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Resu
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Resu
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Talk Outline

Review of CPV in the B system

ts on the CKM unitarity angle p=¢,
ts on the CKM unitarity angle a=¢,
ts on the CKM unitarity angle y=¢,
ts on the B, phase angle ¢.

ts on Direct CPV

usions

| will concentrate on (some) New Results

”'rm A
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Quark-Sector Flavor in the SM

® 3 known generations of quark doublets
(u,d) (c,s) (t,b), EM charge (2/3, -1/3)
Origin of families unknown in SM

® Only the charged-current EW interaction
can change flavor in the SM

® EW eigenstates aren’t mass eigenstates
Only SM connection between generations!

b S u, C
S d(s)




The CKM matrix

® Relates EW flavor and quark mass eigenstates
No prediction of values within SM

® 3 generations, Unitarity = 3 rotations, 1 phase
Non-zero phase implies CPV in flavor transitions

® New Physics (NP) with non-SM flavor couplings
would make the CKM description incomplete

Eg: 4th generation, SUSY, ...

Wolfenstein parameterization

r N - a
Vud Vus Vub 1-\2 A A 7»3(p-i7])
Ve Vs Vi) |AN(1- p-in) -A N2 1

A~0.23, A=0.8, p=0.2, N=0.4 e

rrrrrrr 1l
4 D. Brown, CKM phase and CP Violation in B Decays - \|
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The Unitarity Triangle(s)

® Graphical expression of unitarity condition(s)
1 triangle has roughly equal-length sides

® CKM Unitarity violation would imply New Physics
Test SM + CKM by over-constraining angles and sides

— = V.V
A . D+in =-— ud ” ub
t\CVS\ (p , n) { th‘/tb p ”7 Vchcb
@ =g, =arg .
ViV =p+in+ 0()3)

_ B=¢ = arg(—VCdVCf)

x ‘\ th th
[3 >

(1,0)

=
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Consequences of CPV

® CPV can occur when multiple B—F amplitudes interfere

CPV in decay (direct CPV)

CPV in mixing (original CPV seen in Kg, K| )
e Very small for B system (exp. limit <102, predicted ~10-3 in SM)
CPV in mixing + decay (indirect CPV)

® B system uniquely situated for CPV studies

Mixing, long lifetime, large production X-section, rich decay set,
heavy quarks=>theoretically accessible, ...

Direct CPV B°andB* Mixing+Decay CPV
s s b tea Vi d
\\A A A
CP
=W, \?EWZ = EW12
At#A

- . o rrr_rrrl"l M
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Detecting Indirect CPV in B-decays

_ N(B"(At) = f,) - N(B"(At) = f,)
Acp(At) = —— -
N(B (At) = fop) + N(B"(Af) = fcp)
= §, sin(Am * Ar) - C, cos(Am * A7)
A 23(A _laf
A zﬁe_ziﬁ Sy = al fz Cf=1 )sz
; 1+ ‘)»f‘ 1+A,
Eo(b) K _e Flavor tagging
[B-factories Coherent ) Q=~30% at B-factories

evolution ~few % at Tevatron

- Tt B->fp exclusive
< reconstruction
= e~10%

7 D. Brown, CKM phase and CP Violation in B Decays ”,r}lr\lq
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The B-factories

® Asymmetric e*e- colliders make boosted Y (4S)
Byctg~200 um in the lab frame

® General-purpose detectors
Tracking EM calorimetery, muon system, PID,...

e BaBar/PEP-II Total Sample = 450 fb-'
e KEK-B/Belle Total Sample = 700 fb-'

@ Data sets have increased ~10% in the last year
Many new results from data ‘backlog’!

® Tevatron Run2 results on 21fb-1 coming out now

”:m §
8 D. Brown, CKM phase and CP Violation in B Decays T \|

[BrrecLey Lan el



(0,0) (1.0

9 D. Brown, CKM phase and CP Violation in B Decays B



& B% — charmonium K°: b—ccs

V*

— cb _l‘n 2ﬁ
b ' = /
.t.‘-‘ @ ]/w w ’Xc’nc )\'gold €
0
5 n,= CP eigenvalue
d* ———- -— = -1(Ks), +1(K\)

No EW phase

® SM decay dominated by a single tree diagram

Leading order (Tree) diagram has no weak phase
e asymmetry directly measures f

Higher-order diagrams are smaller by factor ~O(102—10-3)
e most have same EW phase

BF =10-3 (color suppressed)
® SM expectation: S = -n;sin2f3, C=0

10

rﬁm §
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& B% — charmonium K°: b—ccs

01 QOJW K% h 800 [-b)
:"“'1 000 F - [
L Non = 535M o
9 800 F N.. =7484:87 = 600 F
o I sig ol X
g 600 g = 400 |
@ 400 background E : =
- o m 200
% 202 PRL 98, 031802 (2007& k . /
X/O703021
5.0 5.05 5.3 0 /?;fpe 5020080
M; (GeV/c?) background AE (MeV)

e® Easily reconstructed final states

Charmonium —¢*¢" has high efficiency, low background
Ks—n*r easily recognized in tracking detectors

@ Strong kinematic variables separate B from background

Mg constrained to known beam energies to improve resolution
AE=E;-E is an independent kinematic variable

beam
n:'ml |||
11 D. Brown, CKM phase and CP Violation in B Decays |




/8in2p in B® — charmonium K°: b—ccs

8

—

Raw asymmetry Events/(0.8 ps) Raw asymmetry Events/( 04 ps)

05 BaBar Preliminary (hep-ex/0703021) -75 5 25 0 25 K 75
At (ps) Nt (ps)
$=0.714+0.032+0.018 §=0.642 = 0.031 = 0.017
AaN C =0. 049 0.022 +0.017 C=0.018 + 0.021 = O. 014\r]
gy D. Brown, CKM phase and CP Violation in B Decays |
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&[3 from BY — charmonium K°: b—ccs

Sf — SI nZﬁ Moriond 2007 1
o PRELIMINARY
BaBar H— 0.(14 +0.032 +0.018 95%CL contours
hep-ex/0703021 0.5
Belle —H 0.642 +0.031 £ 0.017
PRL 98 (2007) 031802 of
Average * 0.678 £ 0.026 ;
HFAG -0.51~
0.5 0.6 - 0.8 -
Sin2p=0. 678+0 026 4L
N 1 1 1 1 1 I 1 1 1 1 1 1 1 1 1 1 1 1 1 1
New world average I L

LAY -ﬂ

‘?ol@hﬂoy
ot i

sSel\ /74 Sets the gold _ _
i\ % standard for CPV & B% — D% ,pq/N° IE)ahtz Ana!y3|s (BaBar)

L BY —» Kgr*n- Dalitz Analysis (BaBar)

B? — K K*K- Dalitz Analysis (BaBar)
+ older results on B® — JApK*, . /\I A

D. Brown, CKM phase and CP Violation in B Decays T ‘\'

2-fold ambiguity resolved by P
several cos2f, § measurements
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B — Jyn% b — ccd

b < [ C
J/
oY JAp _
. W NP particle
B @ b ¢ c can enter
g in loop
O B°
d > d d

@ Enhanced sensitivity to higher-order (penguin) diagrams

Cross-check on assumption that C_ =0

M.Ciuchini,M.PieriniandL.Silvestrini,Phys.Rev.Lett95,221804(2005) Jf"tp :J'l:.[II SCP VS CCP

EPS 2007

80F" 7> C i I | | iSaBar 1
E o Belle
'-'/\":705_ <[> NBB 535M { 0.4 EEE] Average _
2 o MEETS S=-0.85 + 0.21+ 0.05
D] C F :
O sof- ' i
2 wb 290 J/yr® candidates I
S 50 Purity=88+7% (0,0
5 20 hep-ex/0708.0304 g
2 E_ (submitted to PRD.RC)
10 —
R Ly P R AL S |

M; (GeV/c?)
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d D- -
c b - - d
J#}{/ — C%é i

! - c (_B BO t C
—_ D+ &

BOJ — - d D+
J - - J

@ Two decay amplitudes interfere Standard Model predicts:

b — c tree diagram with S = -sin2f
b — d penguin diagram with S ~ 0 ;
@ Penguin is expected to be small §=-sm2p
~2-10% (PRD 61, 014010, 2001)
C~<10%
@ Larger backgrounds

Y. Grossman and M. Worah, Phys. Lett. B 395, 241 (1997)

15 D. Brown, CKM phase and CP Violation in B Decays r;}lr\lq
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/. S and CinB° - D*D-: b — ccd

(3]
(V)]

events / ps
[a— [ [\ [\ p— [u—
e (o)} (e w W o (o)}

()
T

0

Events / 0.8ps

-l

-5

hep-ex/0702031

At [ps]

PRL 98,221802(2007) At [ps]

Agreement on C has CL=0.003

EPS 2007

+ -
DD SCP VS CCP

w2 ! ' 285 PRELIMINARY
CL B T

- - 7I> BO tags i R BoaBar

2 20 | VA | __BaBar

= BELLE - 1Y &8s 1.1 0 7 Bz

v 15}

/Be;IIe claims
evidence for,
direct CP
violation

1320

(V2

S

] Ccp(B°—D*D") =-0.91 + 023 + 0.06
| Cep(BO—>D*D') = +0.11x 022  0.07

New Belle Result:

Ap(B*—D*D%) = 0.01 + 0.08 + 0.02

= >3.00 discrepancy

16 BELLE-CONF-0762 Preliminary
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/B>~ CPV in B® - D**D*: b — ccd

@ Same diagram as BY — D*D-,but Vector-Vector final state

Nt (CP) depends on heI|C|ty, analyzed usmg D* decay angles

N. :|||| ||||||||I||||||l||||l|||||||| C T ]
S 7t L T 5 BaBar =
w > T =
£ o = © 0 5 taes preliminary-
¢ » F ]
W sof "qé; “E E
- > 20 -

40" w - ]

E B nw A IR TR SRR SR SR R . ‘‘‘‘ g )

30 N, =617x33 2.t ]
200 dE, N

i ...................... N E = —— + __,-—;

10r background E > BT HH# T :
:|||||||I|||||||||||I||||||l||||||||||||: m + e 1 —— :

01 08 06 -04 02 0 02 04 06 08 1 2 .0 =
cos(8,) o S R B E

hep-ex/0708.1549

>
~ ol
—
Ee,
0
e

§=-0.66 =+
C=-0.02 +

0.19
0.11

R, =0.143=0.034 = 0.008

=+

=+

0.04
0.02}

#
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/B> Sand Cinb — ccd

'Sf E

PRELIMINARY

: ' : C LP 2007
b;*)CCS World Avetage : 0.68 +0.03 f PRELIMINARY

- B | T L T T
4 .

BaBar | = 0.68+ 0.30 £ 0.04 BaBar = — -0.21+0.26 +0.06

Jhy °

(o] W " : ' "
e v ! - E v :
B Belle ' ’ ¢ 0.65+0.21 + 0.05 Belle = -0.08 +0.16 £ 0.05
] H ) ' P '

Average ! 065+0.18 ;ﬂiverage -(5.12 +0.14

v '
N
"

BaBar | — 0.54%0.34 + 0.06 BaBar e 0.1 £0.22£0.07

Belle | —————— 1.1310.37 4 0.09 = pete : -0.91£0.23 £0.06

D*
D

Average ‘ 0.75+0.26 Average 0.37 £0.17

BaBar = 0.66+0.19 + 0.04 BaBar H -0.02£0.11 £0.02

D™ D¥

Ja : : : : :
4 Belle Pl ; ®.75+0.56+0.10 + 0.08 Belle ' 6726 + 0.26 £ 0.05 + 0.01
Ha) ' : : ' :

Average 0.67 +0.18 Average 0.02+0.10

14 12 1 0B 06 04 02 0 02 04 06 08 1 12 14
-1 0 1 2

Silver modes: generally
good agreement with
golden mode S= sin2p,
C=0

D. Brown, CKM phase and CP Violation in B Decays 'r;}l&r"
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/B Purely Penguin decays: b—sqq

-------------------------------------------------------------------------
. ‘e
‘

r
=
e
0 Q| »
g
(=0
#
.ﬂh!lif'-'\-
= 8j=F,
o
i, "'\
0 Q| »

. *
. .
-------------------------------------------------------------------------

® No tree-level contributions
New Physics can enter at equal order as SM

® SM predicts same EW phase as b — cW-

Comparison with charmonium sin2f provides a direct test for NP

® Many accessible modes
NP might couple to some or all

@ More challenging experimentally

BF ~10-°, large backgrounds from continuum
19 D. Brown, CKM phase and CP Violation in B Decays ”:m ”'|




AN BY — Ko :b—sqqQ

(Jet-like

—_—

o]
o
o

w
o
TF

Events/0.05

=l b Ngg = 3072 32 o

200 sqg :
R MGeV/@)  AEGeV) e
— _ reliminary
>0.9, BO —
N RN S =+0.43  0.49  0.09
da o C=+0.17 + 0.24 £ 0.06
% -------- 7 OF T BELLE-CONF-0723
s N +
i §°5l ‘L 2.0 o from the SM
s expectation S= -sm2|3

-%-.5 255 s 0 s
At (ps)

reeeer ﬂ
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AN BY — Kot :b—sqqQ

® Measure TDCPA at each point on the Dalitz plot

Include interference between n*n-, Ksnt* resonances
o pY, O.K* ...

® Supersedes previous results on B — K p0 K0
e + Direct CPV in B? — K**xt-, relative phases

XZ : N\ — 338'6' 2cL>32% BABAR /] XZ N —_a74®icL>apn,  BABAR
20 :_ | —e 8B6772CL> G0 PrEimnay S /3 A - 37.4:29 CL > 5% preliminary
E\ / 3 T Vs
o 0 - AN ]
s B — KSfO(98O) /) 3 AN BO — Kgp?(770) /
\\ / ] s J
3 S B \\ 7 ]
- .
...... 5:)....150....1....’_"0 :ozloll:oeltjazll
2B 5 hep-ex/??7?7? 2B ¢

B’ — K f,(980):2f,, =88.655; £5.1+ 7.8 <2.1o > 2B from charmonium
B’ — Kp"(770):2,, =37.41), £5.3£59°
B = K*(892)w: A, =-0.18+0.1x0.03+0.03

2-fold g ambiguity
(partially) resolved

21 D. Brown, CKM phase and CP Violation in B Decays
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/BN sin2f in b—sqq Penguins
-S;= sin2f %

PRELIMINARY
b—ces _ World Average - SLLLES I I 0.68£003 ' —
- BaBar : e T 021+026+0.11 | ¢ Sln2 eﬁf - ()-67 + 0004
X Bele ; — . 0.50+0.21+006 | ¢
S Average: : . : 0.39+0.17
o T BaBar <Y T ol 05840104003 | @
< Belle : 4. . 064+010+004 | @ .
S Average ' : ' : 0.61 +0.07 New naive HFAG
""""" ~ BaBar ¢RI —LT071 0244004 | @
< Belle 0.30+0.32+0.08 | ¢ average <10 from the
........ o Average! il coebiminie . 2582020 -
o BaBar 04010234003 | ¢ naive gOIden mode
> Belle - 0.33+0.35+0.08 | ¢ .
| Averagel il G 0382049 sin2f value
' BaBar : 0.6102:£0.00£0.08 | ¢
o, Average: ; b 5 0.61 'p%;
. BaBar ;T ST T 06205 £ 0.02°
' ' 0.30
x’ Belle : * 0.11+£0.46+0.07 | ¢
S Average: i bl G 0.48:+0.24
o BaBar ; IS oE 0.89+0.07 | ¢
< Belle ; |.1 1 0.18+023+0.11 | ¢
D Average: i | R 0.84.£0.07_
< BaBar—|— . 072071008 | ¢
% Belle : | 0.43+049:000 | ¢
| k... Average: p——o- i S e 0521041
% BaBar del . 0.76 +0.11 SRZ 'S
v Belle : 0.68+0.15+£0.03 )% | ¢
L Average: H . 0.73+0.10 o= NewIUpdated
2 1 0 1 2 BaBar/Belle Result eeeed]
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® In principle measurable using
any b—u dominated B°—f,

Very rare decays! BF~10-°
® In practice, penguin modes have

similar magnitude, different EW
phase = extracting o is a

6! > — challenge!

n:'ml |||
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B - ntm : b—uud

" 200
2 100 -
g 1 B
2 N ] —-= 0
= sof- — %

- . |
" Ole—re— = -]-I: 0
< 10of & N.. = 383M =
2 B? tags =
S N =1 0"
-
5] 1

|

Asymmetry / (1 ps)
=}
Illllllll\{lllllllll IIIIIIIII[I
HXLT _ +
: : :
| )
I
s

- PRD 75 (2007) 012008

-5 0

=
(4h]
- E
E =
E =
Iy = N
5 o
" _%l;/i _ll: -1
—— g 2 5
5
At (ps)

S =-0.60+0.110.03 (5.20)
C. =-0.21+0.09=0.02 (2.20)

PRL 98, 211801 (2007)

0 5

At (ps)

aro

+—>

ar

24

S =-0.61+0.10+x0.04
C_=-0.55+0.08+0.05(5.50)

210 tension in Crx
D. Brown, CKM phase and CP Violation in B Decays
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[ Extracting o from B® — nt* it -

e CPV well established 3 lep——————————"—
1r .
® Problem: extract a from a4 . ogl
® Solution: Isospin 0.6
Measure isospin-related modes 04l
e Rates and C/A (if possible) 02
Adds another discrete ambiguity J S
%0 100 150
M. Gronau and D. London, Phys Rev. Lett. 65, ‘3381 (1990) o (degrees)
O T N\E [ 96+10_° %97 +11°
S < \@» \ & :
o < \ »g N\ Te . <>
2 T
(-
|A(B™ — 7 7")| = |[A(BT — 7'x")] - 0.4
BR(B’— 7° n°) = (1.47 + 0.25 + 0.12)x106 02| \/ v
C(B° — 70 n) -0.49 + 0.35+ 0.05 '
BR(B* — 7 1) = (5.02 + 0.46 + 0.29)x 106 Do 30 60 50 150 180
(B* — n* %) = 0.03 £ 0.08 £+ 0.01 hep-ex:0707.2798 Do degrees

25 D. Brown, CKM phase and CP Violation in B Decays ’.:}lf\”'|
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[ B® - a,*n~ : b—uud

e Large signal observed _Elrgtﬁ!TDCPV analysis of a,*n-

G ]
significant background 40 ﬁ Ngg = 383M
7] L i
ate o | ]
> N ) ' ' ' ) ] ~ B BO tagS
Q = L
= : ) 1
Ny : °=> background
@ u>J
c
()
S
Ll
PRL.97,051802(2006) = > oo T ]
525 526 527 528 5.29 g I :
Mg (GeV/c?) £ T ' 5
o i § -0.5F ' PRL98181803 + o
© 600 5 0 5
= 500 At(ps)
D < _ 0 o)
= 400 e Oeff = 78.6°£7.3
Lo TN = 535M °
i -00 N = 654 + 70 ® use SU(3) to relate states
2=t oo BF B® — K. *rr-
§ 100 hep-ex/0706.3279 BF d_,)A\ 1 _TC BO K+
® &3 5205 53 and Acp IN 57— &
M, (GeV/c?) ® Next step: constrain Aa

\,
reerrrr 1]
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[ B° — (pp)Y: b—uud

® \ector+Vector final state

Analyze helicity to separate CP
admixture as in B® — D**D*

® Use Isospin triangle to
constrain Aa. as in n

TDCPV in p*p-

<30
B
< 30
20
10

Events / 2 ps
& °
L E

Af (ps) Af (ps)

Events / 2 ps

i(c}

v /(2.5 ps)
= = =
£ o

= ERR S e X “%Z'—%ﬁ:i:
<M hep-ex/0705. 2157 ] _'f.m_ -
7 At (ps) v <wf | _PROT8, 011104QR) (2007\
C= 0.01 £0.15+0.06 C = 0. 16 ()21 007 At (IOS)
v=-UI7=0A §=40.19£0.30£007 =

fL. =0.992 + 0.024 , CKM phase and CP Violation in B Decays T \|



[a~ The critical side: B® — p%p°

| IJEEIIII'H]]-H Ratho | .
4of
= 3¢
2 o0
20F
E 15
S0 =34i’|6
5- _/"ﬂ'-,\_ T
055 595 598 53 f55 075 085 1.95 135
Mg GeV/c? M_. GeV/c?
) B,,=09= +0.4%07)x10° 2
< 5 <o <1.6x10°@90%CL €
£, =0.6+0.2 =
: ‘; BELLE-CONF-0747 (.
3
B=(0.84+0.29+0.17) x10°® R
o f;, =0.70+0.14 £0.05 e
. =
g ' E=Thep-ex/0708.1630 $°=05+09=0.2 =
N s S T C®=0.4+0.9x0.2 -

First TDCPV analysis of p°p®! .7

yhase and CP Violation in B Decays
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/. Constraining o using b—uud

| R S 0 0
A R B” — (pp)
i £ T | without C° and S
0.8/~ w with C and without S
- —— with C* and %
0.6/ s m B—pa(WA)
R BaBar u; 2‘30‘37” -+ B—pp(WA) COMBINED
0.4 Preliminary B—nn(WA)
[ (0] ,"\- L
“r | Aa<14.6" @68%CL .
Y I R BRI EPE N RPN PSSR B B
-20 10 0 10 20 30 40 -
a-c, (deg) I
O d

- 08/ 1 CKM fit

no a meas. in fit :

0.2 !
0 20 40 60 140 160 c;8(’)

_a’

i
rrrrrrr—l ||||

l.'
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;]‘ (P, M) B*,B- rate asymmetry (DCPV) is
o sensitive to y. The problem: How to
distinguish EW phase from strong
phase?

B

, —
(1,0) P Can also measure 2p+y via
TDCPV in B =D®*)*g-*

30 D. Brown, CKM phase and CP Violation in B Decays UUHM
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AN y from B* —DVK*

® Three Answers

D decays to 2-body CP eigenstates (K*K-, w*r,...) GLW
e large + unknown asymmetry in B*,B- BFs

D decays to non-CP eigenstates (K* -, K* - n?,...) ADS
e Better match in rates (Cabbio suppression enhances interference)

DY decays to 3-body (K%m*n) GGSZ
e Uses (~known) variation of resonance strong phase across Dalitz plot
e Requires detailed model of resonant substructure

® All methods have (varying) weakness due to unknown or
under-constrained parameters

® = Constrain y by combining results from all methods

GLW =Gronau, London (1991),Gronau, Wyler (1990)
ADS = Atwood, Danietz, Soni (1997)
GGSZ =Giri, Grossman, Soffer, Zupan (2003)

-~
I

A
\,
reeerrr ||||
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Combined constraint on vy

It:
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The Unitarity Triangle: angles only

.{_

l

1 I |
| fitter

- 9 or —
— = LP'07 Prelim —
. A —
_ —
_— O - 1
—— ¢ sin2f —
S sol. w/ cos2p <0 'Y ]
— 3 (excl. at CL > 0.95) ]
— |5 _
L ) —]
©
[ |3 ]
— % ]
— 0./ £
: | al | I 1 1 ’Y 1 1 1 1 1 I 1 1 1 l 1 1 B l 1 :
4 -0.2 0 0.2 [_) 0.4 0.6 0.8 1
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The Unitarity Triangle: all constraints

v : Amg & Amy %
0.6 Amy 8K LP'07 Prelim
0.5 /

sol. w/ cos2 <0
(excl. at CL >Bo.9sy Y

I||I|I|II|IIII|IIII

excluded area has CL > 0.95

PR e

= ol &K‘\
0.1 '
' p—— .7. . . '_"'“_' o .BI .
q0.4 -0.2 0 0.2 _ 04 0.6 0.8 1

A consistent picture across a huge array of measurements

A
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B, —=J/pd (¢,): b—ccs

® Same quark decay as B%—charmonium K?°
® B, mixing goes as V.= no CPV phase as in B, mixing
® SM prediction of ¢, = 4.2 + 1.4X10° Hep-ph/0612167

~~0.5 w—

3045_*C0nstrained DO, 1.1 b
=oap o Ive | Simultaneous fit to ¢, Al
L"” 0.25_ ' "~.‘.‘ SM . semiliﬂ:%ig
<] 0.15— |/ | asvmrgtae:‘rg ¢ — —O 70 +0.47
-oz_ "l .y \) * -0.39
-0.1F
02k " : Consistent with SM
-0.3F
04E AT = ATSM x |cos(og)|

O (radians)
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Direct CPV in charmless B Decays

+0.4

0.0

CLEEE _
—— Bell =
— BABR R =
CDF Py o
— PG00 -y
— Pl | Ao = *
&
P(+‘)0 oy ;E
<] &
3.00 |F &

-0.4

b
_.-'; -
'

Yhs,

) HFAG
5 nK* August 2007
380 | < )
e
- S
&
TN
e s ﬂw
~ = +-
:é§J P( JT
& 4|80

nK*
3.00

Isospin analogs

A.(B*—K07+)=0.009 * 0.025
A.(B*—K*n%)=0.050 + 0.025

—

A..(B,)=—0.095 + 0.012 (WA)

Effect from EW penguins?
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Direct CPV in B, Decays

CDF Run Il Preliminary Llnt=1 b’

o
&~
% B
1000
= L
Qo
o -
‘8‘_ 800
% i
w® 600— 7 p+ A, — Pt
= .f‘Lb—>pK+Ab—>ﬁK+
L= I . _
Combinatorial backg
S 400
O i
200

AB" = K ah)P

VA T

56 57 5.8
Invariant tr-mass[GeV/c?]

— |A(B" = Kt )]?

[A(BS = Km") 2

37

—|A(B! = Kta)|?

Ay (B4)=-0.086 + 0.023 + 0.009
3.50 significance

A (B,)=0.39 £ 0.15+ 0.08
2.30 significance

Comparing A, (B, B,)

= [{].34 + (.42 (stat.) + {].lﬂ{f::y.‘::.}]

Consistent with SM prediction =1.0
H.J.Lipkin, Phys. Lett. B 621, 126 (2005)—
ipki y ( )‘\| ”.|
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Conclusions
@ Standard Model CKM CPYV is well established

Confirmed by many analyses, several experiments
e Unitarity angle precision continues to improve

Sin2p is still statistics limited!

New, innovative techniques are still being developed
@ CPV provides a unique window on the SM

The mysteries of flavor, generations, matter-anti-
matter asymmetry remain unsolved

® The existing B-factories will soon be turned off
BaBar,Belle complete in ~2008, Tevatron in ~2009
Look for final analyses in 2009-2010!

® Future flavor physics depends on future facilities

LHCB, super-B, super-Belle, ...
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The B-factories

Accelerator
Ring

«— Injector

BABAR Detector

‘ Muon/Hadron Detector

Magnet Coil

PEP-II

PEP-1I
Rings ™

. Electron/Photon Detector

. Cherenkov Detector

Positrons B rracking chamber

' Support Tube

. Vertex Detector

Low Energy Ring

BABAR Detector
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Datasets

= 800 ——— — e S~
S 450 Total = 450 fb!. KEK-B Total == 700 fb*!/{

E 350 600

%’ 300 500 ’_/

[\S]
)]
o

400
200 300 /
/r’
200

100 /

150

100

50[

0 ""/ ..............................
99/6 00/6 01/6 02/6 03/6 04/6 05/6 06/6 07/6
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/BN BO — D*D*: b — ccd

e® Final state not a CP eigenstate

Could show time-integrated charge asymmetry
TDCPA modified by strong phase difference (S,.# S_,, C,.# C_,)

e If penguin contribution is zero, C_, =-C,_, B.+P
e IfS.=-S, ,No CPV<sin(28.4) =0

) . ."\"D¢+D— — ‘;\‘.D’—D'*'
-/"lDozt D¥F - -
*'\'D"*'D— + i\'Do— N+
Spesp® = —\[1 = C%.4 1y sin(2Beir £ 9)
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J—

/B.S and C in B® — D**D*: b — ccd

T T T ——

/ 1.8

Events
= (78]
[==] [==]

— T

BO—»D"D*

[ 280 + 19 2l 219 £ 18 :
o b signal events ES signal events E
e T T
5| TR TR [ T
T RS A SR "
At (D) At ()

Ap-+px = 0.1240.06 & 0.02 Time-integrated asymmetry
Cptp- = 0.184+0.154+0.04 consistent with 0

Spetp- = —0.79+ 0.21 £ 0.06

Cpe—p+ = 0.23+0.15 =+ 0.04

Spi—p+ = —0.44 + 0.22 + 0.06
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sin(2p) cosdo = 0 @ 40

No significant direct CPV
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/B B® — D% p,qh°: b — cud

e DoK' = coherent ensemble of quasi 2-body decays

® (Known) variation of strong phase over Dalitz plot allows
extraction of strong and weak phase differences!

Must measure TDCPA at all points in the Dalitz plot
2-fold ambiguity on  can (in principle) be resolved

% [ Ngg=383m % DPUle | ]

> ~00- 1= > Ngig = 335 %32

é’ - BaBar Preliminary g 100/ & -

o (update) -

100k, | 13 500

= T e N S st = "

g : hep_ex/???? .......... g N

M 07504 526 528 B 1.85 19
mgg (GeV/e?) m,, (GeV/c?)
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& BO — DO3 bOo,yho Dalitz Analysis : b — cud

BaBar Prellmlnary

8

8 _

Events / ( 0.1 GeV?/c")

-1

n T

Asymmetry

5 0 55 0 ' 0 5
-~ At (ps) At (ps) At (ps)
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/B

==

2200 E'i %IE
3 Emw:
= 50 _

H - I 1
1501 & | #
= | i
g ]
i ]

B? - K K*K :b—sqq

® Measure TDCPA at each point on the Dalitz plot
Includes interference between K*K- KSK+ resonances

S8

mFI|III| """" IllllllllllE
® |
50r o
: o 40
40F 5
& 20

Events / 0.003 GeV/c >
=
1

LN

1 15225 3354 45
m_, (GeVic?)

Acp=-0.015 %

1 102104106108 1.1
hep-ex/0706.388Mm _, _(GeV/e?)

0.077 £ 0.053

B = 0.352  0.076 + 0.026 rad
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DO |

B a CP i
BO ] 50 -
d i

O -

_ _TT i

d - d -

® b — cud tree dominates
® b — ucd suppressed ~1/50

e DO =D%— KK, Ksw ~0-5¢ E
also D*0 — DO-m? o s o s 10

hep-ex/0703019 At (ps)

S =-0.56+0.23+0.05

SM predicts S=-sin2@, C=0 C=-023+0.16+0.04
First TDCPA in these modes! .

A
!
rrreeer ﬂ
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A BO — K¢Kg :b—>dss

%%
B B EW decay phase

b . % d go  cancels mixing 3 |

) ;9% phase =No CPV
B - \gtd expected! o

K £
d— — d =3
W

R. Fleischer and S. Recksiegel, Eur.Phys.J.C38:251-259,2004

C- ul
"1 BaBar

12 "7 Belle
; 07 Average

Kg KgScp vs Cop M

PRELIMINARY
I T

0.8

0.4

Raw Asymmetry

RN

BELLE-CONF-0723
| T

S=-0.38%0.77 +0.08
| C=+0.38 £ 0.38 £ 0.05
g SM expectation:8=0,C=0 .

-1.2 -08 -04 0

-0.8

~PRE97 (2006) 171805-

1.2 -

'y
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@Constraining Ao in B — a,m via SU(3)

e No phase-space overlap between a,*, a,-, and a,°

@ Can use SU(3) to relate p=K and a, <K,

® Necessary BFs are measured, Ao not ygemfa&%ﬂ%t?ﬂm, s e
KIA = cos 0K (1400) +sin 0K, (1270)

o | o : T T -' T T T
> BO— K1+ - " BaBar: [ B°—aK
O 60F K.;*(1400) preliminary 3 o
SIS 140 BaBar Preliminary
SF ] K+(1410) E|
E 4OE_KJ(1270) ’h E i -+- _+_ )
5 30F /7N »4‘ K(892)3 20
= 20 /) \\(/ " E -
102_ /// \\ k \\\ L i i . I . I ) I .
== H““::"u;w”:‘f 525 526 527 5728 _
e v v v v v b e Ly [ R A B R R
.1 S R S I NS A Mg GeV/c?

M, GeV/c? BF(BOea K*)sBF (a1 —atr) = 8.2+ 1.5+ 1.2 X108
( =

Knx
O + N 03 s A, (B%>a, K*)=-0.16 + 0.12 + 0.01
BF(BO—K,"(1270)r) = 12.0£ 3.1 792, 5 X10% G " ko) +BF(ayr mmir) =174 2.5 £ 2.2 X107
BE(B°—K,*(1400)r) = 16.7 + 2.6 *35 . . X10 A, (B*—a.* K%) =0.12£ 0.11 + 0,02

reeeer ﬂ
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/o~ B®— mrrad (pm)°: b—uud

@ Can use Isospin as in -

‘pentagon’ relationship -> more terms to measure
® New method: use (known) resonance phase variation
over Dalitz to analyze EW phase

Eliminates some ambiguities

) B’ (kin) e o
— O interference regs. Z:§’§‘;’§5§5;; Interference

30

25 H >
: Monte st

= oF

20 (1. T €}

0 -1

m s

— SF
> o 1
£ 15 i S I
e | L Fa| 2 £ %
C :F:EE:.--...‘::.'..;., 1 S -

10 [ A, !

F (c) : S 1}

B 1 __ * 9 :

5 : Y 25 % 2o}

%y y (&}
(U-1 i
""""""""""""""""""""""""""" m i
.............................................. f i -~ 0 PRI ——
i il 06 08 1 -1 0 1 -8 0 8
5 10 15 20 25 30 m,. (GeV/c") cos0, At (ps)

\,
i

l'fl'rlh—l |
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[a

hep-ex/0703008

...................................................

50 740 100 132(350

a (deg)

B — ntnnY (pw)? : b—uud

Apono = —0.45+0.35(stat) = 0.32(syst)
Spoﬂ0 =+0.15+0.57(stat) = 0.43(syst)

TDPA + isospin

1-C.L.

1
0.8
0.6

04 |

PRL 98, 221602 (2007) Q(B

_ TDPA only

- Ngg = 449M

. \/ ~CL=683%
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AN GLW results

A i DK -T(B "~ — DK™ I(B~ = DK ")+ T(B* — DK ™)
DB = DK ) +T(B T — DOCKOY) 0B = DK7Y+ (B = DKD))/2
_z 21 s sind ), siny =1+7); 221"}, cosd ), cosy
RCP:

CP-even: D—K'K™ '™
4 observables, 3 unknowns CP-odd: D—Kgn®, Kw, Kg

A .. Averages
cp g % Rp Averages HEAC

T T il T PRELIMINARY
d BaBar : ; 0.35+0.09 + 0.05 ) ;
< : : ' 5 BaBar _ 1.07 £0.10 £ 0.04
X Belle 0.06 +0.14 + 0.05 o : :
o ' : : : x Belle 1.13+0.16 £ 0.08
e Average 026J_r008 o% Avefrage 1.09 + 0.09
(&3 l??aBar P 0:.1 e %BaBar _____________________________________ S
x Belle -0.12+0.14£0.05 v Bellée 117+0.14+0.14
o Average -0:-16 +0.09 & Avérage 0.90 +0.10
S BaBar 0.1040.23 15 cc% """" B é{é;{f """""""""""""""""""" 1.06 +0.26 ‘213
X Belle -0.20 £ (.22 +0.04 < Belle 1.41+0.25 +0.06
Qo . Average : -0.15+0.16 ra . Aveirage ; 1.25+0.19
""""!;"”é_"e]ié """"""""""" L] 0.13+030+0.08 . < Bele |- L 115+ 0.31 +0.12 |
Lp.0 Average I d1szos1 | | g 0 Average  fmRTH 1152033
< BaBar -0.08+0.19 +0.08 EEO BaBar 1.96 +0.40 +0.11
by Avemge ok dossoan | | 5oy Aage - -
° < BaBar e— -0.26 +0.40 £ 0.12 & BaBar ' 0.65+0.2620.08
x% Averagh L -q_26 £0.42 D% Ave.krage 0.65 +0.27
[ ]
-1.2 1 -0.8 0.6

02 04 06 08 1 12 14 -1 0 1 2 3
: \

reeeceee] i
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AN ADS results

(B~ — D[K'n 1K )-T(B* — D[K n*]1K") (B~ — D[K'n K" )+T(B" — D[K n*]K*)
ST (B~ — D[K*'n 1K )+T(B* — D[K n*]1K") ST (B” — DK " ]K")+T(B* = D[K'w ]K")
=211, 8in(0; +0,)siny / R s =1, +7) + 27,1, c08(8, +8,)cosy

2 observables, 5 unknowns

R, Averages HEAG

PRELIMINARY
BaBar 0.013 *000e
v PRD 72 (2005) 032004 | "
B Belle 0.000 + 0.008 + 0.001
< BELLE-CONF-oss2 T
o Average : 0.008 + 0.006
« HFAG
£ BaBar -0.002 "5t
| PRD 72 (2005) 03200
5 Average -0.002 550
« .| HFAG -]
| & O BaBar ] 0.011 3915
< PRD 72 (2005) 032004 [F *
A Average 5 0.011 ‘0015
.| HFAG —k h
¢ BaBar ' * 0.046  0.031 + 0.008
PRD 72 (2005) 071104 ;
=— + + <+—> v T : :
AADS 0.22+0.61+0.17 <, Average ; * 0.046 + 0.032
O HFAG : :
- 2- lnnBleninBlai': B mIEIEIE I I e :iu -n - tmrmi e w ‘I'E]I.EJ1‘2I't.tI::I..OI_IIéil_lélléllcllgll
‘:’E hep-ex/0607065 r *5
X Average : * 0.012+0.015
A HFAG T
0.08 -0.06 -004 -0.02 O 002 004 006 008 0.1
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GGSZ Results

Physical Variables Gaussian Variables

: X+ = rB COS( 6B+Y )’ y+ = rB Sin( 6B+’Y)
6B | X_ = rg cos( 0g—y ), Y_ = rg sin( d5-Y)

(K™ ™)
D x. Averages (*)
Krn N g LN DKMK X_Averages AREL1E
_ PRELIMINARY PRELIMINARY
i BaBar + *l ,! -0.072 £ 0.056 + 0.014 £ 0.029 : " BaBar ' |7 0.041+0.059 +0.018 + 0.011
E ICHEP 2006 preliminary [ % ; < ICHEP 2006 preliminary ;
= Belle ' -0.135 "0 + 0.017 £ 0. u51 £ Belle 0.025 "3 oea + 0.013 + 0.068
8 PRD 73, 112008 {2008 * i 8 PRD 73, 112008 (2006} .
:DI Average -0.097 + 0-0‘15 N Average 0.045 + 0.047
: . @) .
_"i_____.HFAGCOWQEEQQV?WQ o S S : HFAGccndamdavemge ; :
i BaBar o : 0.084 +0.088 + 0.015+ 0.0} 8 : BaBar ' -0.106 + 0.091 + 0.020 + 0.009
E ICHEP 2006 preliminary ' X ICHEP 2006 preliminary '
= Belle 0.032 3120 £ 0.004 £ 0.038 £ Bele 0128212 + 0.023 + 0.071
SI PRD 73, 112009 (2008) S PRD 73, 112008 (2006
. Average 0.067 + 0.071 EI Average -0.110 + 0.080
: HFAG ccrrelated average 7 : : HFAG correlated averag '
. BaBar | | -0.070+0.230+0.130 +0.030 ;7 BaBar 0200+ 0.200 £ 0.110 £ 0.030
¥ hep-ex/0507101 ' * : ' ; A hep- :,domm'ﬁ'_—*—"':
= Belle , _*_ 2. -0.105 *5} £} + 0.006 + 0.088 = Belle ! -0.784 *9:532 £ 0.029 + 0.097
S PRD 73, 112008 (2008) : ' ) Dm .'F'-FEE Tl 51?009 [2006) : ;
| Average & -0.094 +0.144 iy Avdrage ; : -0.480 +0.173
'E:‘ HFAG correlated avefage 5 ' Q HFA[ corrélated ajerage '
4 08 06 -04 02 0 02 04 06 08 1 41 08 06 04 02 O 02 04 06 08 1
- * * = =
Modes in D, (VK™ Similar for Y,,Y
7 +3 1

. )
J"\
rrreeer ﬂ
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CPV in Y(4S) Decay

e If large, would invalidate sin2p3 from TDCPA results
® Method: partial reconstruction

5 L R g
- Fullreconstruction R Nes=535M | G
A< /> =
s 7- EEG 2
S 6 E
6F e
) ?
Q 5F 1 L
e ©
T af 1 i @
9 _f N
53 * >
o 2F S
T
- aanwnnrent T Y N O Y NP R | Y 1 ©
0 E——
~ 2.4 2.6 2.8 3 ) .
AN recoil mass (GeV/c®)
Sy, Ne 1 5 *3
Partial reconstruction Nsig = -1.5 _, 5 events

Br(Y(4S)>B"B"> JapKs+Jhp(m.)Ks) < 4x10-7(90%C.L.)

SM expectation: ~1.4x10-7
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In the early universe, for every billion ordinary particles annihilating with antimatter,
one was left standing...

«CKM CPV is too small to account for observed matter/anti-matter asymmetry by a factor of ~10-2°
*Due to ‘Heavy’ Higgs, 12 factors of lambda for simplest process resulting in matter/anti-matter asymmetry

= o cecrend] p
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s = 2(= 1>Lrsm(2¢1+¢3+5>
1472

> __ B(BY—=D*tx) _ 2B(BT—D*t70)
- B(BY—=D*xT)  B(BY—D*xT)

Events / ( 0.01 GeV )
-2} ~
o o
TTTTTT ‘
e —1
— i

Events / ( 0.002 GeV/c?)

¢

8

7

6

5 L] g

4 rs l Y

3 }}NN H HH HH ;

2 7 ‘ H ; Lﬁ
i A e
o ‘ k

82 521 522 523 524 525 526 5.27 5.28 529 53

kgl ?‘L’;‘}# ale ol "'ﬂ;ﬁ""r;k"'-l FEdE L"d E F"d’;k"rl ra IA1 3 F‘H;‘ M (GeV/C )
825 02 015 01 005 0 005 01 015 02 025

NAE AE (GeV) M be

B(BT = D*T7x9) < 3.0 x 107° (90% C.L.)
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