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- Key: Redundancy WARWICK

(0,0) (1,0)

P1 P2 ¢3
b— ccs (J/YKg) b—uud (7™, pTp~) b— cus/ucs (DK™)
b — cud (D79) b— uus &b — uud (K7 & 7m)
b — ced (J/4m0, DT D7) 201 + ¢3
b — sqq (pK g, etc.) b — cud/ued (D7)

...and others
Can use unitarity to select measured phase ... consistency invariant
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D
e ¢3 from B — DK WARWICK

e Access ¢3 via interference between B~ — DK~ & B~ — DVK—
Bigi & Sanda; Gronau, London & Wyler; Atwood, Dunietz & Soni

e Reconstruct D in any final state accessible to both D9 and D°

B~ — DVK~ ~ VysV* B~ — DVK— ~ Vs V*
cb ub

S b - u

b C S

u u u u
COLOUR ALLOWED COLOUR SUPPRESSED

e Tree diagrams only — super clean

A — amplitude

rp = AsyUpPRESSED/AFAVOURED )5/
~0.1-0.2 N

0 g — strong phase difference
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- ¢ from B — DK: Final States WARWICK

e Ultimately aim to use many states and combine results

e Inclusive analyses can be performed but sensitivity is diluted
~+ Reconstruct modes exclusively, where possible
~+ Use amplitude analysis (not, eg., Q2B analysis) where possible

e To extract ¢3, need D decay “model”
~+ crucial role of charm factory

e Modes used so far
1. CP even (mainly KT K )
2. C'P odd (mainly K ¢7°)
3. Doubly Cabibbo suppressed states (K )
4. Multibody final states (K g7r)

e Modes that may be used in future
* KSK+K_, 7r+7r_7ro, KsT(':l:K:F, Kiwcho, K57T+7T_7TO, .
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~> crucial réle of charm factory

=

Aside: ¢3 from B — DK: D — Kgntn™ WARWICK
= 50 U
© C [ M
Why is D — K¢rt7~ so good? > | 5 2
e B(D® = KO9%T77) ~ 6% 2,50 " Er
e Fairly clean signal 50 Er
e Rich Dalitz plot structure 2 L » 2
e Large interference effects i o
esp. K*t 7~ with K* 7+ 15 F 25 _::3'
(3 (mﬁ_,m%)s.t. rp(mﬁ_,m%) ~ TR) 20 ®
1 I
L 15
However I
L 10
e large mm S wave 05 -
~ model uncertainty i >
[P S RSN NN ORI RURRN MASRE i
0

0.5 1 1.5 2 2.5 A 34
- 2
m, 2 (GeV/c’)
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= - Daliz Plot Distrbut
Bi—>DK(*)i,D—>KS7r+7r Dalitz Plot Distribution MAaSANASISS
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<2 Extraction of ¢3 WARWICK

Avoid fit likelihood errors — use frequentist approach to obtain confidence regions

(recall rp and ¢ different for each mode)

S TR rs

B — DK*
$p3 = 64° + 19°(stat) £ 13°(syst) + 11°(model)
rg = 0.21 + 0.08(stat) &= 0.03(syst) + 0.04(model)
o = 157° £ 19°(stat) = 11°(syst) + 21°(model)

B:l: N D*Kj:
$p3 = 75° £ 57°(stat) £ 11°(syst) + 11°(model)
rg = 0.12 i'g.'llf(stat) + 0.02(syst) 4+ 0.04(model)
0 = 321° £ 57°(stat) & 11°(syst) + 21°(model)
B* — DK**

$3 = 112° £+ 35°(stat) 4+ 9°(syst) £+ 14°(model)
rg = 0.25 + 0.18(stat) 4= 0.09(syst) + 0.09(model)
0p = 353° + 35°(stat) £ 8°(syst) + 54°(model)
B* — DK* & B* — D*K= combined

H $3 = 68° L"llgf(stat) + 13°(syst) &+ 11°(model) H

2050 -4dNOO -3717139 '9.10 -4dNOO -31713d
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< ¢ from B — DK: The Future
e Sensitivity to ¢3 has rz~! dependence EZ:
e Result from BT — [K]FﬁﬂD K= analysis o
rp(BE* — DK*) < 0.18 @ 90% C.L. o |

(no DCS signal seen) 003 BABAR (0% W
357 fb—1: BELLE- CONF- 0552 ‘

'
vy
A

| [ Lo v by v v P

e Error on ¢3 may go worse than 1/v/ N %0 005 01 015 02 025 03 03 04

BABAR Dalitz anglysis ) s
Belle Dalitz analysis

e Neutral B decays become useful for ¢3 15 +

— — 10
e r3(B°% - DK9) ~ N. x rg(BT — DKT)

o
I

e In 600 fb~1 expect (roughly)
x 300 favoured D decays -
« 10D — KtK~&10 D — Kgn© N
*+ 30D — Kgntn— 2

Events/(0.01 GeV)

£002) 208THT ‘061dd ‘ay/8.

AE (GeV)
Need optimal combination of multiple D K results
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$1: BO — J/9 K9 — At Dependence WARWICK
(OV)
BY — J/yKg BY — J/yKy 4
T T T I T T T T _h
(@)
7 ) 400(- ||—l
=) 2 T
a & 200 —
2 2 —
g g 100, I
g
‘ - f ol
m i ™ B i (@))
g | g off % ©
. ! ! ‘;“\H\ ! | . '17_” ! ‘m”;‘ !
4 2 0 2 4 6 8 -8 4 -2 0 2
At (ps) At (ps)

S = +40.668 +0.047(stat) S = —-0.619 4+ 0.069(stat)

A= —0.021 +£0.034(stat) A = +0.049 + 0.039(stat)
Tim Gershon 8 November, 2005



$1: BO — J/y K9 — World Average WARWICK
&
Belle: sin(2¢1) = +0.652 + 0.039 + 0.020 ~
S
|—l
SIn(ZB)/S n(2cp1) HEAS o
PRELIMINARY |—
BaBar | : | 0.72 +0.04 £ 0.02 -
PRL 94, 161803 (2005) ; .
Belle i i | 0.65 + 0.04 = 0.02 §
BELLE-CONF-0569 ' ]
; l o Tl
ALEPH : L i . 0.847985+0.16 :
PLB 492, 259-274 (2000) | T ! S
OPAL : : | 3.20 180+ 0.50. 3
EPJ C5, 379-388 (1998) : { )
CDF : N 0.79 104
PRD 61, 072005 (2000) : T
Average H 0.69 + 0.03
HFAG ; 5 | | |
-2 -1 0 1 2 3
World Average: sin(2¢1) = +0.687 + 0.032
Theory error at or below experimental systematics
Tim Gershon 8 November, 2005



e sin(2¢1) — Constraint

Use interference between C P-even and C'P-odd to resolve ambiguity
Some model assumption (strong phase variation) necessary
J/YK* V'V analysis D#9 with D — K57r+7r_, etc. other possibilities

. Blo,  EES

PRELIMINARY
[ T
' O
1L O -
T
>
<
0.8 L o
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Py
L
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BELLE

®1: b — sqq Modes & The Future

WARWICK

e Many modes sensitive to ¢

e Theoretical uncertainties

e EXxperimental systematics controllable

*x b— ccs: ~ O(1%)
x b— cud: < O(1%)
x b— sqq. 2 few %
* b— ced: ~ O(10%) (?)

e Future allows

x better precision
x more involved analyses

(OV)

O

\,

q’

2

l—l

Belle b - qgs sn(2¢™ i

mdl(® —

M T B T r

b-ccs  World Average u 0.69 % 0.03 m

@K Belle S 0.44 £ 0.27 £ 0.05 §

nK®  Belle e 0.62 +0.12 + 0.04 o

; !

f;Ks  Belle *—: 0.47 £ 0.36 + 0.08 8

Ky Belle 0.22 + 0.47 £ 0.08 8
wKs  Belle * 0.95 + 0,53 012
K"K K® Belle - | 0.60+0.18%0.04 033
Ks Ks Ks Belle * 0.58 + 0.36 + 0.08
bi-ggs Naive avérage  +i 0.58 + 0.09

1 0 1 2
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D
e $>. B — WARWICK

N
. . S
e Initial attempts for ¢ used B — 7r Plots for high quality events only >
Q200 - (3) q =+ — Tota
S 4 _ = —0.67 £ 0.16 £ 0.06 g a9
o § ----- Kt =
A 4 — =-40.56+0.12+0.06 g -
. .- . . . L
e Significant (40) direct C'P violation Ll m
N
also B(B° — 7%0) ~ 1.5 x 106 Q" et — Toul -
( -—> o ) X g e m
< penguin pollution 2., §
>
e Isospin analysis ongoing B T
o
e B — pm requires Dalitz plot analysis g T ©oosi<os S
B(B° — p°7%) == 0 ~» complication "
;(%-0.5
. . x 1
e B — pp appears surprisingly good Ny
« small penguin pollution %
(B (B® — p%°) < 1.1 x 1079) [
. . . §-0.5
* |ittle nonresonant contribution £

* almost 100% longitudinally polarized
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B BO .\ ytp- — CP Fit

5 ps)
a4 €GC

=
N
o

100 |

Events/ (1.2
Events/ (1.25 ps)

S+, =0.09+0.41+0.08 -

— +0.10 -

From naive Sp+p_ = —sin(2¢»):
¢p = (87 £ 12)° B 1f B 1

G17G0 -dNOO -371'19d

r
l
1

Neglects possible penguins
= Isospin analysis

o
T

Raw Asymmetry / (2.
o -
o1
TT ‘ T

O
DN © N
a1
\

(631
T

=
7T
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Constraint on ¢- & The Future WARWICK

14 §
12 Belle _  pp - _: w
pp only oL | 3
] 3 =
¢ = (87 £17)° S 08
08 |\ |
& PP 'y \
#2 = (93117)° 02} \
0 30 60 90 120 150 180
¢, (degrees)

e pp seems too good to be true?

e Isospin triangle does not close
B(B® — ptp™) = (26.2739) x 10°°
B(BT — ptp%) = (26.472,) x 107°
B(B° — p%p°%) < 1.1 x 1079)

e /| = 1 term due to p width

S1G0 -dINOO -3717139 "T0S0 -4INOO -317139

Is pp a golden mode, or is it pyrite?
Tim Gershon 8 November, 2005
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<2 UT angles — Summary WARWICK

(0,0) (1,0)

$1 ®2 ¢3
BY — J/yKO BY s ntn= & ptp~ BY - DK*
sin(2¢1) = +0.652 4+ 0.039 £ 0.020 ¢ = 931L1112 ©
¢3 = 68° T4 (stat) + 13°(syst) & 11°(model)
Ambiguities reduced by
J/WK* & D&)R0 7T 770 D.P. (BaBar) D — KgrTn~ D.P.

Tim Gershon 8 November, 2005
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- Belle Detector WARWICK

Aerogel Cherenkov cnt.

15T n=1.015~1.030

N= - (¢ e .
8 GeV ; ; 5 onts rift Chamber
‘ all cell +He/C,H,

Sivix. det. | |
-3 1yr. DSSD W/ K, detection

- 4 lyr. since summer 2003 14/15 lyr. RPC+Fe
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BELLE

Inner Detector Upgrade - Summer 2003

WARWICK
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Number of silicon DSSDs

3 layers — 4 layers
Radius of beam pipe
r=20cm — r=15cm

Radiation hardness
1 MRad — > 20 MRad
Laboratory polar angle coverage

23° <« 9 < 139° — 17° < 0 < 150°

IMPROVED RESOLUTION!

80

40

%140 ~ 4 SVD2 Cosmic %140
= I 17.4®34.3/p um | .£
= - =
$120 |- v SVDI Cosmic $120
= 19.2@54/pum |~
100 | 100
_ ro
80 A+
60 | 7 60
| v
| A
0 Sy
‘A v
I h 4
20 s Loy 20
0 e 0
0 2 4 6 8

pseudo momentum (GeV/c)

- A SVD2 Cosmic ~
I 26.3®32.9/p um

K v SVDI1 Cosmic -
I 42.2®44.3/p um

v
-A
vV
A v Y vy
A VV‘
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CKM Phenomenology WARWICK

Vid Vus Vi 1—)\2/2 A AX3(p —in)
Vermr =1 Vg Ves Vi | ~ A 1—\2/2 A2
Via Vis Vi ANI(1 —p—in) —AN? 1

where A, )\, p, n are Wolfenstein parameters

From unitarity (V52 Vory = 1):
VudVp + VeaVey + ViaV, = 0

The Unitarity Triangle
¢1 < B

P2 —
P3

Tim Gershon 8 November, 2005



BELLE

Experimental Technique

WARWICK

e For most modes, use two kinematic variables to identify signal

AE = FEg — Epeam Mpc = \/Egeam - p%

e Put event-shape variables into likelihood ratio to reject background

Continuum background suppression

25

T
(1)

20 — -

15 [~ -

10 T(2S)

ofe*a™ — hadrons] (nbj

TN
C i ey t 1 T—<<] /////% L
Ontlnuum Bkg 9.44 9.47 ?l)O.DO 10.03)130.33 10.37 ;10.53 10.62
ete” > qq . ¢'e >Y(4S) > BB

(Jet-like) 4. (Spherical)

Event Shape

e Particle ID from ACC, TOF & CDC used to separate K/x

Tim Gershon
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D - Y
e Principle of the Multi-Body Analysis

A. Giri, Y. Grossman, A. Soffer & J. Zupan, PRD 68, 054018 (2003)
A. Poluektov et al. (Belle Collaboration), PRD 70, 072003 (2004)

e Consider D9 — Kgrta—
— define amplitude at each Dalitz plot point as f(mﬁ_, m%)
where my = My optsr M= = Mg

e Consider D® — Kqr T~
— amplitude at each Dalitz plot point is f(m?2, m%_)

o )f(m%_, m%)| can be measured using flavour tagged D mesons

e Consider BT — (Ksﬂ'—l_ﬂ'_)D KT

— amplitude is f(m3 ,m?) 4 rpe®8193) f(m2,m3 )
e Consider B~ — <K57r+7r—)D K~

— amplitude is f(m?2, m?l_) -+ rBei(5B_¢3)f(m3_, m2)

e Can extract (1,053, ¢3) from BT & B~ data

Tim Gershon 8 November, 2005



<2 BT — D& KT DP Analysis History

WARWICK

e First results shown at Lepton-Photon 2003
- B~ DK &B~ — D*K—,D* — DxnY
— 140 fb~ !
— Published in PRD 70, 072003 (2004)

e Update with 250 fb—1 at FPCP 2004
— hep-ex/ 0411049

e First results with B~ — DK*~ at Moriond QCD 2005 / CKM2005

— Not included in combined average yet
— hep-ex/ 0504013

e Only D — Kg¢nt7~ used so far

Tim Gershon

8 November, 2005



D
<2 BE* — D) ()= Selection

N
Bt - DK#* B* - D*K+ Bt - DK** &
E 100 222.5 . - ‘E 3’1
S S 2} M. E 16 - E |
% %17.5 7 4] g =
1L £ 12} :
15F : c H
125 N 10 f E o0
8| : [T
10 | s —
i of ] r
75F [
5 : 4t [ ] m
HJJL] 2| | NI
25 O:HH\HH\HH\‘H\H‘\HH\‘I‘J]‘—]:
005 015 01005 0 005 01 0.5 02 0 o 20.20.150.%0.05 0 0.050.10.150.2 §
LE (GeV) AE (GeV) AE (GeV) —I—I
1
o
g g > = AN
g 80 o 16F 2 ] ~
% 70 | ' % 14} % E _CD
o E 2r g ] wy)
SOF E 10} 3 m
40 | : l sl I_
s | B —
20| af 5 }
10 | 2 F IJ-I IJ_l : : . | | | | 7 §
w w . .. 1. NCI00.0 00 T R R ey AE——
05.2 5.22 5.24 5.26 5.28 5.3 05.2 5.22 5.24 5.26 5.28 5.3 5.2 522 524 526 528 ?3 -I-I
M, (Gev/c?) M,, (GeV/c?) M, (GeVic?) h
276 candidate events 69 candidate events 56 candidate events g
N

(209 + 16 signal) (58 £ 8 signal) (36 £ 7 signal)
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Extraction of f(m3 ,m?) WARWICK

e Fit Dalitz plot distribution of tagged D mesons from etTe~ continuum

e Tag using charge of 7z in D*t — DOx

Q) €52

e Used model defines phase variation of f(m3, m?)

™ rrrr T e | rrTpTeT ~ 3 o
‘C_>| [} H‘Q w
: 3| i N%2.5 m
L O ™
N> Nv+ 2 m
o 2} a e '
O . 15} §
AN [
2 o [
x</ndf = 2.30 S 1 1 1} =
(O] [
= 05} (@)
_ Lﬁ 0 N B L P R IR R RS RS .b
(ndf = 1106) 0 05 1 15 2 25 3 05 1 15 2 25 3 Ay
m? (GeV?/c? m? (GeV?/c?) o
Fine tuning of model 5 5 s~
. X | | X —
~ little effect on ¢3 « 4 ,, <, 15F | &
N 37 i N\ 1
2 | % 10} ]
O O
Sl 1 o §
| o 5} . T
% 1} 1 % '
o | @ o
s s o1
c 0 AP P B IR A B B c 0 T T
W "0 05 115 2 25 3 Y "0 05 1 15 2 25 3 8

me(GeVic?) m2 (GeVZc?)
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BELLE

WARWICK

Measurement of f(m3 ,m?) - Results
Resonance Amplitude Phase (°)  Fraction
Kgoq 1.57 £0.10 214 + 4 9.8%
Kgp© 1.0 (fixed) 0 (fixed) 21.6%
Kow 0.0310+0.0010 113.4+1.9 0.4%
K fo(980) 0.394 + 0.006 207 +3 4.9%
Kgoo 0.23 4+ 0.03 210 + 13 0.6%
Ko f2(1270) 1.32 +0.04 348 + 2 1.5%
Kgfo(1370) 1.25+0.10 69+ 8 1.1%
Kgp®(1450) 0.89 £+ 0.07 1+6 0.4%
K*(892)tn— 1.621 +0.010 131.7+0.5 61.2%
K*(892) nt 0.154+0.005 317.7+1.6 0.55%
K*(1410)t#n— 0.22 4+ 0.04 120+ 14  0.05%
K*(1410)~ =t 0.35 + 0.04 253+ 6 0.14%
K5(1430)tTn— 2.15+ 0.04 348.7+1.1 7.4%
K5(1430)~ 7T 0.52 + 0.04 89 + 4 0.43%
K%(1430) T~ 1.11 +0.03 3205+ 1.8 2.2%
K%(1430) 7T 0.23 + 0.02 263+ 7 0.09%
K*(1680) 1 7~ 2.34 4+ 0.26 110+ 5 0.36%
K*(1680) n T 1.3+0.2 87 +11 0.11%
nonresonant 3.8+0.3 157 £ 4 9.7%

Tim Gershon
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Dalitz Plot Fits WARWICK

Q) €52

Fit B+ samples separately, float r zet(05+¢3)

BT . DK Bt — DK*E
9_3’\ - | N k q_)’\06 j— | 9_3’\ j L DL L DL L L I
{ E E |

ogé _/ E °| L | RN

o02f . E 02r B OR'K ] 05} .

N — k\ ] : + : : B_ D *_ :

-0-3 ;_ _; -0_4 -_ —- : + 4
]

-0'42_|...|... ||_ -06i—.|....|........|....|.-5 -1;_............|....|._
-04 -0.2 0 0.2 0.4 . -05 -025 O 0.25 0.5 -1 -05 0 0.5 1
Re(r eie) Re(r eie) Re(r eie)
276 candidate events 69 candidate events 56 candidate events
(209 + 16 signal) (58 £ 8 signal) (36 + 7 signal)

¢0S0 -4NOO -3717139 '9.10 -4NOO -317139
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BELLE

Systematic Errors

WARWICK

BT - DK+ BT — D*K=
Source Argp Ag¢sz Adp | Arg A¢psz Adp
Background shape 0.027 5.7° 4.1° | 0.014 3.1° 5.3°
Background fraction | 0.006 0.2° 1.0° | 0.005 0.7° 1.4°
Efficiency shape 0.012 4.9° 2.4° 10.002 3.5° 1.0°
Momentum resolution | 0.002 0.3° 0.3° | 0.002 1.7° 1.4°
Control sample bias | 0.004 10.2° 10.2° | 0.004 9.9° 9.9°
Total 0.030 12.7° 11.3°|0.016 11.1° 11.4°

Tim Gershon
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D
Model Uncertainty WARWICK

BELLE

ib(mi m2)

f(m3,m2) = |f(m3,m?)
e Fit to flavour tagged D sample measures )f(mﬁ_, m%)‘
BUT ¢(m3_, m?) model-dependent

e Estimate model uncertainty by varying model

Fit model (ATB)max (A¢3)max (A5B)max
Meson formfactors F = Fp =1 0.01 3.1° 3.3°
Constant BW width "(¢?) 0.02 4.7° 9.0°
Only K*, p, w, fo non-resonant 0.03 9.9° 18.2°
Total 0.04 11° 21°

e Consider C'P-tagged D mesons decaying to Kgr ™
— amplitude is f(mﬁ_, m2) + f(m?2, mﬁ_}

e FUTURE: use C' P tagged D mesons from cr factory (¢ — DD)
— measure ¢(m3_,m?) = remove model uncertainty

Tim Gershon 8 November, 2005



BELLE Test Samples -‘b'ﬂvr.l".ih b E’VIL h
_ . b
Fit B, B samples separately, float » 5+e?+, where 0+ = 65 + ¢ A
o
Bt — (K57r+7r_)D i B* — ((K57T+7T_)D WO)D* ¥t ,l_.
(r ~0.01) (rg ~ 0.01) -
930.15 : m
=S i —
E o1} m
0.05 §
of n
| 2
-0.05 : ~
[ (@)
-0.1 -
N :
i i [T
-0.15 bt L L -0.3 —
-0.15 -0.1 -005 O 0.05 0.1 0.15 -0.3 -0.2 -0. |—
Re(reie) |T|
3425 events 641 events §
rp_ = 0.047 +0.018 rp_ = 0.086 + 0.049 T
O_ = 193° + 24° 6_ = 280° + 30° o
rp4 = 0.039 + 0.021 rp4+ = 0.015 + 0.042 S
0 = 240° + 28° 9. = 170° + 186° N
Tim Gershon 8 November, 2005



BELLE

B — D((;])DK— — Observables

Reconstruct D) mesons in CP even (Dg*)), C' P odd (Dé*))

and flavour-specific favoured (D]g,:\)/) decay modes

C'P asymmetries

r(B=—D{3K=)-r(Bt=D{JK")

A =
D) K- r(B-—D{JK~)+r(Bt—D{JKT)
A _ 2rpsin(dp) sin(¢3) A — —2rpsin(ép) sin(¢3)
D\ K- 1+rz2+2rpcos(ip) cos(¢3) DS K- T 14rg2-2rzcos(ip) cos(ps)

Charge averaged rates, normalizedto B~ — Dn—

Rys— (r(B—>D§f§K)+r(B+—>D§2K+)) (r(B—>D§f§n)+r(3+—>D§2w+)>

r(B=—DE) K= )+T (Bt—DE)KT) r(B=—Dim 4T (BT—Dirt)

Ri=14r242rgcos(dg)cos(édsz) Ro=14rp2—2rgzcos(dy)cos($s)

Four observables, three unknowns ...
(rp, 6g ) different for BY — DKT, BT — D*KT

Tim Gershon

8 November, 2005



£ B~ — DY) K~ — Summary WARWICK
N
)]
W
q’
O
'L

e Extract C' P asymmetries by fitting B~ and B yields separately

PRELIMINARY

BT — DKT BT —- D*KT
Aq 0.07 £ 0.14(stat) = 0.06(syst)  —0.27 £ 0.25(stat) 4+ 0.04(syst)
A>  —0.11 £0.14(stat) & 0.05(syst) 0.26 + 0.26(stat) 4+ 0.03(syst)
R1 0.98 + 0.18(stat) 4= 0.10(syst) 1.43 + 0.28(stat) 4+ 0.06(syst)
Ro 1.29 + 0.16(stat) + 0.08(syst) 0.94 + 0.28(stat) 4+ 0.06(syst)

€10 -dNOO -371'19d

e First observations of BT — D] ;KT ...
and first measurements of A; 5 in D, , KT system

Tim Gershon 8 November, 2005



=
World Averages WARWICK
R.. Averages Y A Aver ages EEY
CP g PRELIMINARY CP g PRELIMINARY
& BaBar 0.87 + 0.14 + 0.06 '<é BaBar h— 0.40 + d 15 + 0.08
o : '
v  Belle 0.98 +0.18 £ 0.10 < Belle 0.07£0.14 £ 0.06
o I O . +
o Average 0.91+0.12 I I,,,,A,‘,’,e@g,‘? ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 0222011
*********** e S B0 el L & BaBar 0.21 + (.17 + 0.07
< BaBar 0.80+0.14 +0.08 < ;
o ; ¥ Belle -0.11+0.14 + 0.05
x Bell 1.29+0.16 + 0. 5 4 :
a € e 9+£0.16+0.08 o Average 0.02+0.12
,,,,,,,,, © Average  p¢q o 1022012 & BaBar 0.1040.23 3%
mé BaBar 1.06 + 0.26 "9 X  Belle 027 +4.25 + 0.04
H o H H
X Belle 1.43 +0.28 + 0.06 »’ . Average -0.18 +0.17
a e T [ Tttty T
5 Average 124 + 0.20 < Belle 0.26 + (.26 + 0.03
,,,,,,,,,, Q_,,,,,,,,,,,,,,,,,,,,, e PP '
[®) H o
x Belle 094+028+006 | | +5°Average ,,,,,,,,,,,,,,,,,,,,,,,,, 426+0.26
X ' 5 2 BaBar 2 -0.08 +0.19 + 0.08
e Average 0.94£0.29 < : ; :
fffff Sy b & Belle _ -0.02 + (.33 + 0.07
o4 BaBar 1.96 +0.40 £ 0.11 o : :
& 5 D Average 3 -0.06 +0.18
| Sog Aveage TR 1.96x041 $ Badar 10.26 +0.40 % 0.12
g BaEg.ar 0.65 + 0.26 + 0.08 £ Belle — 9.19 + 0.50 + 0.04
H o 3 D .
5 Average 0.65 + 0.27 o Average —k -0.08 £ 0.32
[]
1 0 1 2 3 -1.4  -1.2 -1 -0.8 -0.6 04 -0.2 0 0.2 04 0.6 0.8 1 1.2 1.4

Tim Gershon
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D -
e New ADS Analysis — BT — DK T

W
O
N
i o
BT — |[KFr%| KT BT — |[K*xF| KT 9
00— T T T T T ] S R A @
M
> 150t > I -
g % 10? N I'II'I
o - ) :
vy 100—/™ )] i
c c | §
I o i ° + 1o
ERC AN
N e, ol g H++++H+ . ;+ - ]
-0.20 -0.10 0.00 0.10 0.20 -0.20 -0.10 0.00 0.10 0.20
AE(GeV) AE(GeV)
634"’ o Signal events 2. 4"'4 ) signal events

BT — [Kﬁr ]D KT yield consistent with expected peaking background (2. 4"'2 3)

Rpr (BT — DKE) = (0.0 183 (stat) + 1.0 (syst)) x 1073

Tim Gershon 8 November, 2005



B - YT
—— lelt on ,r.B WA \"VIL]\

Rpr =rp?+rp2+ 2rprpcos(ép + dp) cos(é3)

008
[ C
O 007

0.067
[ ] 47° <(p3<75

0.05 - - (CKMFitter 20

0.04 f
0.03 -.BABAR (90% ¢ A—
002 |

0.01 -

. eI B \\\“:"\\\\\\\\\\\\\\\
0 0 005 01 015 02 02 03 03 04

BABAR Dalitz anaIyS|s ' , r B
Belle Dalitz anaIyS|s

Rpr = (0.0 183 (stat) £ 1.0 (syst)) x 1073 < 13.9 x 1073 @ 90% C.L.

r = 0.060 + 0.003 (PDG)

rp(BT — DK¥) < 0.18 @ 90% C.L.

Tim Gershon 8 November, 2005



New ADS Analysis — BT — DxnT WARWICK
W
a1
N

BF — |[KFnt| ¥ B¥ — |[K*nF| _oF 3
D D |
50007 T T T T ‘ T T T T ‘ T T T T ‘ T T T T ] 60 T T T T ‘ T T T T ‘ T T T T ‘ T T T T '_l
: ol | w
> 4000F > m
[0)) - [0)) —
= B = 4o m
O 3000 o i
A, B A,
9 B 30 T §
$ 2000 - g | T
= = 20f :
Ll Ll | o
1000, 10l a1
I I A
07 - L L ==l L i OE
-0.20 -0.10 0.00 0.10 0.20 -0.20
AE(GeV)
14518 + 125 signal events 50'_"115 signal events

Rpr = (3.5 738 (stat) £ 0.3 (syst)) x 1073

Consistent with previous Belle result

Tim Gershon 8 November, 2005



D p—
<2 ¢1: BO — J/y KO Selection WARWICK

W
o
\l
—h
2
BY — J/yKg BY — J/WK -
: [ Plgl
1600} 25001 t data
- 0 i, h i —
1400F Ty Ks () s [ 1w r
F 386 M BB I S 7 L m
o~ 1200t ¢ 2000 [] JJWK X BG, K, detected
% 1200[
> é i [ J/¥X BG, other §
(%1000 ' T E 1500:— Bl combinatorial BG T'
» 3
> : %S 1000 bo))
T 600 | % - ©
= B
400 ¢ 2 5000
200 F B
0 Y S [T . 07 _
59 599 504 5 26 508 53 0O 02 04 06 08 1 12 14 16 1.8
My (GeVi/c2) Ps (GeVic)
5264 + 73 signal events 4792 + 105 signal events
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BY — J/¢ K9 — At Dependence (Poor quality tags) MaLNAAIS
W
BY — J/yKg BY — J/YK 9
350; T T T T T T T UL L L 8h
) ) 'l—‘
2 2 m
a a —
P P —
%
‘ ‘ o
| 1 f - o1
@ i f w i : o
g oo | g | ©
@ 0.5} | @ 0.5 | —
= 0 i 2 i
x '17_” | m”;‘ | Cl « '17_‘ | Ll ‘;‘ | cl ]
-8 4 2 0 2 4 6 -8 6 -4 2 0 2 4 6 8
At (ps) At (ps)
S = +40.668 +0.047(stat) S = —-0.619 4+ 0.069(stat)
A= —0.021 +£0.034(stat) A = +0.049 + 0.039(stat)
Tim Gershon 8 November, 2005



Resolving the sin(2¢1) Ambiguity WARWICK
W

O

ags . . N

e Ultilize interference between C' P-even & C'P-odd final states >

eg. B — J/yK*0 — J/yKqnO angular analysis L

e New method uses analysis of (eg.) D — Kgntn~ Dalitz plot in e

m

BY — DO decays (h° = 79,7, ..) -

e Similarto BT — DK™ analysis for ¢ §

.. TI

e Test SM prediction: Sy_, .zs >~ Sy_.cid S

o1

AN

D9 Dn Duw D*n9& D*n >
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D -
e Description of the Method (Pictures) WARWICK
A. Bondar, T.G., P. Krokovny, PLB 624, 1 (2005)

(Terms of e~ 1AH/750 have been dropped)
2
‘ \
AmAtL AmAtL
M50(At) cos( m )—iCD* sin( ik )
‘ 2 2
T —
.
2
\ \
AmAL AmAL
M po(At) cos( m )—iCD sin( m )
2 ‘ 2
T —
.

dF = e—i2¢1nho(_1)l > — e+i2¢1nho(_1)l
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Description of the Method (Equations)

A. Bondar et al., hep-ph/0503174, to appear PLB
e Assume C'PT,take A" =0, |¢/p| = 1, arg(q/p) = 2¢1

e Neglect Cabibbo-suppressed contribution (for now)

e Ignore mixing, C' P violation in D system

e Amplitude description (terms of e~ |At/2750 dropped)

|B°(At)) = |B®) cos(AmAtL/2) — ie~ 2%

BY) sin(AmAt/2)
|Dpe(AL)) = |D°) cos(AmAL/2) — ie™ %m0 (—1)! | DO) sin(AmAtL/2)

Mp.(At) = f(m%,mi)COS(AmAt/Q) — ie‘i%lnho(—l)lf(mi,m%)sin(AmAt/Q)

|B(At)) = |B®) cos(AmAt/2) — jeTi2é

BY) sin(AmAt/2)
|Dpo(At)) = |D°) cos(AmAt/2) — iet20muo(—1)! | DO) sin(AmAtL/2)

Mpo(At) = f(mi,m%)COS(AmAt/Q) — ie+i2¢1nho(—1)lf(m%,mi)Siﬂ(AmAt/Z)

n,0 = CP eigenvalue of hO [ = angular momentum

Tim Gershon 8 November, 2005



B . YT
BO — D™)R0 Analysis WARWICK

o
&

Data fit results. Statistical errors from toy MC.

W
Ol
\l
—h
2
Raw asymmetry. i
- _ 0 0 :
Process | Niot | Efficiency (%) | Ngig Purity [KSP ]D h* candidates. W
D0 265 8.7 157 + 24 | 59% m
Dw 78 4.1 67 +10 | 86% I.'FI
Dn 97 3.9 58+ 13 | 60% Lr |
D*70,D*n | 52 27 +11 | 52% i §
Sum 492 309 + 31| 63% o Z
i — :
: % o
- ol
AN
(@)}

Raw Asymmetry/ 2.5 ps

0 L —
Final state @1 fitresult, © [
Dn© 11+ 26 os [
Dw, Dn 28 = 32 [
D*70 D*np 25 + 35 T
= - - _l 111 I 1111 I 1111 I 1111 I 1111 I 1111
Simultaneous fit 16 £ 21 75 5 285 0 25 5 75

At, ps
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BELLE

Why Hunt Penguins?

WARWICK

s,d

u,c,t

loop diagrams =- virtual particles = high masses

expect new physics at TeV scale
NP particles should appear in loops
no reason for NP phases to be aligned

many possible manifestations of NP
—b—sVvs.b—d

— gluonic vs. radiative vs. electroweak

— A B = 2 (mixing) processes

Tim Gershon

8 November, 2005



BELLE

BY — KO

WARWICK

oKg

Entries / 0.01 GeV

._++

O 1 1 1 1 1
-0.2-0.15-0.1-0.05 0 0.05 0.1 0.15 0.2
AE(GeV)

K

180 & 16

oKy,

} -+- data
F L] ek,
- [ ] BG from B mesons
- Il BG from continuum

4+

.8 0.85 0.9 0.95
Likelihood ratio

78+ 13

1F B° - ¢k? 1F B? - k°
0.5F - 0.5 +
ob—b == B o,_.‘_——L—:.t:_‘ﬁ 4t
> - t 2
© -0.5F * © -0.5F
IS IS
; 4F .0'0<TS0'5. ; 4F .0'0<TS0'5.
0 1F (7)) 1F
< <
E 0.5F _+__ 4 E 0.5F
O+ [ OFT e )}
-0.5F o -0.5f
4F | Io.5<rsl.ol | 4F | Io.5<rsl.ol |
75 5 25 0 25 5 175 75 -5 25 0 25 5 175
At(ps) At(ps)

r—al 2GE

6950 -dNOO -371'19d

sin(241°™) = 4+0.44 + 0.27 + 0.05

A=+40.14+0.17 £ 0.07

Tim Gershon

8 November, 2005



D
J B =
BY — /KO WARWICK
/ / o8
nKg n Ky, O
N
i o
100:_ -|- data |
80F [ nk, =
§ 60: [ ] BG from B mesons
E _ - BG from continuum %
u
w r
m
9.2-0.15-0.1-0.05 0 005 0.1 0.15 0.2 09 09 1 §
AE(GeV) Likelihood ratio <
I
830 + 35 187 +18 o
o1
e >
0.5F 0.5F + —+—
0 J. l n . 4—_+_§_ | OF—  —fk——}
> [ 1 _T_ > t Y
D -05F + @ 05}
g 1F 0.0<r=<05 g 1 0.0<r=<05
g oo g o
3 0-5‘+— T 2 osf
g ow & o_/——ps.s‘(___jF
-0.5F _0.5_—+— —+—
4t 05<r<10 4t 05<rs10
-7.5 -I5 -2I.5 (I) 2i5 I5 7.5 75 -5 -25 0 2.5 5 7.5
At(ps) At(ps)

sin(2¢1°™M) = 4+0.624+0.12+0.04 A= —0.04+0.08+0.06

8 November, 2005
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B ARWIC
b — qgs WARWICK

o8
O
~
q’
o 9
foKg wKg Kgm L
60¢ _ 25 80
% 50¢ 805 70 %
N 70f %20 % 60k |_
N a0} S o O R
o 8% S1sf g 5o T —
3 30 g so- o 2 ao0f m
%20- S S1of 8 f :
i g0 5 IH 8 sl
10¢ . Y 20 5 *
0 10f + 10F
0201501005 0 0050101502 g5 g s 505 61 6i5 55 435 s 9.2:0.150.1-0.05 0 0.05 0.1 0.15 0.2 9.2:0.15-0.10.05 0 0.05 0.1 0.15 0.2 -|n
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%
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: + | 1 -
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0 o —— > —+— 2 T —— s g -
%- D -0.5-_L ‘aE“a-o.5- 2 -05f o -0.5F
E b . . ; 1 . .0.0<.rs0.5. . ; Ak .0'0<f£0'5. ; 1 . .0.0<|.'50.5. . %\ Ak .0.0<r£0.5.
£ 1 o 1t 2 1t o 1 E 1
> < < < 1S
2 osf 2 osf 5 05k 2 osf & 0.5F
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g S= - 0 = oF = = Ofeo_ 2 Ofw——
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<o — ; 5
b — qgs WARWICK
(08
)
\l
—h
sn(2R¥)/sin(2¢™) C.=-A 2
HEP 2005 f - f HEP 2005 |
PRELIMINARY PRELIMINARY =
b-ccs World Average & [ 069 £0.03 .~ BaBar’ —J—  0.00:023+005
. BaBar ; 0.50 + 0.25 "504 é Belle — -0.14 £ 0.17 £0.07 o
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B — 7~ Candidates

WARWICK

N
)]
W
Categorize candidates based on level of ¢¢g background 5T
High quality Low quality @
f =
$250| ¥ 3400| ® :
8 , J[ — Total g350 | §
o : Tt S \
200} S300| T
N7 : i
=150+ 2250 : t S
S| 200 | b =
W100| “150|
| 100|
” o |
- SN
0 0020 02 04
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B — w77~ Fit Result WARWICK
N
&
+ 2820 candidates x x+ 666 + 43 7T~ signal events x =
|
S + — =-0.67+0.16 = 0.06 A4 =+4056+0.12+0.06 | *
Plots for high quality events only Igrjl
L
—
@ > il
(L%ZOO j @g=+1 - T?t_al "QE_S ! ; (c) 0.0<r=<0.5
\‘__i, T TT %0.5 - §
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Lu m E
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QBE B N 7T+7T_ xMA .\’VIL]{

N
)]
W
—h
o
Yields from Mp.—AFE fits in bins of (g, At) E 1p L
< :
0.75 : %
| e taggedasaB 0 i
@000 | © taggedasa B’ 05 - I':
7 : m
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B §
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2100 | 0
s T
I - o
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At (ps) e ('P violation significance > 50 (still)

e DIRECT C' PV significance : 4o
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S BO — 070 WARWICK

W
o1
e Dalitz plot analysis of B® — 7 1Tx~7¥ can measure ¢, & resolve ambiguities 2}
O
L
e Main contributions from p* =, other contributions complicate the analysis s,
m
—
S 30T ~ 40T —
> | SO (b) m
= > 35|
Q = | §
~ (90]
2 N g e T
() ) B e, !
2 ¢ o
it S 20 ril Ol
>
W15
10
5
| | | | | | | | 0 : | ‘ | | | ‘ | ‘ |
-0.2 0 0.2 0.4 524 526 528 53
AE (GeV) M,. (GeVvic?)

Significance: 4.20

B (BO — pOx0) = (3.12+0EE +00) 106
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Q(B A T o
BY pOWO WARWICK
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QBE BO — p—l_p_ l.'lﬂ"‘lllrffx. ...!'IVIL]{
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