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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 t 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(ele) by NA48 and KTeV (reasonably consistent
with SM)

+ K ® 3p future experiments

Rare kaon decays

+ observation of Ks ® p°l*I-
+ is KL ® p°l*l" becoming feasible?
+ clean theory for K* ® p*nnand K. ® p°nn
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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 -, .
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:0.55 e ‘-'0.15 :,_ 3.,
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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
+ nd Inconsistency © new physics

Angles
+ b,aandg
Matrix elements (Sides)
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Summary ot results
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penguins

penguins

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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=t
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Asymmetry
o

=)
LN O oW o O

!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
S G
T T

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)

||||| Summary WG2, Ch.Paus, Weak Interactions and Neutrinos 2005, 17



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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** [ By 2Kkn

Evenls ser 158 IVeV/c)

"By~ nn
COF] "B, kn

+
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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"

Summary WG2, Ch.Paus, Weak Interactions and Neutrinos 2005, 21



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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Unitarity Trlangle Who I\/Ieasures What’P

Appex (r, h) ot L00s \\

Squeezing along

Sideb ' sin 2b ‘
+ sin2b \ )

0.5
+ Vub/ Vcb

: & “\
Squeezingalong . L .00 f9\ Db\
side C Ve,
+ Dmy -
-0.5
+ DITIS i
CKM t result: 1
Dmg =17.8 ¥ /ps? - % \\
Qb e b e NN
-1 -0.5 0 0.5 1 1.5 2
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Why Is that so dif cult?

v 1 B4 mixing Dm=0.5 ps '
Bs mixing _—
+ very fast D 0.05]
lenge E 11T
. > i \\ //

precise vertex @ 0-
precise momentum |3 ] TN o
many events §-0-05‘_ —
tagging essential ; 1; Diluton; 0.05Y

Very tricky! T 0 25 5 75 10

proper decay time, t NdSN
The larger Dmg the more crucial s (ct)

Slgnl cance = SGZDZ Si exp( (DmSSCt) )
s(ct) = (sg) ct
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Semileptonic Result

CDF Run Il Preliminary L » 355 pb
4| = dataxls A 95% CLlimit 7.7 ps™ 13
1 --1645s O sensitivity 7.4 ps™ ik
| ‘Q.T,‘ “ 1
. data+ 1.645s . et
2 - data £ 1.645 s (stat. only) | ° 1
o
K ! Fryy *
= o e
Q | + |
= it
E Hopf
22
4] . .
| Semileptonic
o 5 10 15 20
Dm [ps ]
sensitivity: 7.4 ps! lower limit: 7.7 ps ! at 95% CL
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CDF Run Il Preliminary

Hadronic and Combined Result
L » 355 pb™

CDF Run Il Preliminary L » 355 ph™
41~ datat 1ls A 95% CL limi | : ! 4_' < datat1s A 95% CL limit 7.9 ps™
l .. 16455s O sensitivit {1 -- 1.645s O sensitivity 8.4 ps™
: . data+ 1.6 :‘ : . data+ 1.645 s o i 000 °
2‘_ data+ 1.6 % (stat. on ‘ 2‘_ data + 1.645 s (stat. only ‘ "\
g g . S ol
S S = T 9 7 T
=0 = il
. £ il
< | < |
-2 -2 1
4 4 Semileptonic+Hadronic Combined
0 5 10 15 210
Dm [ps ]

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

+ sensitivity moves from 7.4 ps ' to 8.4 ps!
+ new limit Dmg < 7.9 ps ! at 95% con dence level
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CDF Il and World Combined Average

CDF Run Il Preliminary L » 355 pb™
| o datat1s 4 95% CLlimit 145 ps™
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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
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D CDF tagging: add kaon tag, 1D*= 3%
CDF vertex res.: 20% improvement
- CDF/DO0: Similar sensitivity
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Highlights: Rare Decays

Motivation
+ measure rare decays well predicted in SM
+ nd large rate ° new physics
Opportunities
+ leptons reduce hadronic uncertainties
+ |eptons often offer low rates
Examples
+ b® (s,d)g
+ B® mMm
+ B® tn
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CLEOc: Precise fp and Br(D, D)
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Tevatron: Charm Rare Decay/CP Starting
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BaBelle: What about t Decays?
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Organizers: EDM Part of WG27
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News on PentaQuarks: RIP
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Conclusions

Rich variety of existing results

+

+
+
+

+
+
+

kaon CP violation mostly complete
exciting rare decays K. ® p°nn
iIncredibly rich program from BaBelle and Tevatron
taunting “discrepancies”

+ sin2b(J/y Kg) « sin2b(f Ksg)

2 - 3.7s depends on faith in theory

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

Bright outlook for the future

+

LHCb and SuperB will take over coherently in 2007/8
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