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sin 2(¢1/3) by (cc)Kgs modes
sin2(¢1/3) by b — s penguin modes
sin 2(¢2/a) by mmw modes

Modes related to ¢3/v

Future prospects
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CPV in B Meson System

qW(m) — \/_z J V uzL 7udgL wh

= (u,c, t), d; = (d,s,b), and V=CKM matrix (unitary):
e.g: orthogonality of d-column and b-column:

VaudVap + VedVep + ViaVip, = 0

a 0 a
— arg ——
AU & —b
Vcdvct) B l -b g
ViaVib ) VeaVeb VaudVap
a/p2 = arg ( B/¢1 = arg v/¢3 = arg -
~Vud Vb , —ViaVip ’ —VeaVeb



ete~ B-Factories

ete” — Y(4S) —» BB, BTB~
B’s nearly at rest in the Y (4S) frame:

Bp ~ 0.06
10-Nov-03 PEPII(BaBar) KEKB(Belle) CESR(CLEO2.x)
type asymmetric asymmetric symmetric
F£ring double double single
Epeann (GeV) 9(e)/3.1(e*) 8(e7)/3.5(e™) 5.29(e?)
Brs) In lab. 0.49 0.39 0
full xing angle 0 mrad 22 mrad 4.6 mrad
Lax (X103 /cm?s) 6.6 10.6 1.25
[ Ldt (recd. fb~') 141.2 160.0 13.7
off resonance 9% 9% 1/3




Basic design: Vertexing(Si)-Central tracker(DC)-PID-SC coil
-EM calorimeter(CslI)-Muon system(RPC)

BaBar detector Belle detector

BABRAR DETECTOR FOR THE PEF-I B FACTORY

e PID=DIRC(Cerenkov) e PID=Aerogel4+TOF



Measurement of sin2(¢1/3) at asym. B-factories

Y(4S) — B°BY — (tag)(J/¥Ky)

(Lab. sygem)

(t: decay time in the B rest frame)



CP-side Reconstruction and Flavor Tagging
Belle(78 fb~1)/BaBar(82 fb—1)

mode CP Neovt purity
UKg — 1278/1144 0.96/0.96 Flavor tagging:
U'Kg — 172/150 0.93/0.97 lepton (b — £~ X)
xeaaKsg — 67/80 0.96/95 KT (b— ¢ — s)
neKs  — 122/132 0.71/0.73 A (b—c— s)

CP— total 1639/1506 0.94/0.94 low-energy n* (D*1)
YKy -+ 1230/988 0.63/0.55 high-energy tracks

TK* /- 89/147 0.92/0.81




Full B Reconstruction
(When all B decay products are detected)

B — fi1-+ fn

(In the Y4S frame)
Ep = 5.28 GeV and |133| = 0.35 GeV/c are known.
Use energy-momentum conservation:

o EB = Z:?Ez' — AFE = EB _Ebeam
o Pg =s"P, — My. = |Eleun, — P3

(In the lab. frame: no need to boost)
qr = (Ex, Py), gqB= (Eg,Pp)

e Mps = |s/2+ Py - Pg)%/E% — P}
® AE = (qy -qB)/Vs — /3

My. = Mg if masses are correct.



CharmoniumKg ; Mode Reconstruction

BaBar Belle

Events / 2.5 MeV /e?

Fvents / 2 MeV
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Kg modes: cut on AE, plot M
Ky only its direction measured — either Pg or AF.



g = +1 Tag side is BY

q = —1 Tag side is B?’ £r: CP eigenvalue. -1 for J/¥Kg

+ q%f:'l'l
-9+ & =-1
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1/NedN/d(At)




We observed:
If the tagside is BY, the J/TKg side
tends to decay later than the tagside.

particle—antiparticle
mirror inversion (no effect)

!

CP

If the tagside is BY, the J/TKg side
tends to decay later than the tagside.
:Inconsistent with observation.

— CP violation



Entries / 0.6 ps

Raw Asymmetry

CP—

S
<

Entries / 0.6 ps

Raw Asymmetry

Asymmetry is opposite for CP 4+ and —.



Flavor-tagged Y(4S) — B'B°
General expression for the decay time distribution

BH:pBO — qBY

B B;(t) = B; e~ Wit
Bp =pB° + ¢B°%’

(w; =my; —i3) (t=H,L)

(Assume CPT and ~g = v = 7)

T'(At) oc e VAU [1 4 g(S sin dmAt + A cos SmAt)]

At = tsignal - ttag
q = +,— for B° B° tag

n
]

2 Im\ " A2 —1 \
A2 41" A2+1°
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f : CP Eigenstate

In SM, we expect (phase convention: CP|B") = |B%))
g — e_2i¢1 — a =1
p D

IA| # 1(A # 0) means |A(BY — f)| # |A(B® — f)|: (direct CPV)

If CP|f) =&¢|f), and the decay is CP invariant
(CP)S(CP)T = 5),

N_9A_ 4 (fIS|B°) T =it
pA  p (flcP) (cP)s(cp)t (cP) B
e2i01 g3 (f] S 1BY)
With A = 0,

I['(At) 6_7|At|(1 + qSsindmAt), S = —&;sin2¢;



Results on Charmonium—KS,L Analyses

S : At — — At asymmetry
A : g+ < g— area asymmetry

sin 2(¢h1/8) = 0.733 £ 0.057(stat) &= 0.028(sys) (Belle)
0.741 4 0.067(stat) 4= 0.034(sys) (BaBar)

(World average) sin2(¢1/3) = 0.736 4 0.049

Direct CPV (Belle, BaBar combined)

ABelte(= —CBaBar) = —0.052 + 0.047

No indication of direct CPV.



Unitarity triangle

I L] L] I | L] I I ] LY L J L L] I L] l I L] L] I
| mcluded ama has < Q05 CL |

All regions cross at one point!



CP contents in YK*0(— Kgn¥)

B (spin-0) — ¥ (spin-1) K** (spin-1)
3 polarization states: helicities = (4++, ——, 00)

— Ay =43(Hyy+H__), Ao=Ho, Ai=;H—H_)
A”,AO: CP+, A : CP—
Full angular analysis of the isospin-related modes

[CK*(KTrn~), UK*T (KT7° Ko +)]

| A)[* + | Ao|* + |ALI* =0

|Ag|?> |0.617 £ 0.020

|AL|?> |0.192 £ 0.023
arg(A)) | 2.83+0.19
arg(A,)| —0.09 £0.13

(Belle 29.4 fb™1)

No indication of FSI phases.
frac(CP—) = 0.191 4 0.023(stat) £ 0.026(sys)

(P K*? used as incoherent sum of CP4 in the previous analysis)



U K*0 At Fulll Angular Analysis ( seiie 78m1)

dTl’ _1At g D (A
— xe "B Y g; a; (At
TTAAL z,Zlgz( )a;(At)

0 = (cos O, ¢y, cos ')

Information on cos2¢q (as well as on sin2¢1)
thourgh interference of A||/0 and A | : (B. Kaiser)

a5/ = qIm(Ajj gA) cos dmAt
—Re(Aﬁ/OAJ_) cos 2¢1 sin dm At

{ g5 = sin? 0’ sin 26, sin ¢

g6 = % sin 260’ sin 26; cos ¢



UvK*(— Kg¢nY) Results (Belle)
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5.2 5.25 5.3
Mbc (GeV/c?)

At (G=-1) (P9 T At (gE+D) (p9

Unbinned likelihood fit to (8, At) distribution.

sin 2¢; floated:
sin2¢; = 0.13 £ 0.51 =0.06, cos2¢p; = 1.40 £+ 1.28 £+ 0.19.

sin 2¢; = 0.82 fixed:
cos2¢p; = 1.02 £+ 1.05 £+ 0.19.



Events /{ 0.2}

B — D*TD*— CP Fractions

CP+ (A), Ag) : cos® 6, 3
CP— (A)): sin? 0, ]
&

Belle

i 1 1 I
0% D6 04 D2 o o2 04 05 OB 1 0

cos(, ) -1 .75 -0.5 40.25 l:ﬂl].l"s' 0.5 075 1
£ r

e frac(CP—) = 0.063 4 0.055 4 0.009 (BaBar)
e Consistent with HQET +Factoriization (Rosner).



Entries/ 1 ps

Raw Asyminetry

[
(&}

o

B — D*TD*~ (At,0;) Fit (BaBar)

B’ tags

At (ps)

_ At
f(0, At) =€ TB[G(A;;0¢)

+q(S(N;; 0¢) sin AmAt
—C'(N;;0¢) cos AmAL)]

A_(CP—) fixed in fit.

ImMy = 0.05 + 0.29 + 0.10
IAy| = 0.75 £ 0.19 £ 0.02

If no Penguin (SM):
ImA} = —sin28, A4 =1

ImAy : > 20 from sin 203



Time-dependent CPV of b — s penguin modes

B »Kg
BY - | KTK~Kg(no ¢, D0, xc0)

'K

A

In SM, expect S ~ —{¢sin2¢;, A~0

Deviation therefrom — new physics in b — s

(e.g. the W-loop replaced by a charged Higgs loop)




Continuum Suppression

Most rare modes: background is dominated by
continuum ete™ — ¢g 2-jet events.

Event shape variables: Fox-Wolfram R;, thrust, etc.
continuum: skinny, BB: spherical.

Angle(B candidate axis, axis of the rest)
continuum: aligned, BB: uniform.

Angle(B, beam)

continuum: 1 —|—(:0529, B: sin?0.

Fisher: F = x;c;X; (above+ X, energy flow etc.)
Adjust ¢; to maximize the separation.



Entries / 2.5 ps

Belle ¢Kg (140 fb—1)

r: tagging purity

- B - L?)KDS
£ 0.0<r<0.5

qE, = —1 18 £ B” — ¢K’s
18F0.5<r<1.0

q5; =1

Entries / 2.5 ps
@

-
&)

25 5 75 75 -5 25



Belle pKg (140 fb—1)

r: tagging purity

1 E!ﬁ — ¢>K5
0.5 | |

Raw Asymmetry

=
-




Belle b — s Penguins Results

(140fb—1) “sin2¢1” (—¢&¢S) A
PK g —0.96 +0.5070%Y  —0.15 + 0.29 & 0.07
K+K~Kg(non res.) | +0.51 + 0.26 + 0.05701® _0.17 + 0.16 & 0.04
n"Kg +0.43 £+ 0.27 £ 0.05 —0.01 £+ 0.16 £ 0.04
J/OKgp, etc. 0.736 + 0.049 ~ 0

CP(K+K_KS) — + mostly (the last sys errors).



BaBar b — s Penguins

Everts [ 1 ps
B” Tags

Asymmetry
S&5s, ==
|, SEmaOR A DS o

* 4 =2 0 2z 4 B

g2 4t ips)
at{ps} preliminary

=
=]
=r]
Y
Bl
=
B3
[
=5
=1
E.

S??’KS = 0.02 £ 0.34 4= 0.03 Spkg = +0.45 1 0.43 £ 0.07

CH’KS = 0.10 £ 0.22 4 0.03 C¢KS = 40.38 £ 0.37 £ 0.12

Sn’Ks = SgbKS = ” sin 2,6”(SM)



25 T

CP content of KTK—Kg (Belle)

(Belle 79 fb~1)

Signal yield (evts) B(90% U.L.)(x1079%)

KtK-K* 565 4 30 33.0 + 1.8 £+ 3.2
KKtTK- 149 4+ 15 29.0 + 3.4 + 4.1
KsKsK+ 66.5 + 9.3 13.44+1.941.5
KsKsKs 12.2133 4.371:4 £ 0.75
KtK—n* 93.7 4 23.2 9.3 4+ 2.3(< 13)
K'K—nt 26.8 + 16.6 8.4 + 5.2(< 15)
KtK K™ KsKTK~ KsKsK+
] N;; 5 k "’ ) ‘% L ]
s 1 2oL ‘~ 1 = 6L . i

3 9
M(K'K) ., (GeVc®

M(K'KY (GeV?/c?) M( KKy (GeV/c?



(KTK~)Kg system:
® Lix+x-)-ks = Lx+—xk- =L (B is spinless)
e CP(KTK~) =+ (any L, since C = P)
e CP(K*K Kg) =CP(K"K™)CP(Ks)(—)t = (-)F

+ +
Even/odd Lg+_g- — even/odd CP(KTK™ Kjp)

On the other hand,

Expect B — KKK to be dominated by b — s penguin. In fact:
since no b — s penguin (odd s/s) in KK= (even s/5s),

3K B(KTK =t 2

F=_bou ( ) (‘fK) tan? 0, = 0.022 + 0.005
Ftotal B(K+K_K+) fﬂ'

(F = 0.023 £ 0.013 using KsK 7" and KsK~K™)

We can assume 3K modes are 100% due to b — s penguin.

Then,



50 (p 7y s [ S (s5) _, K~ (su) K (5u)
B'(bd) <d> i (uu) K°(sd)

u — d, u — d everywhere
(isospin)

B~ (bit) — <s> i (s5) _, K°sd) K°(sd)

u (dd) K~ (s@)

B - KtK-K° and B- — KYK°K~ have the same rate
and the same kinematic configuration.

also: (K°K°)ieven — KsKs, K1 K, (K°K°)peqqa — KsKi .

CP(KTK K%+  K'K K°(Lg+g-even) K°K°K ™ (Lgogoeven)

CP(K+K-K%any K+K-K%Lg:g-any) K°K°K—(Lgogoany)

_ 2(KsKsK™) _ {0.86 +0.15 £ 0.05 (incl. pKs)
(KtK~-KY) 1.04 £ 0.19 £ 0.06 (¢pKgs removed)



BARAR
'I"'I::..

BELLE
|:IH:\

BABAR
RELLE
N K.
RELLE
K KKk,

pengsmin loop WA

sin 2, WA

LB LS HLOT
ALTE (LG40.22
.02+ (L34H003
0.71+ 03700

040+ 0434011

19+ 020

0,714 0,06

b — s Penguin At Analyses Summary

Average of sss modes:

(if such has any meaning)
more than 20 away

from (c¢)X; mode.



Time-dependent CPV analysis of nTn—

dr’ At
s > e 1+ q(SrrsindmAt + A, cos dmAt)]

~ ImA B AP =1
_|A|2+1’ w7 Wﬂ_|A|2—|—1.
1Sr]? + |Crr|? < 1

T

Tree Pengumn

]|
=¥
Pu

EXxpect:

Srx =sin2(¢2/a) IF SM no penguin polution
A..=0 IF no direct CPV



Events(1.25ps)  Events{1.25ps)

T yield

cod3¥88c 8 8 Bo &8 &8 8B

ASyIMMmeTy

Belle (78 fb™1)

Belle

atn— At Fit

e Use the same flavor tagging
as the ¢; analysis.
e Unbinned likelihood fit
for At distribution.
e K—nt asymmetry known (~ 0).
— Its shape is known.

e (q+ area) > (¢ — area) — A, > 0.
e Left-right asymmetry — S,..
(opposite signs for g+)

0.08
—1.23 + 0.4170:8°
+0.77 = 0.27 = 0.08

W

N

N
|

AN
3
N

|

Statical errors estimated by 'pseudo ex-
periments’ (Gives more consevative
errors in general than the fit output.)



Belle 777~ Result

CPV (S, A.:) at 3.40.
Direct CPV (A,;) at 2.20.

1 —I— |P/T|ez(5+¢3)
1+ |P/T|ei(0—9:)

Assuming, ¢3 = 7 — ¢1 — P2,

¢1 = 23.5° (Belle, BaBar), and
|P/T| = 0.15 ~ 0.45 (th. av.~ 0.3)
fit for ¢, and 0 :

— T8 < ¢p < 152°
0 ~ —100°: large strong phase

Feldman-Cousin

E
< 0|

0.5/

0.5/ A

CL at (0,0) = 0.9993

CL at (-sin2¢,.0)=0.981




BaBar ntw— At Analysis

1
BaBar (81 fb™) Srx= 0.02+0.34 £+ 0.05
20 @ + .
| Q=+ B® tags No indication of CPV
(indirect or direct).

LA

- ucé ol e'e T .
— 0 | Beliers| B 20 lines
et i — Belle 2o < Be
% 20 - Béll& 3G

= i — Belle 45

> T Belle ]
3 e TR
) 0 9_5: !

2 ; 2)
) | 0.5 B a: /

- ;

= ol i 7
< 05| - : /)

I AN A N N [N TN TN N N TN T TN TN AN NN MO A AN T T'Pr'u_mc?l'm'ur'd_ﬂn: S S J sttt

5

2.5

5
At (ps)

=

Feldman & Cousins confidence intarvaT



pTnT At Analyses (BaBar)

Two final states :
ptn— and p—nt — (S,C) for each.

Total integrated yield asummetry A :

pTn~ < p—wt (regardless of tag)
(different from Acp or from A(Belle) = —C(BaBar))

Parametrize as

fpi(At) = (lj:A)e_% 1+ q{(S+ AS)sindmt — (C &= AC) cos dmt}]



BaBar (81 fb1)

pTnT Results (BaBar)

. 7
= »xf B tags BAB AR
= 20
: pT
=S
10
5
" 0 L
= B’ tags
8 .
= 20 L ontnuum
= 1sE4 B background B background
10
Eg
. O
L
0.5
OF
0.5
'1-_..I | I | P 1 P R |
-l -8 -6 4 0 2 4 6 & 10

A, = —0.18 & 0.08 £ 0.03
S,== 0.19 £ 0.24 £ 0.03
AS,. = 0.15+ 0.25 £ 0.03
C,»= 0.36+0.18 4 0.04
AC,, = 0.28 4 0.18 4 0.04

From all these, one can extract
usualAcp:

Acp(B’ — ptmn™) = —0.627)2: + 0.06
Acp(B® — p~nt) = —0.111)1% £+ 0.04

Slightly more than 20 of DCPV.



D™z, At Analyses (28 + ~v, BaBar)

Dtrn~ xe YAt [1 + q(C cos dmt — ST sin 5mt)1
Dt xe YAt [1 — q(C cosdmt — S~ sin 5mt)]

C~1, Si~2rsin(26—|—’y:|:5)

— - expect ~ 0.02
IA(BY = Dtr)| (exp )

e Most of the info on mixed modes.
Dip location 4+ height asymmetry.

e EXxistense of negative At is advanta-
geous (vs hadron machines)

o 5(*) : strong phase on r(*),




D)z At Distributions (BaBar)

Full reconstruction
DTn— (5207 evs)
D*Tn— (4746 evs).

Partial reconstruction.

O o

i
il .
i

-

- [ ] I
Al (ps) i

Tag: lepton+K. lepton tags are shown.



D) Results (BaBar)

Include tag-side b — u interference (K-tag only):

q2rsin(28 + v — 8) + 2r'sin(28 + v + qd’)

Same order as the original CPV effect.

Partial D*r:

274 sin(208 + ) cos 6« = —0.063 4= 0.024 4 0.017
274 cos(283 + ~v) sin 6« = —0.004 £ 0.037 £ 0.020

Full D&)r:

2r sin(28 + v) cos d = —0.022 £ 0.038 4 0.021
27r cos(23 + ~) sind = 0.025 4 0.068 + 0.035
274 sin(28 + ) cos 6« = —0.068 4 0.038 £ 0.021

274 cos(23 + «) sin 4« = 0.031 4 0.070 £ 0.035



Implication of D(*)x Analysis on v (BaBar)

BaBar result on Br(Dg*)ﬂr—) + SU(3)

r=0.0217090% r, = 0.01710:992.

Fit sin(28 4+ v) and 9§, J«:

sin(26 ++v) > 0.76 (90% C.L.)

Note: with sin23 = 0.735

sin(23 ++) > 0.76 means — 3° <~ < 97°



B — DK for ¢3/~

BT — DCPK—

Interference of
B~ - D'K—/B~ — DK~

Bl — 0.1-
a| = 0.1-0.2

r

~ 10% asymmetry expected.
Depends on strong phase J.

F#c = 1 in final state
— NO penguin polution.
Eventually extract ~.




BT — DopK™T (Belle 78 fb—1)

Evertts { 10 Wa¥

D°h~—: assign m mass to h—.
Signal at AFE = —49 MeV.

D= K
Brants 110 Me¥W

D : K—nt

CP+ (Dy):
K K-, ntn~

CP— (D,):
Ksn’, Ksw, Ksn, Ksn'

CP=+1

Everts /10 MeV

Evarts ¢ 90 Ma¥
RN -I'n'_ﬁ
-

—020 0.0 DOO  OI0 030
AE {GaV} AE [GaV)

PID (w/K separation) important.

= =1
o a8

Events/10 Ma¥W

Evurts /10 MaV
he = + o &

CP

b

AE (GaV)



B~ — DcopK~ (BaBar 81.2 fb—1)

B: —D K*

[]B — D::-T
B = DK

-——bkg(x)
= BRGIK]




B~ — DopK™— Parameters

Rate asymmetry :
B(B~ — D;K™) - B(B" — D;K") +27 sin ¢3 sin §

/2= B(B- — D;K-)+ B(Bt — D,K+) 1+ 724 2r cos ¢3cosd
Ratio of Cabibbo suppression factors, D; vs D° :
CSp; I'(B~ XK~ c.c.
R;, = b (¢t=1,2), CSx = ( = ) + (X:Dz-,DO)
CSpo I'(B- — X7~) + c.c.

Rip=1+ r? + 27 cos ¢3 cos &
(Error at O(r?) if K~ =" is used for D° (DCSD).)

Sensitivity to » at O(r?) — r cannot be obtained by fit to Ay and R, 5.

However,

Al — A
Ay~ —A; O(r), % ~ 2rsin¢zsind  O(r?)

Also, A1R1 = —A2R2



BT — DopK* Results

CP+ CP—
Belle A; =0.06 £0.194+0.04 | Ay = —0.19 £ 0.17 £ 0.05
(DK) R; =1.214+0.25+0.14 | R, =1.4140.27 £+ 0.15
BaBar A; =0.17 &+ 0.23 £ 0.08
(DK) R; = 1.06 4+ 0.26 4 0.17
Belle(DK*) | A; = —0.02 & 0.33 £ 0.07 | As = 0.09 £ 0.50 £+ 0.04

DK+- Ild—EOEI-I | |
DK II"_’_.llluuuluuuluuuluuu
0.8- f}'ﬁ 0.4-0.2 0 0.2 0.4 0.6 0.8
ACP

From DK results,

: : A — Az
27 sin ¢z sin § = e, = 0.15 £ 0.12.




B —non-charm Rate Asymmetries

Direct CPV by tree-penguin interference.

e.g. for K=Y :

|
cl
i

Statistically more favorable than DK modes,
but theoretically challenging.

Future: use theoretical models (PQCD, QCD factorization,
Charming penguin, etc.) for Acp and Br’s to extract ¢s.



B —non-charm Rate Asymmetries

_T(B—f)-T(B—f)
“I'(B— f)+I(B— Jf)

A-p by HFAG (Heavy Flavor Averaging Group) 2003 Winter

cpP

RPP#  Mode PDG2002 Avg. BABAR Belle CLEO  Agp Avg.
86 K9+ —0.05 £ 0.14 0.17 4 0.10 £ 0.02 0.02+0.00+001  0.18+£0.24+0.02 —0.05+0.07
87 K*a® —0.10 £ 0.12 0.00 4 0.00 £ 0.01 0.02+0.19+002 —0.20+0.23+0.02 —0.10 -+ 0.08
88 g'K+ —0.02 £ 0.07 0.04 4+ 0.05 £ 0.01 0.02+007+001 0.03+£0.124£0.02 0.02+0.04
92  wK* (.21 £ 0.28 + 0.03 0.28 +0.19
117 PR+ —0.05 + 0.20 0.05 + 0.20 + 0.03 0.05 -+ 0.20
120 oK** —0.4315:3% 0.16 + 0.17 + 0.04 0.16 + 0.17
131 atql 0.0315 15 +0.02 0.30 + 0,301 55 0.05 + 0.15
143 wit —0.21 £ 0.19 0.01F753] +0.03 —0.34 £ 0.25 £ 0.02 —0.21 +0.19
B8 K*r — (.09 + 0.06 0.10 + 0.05 + 0.02 0.06 + 0.09150]  —0.04 £0.16 £0.02 —0.05 - 0.05
80 K% 0.03 4 0.36 -+ 0.09 0.03 £ 0.37
99 Ktp- 0.10 4+ 0.14 £ 0.11 0.10 + 0.18
103 K** 1~ 026708+ 10 pagt e LD
115 gK*C 0.00 £ 0.27 0.04 4+ 0.12 £ 0.02 0.04 +0.12
53 K*n —0.01 £0.07  —0.044 +0.076 +0.012  —0.022 +0.048 + 0.017 —0.08+0.13+0.03 0.03+0.04

(In PDG 2002 New since PDG2002)




B —non-charm Rate Asymmetries (New)

New since HFAGO03,W.inter:

Acp BaBar Belle
Ktm~ —0.07 4 0.06 £ 0.01
K*r0 0.23 £ 0.1173-0%
KOrt 0.07+:03+ 01

70 —0.14 £+ 0.241-0°

nmt —0.5119-28 + 0.01

nK™ —0.3210-22 + 0.01

wmt 0.04 £ 0.17 £ 0.01 0.4870-25 4 0.02

wKT —0.05 4+ 0.16 + 0.01 0.0679:2% £ 0.01

dpK* 0.039 4 0.086 = 0.011 0.01 £ 0.12 + 0.05

plmT —0.17 £+ 0.11 £ 0.02

ptm? 0.23 + 0.16 £ 0.06
pt K~ 0.28 4 0.17 £ 0.08 0.2210-22+0-09

Ktn—n® 0.07 + 0.11 + 0.01
nta— ot —0.39 £0.33 = 0.12
Ktn—n™t 0.01 + 0.07 £ 0.03

KTK-K™* 0.02 + 0.07 £ 0.03




Remarks on B —non-charm Rate Asymmetries

e Some modes are penguine-dominated.
(K%t, ”KT) - Acp ~ 0. OK.

e Acp(nm™) = —0.51 &+ 0.20 significant?
nT,nKT,n’rT are thoretically expected to have
large Ao p. Interesting to see more stat.

e T heoretical uncertainties are still large.

Acp exp. PQCD QCDF Charming Penguin
K™n—|—0.08 £0.04 —0.129 ~ —0.219 0.05 =+ 0.09 0.21 £ 0.22
K*™=°| 0.00 £ 0.07 —0.100 ~ —0.173 0.07 £ 0.09 0.22 4+ 0.13
K%r*| 0.024+0.06 —0.006 ~ 0.0015 0.01 &+ 0.01 0.0

Models do not agree well, except for K°r* (penguin dom.).



Future Prospects

ete™ machines

e CLEO-c : 30M DD’s (now running).

e Belle/BaBar : 3-400 fb—1 each by 2005
(x5 more than presented today)

e Proposed :
Super-KEKB/Belle, Super-PEPII/BaBar.

Super-Belle Super-BaBar now
Iyeam(A) 3.5/8 9.6/22 1/1.5
L(/cm?s) 10397~36 1036 1034
Starts ~ 2007 ~ 2010
sensitivities (1yr) (1yr)
Tsin 2¢o. 0.060 0.032 0.2
Tsin(2¢1+b3) 0.077 0.030 0.3
a¢3(DK) ~ 10° ~ 2.5° -
N (Xgvp) 160

N(1v) 350




General Purpose Detectors at Hadron Machines

1. Tevatron Run2. (CDF, DO0)
e 150 pb~! now — 4-5 fb—1 by LHC (2007)
e With 2 fb~! (4 Bs, A, physics)
Osin23 ~ 0.06 (~B-factory now, different sys.)
UACP(K+W_) ~ 1~ 10%.

2. LHC. (ATLAS, CMS)
e B-physics while intensity is not too high.
® Ogin2a,p ~ 0.09 (Frtn~ ~ 2.3K)
Not as good as BTeV/LHCD.
o #(B — pp) ~ 30
#(B — spp) ~ 5K
As good as BTeV/LHCDb



Dedicated B-Facilities at Hadron Machines

g & 3 0 3 & g 12
Ring Imoaging
Magneld Carankoy

f ) Eleciromaagnglic
Pixel Daelacions "»1 Calorimeter

BTeV at Tevatron LHCb at LHC
pp at Ecpr = 2 TeV pp at Eqopr = 14 TeV
Approved by lab. Under construction.

Pending P5 panel. 2009— 2007 —



BTeV/LHCb Sensitivities/1yr(107s)

(#events sinsitivity)
LHCb BTeV
Ouh 500ub 100ub
#bb 1012 1.5 x 1011
By — J/¥Kg 119K o0~ 0.6° | 168K 0g,23 ~ 0.017
By — pOn? 0.78K oo ~ 4°
By — ntn™ | 2TK % o 5100/ 146K o4~ 0.03
B; > KTK—| 35K o 18.9K o4 ~ 0.02
BS — DsK 8K O'fy Y ]_OO 7.5K O-,Y_ZX Y 80
Bs — J/¥¢ 128K o35, ~ 2°
Bs — J/¥n/n 12.6 K 0gjp2, ~ 0.024

* Requires SU(3) modeling.

pros: B, PID, long decay lengths



Summary

CPV in charmoniumKg 5 modes firmly established.

sin 2(¢1/8) = 0.736 4= 0.049 cosistent with SM.

Hint of deviation of “sin2¢{”(¢Kg) from SM by Belle,
but not by BaBar.

HInt of direct CPV in =77~ by Belle, but not by BaBar.
Hint of direct CPV in pTn— (BaBar).

Accuracy of ¢3/v by D™ modes is becoming meaningful.
Sensitivity in Agp of DK modes is approaching interesting
region.

No clear direct CPV in rate asymmetries Ao p, except for
some hint in nmT.



