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CKM Matrix

Elements of the Cabibbo-Kobayashi-Maskawa matrix
describe transitions between up and down quarks
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CKM & CPV Around The World

Major experiments, ongoing or recently ended
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Asymmetric-Energy B Factories

ete- => Y(4S) => BB

@ ?MBzMYMS) — > B mesons are (almost) at rest in the Y(4S) rest
rame.

@ Must be able to measure time difference between B and B decays
(distance between B and B decay vertices).

asymmetric energy collisions
good vertex detector

@ Must be able to distinguish between B and B decays (flavor tag)
— >good particle identification capability

@ The goal is to measure asymmetry in decays of B and B mesons
(~10%) with reasonable accuracy (~10%). The relevant BF~10-®
with reconstruction efficiency of ~20%

— > ~108 of B mesons required
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Asymmetric-Energy B Factories

C

PEP'II at SLAC 13 countries,

9GeV (&) x 3.1GeV (e*) 57 institutes,
Lpeak =1.12x10%*cm—2s1 ~400 persons
o

Low Energy Ring

BaBar Detector

N m—
= ]
. —-.._____‘. Belle detector
3
& .

- KEKB B-Factory =¥

KEKB at KEK

" 8GeV (&) x 3.5GeV (et)

Lok = 1.71x10%%cm2s1

11 nations, ety
~ 930 institutes,
~600 persons

e+ target
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Belle Detector

Aerogel Cherenkov cnt.

SC solenoid 1.5T n=1.015~1.030

TOF counter

’ = = : -~ y Tracking + dE/Zdx

u /K, detection
14/15 lyr. RPC+Fe

Si vtx. det. CslI(TI) 16X,

3(4) layers (8186 counters) Details on the BaBar detector will be
given in the next talk by Mark Convery
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Belle Vertex

Detector

Belle’'s SVD

In 2004 SVD has been upgraded from 3 to 4

layer setup.
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Vertex resolution:
c,~150um

; A SVD2 Cosmic ~

I 26.3®32.9/p um
74 v SVD1 Cosmic

i 42244 .3/p pm
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pseudo momentum (GeV/c)

BaBar's SVT

- Detector wafer

fo ]
b el I 4/ Support ribs
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\
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| \ b

Y

Vertex resolution:
0,~120um

Average B flight: tfy—200pm
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Particle Identification: BaBar

D ETECTION OF

| NTERNALLY

R EFLECTED

C HERENKOV LIGHT

C

Assembly flange

Standoff box
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Compensating coil

Support tube (Al)

Quart; Barbox
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Particle Identification: Belle

120.7°

34.2°

Barrel ACC . _i013 TOF
B

n=1.020 .n=1.015
HGF EDC

p/K/w separation
is based on
Likelihood ratio:

Endcap ACC
n=1.030 L(K)
Fw 17.0° LR(K)=
I L(K)+L ()
1
0.8 ’ .'.o..".o.....-.'..‘ Te -
dE/dx (CDC) W o S K efficiency
A ~5%
ToF (orly Barrel] | “‘3 0.6
AT ~ 100 ps (r=125cm ) =
=
Barrel ACC A n= 1010 ~ 1,028 = 04
Endeap ACC SN - 100 =
| | (olnly flavortagl;gmgL 0.2 1 fake rate
[ | | |
0 1 > 3 4 R R TV TPV VUE Ve SOV
p (Gevic) 0 L ) *
0 7 2 3 4

Plab (GeV/c)

e —
CPV & CKM Phxsics at B-Factories ° Alexex Garmash ° AEriI 14—17i 2007 9



B Factories

World Integrated Luminosity (KEKB+PEP-II) I

1000 Lo . ' ....... ' r| KEKB + PEP-I1
800 - > 1 ......... ‘ ....... fb I I / - |

| 1 . 710/fb (Jan 07) |
600 |~ 1 _____ Bllllon BB alr

___________________________________________________________________________________________________________________________________________________________________________ /| KEKB

| July 2006 /'/ /_/f/ {| for Belle
o 1

_ ,/‘_- 391/tb (Jan 07)
200 | /7 PEP-II
= /_/—_/' for BaBar

[]_...-ﬁ

Integrated Luminosity {fb)

2000/ 2001/ 2002/1 2003/1 2004/1 2005/ 2006/1 2007/1
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|V..] Results
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I vcb I !i ‘

Inclusive/Exclusive semileptonic B decays: B = X 1v

Inclusive E, spectrum

rate
ﬁ il
g \
i shape [Ves |
5'" TAieis 2 334 O \ /
p.'_“ (GiesW/ic) p;“ (GaVic)
- myym
Inclusive M_ spectrum 5
. W26\ W2,
N} 1600 EE]IE‘ ______,—-——'—'-'-—'
3 1o . shape \
o E, =0.7GeV v
3 independent parameters S o e |V |
I -
% :z cmbcinmﬁal' im S
* E;: lepton energy wb | i {
* g% lepton-neutrino mass squared = ‘ e v I Shape(B — X _y)
* M. : hadronic mass ° 10 15 [1 Belle ]
i My (GeVc?) wan[ || _
" I TT THTTI
I_T_]_IIIEI 1
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l vcb

C

ALEPH (excl)

328+ 18X 1.3
OPAL (excl)

372+ lex 15
OPAL (partial reco)
3709+ 1.2+ 24
DELPHI (partial reco)
32+ 14+ 23
BELLE (excl)
352+ 19 1.7
CLEO (excl)

427+ 1.3+ 16
DELPHI (excl)
3Tl 1LEx 19
BABAR (excl)
M7+ 03 11
Average

360£ 0.6

HFAG

yfidet = 31414 |

25
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40 45 ,
F(1) X IV [10]
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I Vub I Method

e

.
+
wt
o
Y
.

ol
4

In principle, simple measurement of rate o« |V |
4 But huge rate of semileptonic b—c _-

Inclusive B—X I*v, po§
# Use high momentum lepton (“endpoint”), X, mass (or both) '
4+ Need to correct for missing parts of spectra

Exclusive BY*—g/0ty,

4 Correct B* decays for lifetime difference
# Need to include form factor f*(q?=m,,?) for B—r transition

"0.0 1.0 20 30
Electron Momentum (GeV/c)
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| V,,| Inclusive

Representative theory example (BLNP)

CLEO (endpoint)
409 £048 +0.36 =

BELLE (endpoint)
4.82 +£0.45 £0.30

BABAR (endpoint)

4.39 £0.25 £0.39

BABAR (E,, q)

4.57 £0.31 £0.41

BELLE my,

4.06 £0.27 £0.24

BELLE sim. amn. (my, (f)
437 x045 £0.29

BABAR (my, q:)

4775 £035 £0.32

Average +/- exp +/- (mb,theory)
449 +£0.19 £0.27

1dof= 6.1/ 6 (CL =40.7%)
OPE-HQET-SCET (BELNP)

Phys. Rev.D72:073006,2005

myinput from b —» ¢ lv and b — sy moments

1
0 m
1 | 1 1 1 | | 1 JChERES

2 4 ,6
V.| [x 107

BLNP: Lange, Neubert, Paz (2005)
DGE: Anderson, Gardi (2006)
LLR: Leibovich, Low, Rothstein (2006)

3

_>
HFAG Ave. (BLNP)
449+ 0.19 + 0.27 »
HFAG Ave. (DGE)
4.46 + 0.20 + 0.20 *
BABAR (LLR)
443+ 0.45+0.29 &
| |CHEFDSE
4 5 3
\Vub| [x 107]

Room for some experimental statistical improvement
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| V| Exclusive

, Using theoretical form factors
BABAR SLtag: B™ —» "1 vx 2/t :
1.35+0.33+0.19 —
BABAR Breco tag: B~ — n" 1" v x 27,/1,
1.52+ 041+ 0.20 ' T Ball-Zwicky full g2
BELLE SLtag: B™ — 1" v x 2¢,/1,

i —_—
1.43£0.26+0.16 . . i 340+ 0.11 +0.66 - 0.42
BELLE Breco tag: B~ — n® I v x 2t,/t,

———

1.60+0.32£0.11 ! HPQCD full 2

: »
BABAR SLtag: B 5> 1" v : 3.86+0.13 +0.83-0.50
1.12+0.25+0.10 —
BELLESLtag:B" 5> n 1" v ; FNAL full g2
1.38+0.19+0.14 . 0 .
BABAR Breco tag: B —-nl v : 3794+ 0.13 +0.87-0.52
1.07+0.27+0.19 e -
CLEO untagged: B —nl v : e n
132+ 0.18+0.13 — APE full g2
BABAR untagged: B — =l v : >
1.44+ 0.08+0.10 = 3.58+0.12 + 1.10 - 0.57
BELLE Breco tag: B” > 1" v
1.49 £ 0.26 + 0.06 w . .
A B "o nl’ :
sl L H Theoretical errors dominate

yidof=2.9/9 (CL=97.0) m
| v I | B
0 - 4 )
BB —»n 1l v)[x107] |Vb| [x 107
u

Experiments starting to measure
form factor shape from data; allows
elimination of some theory models
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[Vigl & |Vl

METHOD 1

Loop diagram

15
Q|
% L
=10}
E L
|
Q3
' N
el
!
0
M,.(GeV/c?)
CPV & CKM Physics at B-Factories °

Light Cone Sum Rules

BF(B— (p/®)y) _

v, [ m2-m2 Y'Y

BF(B = K'y)

V.

ts

& (1+AR)
L mK*J 1

] b Y d
well measured W
by BaBar & Belle Ve NS

(b) annihilation diagram J

u

AR =0.1+0.1
Ali, Lunghi, Parkhomenko, PLB 595, 323 (2004)

BaBar + Belle (10°): 12277 +0.05

th

s 1oy

= 0.197°% (exp) £ 0.015(th)

Caveat: Assumes unitarity
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METHOD 2 bt Vidd bt Viss
BU
b

_ R0 BU BD
Box diagrams B _ _ s _ . 5
' 12 ¢ o f 2@
1th Vi:s
= m?
_ f 2 t 2 % 2 -
Amg = —smp, My f(5 5 )mecp BB, f5,| Vi Vial” g4 =d, s
gl w
e — CDF Run Il Preliminary L=1.0f" LQCD
3 2L
: | BaBar " CDF
5 o s VBB, fB, = 244 + 26 MeV
2t (Okamoto, hep-lat/0510113)
£ of !
< T
1] E :
i T
05 L - e data
o[ — cosine with A=1.28

L L | L I L I L 1 L L L L 1 L L ] Cii11 | 1111 ‘ 1111 | 1111 | 1111 | 1111 | 1111 ‘ 11
-10 0 10 0 0.05 01 015 0.2 0.25 0.3 0.35
Al(ps) Decay Time Modulo 21/Am [ps] |[E gE | | —_ S77:44.j—Q) @ )S( JJ_QJBBI
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. lv'rdl & lvfsl
Box diagrams ]

95% prob. intervals

BR(B—pY)
BR(B—K™y)
Amy
Amg

‘/ts 0.5

Am, mp, 52

Amg mp, N Via

7 =
Bg,\/fs, H '°': \J

b
IIIIIIIII|II

_ 1 210+ﬂ 047

£ =
Bg, \/E —0.035

(~4% accuracy)

Amg = 0.507 + 0.005(1%) (PDG

Amg, = 17.77 £ 0.10 (stat.) £ 0.07 (syst.) ps—!
= 0.2060 =% 0.0007 (exp.) 0 0oss (theo.)

Vid

Vis
CPV & CKM Physics at B-Factories o Alexey Garmash o April 14-17, 2007 19




CPV Results
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Unitarity Triangle

r A0

Vs (m (B) Unitarity Triangle

7
from Unitarity
=
A3 A3
* *
VUU Vch cb+ Vt
>

Triangle on a complex plane

T
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Time-dependent CP violation (+CPV)

Golden mode: B°—=J/hyK; high rate, theoretically clean

Decay amplitude “Jhy
ei0 No weak phase / c
/\ b '

s
raa
.....
LE.

d Ves
B + ‘J/WK \ SK
S
L» BO JG_IO d

Mixing amplitude
Two V4 vertices Cy e72P

*
th

Measurable relative phase = e'28 @)

Note: true for any B? decay with no phase from decay amplitude
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Time-dependent CP violation

By = 0.425 (Belle)
0.56 (BaBar)

Az
(Bric

1. Fully reconstruct one B-meson which decays to CP eigenstate f.p
2. Tag-side determines its flavor (effective efficiency = 30%)
3. Proper time (At) is measured from decay-vertex difference (Az)

T —
CPV & CKM thsics at B-Factories ° Alexez Garmash ° AEriI 14-17, 2007 23

+ Flavor tag side I
At =




Time-dependent CP violation

i (At) S$=0.7
['50 (At) \ A=0
Acp(Al) for J/yKs:
_ T'zo(At) — I'go(At)
B L' 5o (At) + 1'pgo (At) 4=0
= S sin AmAt + Acos AmAt
(Ecp : CP eigenvalue)

I Mixing-induced CPV I Direct CPV

CPV & CKM Physics at B-Factories

Alexey Garmash

to a very good approximation

April 14-17, 2007 24




B: b—ccs

'sin2p history (1998-2005)

sin(2B) = sin(2¢,) IR

T F’RELIMINAHY
i +1.8 BaBar . | 0.71 % 0.03 + 0.02
| 3.20,, 20.5 i g hep-ex/0703021 § o
ALEPH . |08 1916 O < Belle , : i : 0.64 +0.03 +0.02
2008} i — 5 a\ PRL 98 (2007) D31802 § :
CDF ; . I].‘I!Ifﬂji - ALEPH , u i . 08421016
(2000} ; o o PLB 402, 259-:;?4 (2000) * T )
B?::?u?l'; i B 39 OPAL i » 3.20 19 + 0,50
Belle : 0,454 407 o = EPJ C5, 379- :aas (1998) i i B
(2000) ' A4 9 A < CDF : S N 07994
BaBar L 0.34+0.20:-0.05 -~ PRD 61, 072005 (2000) | ° " &~
(Feh. 2001) i 502 4009 Average : | 0.68 +0.03
Belle : e 0. HFAG ; :
(Feb. 2001} i A 5 ] 0 ; > 3
BaBar : |ef [059:0.1410.05 ) ]
iJuly 2001
Belle 5 |- {0.99:0.140.06 Belle BaBar
fJuly 2001) i 400
BaBar : o] [0.74120.067+0.033 200} s “ea=t ] aoof B uyK) paa I N T ; BaBak
(July 2002} 5 E e ;,t’ F " I g R .
Belle i bof [0.719:40.07440.035 o 190 o %% S il ]
(July 2002} | el % 100k AL A : ]
: o 100 o 4 o Eosl —
Belle : o [0.73120.057:0.028 £ 5 P 1
{Ang. 2003) ; w S5of TR Y N £
BaBar ! o [072210.04040023 2 o
{Amg. 2004} Py
Belle ; jof [0.72820.05610.023 » o3} . ost || [|H 2t
{Amg. 2004} . E | + + 1 E | Em'
Belle ! H 0.65210.039H0,020 £ © ™ e ot 4 B
(June 2005 ; 5 2‘ Y Fof == .
: st ¢ 0.5 . G-:L_*{/*ﬂrm% ++—l;' ]
i 0.68710.032 e e E ol =
WA } | } | : | } H 75 5 25 0 25 5 7.5 75 5 25 0 25 5 T.Sqﬂj- ’_t
1 06 02 02 06 | At(ps) At(ps) ’ ’ ' T
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B: b—sqq

In general, new physics contains new sources of flavor mixing
and CP violation.

» In SUSY models, for example, SUSY particles contribute to the b—s
transition, and their CP phases change CPV observed in B—¢K, n'K etc.

W b, g 3
b "1. .r‘-u-
b m, 3 . 8
i SM only
g EI' 1 ¢/ T e — U
_'_'.-__,-_ . '---"-"-\.\_:l.:\_l'u
-S S 5 - - = D I.; ?2 “'-l:‘" - ﬂfj ""'\-\.‘- .-III.I
- - =1 A g —
0 25]-"~ T ;‘T‘K\
. . : i ™ . £
SM SUSY contribution ., QR T | ~02

In general, if SUSY is present, the squark
mixing matrix contains complex phases just

as in the Kobayashi-Maskawa matrix.
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B: b—sqq

Even in the SM slight shift in sin23 measured in b—s dominated
decays Is expected due to

b—u tree contamination
& Im(V,)#0 at O(A%)
= final state rescattering

(ml

Short distance effect

QCDF:

Beneke, PLB 620, 143 (2005)

Cheng, Chua, Yang, PRD 73, 014017 (2006)

pQCD:

Mishima, Sanda, PRD 72, 114005 (2005)

SCET:

Williamson, Zupan, PRD 74, 014003 (2006) —0.1 0 0.1 0.2
Asin2¢,

Long distance effect (is small)
Cheng, Chua, Soni, PRD 72, 014006 (2005)
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B: b—sqq

sm(ZB ) = i n(2¢ B)EAS,

PRELIMINARY
0.68 £ 0.03

0.1240.31 £ 0.10

0.50 +0.21 + 0.06

‘ 0.39+0.18

IR 0.55+0.11+0.02

0.64 4 0.10 + 0.04
0.59 +0.08

— 0.66+0.26 + 0.08

0.30 +0.32 + 0.08
0.51+0.21

T 0.33+0.26 +0.04

0.33 +0.35 + 0.08
0.33+0.21

0.17+0.52+0.26

150

100

! Smaller than in

b—ccsin all 9
modes while

theory predicts
positive shift

Entries / 1.5 ps

(=]

£
w
T

Asymmetry
o

o
(9]
T

25 0 28 & 756 0.17 + 0.58

_E”At(ps) ............... B _a_B_aI: ...... . _________________ E._._ ___. A-A.E .......... 0‘6-23'8-53—4—.0-62-
; : S 0.11 +0.46 + 0.07

Naive average of all b = s modes = DR 0.48+024_

Sinzﬁeff — 0.52 i 0.05 0.62+0.23

2.6 o deviation between L
penguin and tree < oeie

(b - S) (b — C) t, Average :

More statistics crucial for mode-by-mode studies
CPV & CKM thsics at B-Factories ° Alexex Garmash ° Aeril 14-17, 2007 28

o
()
o

p41+o18+007+011
' 0.68+0.15+0.03 *)2]

0.12
0.58 +0.13 *) 42

-2 -1 0 1 2




/[ B’B? mixing ]—\/[ Tree decay ]—\

b_ Vr; Vt; d_ j/\ J d d 71'_ b d .
_ o - X d
B° % ! % B o —> b V., y @)) Eo i,c, jg< i
d ! b B ] - + u n
" Vi d d JU
\_[ q/ pcV V1V, Ve J_/ \—[A V7 ubJ—/ A~ Vr:‘Vrb}—/
LB > 7)-1B° > x'n
I | 4,0=tE02r ) LEO>m) | gy
_ 1+| : I'B'()>r )+l (B (t)>x'n) Sm_l+|i E
. =S__-sin(Am,1)+C__-cos(Am,t) f”f
7 / \ +r}f io
i :ii — 6—12}5’ —i2y _ i2a If i — 67205 T‘|‘P€ —
p A Penguin T+Peé
pollution =
S =sin(2e) ::> §=+1-C"sin2er,; )
C=0 \_ )| Cosine
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Two types of CF Violation

o -
are observed: & I + ]
s direct CFV 2 503_ | 7
* mixing-induced CFV L 5 1

o i ~59 ]
300 L |
i 100 -

e 8 [ ]

.Q} 200 ‘; L i

> g so- -

B 100 2 I ]

+ i K i .

R - ]
Xl 3 :

1 7

2 | g 05 i ‘—

& E/ e B i _+_ I | ‘ 3
; = Tt TS it
2 g 0sF -
SRS . 4F . B ]
B 5 " 5 =5 0 5
. At (ps)
BABAR prelim. (347M BB) - hep-ex/0607106
BELLE prelim. (535M BB) - hep-ex/0608035
Cot— 20 8Rd g = \/1 — Cj+7r_ Sin 20.¢
need to estimate Aa = g — Qv
®m 1sospin analysis (Gronau-London)
PV & CKM Physics at B-Factorie . Alexey Garmash

BABAR and BELLE now
In better agreement

evolution
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1-CL
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1.2

0.8

0.6

0.4

0.2

I I I I | I I I | I I
---------- B
B — nn (Belle)

1 B — nr (WA)

ICHEP 06

I | I 1 I
— nnt (BABAR)

T T 'I___.I.-‘I" T I.“,I.-"F T T _l__l__l——l—‘—l_ T T T

: B P
H : ]
A : [
. : '
'. : [
. -: r
% . : i
[ ' r
i - + F
& .'. .
L] : .
L 1= poaea ooy 1

¥
#
-'rIII|III|III|III|III

I'II & :' ,I-‘I:Ilnl : :
At il
_ AR
I|II :rrll : I‘;l! If:|II ;,II| I|II IE‘
| FEEVERG
|} | f' \ Y 'Llllj'rr
II II _.": ' : |II Y \ r:
il i :' | i

_—'_'__'_'_

T T B T Sk i AT EEt Er B B

o

20 40 60 80 100

(deg)

120

CL

140

160

180

B(n*n’) = (5.75 £0.42) x 10-6
B(ntm) = (5.20 £0.25) x 10-6
B(n’n®) = (1.30 £0.21) x 10°¢
A(m°n) = +0.35 £0.33
Smtw) =-0.59 £ 0.09
A(m*m) =+0.39 £ 0.07

No useful constraint
1s obtained with nmw
system alone

-2 need pp and prnt




o: Bopmo>nnm

% three-pion final state: dominated by transitions through p mesons

interfering contributions from
ptrr , wtp~ (and por0 )

30

* Snyder-Quinn method:

time-dependent Dalitz analysis N
c (deg)

= BW phase variations
break degeneracy
In solutions

T

0.25 \/\/\/
0 . .

"

100 150

« € [60, 95]°
at the
65.3% C.L.

la € [75, 152]°

at the

1 656.3% C.L.

(no constraint at the 2o level)

BELLE prelim. (449M BB) - hep-ex/0609003
BABAR prelim. (347M BB) - hep-ex/0608002
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o: B>pp

@ Relatively large BF with

ntn | 5.2¢0.2 | p*p~ | 2344
ntn® | 5.7£0.4 | p*p® | 1843
om0 | 1.3+0.2 | p%° | 1.2+0.5

Branching
fractions
(x10°)

10| EEEH

FPCP 06

3 B— pp (WA)

----- WA & B 5 p*p~° (BABAR)

@Small b->d penguin contribution:

P/T

1-CL

[

.......... WA & B® = p*p ™ (Belle)

CKM fit

ot o no oo meas. in fit ;
Zupan, hep-ph/0701004 |
pp -
o Isospin ]
SU(3) e b e
npt —— 40 60 80 100 120 140 160 180
0.2 0.4 0.6 0.8
Amplitude Penguin/Tree o (deg)
@ fortunately, longitudinal polarization
dominates
fiong = 0.977+0.024294i3 BaBar
+0.034 CP(ptp~) = +1
0.941 —0.040 +0.030 Belle
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Ol: Summary

BaBar + Belle

T [ T T T | 1 T | T

1
- | !|tter

| T | T T 1 1 T [ T 1 T | T 1

---------- B—nn il
1.2 FeeRosT L B—pn 1 Combined
L B—pp

1 | nor "
08l ' B
O i N
| i \
~ 06 :

CKM fit
- no o meas. in fit " :
0.4 |- EEE.
0.2 _
. ol |.. e I T ! I R
0 20 40 60 80 100 120 140 160 180
o (deg)

o/, = [100°5]°

Consistent with a
global fit w/o a/¢,

Olp; = [98 4_-159]0
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Y . Method

Interference between two tree level amplitudes

4 2\3 V, s N
_ vg—'j<u K+
b—€ =
B* Vi D’ —» feom
u=> u
\_ Color allowed -
4 o Mlpriny=eits
- ub T
- g D"—fcom
+
B w
v“ g K
u é u

Color suppressed

[:) GWL (Gronau-Wyler-London):
[» ADS (Atwood-Dunietz-Soni):

VudV*u b

rp = A(b — u)/A(b — ¢
~ 0.39f, ~ 0.1 = 0.3

th V*t b

Vch*c b

interference
parameter

R

A(D” = f)

~BAD = )

feom — CP eigenstates (ntn-, KOn%, KK, ...)

foom — flavor specific (K, K'n ', ...)

[:) GGSZ (Giri-Grossman-Soffer-Zupan): f.,, — multibody (K’n*n-, K" K-n*n~, ...)

CPV & CKM Physics at B-Factories °

Alexey Garmash °

April 14-17, 2007 35



Y: 6WL & ADS

% Gronau-Wyler-London (GWL) Y Atwood-Dunietz-Soni (ADS)

B—> DK * larger interference
* unknown D relative strong phase
* sensitivity to rg

* small interference
* sensitivity to vy
* no sensitivity to rg R Br(D°[K*7r"]IK™ 4+ c.c.) o

S I [ ] (I Ko — _ _
e, KK~ Br(D°[K 7*1K™ + c.c.)
40 — B
CP = +1 ] M) no observation yet — set imits
1 2
> 20 i rg <0.23(90% CL)
E S LT -.._ ----- E
O + ] 0.07 0 0.05 0.1 0.15 U‘.Z 0.25 0.3
- O ] P L """"" P— SR ++1 '] o e
~ T from lmit on 25
8 F .I_I\S?T , K¢, KJuwH DO[K* 7~ ]K™ / » L
Q B ] 175 g
3 i - E .Bp
0 40 - . T
. & ns
20 _ B 0.03 - r%
T ] 0.02 75 &
O MNP TERPRPT i -I".‘f . '.'I'- "‘:' ----- R y 5
—O. | f io * (:)t.l 0.2 00l 25
0 0 S
D K D /‘Tr AE (GEV) D 4] 0.05 0.1 I 0.15 I 0.2 0.25 0.30
-
BABAR (232M BB) - PR D73, 051105 (2006) BABAR (232M BB) - PR D72, 032004 (2005)

T —
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Y: 66SZ

* Gin-Grossman-Soffer-Zupan (GGSZ)

DK ]

o
@]
T

* exploit interference pattern in Dalitz plot 398 £23
o sensitivity to both y and ryg

* a two-fold ambiguity remains in the
extraction of y

Q
O
I

entries /] 2.25 MeV
u
Q

5.20 5.29

®» schematic view of the interference

- DY(DY)

m. m,
T —
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Y: 6652

B*— D K*

] P;=66%19,,°(stat)

Bt —»D*Kt

‘ P;=86%37_o;°(stat)

i Bt —>DK*
F P;=11*23_;°(stat)
0 100 200 300
0, (degrees)
3 modes combined: y =53+15_ +3(syst)x9(model)°
CPV significance: 78% 8° <y<111° (20 interval)
DK: rg= 0.159%0:054 . +0.012(syst)+0.049(model); 0o = (146%19,,)° gy >
D*K: ry= 0.175+0108 +0.013(syst)+0.049(model); & = (302+34 )0 @
DK*: rgz= 0.564+0-216 __+0.041(syst)£0.084(model); d = (243+20,,)° BELLE
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Y: Summary

_\ [ ‘ [ ‘ L ‘ L ‘ [ | T ‘ L ‘ [ ‘ o \_
W Crv I DYK™ GLW + ADS | WA | |
1.2 TFeopos” ... D*K"* GGSZ =3 Combined -
I Full frequentist treatment on MC basis 1
1 :
o o08 -
O I " ]
| I .
— 06 . N
04 | t
02| ¢ CKM it . Y]
- no ymeas. in fit -+~ L.
0 7"'"' co e b b I ‘\r'h- .__J_i._‘..-‘;'
0 20 40 o0 80 100 120 140 160 180

Y (deg)
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UT: Global Fit (2006)

0.7 : 1 1 1 I I ! I 1 1 1 I I I I 1 I 1 1 1 :
0.6 ;?‘SIHZB Am ‘ titter —:

; d\ FPCP 06 1

0.5 }j:‘ﬁ -
e~ 7o

0.4 F <N .

|= 5 sol. w/ cos23 <0 :
0.3 3 (excl. at CL > 0.95) i

-0.4 -0.2 0 0.2 0.4 0.6 0.8 1

Good overall agreement. O(1) new physics unlikely.
Need to be able to detect O(0.1) effects as the next step.
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Prospects for The Future

@ BaBar and Belle only half way
4 Both aiming for around lab~! each over next two years

@ Some measurements are clearly statistics limited
4 Sin2p/p, b—ccs vs. b—sss comparison
¢other angle measurements

@V, Is mainly theory limited
# Some experimental improvements possible
¢ Theory error can be reduced but with substantial work

@ More data also brings new technigues and decay modes
#|mprovements better than YN can be expected
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