

1o

[__Jdata + 1.645 o (stat.)
[data+ 1645

D@ Run Il Preliminary

o
@
III|IIII

=
o L

AU

¢ 95% CL limit: 5.0ps '

o
™S N s
.......

¢ 5.2ps’ (stat. only)

2~ o--sensitivity: 46ps’ ~ -o- 5.1ps  (slal. only)
_2.5: o : i AN P A Eef I M
0 2 4 5 4 10
am, (ps”)

Am,> 5.0 ps'at 95% CL
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Semileptonic Result

CDF Run Il Preliminary L=355pb"
4| = datatlc A 95% CLlimit 7.7 ps™ 13
{--16450 O sensitivity 7.4 ps™ ik
| ‘Q.T,‘ “ 1
. data+ 1.6450 . et
2 - data £ 1.645 o (stat. only) | ° 1
o
K ! Fryy *
= o e
Q | + |
= it
E Hopf
22
4] . .
| Semileptonic
o 5 10 15 20
Am [ps ]
sensitivity: 7.4 ps™t lower limit: 7.7 ps™ at 95% CL
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CDF Run Il Preliminary

Hadronic and Combined Result

CDF Run Il Preliminary L=355ph"
41~ data+1c A 95% CL limi I : g 4_' ~ datat 10 A 95% CL limit 7.9 ps™ ;
{ 16450 10O sensitivit {--16450 O sensitivity 8.4 ps™ 1\ /3
: Il data+ 1.6 Il data+1.6450 I :,.,4'0" !
2‘_ data+ 1.6 % (stat. on ) 2‘_ data = 1.645 o (stat. only ‘ TS 1
N . S |
O s o R ey T
0. R il
£ | £ | it
< | < |
2] 0.
4 4 Semileptonic+Hadronic Combined
0 5 10 15 210
Am [ps ]

Comments
+ hadronic sample alone has no sensitive (statistics)
+ but helps semileptonic sample in high Amg region

+ sensitivity moves from 7.4 ps™ to 8.4 ps™*
+ new limit Ams < 7.9 ps™ at 95% confidence level
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CDF Il and World Combined Average

CDF Run Il Preliminary L=355pb"
| « datat1c 4 95% CLlimit 145 ps™
2__ 1.645 0 O sensitivity 18.6 ps™
datax 1.6450
data = 1.645 o (stat. only) |‘ i [let &\
o 1 A ¥ e
g ] ‘TTT 5 s! T‘“ﬂ'
=] |
5
= W
B W e T
11 .
1 CDF+World Combined
6""5'"'1'o""1'5""zl'o
Amg [ps ]

Improvement from CDF

+ limit stays the same
+ sensitivity moves from 18.1 ps~ to 18.6 ps™
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Tevatron Summary for Run |l

Tevatron Projection

30
50 observation
CDF & DO combined Q
— s
%20- g
: 12
>
>
% 10-
S
D CDF tagging: add kaon tag, [D*= 3%
CDF vertex res.: 20% improvement
- CDF/DO0: Similar sensitivity
O ; ; ' T ' ' ' T ' ' ' |
2 4 6
Delivered luminosity/expt. [fb ™
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DED AT Transversality [

Z

B.~> J/vy ¢, tofl o
Pseudoscalar - Vector Vector decay |

Both CP-even and CP-odd present,
but well separated in transversity

Transversity angle: cos(8)

* Measure two distinct lifetimes ¢
(equivalently: AT/T" and 1) by fitting § rest frame
time evolution and transversity distr. ¥
In untagged B.~> J/y ¢ decays.

* If CP is conserved, they can be "y
interpreted as the lifetimes of the two '
B. mass eigenstates.
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AT/T: Results Ty

D@ Preliminary DO Preliminary
E10’ Mass 5.26 - 5.42 GeV @ - by + Data
- “B- g — Total Fit = B, — Jy Total Fit
- iy e CP-aven
w s - v I'-;a' Signal 2 80 | 5.26< M(B,) <5.42 GeV e en CPadd
10° ——- CP-even ﬂ | TN '__,. 2 -
210 thew | BF etoten>s — o
2 L [ — Background | = L
g1 L ! 60
T E 1
& o l,‘
< B i
R B i 40
-4 i
10" | ! 20
n B e P T s
o ’ , e Y Fitprob:616% = ..
10 e N W W p oo o B b oo db Lidoleol s 0t’:1]||||||1|||||:||||||l||||||1||1|||'|"'r..
01 005 0 005 01 015 02 025 03 1 -08 06 -04 02 0 02 04 06 08 1
ct [cm] Transversity

t(B*)=1.39""" +0.08 ps
Al

r
R =0.17+0.10+0.02

=0:2132 +0.30
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* Consistent with AI'/I' CDF result

* Agrees well with theoretical

prediction 0.12 + 0.05

* The WA flavor specific lifetime
provides independent relation

of Aland I'

- _r[l—(AF/2F)2]
" "1+ (Ar/2T)

T, =1.43%20.05ps
Al

=% —— =023
1_. 0.17

=>significant improvement to AI'

ATIT

AI'/T": Comparisons

1

Imperial College

London

D< Preliminary

[ = 12 (stat only) D
EELEEE 1o (stat + syst) CDE
0.8 —— with WA constraint (15 stat)
0.6
0.4 P
0.2
F v
o
0.2
L WA(f.s.t )10
= L L A L l L L il L l A L L L l L 1 i L ] L L L L l
B AEY] 0.0368 0.0396 0.0424 0.0452 0.048
ct,.cm
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Highlights: Rare Decays

Motivation
+ measure rare decays well predicted in SM
+ find large rate = new physics
Opportunities

+ leptons reduce hadronic uncertainties
+ |eptons often offer low rates

Examples
+ b - (s,d)y

+ B - uu
+ B 5 1V
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oy [B9]

BELLE

Inclusive b -> )(s Y r—/ b

S

Select photons with E7, > 1.5 GeV
(analysis done with E”, > 1.8 GeV)
Veto photons from n° and n decays
Subtract background

T

:

<E> = 2.289 + 0.026 + 0.034 GeV
<EV2> -<E. >2 =
0.0311 + 0.0073 + 0.0063 GeV>

Smeared by motion of b quark

inside the B meson and gluon

| emission => dynamics of B meson

X Bl == important for V, measurement
from inclusive charmless semileptonic
s 3 s+ decays [B18,819]

based on 140 fb-!

Events/100 MeV
-
L T
—e—
—eo—i
—e—

S @
- g 8
. .l I.
' :l 1
* ,". i
. m
H—e—H
—ea—
—eo—
—o1—
.
| @ |

:

:

-
o
]
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Time-dependent CPV ﬁ*

Use K%n% final state for time-dependent CP analysi:

o TB°(t) > Koryy)- TB(H) > K% )

cp = S-sinAmAT + A- cos AmAT
F(BO('I') —> Kgfroy)+ [B(1) —» |<§;r°/)

; . SM <0.1
0;5 (®) | 0_0 +0.46
L0 e 1 S(Kor%) = -0.5870%+0.11
£-0.5
g 1 0.0 :fﬂ{]‘* 0 0
g1 | AK;7"y)=+0.03£0.34 +£0.11
> 0.5 1
R 05-1{"_'“‘““-1'.‘_., = I, SM ‘(OO].
e s
=13 05<r<10 Atwood et al [T5]
TEE 250255 Ts Gronau et al [T6]
At (ps)

Based on 253 fb'!
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A JB1D] o

BR((p,w)y) =(0.72"°*+0.28)-10° significance: 1.2¢

-0.39

SM predictions:
Ali-Parkhomenko[T2]: BR(B* -> p*y) = (0.90 + 0.34) - 10¢
Bosch-Buchalla[T3]:  B®R(B* -> p*y) = (1.50 + 0.50) - 10-6

Constraint on V.
2
BR(B > (. @)y) || -1, )/ mg)’
BR(B - K'y) V.| (1-m./mg)’

:> %cso_zz @ 90% CL
ts

Based on 253 fb!

c“(1+ AR)

||||| Summary WG2, Ch.Paus, Weak Interactions and Neutrinos 2005, 48



B8,

'/’"\,;"f
v, Summary of b -> sy ¢
?? ud

B K (892)v

> Many neutral exclusive
b -> s y modes for
time-dependent CPV!
> Knn% final state
should help for
photon polarization
> useful to reduce inclusive
b -> s y systematic errors
> isospin in B and K
decays is assumed

B — K,(1270) y

59+ 6 %
missing

B — K,(1430) y
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w Purely leptonic B decay

purely leptonic B->1* |- decay is a flavor A
changing neutral current (FCNC) b 2 " M
in SM forbidden at tree level N

proceeds thru penguin/box diagrams, : 1 n
helicity suppressed ' > ’

SM: BR(B->u'u )~ 3.4x10?
depends only on one SM operator in

effective Hamiltonian, hadronic b W 4 u
uncertainties small t

B, relative to B, suppressed by |V, /V,|? ~ | b Y v p
0.04 if no additional sources of flavor il >
violation

Current published limits:

SM expectations:

Br(B,>//) Br(B.»//) o5 | BBt Br(B,»>//)
/e | 34x10" 8.0 x 101 /-e <6110 <5.4-10°
U 1.0 x 1010 3.4 x 10 u <8310°® < 4.1-107
ey 31x10° 7.4 %107 =1 <2.5% <5.0%
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entries | 20 MeV/c?

entries / 20 MeV/c?

3

Unblinding the signal region

s -1
CDF Preliminary 336 pb
B, ,—HH . 3 CMu-CMX

==

=

g 3

il -

L [

z

x

. - 0
sideband - sideband

—" «
48 5 52 54 56 58

M, / GeVic®

o 1
CDF Preliminary 364 pb
B, 0" . 3 CMucmu

D =
g £
S 2
= §
-
= @
0
; o ,
sideband g sideband
-

48 5 52 54 56 58

M,/ GeVic*

(54 b | o

central/central: observe O, expect
0.81+0.12

Central/forward: observe O, expect
0.66 +0.13

D@:
PRL: observe 4, expect 3.7 + 1.1
update: observe 4, expect 4.3 + 1.2

~ 2¢ —
“v 1.8-D@ Run Il Preliminary
:"; }2:— Signal region
= 4o- Sideband 1 i " Sideband 2
w 1
Z 0.8
= 0.6
> 04"
= 0.2
0 | ! . o —_—

46 48 5 52 54 56 58 6 6.2
Invariant mass (u* 1) [GeV/eT]
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BR(B_->u*p-) \..! \“ X §

B+ /Egs *
eyt /ey, relative efficiencies

The Limits

x BR(

B* ->

hw K*)-BR()/y

-> o)

f/f, fragmentation ratio (in case of B, limit) - use world average value with 15%

uncertainty
N.B.:

D@ mass resolution is not sufficient to separate B, from B,. Assume no B,
contribution (conservative)

CDF sets limit on B, & B, channels
all limits below are 95% C.L. Bayesian incl. sys. error, D@ also quotes FC limit

CDF B,->up | 176 pb! | 7.5x10°7 | Published
D@ B,->un | 240 pb! | 5.1x107 | Published
DD B.,->uu | 300 pb! | 4.0x107 | Prelim. .
CDF B,->up | 364 pb-! | 2.0x10°7 | Prelim .

B, limit x2 better
than published Babar

limit w/ 111 fb!
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| Sensitivity analysis
w Bs > 1w'nd

long-term goal: investigate b -> s I* |- FCNC
transition in B, meson

exclusive decay: B, -> pu*ué
SM prediction:
short distance BR: ~2x10°
about 30% uncertainty due to B->¢ form factor

2HDM: enhancement possible, depending on
parameters for tanp and M,

presently only one limit
CDF Run I: 6.7x10° @ 95% C.L.

b—-—

F
) ¥ e,
¥

.r ——
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Expected Limit

expected background from sidebands: 5.1 + 1.0 events
sensitivity/average expected limit (@95% C.L):

<BR(B.-> ¢ u'u’)/BR(B_.-> J/w ¢)>= 1.3 x 10 expect x5

if BR(B,-> ]/ ¢) =9.3x104 PDG2004 is used: improvement
w.r.t previous limit
<BR(B_-> ¢ u'u)>=1.2x10"

e 1%:_Dﬁ Run Il Preliminary Box still closed
> 1.6E Signal region
.2 14 z_ speseseimieieieelelelelelelel
Z 1.2F sideband 1 | (i Sideband 2
w I
Z 0.8;
= 0.6
> 045
= 0.2E
OEJ | : 11 - — .h. 3 | 1
46 48 5 O 56 538 6 ,
Invariant mass (U™ 1 0) [GeV/e™
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Search for Bt — t"v

* B*— 1*vinthe SM " )
— Via quark annihilation into a W+ A
boson
— Decay with p or ¢ are helicity- . v,
suppressed :
g by oty - CEMETm, m, 2 117, 2
* New physics in B*— t*v BE" =) =—"0 [1 i E] 785 | Vs |
— Charged Higgs boson (H) as Sensitive to f2, [V, |2
propagator

SM expectation = 10~

« SUSY, two-Higgs doublet models
— Enhancement of the BF
* Upto a factor of 5

* Measurement of f

— Assuming |V | known from
semileptonic decays

Hou, Phys. Rev. D 48,  Measurementof |V [/IV,,]
4342 (1593) ~ From BE(B*—> TV )/ Am ©

— Gives a constraint on the CKM
unitarity triangle

* Experimentally challenging due
to neutrinos in the final state

(*) Am= mass difference between the

heavy and light states of the neutral B
19
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Search for Bt — t"V

* Analysis strateg ¢
. ' ‘ \ rag/V signal
— Exclusive reconstruction of @ @ «vfl Ve
one B in a certain final state \ :
(“tag B”)
st o s s _— Bttty ‘c*—ne"\.-.;n.rt
* Semileptonic mode B —> D Also other tdecay modes reconstructed
v (l=e,1)
« DD, DOy  Main background
* D'k, Knnt e, Koo, — From B decays (hadronic
K or semileptonic)
* K-> » Correctly tagged events
— Search for a B* — 17V signal * but some decay products on

the signal side escaped

in the rest of the event : .
tracking or calorimetry

* TF =) eV, LVY, BV, TRV,

TR ‘ Analysis based on 211 fb™ I

20
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Search for B — t" v: preliminary results

* No evidence for signal
— An upper limit is set

— Method based on a
likelihood ratio estimator
Q=L(s+b) /L(b)

* A.L.Read, J.Phys. G 28,
2693 (2002)

— Combined with a previous

BaBar result
* Hadronic tag, 81.9 tb~!
e BF(B*—> 1t'Vv) < 42x 10

Preliminary, semilepronic rag

Expected background | 1308+ 9.3

Observed events 150+ 12

@ 90% C.L.

BF(Bt—>1ttVv) < 2.8 x 10

Preliminary, combined @

BFE(B*—>1t*Vv) < 26 x10% @ 90% C.L.

fy < 041 GeV @ 90% C.L.

||||| Summary WG2, Ch.Paus, Weak Interactions and Neutrinos 2005, 57



Bs and Ab Decays

Bs Decays:

e 3BR, 1 BR upper limit, 1 new semileptonic decay mode observed
faB(B; — D «™)
fsB(B® — D—=t)

— .35 &+ 0.05(stat.) £ 0.04(syst.) + 0.09( BR)

B(BY — ¢¢) = (1.4 + 0.6(stat.) + 0.2(syst.) + 0.5(BR)) x 107°

B(BY — 1(25)¢)
B(BY — J/vd)

B(B® — putp~) < 2.0 x 1077(95% CL)

0.52 4+ 0.13(stat) + 0.04(syst) + 0.06( BR)

Lambda_b Decays:

e Excl. Semileptonic BR, 1 BR upper limit, 4 new decay modes observed

B(A) — ATu~7,)
B(A? — Af=n-)

B(A) — hth™) < 2.2 x 107° (90% C.L.)

e CP and weak physics from baryons promising...

= 20.0 + 3.0(stat.) + 1.2(syst.) 57 (BR) + 0.5(U BR)

)

||||| Summary WG2, Ch.Paus, Weak Interactions and Neutrinos 2005, 58



_ D
Double charmonium @ Belle & />

® BELLE

As for BaBar no evidence of J/y, %, %o s W(2S). h 10412041
ep-ex

Charmonium production rate comparable to BaBar results

Q[ o7y ne(25) X(3940) Evidence for X(3940) in
2100 - . oo N| double charmonium
= : | ¢ production
Q75F : Xeo | Yl
X - | ! i || | I |
-~ so b m | M(X(3940))=3940+12 MeV
- 'WENA | I'(X(3940))<96MeV
25 |- U " @ 90%CL
bk +
o - ‘ ¥ 1 | J I' 1 | | [ | | | | | | | | l i | | | | ) _
2 2.5 3 3.5 4 4.5 Decays into DD and

Recoil Mass(Jiy)  Gevic2 PY

||||| Summary WG2, Ch.Paus, Weak Interactions and Neutrinos 2005, 59



2B BOKnn, KKK

BELLE motivation

« B2>Knn, KKK dominated by
b—>s penguin process

» Full amplitude Dalitz analysis
allows to reliably measure
W Beswweia 1 quasi-two-body branching
e ™ fractions (B>pK, K*TT ...)

E B>KKK . . .
iy .. - =Search for direct CP violation
£ vf W ] + asymmetry in quasi two body
R e ] Branching Ratios
§ 5 & 4 G 5.5 ] - Differences in relative phases 1
0 2 4 6 g 10 12 mzKK '
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=
Lo

BELLE

B 2> K"'ntn-, K'K*K-

results

= Fit the B* and B- samples individually to determine CP asymmetry for

each quasi-two-body channel

« Model related uncertanity evaluated by repeating fit with different models

£ ol ] 2=253 "
Sl : prot Channel A
TP ™ Kirr +0.046£0.030 007
Pl Tt T | K*(892)0mt | -0.1410.08£0.02 0O
0 [, A5, B, SRR L R S R 3
e K*,(1430)°mt | +0.06+0.05+0.02 33!
b —{p(770)0Kt [ +0.2720.12:0.02 33
: | f,(980)K? -0.13+0.11£0.02 016
:g ?z s B A — ICOKt -0-3020-2220-02 tgg
“ ol S | Non-Res. | -0.04%0.08+0.02 ‘03

M(t'n) (Gev/c’)
I ‘A 2.40 hint for a Direct CP violation in B*->p(770)°K+*

1
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<& B2eK*

BELLE motivation

V Angular momentum along

‘/BLA' / i—— Standard Model prediction, with
22 7 H,=(+14] - - .
e T s A=ttt factorization assumption:

;’ H= (1,-1 dPolotzaton A o i, —HONZ | |1 | |1 . ,,- .

. cnotihd s T _ A ~ A| A

. Ho=(0.0) :;olc?rlzmiﬁn Ao =Ho fa’. = |AO|3 +|A 13 +|.4_L‘3 - |AU|J +|A*|J +|A_ 2 4\ il

True for tree dominated decays

(1)

BaBar(@9M)  f(p+p") « Many possible

BaBar(89M)  f(p*p?) W d ‘ _
Bello(85M)  f(65°) Gy el o explanations:
BaBar(89M .

L o u, d = u,d = New PhySICS
Not true in pure penguins « Transverse gluon

5 N a s Annihilation
BaBar(227M) +0.05 + 0.02 .
Belle(152M) +0.07 % 0.05 : 4 « Rescattering
BaBar(89M) +0.1240.03 | g 3 Y. Grossman, hep-ph/0310229
Belle(152M) +0.13+0.05 W.-S. Hou et al. hep-ph/0408007
o A. Kagan, hep-ph/0405134

u, d u, d _
P Colangelo et al, hep-ph/0406162 N
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= B—2>pK*
(?EE.? (p results
@ = 253 fb-1 ol T2 () e
5 Nig(B—K®) : 173 £16 wm . %

o Nyg(Boph™) : 85 12

App{B-$pK™) = 0.02 +0.09 +0.02
AceB-¢K*) = -0.02 £0.14 £0.03

oK Anomoly m

Non-0 value can be 2
generated by FSI | 2

sl

-i D 1-1

| NN WA W W—r—r—w-|

cosH,.

U 125 0 25
cose,,

Longitudinal

et e
polarization >10c

0.24 £0.06 +0.02
0.31 £0.06 +0.01

away from 1

+0.18 " . ’
041,09 |ndication of Final state

-0.06 £0.10 £0.01
-0.45 £0.11 £0.01

interaction

_0.06 +0.05 +0.01(also observed by BaBar)

~0.01 £0.06 £0.01
0.06 £0.05 0.01
0.1675 150.03

0.01 £0.10 £0.02

1 —0.11£0.11 £0.02

1080604020 02040608 1

No evidence of New
Physics

17
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CKM Unitarity Triangle

Presen Super B Factory

1 5 LINENL BN B e [ R Tl T T Ty Yy
‘ 1F= t, =
0.5 Ay
- - ¢2
1= 0 frmnen . = b .. S W 2SR e O =
A sIreg,
F Ve Vel
0.5
) a\
1 E 'F
' 1F -
== 50 ab~!
; re ¥
_1 5 1 1 L i ' L i L L I a1 & " l - A a l
R 0.5 0 0.5 1 15 2 " " " 2
P o
HFAG
hep-ex/0505100
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e Sensitive test
of new physics

o Can determine
sign of C7

« Can measure
C9and C10

L% B-K*IFl- FB Asymmetry

02" S ]
04 “wrong sign C
8- '

: et l
:1:II|I|IIII|;IIIIIIt;||!-II.|I I.

b L Lo Db b Lo

-1275M BB

Belle

hep-ex/0410006

q GeVic?
4 T T T T e
\ i J
[ SuperB FSIM B-.K I'T at 50 ab™ -
o L _:Super B factory
E\/+ —_+ :
o -
asf MC C
5 50 ab" 1 Opposite sign
'10-. evo é S 1|0 115 ARl 210 P ._25

q (GeV'ic?)
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Amg from Bs — Dgn™

with Bs — DXz F, DT — ¢nt and ¢ — KTK™

08
0.7}
06
0.55
04
03:

02}

@ 80K events/year

" AwiAs

ira b

® S/B ~ 3.1
@ 50 observation possible up to Ams = 68 ps—

=1.0x0.1

120

Am, [ps” |

|
éuﬂli ﬂ" ﬁ
s L LA
_Ill} ) AF & a
| # ™ Am, =15ps
100t & & Y
| f " _i;w
Lﬂ_ b - S b __.___M‘
£ _mul f ‘
- f ‘f "
f ‘f :J'\ Am =25ps
Hllll " 1y ] .
4 y *’%
0 2 ] ] 5

%t Ips]

cos(Amgt)

v__‘ﬂ;w o 1Y
cosh(Afl st)

@ Once measured: o(Ams) = 0.01 ps—1.

Wﬁ

Summary WG2, Ch.Paus, Weak Interactions and Neutrinos 2005, 66



CLEOc: Precise fp and Br(D, D)
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Tevatron: Charm Rare Decay/CP Starting
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BaBelle: What about 1 Decays?
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Organizers: EDM Part of WG27

||||| Summary WG2, Ch.Paus, Weak Interactions and Neutrinos 2005, 70



News on PentaQuarks: RIP
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Conclusions

Rich variety of existing results

+

+
+
+

+
+
+

kaon CP violation mostly complete
exciting rare decays K, — nvv
iIncredibly rich program from BaBelle and Tevatron
taunting “discrepancies”

+ SiN2B(J/PYKs) « sin2B(pKs)

2 — 3.70 depends on faith in theory

measurements for all angles!!
Bs mixing analysis took first step at Tevatron
overall SM has survived well

Bright outlook for the future

+

LHCDb and SuperB will take over coherently in 2007/8
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