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= Contents WARWICK

e KEK-B and Belle

e Summer 2005 highlights
(http://belle.kek.jpl/conferences/ CONF2005/)

— direct C'P violation
— measurements of UT angles

— penguin dominated processes

e Super B Factory
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Integrated Luminosity WARWICK

Offtine+Online Luminosity (pb™) (/day) 2005/12/26 67.32
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Luminosity Trends WARWICK
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Inner Detector Upgrade - Summer 2003

BELLE

WARWICK
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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
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e The Purpose of the B Factory

e Within the Standard Model, only B system has large C'P violation
e Hadronic parameters (g, Am, ) = C'P effects accessible

e ¢T e collisions at high luminosity
— large data sample
— clean environment
~ reconstruct almost any decay mode (even with neutrinos)

e Precise test of quark mixing & C'P violation within SM

e Search for new physics

e Copious samples of 7 pairs, D mesons and other particles also produced
= broad physics program
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e Usually discussed in the context of neutral B decays

. _ _ _ 0)
e Consider BY/BO decaying to a CP eigenstate B

- A
o Define \op = 14
— p,q from BY — BY mixing am ) fCP
~ Standard Model :  ~ e 291 A

(usual phase convention) —0
B
e Three categories of C' P violation

1 |q/p| #1 C' PV in mixing
2 |AJA] £ 1 C PV in decay (direct CPV)
3 Im(Acp) # 0 CPV in mixing—decay interference

e With amplitude analysis can also consider
2/ Im(A/A) # 0 CPV in decay amplitude to Q2B state
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Experimental Technique WARWICK
e For most modes, use two kinematic variables to identify signal
_ _ 2 2
AL = ER — Epeam Mpc = \/Ebeam — PR
e Put event-shape variables into likelihood ratio to reject background
Continuum background suppression
PRt
Contlnuum Bkg 9.44 9.4[7 ?l)IO.DO 10..03)150.33 10.317 c;‘:‘IID.53 ////%10:62
T an e'e” > Y(4S) > BB
(Jet-like) . (Spherical)
e Particle ID from ACC, TOF & CDC used to separate K/x
Tim Gershon University of Edinburgh Seminar March 30, 2006
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Direct C P Violation
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BELLE

Direct CPV in BO — Ktn—

WARWICK
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Direct CPV in BT — K170 WARWICK
W
~ - ~ - O
©200] ©200) g
> 175) > 175) —h
() - () B O
S 150 | S 150f |
N Nef -
& 125 3125
-2 100 -2 1001
o 75| o 75| %
- - -
50 50| —
25 251 m
ok ok
5.2 5.25 53 5.2 §
T
2100} 3100 o
= = ol
) sof 9 sof N
5| 7| w
2 60 2 60
= i = B
Y of Y sof
20} 20t
E 1] el N ]
0025 0 0.25 0025 0 0.25 Acp (K+7TO) — Acp (K"‘w‘)
AF (GeV) A (V) 3.10 from zero
Acp (K+7r0) — 0.04 4 0.04(stat) & 0.02(syst)
Tim Gershon University of Edinburgh Seminar March 30, 2006



D -
> Direct CPV in Bt — K+atr—
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M) (GeV/ c?)

Contributions from K*(892)%7 T, K%(1430)%7T, pOK T, wK T, foKT
f>(1275) KT, fx(1300)K T, x.0K T & non-resonant terms

B - - :
Direct CPV in Bt — Ktrntr WARWICK
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First evidence for direct C'PV in charged B decays AR
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e Statistical significance calculated as \/—2 IN(Lg/Lmax)

e Largest systematics from model uncertainty
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e Direct CPV in Bt — K+rtn—
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Direct C'P Violation — Summary WARWICK

Direct C' P violation seen by Belle:
e BO > KTrn= (~10% ~ 50)
e BO — 77~ (~50% ~ 40)
e BT — pOKT (~30% ~ 40)
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Measurements of UT Angles
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P1 P2 ¢3
b— ccs (J/YKg) b— wiad (xtrn—, ptp) b — cus/ucs (DK™)
b — cud (DY) b — uus VvS. b — uud (K VSs. 7)
b — ced (J/ymO, DT D7) 2p1 + b3
b— sqq (pKg) b — cud/ued (D7)

...and many others!
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e Can access ¢3 via interference between B~ — DK~ & B~ — DVK~
Bigi & Sanda; Gronau, London & Wyler

e Reconstruct D in final states accessible to both D° and D%

B~ — DOK— ~ V,, V* B~ — DVK— ~ V. V*
cb ub
S b _ u
b C s
u u u u
COLOUR ALLOWED COLOUR SUPPRESSED

A — amplitude

rp = AsyppPRESSED/AFAVOURED

~01-02 = _“\2 =) £ . y.2
0 p — strong phase difference
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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, .

Tim Gershon University of Edinburgh Seminar March 30, 2006
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e (P violation effects depend on
¢3 . weak phase difference between B decay amplitudes
dp : strong phase difference between B decay amplitudes
rp . relative magnitude of B decay amplitudes
dp : (strong phase difference of D decay amplitudes)
rp . (relative magnitude of D decay amplitudes)

e For multibody D decays, last two described by decay model

e D decay model also includes assumptions of
— NO mixing
— no C'P violation
... well motivated and tested (effects can be included)

Tim Gershon University of Edinburgh Seminar March 30, 2006
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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 University of Edinburgh Seminar March 30, 2006
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<2 BT — D) g ()% selection
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<2 B* - DK% D - Kg¢rtn— Dalitz Plot Distribution /NS
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Extraction of f(m3 ,m?) WARWICK

e Fit Dalitz plot distribution of tagged D mesons from etTe~ continuum o
N
e Tag using charge of 75 in D*t — DOT(';I_ =
. L |
e Used model defines phase variation of f(m3.,m?) -
(92] L L ~ 3 ol
S ’ "o -
* 3t 1 525 <
© 3 T
N> Nv+ 2 ;U
v 2} 1 € Tl
o ~ 15} E
2 _ S 1} . 1}
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(ndf = 1081) W 0 05 1 15 2 25 3 05 1 15 2 25 3 Q
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i 41 . B i
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BELLE

Dalitz Plot Fits

WARWICK

Fit B+ samples separately, float (z+,y+) = (rgcos (65 + ¢3) ,rpsin (65 + ¢3))
B:I: N D*K:I:

BT . DK*
> S L L L L R B
04 .
! LT ]
! ',. \, i
- H DK .
02} \ \ ]
s A i .
[ Y i ]
L ’0' "la\ '! p
ofF W .
! f A i

L |I l. -

02 “ B+7‘~f‘)]i+ i
04 -
N B L [

470 candidate events
(331 £ 17 signal)

111 candidate events
(81 £ 8 signal)

W
O
\l
—h
B* — DK** S
[
B —DK ~ | -
Z
Pl 3
O
l:lr.u .. ‘.* %
E =

!
05 0 0.5 1 9

78 candidate events

(54 + 8 signal)

z4 = —0.135 750500
y+ = —0.085 7056
r_ = 0.025 )32
y_ = 0.170 10-993

vy = 0.032 7012
y+ = 0.008755¢
r- = —0.128 117
y- =—0.339 %0155

T4

Y+

—0.004

0.249
—0.784 10255
—0.281

—0.167
+0.164
—0.156

+0.440
—0.335

Tim Gershon

University of Edinburgh Seminar

March 30, 2006



D
<& Extraction of ¢3 WARWICK
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Use frequentist approach to obtain confidence regions :’h
) O
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a1 R Rl 11T < s < 107.7° 2.5° 8.7°

o 015000 DLOME < ros < 0,271 0012 01.049

S |45.7% H00 0067 < G < 185.07 3.0° 22 0F

roe (.175+0-10s 0 < rpae s < 0407 0,013 0.049

Spm ke an2.0° HEs - 6.1° 22 0

- [].55-1'_5:;{.',?;_ 0,231 < g pee < 110 0,041 0,054

Sppee 242.5° 100 L8607 < G e < 30027 2.5° 49,37

H p3 = 53° __|_1185§(Stat> - 3O(SySt) T 9O(model) H
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D —y
£ Time-Dependent CP Violation Phenomenology

e Interference between different paths to a final state = time-dependent CP violation

e Consider B9/B° decaying to a C' P eigenstate

BO

e Define \pp = %% A
- from B9 — BO mixin
— Standard Model : € ~ =291 CP
p —
A
e Simplest scenario: N
BO

e At B factories, measure At from decay time of other B
(tagged as B9 (¢ = +1) or B (¢ = —1))

PLp() = < P [1 4 g {Scpsin(AmAN)
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D -
How To Measure Time-Dependent CP Violation — KAalNASISS

llustrated using B® — J/v¥Kg, B® — D*~uTu,

electron T4sS) Bi
(8Gev). resohdrice

> +__
positron\

(3.5GeV)

AZ~200um
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D —
BO — J/4 KO Selection WARWICK

W
a1
\l
—h
2
BY — J/yKg BY — J/WK -
i - Igrjl
1600} 2500/ b dat
[ 0 - i t data —
1400F Thp Ks () g [ 7wk r
- 386 M BB { S : m
1200 & 2000~ [] J/WK, X BG, K, detected
Xl i
> é i [ J/¥X BG, other §
(%1000 _ I E 1500:— Bl combinatorial BG 'II'I
2800 [ g S
§ | % 1000: 8;
T 600 | % : 2
S -
0o 2 500
200 F i
[ = e . . 07 -
5.9 500 524 526 528 53 0 02 04 06 08 1 12 1.4 1.6 1.8 2
Mpc (GeV/c2) pg~ (GeVic)
5264 + 73 signal events 4792 + 105 signal events
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BELLE

BY — J/¢ K9 — At Dependence

WARWICK

Events / ps (good tags)

Raw asymmetry (good tags)

S = 40.668 £+ 0.047(stat)
A = —0.021 £ 0.034(stat)

BY — J/yKg

250F
200}
150}
100F

50[

300F-

- q=+1

At (ps)

Events / ps (good tags)

Raw asymmetry (good tags)

BY — J/yKy

I
o
o
T 7

300F
200f

100}

At (ps)

S = —0.619 + 0.069(stat)
A = +40.049 4+ 0.039(stat)

r—al 2GE

6950 -dNOO -371'19d

Tim Gershon

University of Edinburgh Seminar

March 30, 2006



BY — J/4y K9 — World Average WARWICK
OV
o
Belle: sin(2¢1) = +0.652 + 0.039 + 0.020 =
L
Sin 2 /Sin(2 HEAG i
(P]_ HEP 2005 —
PRELIMINARY —
BaBar ; : [ 0.72 + 0.04 + 0.02 m
PRL 94, 161803 (2005) . §
Belle i i | 0.65 + 0.04 % 0.02
BELLE-CONF-0569 : 1 I
ALEPH : : .  0.84'9%10.16 S
PLB 492, 250-274 (2000) " T ‘ >
OPAL 5 i . 3.20 380+ 0.50 | ©
EPJ C5, 379-388 (1998) ! [
CDF i N R 0.79 8%
PRD 61, 072005 (2000) o
Average H 0.69 + 0.03
HFAG ; 5 | | |
-2 -1 0 1 2 3
World Average: sin(2¢1) = +0.687 + 0.032
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D -y
e sin(2¢1) — Constraint WARWICK

‘ HEP 2005

PRELIMINARY

-0.2 i I I I I I
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D -
UT angles — Summary WARWICK

(0,0) (1,0)

of] 0} ¢3
BO — J/y KO BY —» ntn— & pTp~ BT - DK*
Sin(2¢1) = 40.652 £0.039 £0.020 ¢ = 93112 °
¢3 = 53° 112 (stat) & 3°(syst) + 9°(model)
Ambiguities reduced by
J/VWK* & D™)R0 7t 7~ x0 D.P. BaBar) D — Kgnt7n~ D.P
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UT angles — Summary

WARWICK

Plots from UTFit Collaboration

1< 12 1= 12
:UTﬁII E
1= =~ NN m;
- = d
- - Am
0.8— 08— a4 S
0.6— 0.6—
0.4:_ 0.4:—
0.2 0.2 .
off ol ;
E -[0T; b ':
— -1 05 0 0.5 1 _
p P

0.8

0.6

0.4

0.2

-0.2
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D -1
<& Why Hunt Penguins? WARWICK

w
e |loop diagrams =- virtual particles = high masses
b S e expect new physics at TeV scale
uct e NP particles should appear in loops

e no reason for NP phases to be aligned

e many possible manifestations of NP
9 —b—sVvs.b—d
y — gluonic vs. radiative vs. electroweak
z — A B = 2 (mixing) processes

Tim Gershon University of Edinburgh Seminar March 30, 2006



D
J ) ]
BY — KO WARWICK
W
PKg ¢KT, O
\l
—h
140~ + data Ul
120:, [ ] oK,
% N - [ ] BG from B mesons =
8 8100; Il BG from continuum
o 2 so- 90)
S g | + m
8 ] —
. m
L ¥ |
-%.2-0.15-0.1-0.05 0 0.050.10.150.2 8 0.85 0.9 0.95
AE(GeV) Likelihood ratio Ti
1
180+ 16 78 + 13 o
ol
(@)
1F BY - k¢ 1F B? - oK? (o
0'2_ R S o oij::—i:—.t:;*—::_,_
> == >
‘ag -0.5F + ‘ag -0.5F
g 1F 0.0<r<05 g 1F 0.0<r<05
- -
osfF | 0.5F
4k 0.5<r<1.0 4k 0.5<r<1.0
-7.5 -|5 -2|.5 (I) 2i5 I5 7.5 -7.5 -|5 -2|.5 (I) 2i5 I5 7.5
At(ps) At(ps)
sin(261¢™) = 4+0.444+0.27+0.05 A= +40.14+0.17 +0.07
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BELLE

BO N U/KO

WARWICK

n'Kg

Events / 0.01

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

830 4+ 35

1TBO - 'K
0.5F 0.
1 1 L =]
> Ot T >
T -05F T -0
2 H 2
E 1k 0.0<r<05 E
>\ 1 1 1 1 1 >\
0 1F (7))
< ‘T‘ <
E o.5—+— E 0.
ow
4F | .0'5<TS1'0. |
75 5 25 0 25 5 175
At(ps)

100F
i -|- data
80F [ nk.

60+

T T
5F
1  00<rs05
- o
-0.5F -0.5 _+_

S1F
75 5 25 0 25 5 75

n'Kr,

[ [_] BG from B mesons

i - BG from continuum

0.9 0.95
Likelihood ratio

187 £18

1FB° - n'K?
T+

0OF—————

1_
5_

05<r=<1.0
1

At(ps)

r—al 2GE

6950 -dNOO -371'19d

sin(241™) = 4+0.62+0.12 + 0.04

A= —-0.04+£0.08+0.06

Tim Gershon

University of Edinburgh Seminar

March 30, 2006



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 Ty —
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
AE (GeV) AE(GeV) AE Gev) AE(GeV) AE (GeV) o
105 £ 12 536 4 29 145 4+ 16 68 £ 13 344 + 30 o1
%

1FB® - K'KKS 1FB° - £, KS 1 B® - K 1f _I_
0.5F 0.5 0.5F 0.5F
: + | 1 -
= 0 0 0 A—t— 2 o ;
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
= o= -~ o v - o = < P =gy ]
g S= - 0 = oF = = Ofeo_ 2 Ofw——
-0.5F -0.5F -0.5F -0.5F @ o5fF
1 . ‘0.5<.rsl.0‘ . ak . ‘0.5<.rsl.0‘ . 1k . ‘O.5<rsl.0‘ . 1k . ‘O.5<rsl.0‘ . 1 . ‘O.5<rsl.0‘ .
75 -5 25 0 25 5 15 75 -5 25 0 25 5 15 75 5 25 0 25 5 15 75 5 25 0 25 5 15 75 5 25 0 25 5 15
At (ps) At(ps) At (ps) At(ps) At (ps)
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DS b — qgs WARWICK
OV
Ol
\l
—h
in(2R%"/sin(2¢;" C.=-A 3
Sl ( B ) SI n( (RI_ ) HEP 2005 f - - f HEP 2005 |
PRELIMINARY PRELIMINARY =
b-ccs World Avérage . 0.69 £0.03_ _  BaBar’ —k—  0.00£023+0.05
. BaBar ; 0.50 + 0.25 *5.5% é Belle i -0.14 + 0.17 £/0.07 IQ'H
é Belle ; 0.44 + 0.27 + 0.05 Avérage e -0.09 £0.14 —
| _Average : 35 | RO 0.47+0.19 | -016%0.09%0.02 r'FI
° BaBar 0.36 £0.13 +0.03 0.04 + 0.08 150.06 i
X Belle — 0.62+0.12 + 0.04 0.07 £0.07
= Average ! e | 0.50 + 0.09 e T BT
””Ba’B’ar? """""""""""" ’ """"""""" 695 '+’0.’23'_’|_'b’1b" wn : -0.24+0.31 i‘EO.15
" 995 032%0. X Belle H——f——0.23 + 0.23 +:0.13 Ti
X Belle 2k 0.47 +0.36 + 0.08 W2 r i r i
WO : i Average 0.06 £0.21
Average ; 075024 | [ N N ) RO PO o
"""""""""""""""" o ; “’E"“""‘ T T T T T E0730 T ST 10 BaBar 0061018 i,OOS m
, BaBar 0-35 053 £ 0.04 X' Belle 0.11+0.18+0.08 | O
< Belle——— 0.22 +0.47 + 0.08 % ; R o
%G : = Average , -0.02 +:0.13
o Average i|—k— || : 0.31+£0.26 | poeoeoee BaBar. N R TP 029 e
. BaBar *—| 0.50 79+ 0.02 % abar— "0-56 .27 £0.03
¥ Belle +0.53 1012 = Belle -0.19 + 0.39 120.13
3 Average ok 0.63 £ 0.30 . Averagé |—%—— :  -044%023
¥ BaBar i —de— || 0.41+0.18 +0.07 £ 0.11 ¢ BaBar 0.23+0.12 +:0.07
¢ Belle 1 0.60 +0.18 + 0.04 *315 x Belle 0.06 +0.11 +:0.07
%« Average i e 051+014 705 [ | ¢ Average i 0.14 £0.10
" BaBar j 0.63 73.3 + 0.04 " BaBar -0.10 + 0.25 +0.05
. Belle : ol 0.58 + 0.36 + 0.08 < Belle +—%—r -0.50 + 0.23 +:0.06
g Average : 0.61 +0.23 , .Average —— -0,31 £:0.17.
1 O 1 2 1.6 -14 -1.2 -1 -0.8 -06 -04 -02 0 0.2 0.4 0.6 0.8 1 1.2
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BY — Kgn9y — Time-Dependent C'P Violation — MalN\AAIE
&

Time-dependence probes ~ polarization o)

—h

O

|

04SG0 -dNOO -371'19d

Invariant mass region: 0.8 GeV/c? < my o < 1.8 GeV/c?
70 + 11 signal events

Ssz% — +0.08 & 0.41(stat) + 0.10(stat)

CKWO7 = —0.12 £ 0.27(stat) £ 0.10(stat)
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= -
<2 Belle: B — K*I T~ — F-B asymmetry

: _ : : W
Measure Wilson coefficients (A7, Ag, A1p); find Arp = O point o
NU - \ ‘ \+ ‘ + \ s \ ‘ \ ‘ + \ b 5 — 6h
Szl (@) K'e'e T b) K*e'e® = r Lo : . |
had! | ] 3 1F P : 3
> | . ] > F I : : =
S0 Sosf o : .
~N20 T . S o : E
G0l 1 R O 1 : r . —
&t f ; P . | o
; : oS @K It 1 ¢
OF ‘ ‘ ‘ } - : —_—— -U
i (C) K 1P 7 =
30 ; u u _I Ll | Ll 1l | Ll Ll | Lal Ll ! Ll Ll | Ll bl | Ll Ll | Ll 1l | Ll | ] m
; 0 25 5 75 10 125 15 175 20 225 25 o
- q2 GeV?/c? :
20 -]
| 3 :I LI LI | LI | LI | IEI I E LI IEI I EI LI | LI | LI I: —t
101 3 1f + : P +—. '
; g | A N,
ok - | %0.5 ;— P R —; 8
OF  (e) KT I e e M | @
: N LTI _____ ] ©
40 - 05F K || o preme T S
_13_ negatlveA . . E
20 j _I | L1l | L1l | L1l | I Ll ! L1l | Il I Il | L1l | Ll | Ll I_
0O 2 4 6 8 10 12 14 16 18 20
| | | q2 GeV?/c?

0 I I I I I I
5.2 5.225 5.25 5.275 5.2 5.225 5.25 5.275 5.3

My (GeV/c?) AgA1g > 0 excluded at 95% CL
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<o A DVAST L
b— dry WARWICK
(OV)
G
r 14 18F—p - —0
3 0 b 0
| 12 160 B - pYy —ME B - py —h
% : o % 14F O 12f O
L 3 1 2 > 1ol |
S = 8 Q 10F = A =
> 6f - 3 S I
Qo ot b3 Q@ gE O
g . g, g g ) oy
[en = C  4F = N
w2k A o 2 L z_li ] J i 2f -
of AN\ U oy X o Za C ; N —
04 02 0 02 04 827522 524 526 528 53 04 02 0 02 04 85522 524 526 528 53 0
A E (GeV) M,. (GeVic?) M,. (GeVicY) !
m— E
B -y — o
3 S o
= > =
8 N = —_
~ [ S’/
3 2 E; =
=a: Qo
R - : I
- Ll»/ inil N
04 02 0 02 04 , o
AE (GeV) M, (Gev/c?) o
o1

Assuming isospin relation:
B(B — (p,w)y) = (1.32

+0.34 —I—O.lO) % 10—6

[Vid/Vis| = 0.199

+0.026

—0.025

—0.31 —0.09
40.018
(expP) 9015

(theo)

Significance: 5.10
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D
Super B Factory WARWICK

e Luminosity frontier probes new physics ...complementary to energy frontier

e eg. When LHC discovers SUSY, Super B can help identify SUSY breaking
mechanism

e Argument for B physics (& flavour physics) well established
... iImportant relation to baryon asymmetry of the Universe

e Complementarity between LHCb and Super B becoming clearer
— Super B only: modes with neutrals, neutrinos, difficult topologies

— LHCDb only: modes with Bg, other heavy B hadrons
— Overlap: eg. B; — ntn—, DK*O to keep us honest
— ATLAS/CMS: very rare modes (eg. By s — ptp™)
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D p—
Fundamental Questions WARWICK

e What: Origin of flavour mixing and C'P violation
e Why: Matter dominated universe

e How: Flavour structure in and beyond Standard Model

e Are there new CP violating phases?
b— s TDCPV,; UT from tree vs loops; AB=2& AB =1

e Are there new right-handed currents?
b — sy TDCPV etc.; B — V'V polarization

e Are there new operators enhanced by new physics?
B — K*ITl~ Apgp: B — K, r rates & asymmetries

e Are there new FCNCs? (b,c or 7)
b — svv; T — py etc.; DD mixing, CPV, etc.

Data sample of ~ 50 ab=1 @ T (45) needed to address these questions
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Super B Factory Parameters WARWICK

Three factors to determine luminosity:

Stored current: Beam-beam parameter:
1.34 / 1.8 A (KEKB) 0.057 (KEKB)
— 4.1/ 9.4 A (SuperKEKB) — 0.19 (SuperKEKB)

Lorentz factor \ /

I = Y+ 1+U; Ii‘f::iy R;

sk *
2 ere Ux ﬁ y Ry Geometrical reduction factors due to

Classical electron radius Beamn size ratio \ crossing angle and hour—glass effect

Luminosity: Vertical B at the IP:

0.15 x103% cm~2s™1 (KEKB) 5.2/6.5 mm (KEKB)
— 3.0/3.0 mm (SuperKEKB)

4 % 103> em~2s~1 (SuperKEKB)

Bunch length (o)
7~9mm -> 3mm
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e Super B Factory Upgrade
Interaction Region
Crab crossing
6=30mrad.
SuperBelle By*=3mm
NeW Beam plpe Crab cavities . NeW QCS
7 //
New beam pipe
& bellows
More RF sources
More RF power
Energy exchange Damping ring
C-band mpingring
’Jo\ Damping ring
Positron source
Linac upgrade
Tim Gershon University of Edinburgh Seminar March 30, 2006



Crab Cavities WARWICK
RF Deflector
( Crab Cavity )
\i\T % LER/\POSiy th/
1.44 W ! ! v 1.41 W

Head-on
Collision

Crossing Angle
(11 x 2 m rad.)

1.41 W 1.44 W
Coaxial Input
Coupler
B®
E Crab Mode
[—] Rejection Filter
L = E::::;]
® pe
Beam
B ® Coaxial Coupler <l -
RF Absorber !
,f o E ( I RF Absorber
Z&Mmémwae Smb&mm&_- $gﬁ$ 8<Q
f>1 GHz )
for Dipole Mode B®

e Head-on collision with finite
crossing angle

e Superconducting crab cavities
under development

e Will be tested in early 2006

Tim Gershon
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<2 Super B Factory Detector WARWICK

Belle Upgrade for Super-B

Csl(Tl) 16X,

ool
SC solenoid pure Csl (endcap)

1.5T

Aerogel Cherenkov counter
+ TOF counter

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

tile scintillator

“TOP” or DIRC
+ Aerogel RICH

g + dE/dx
small cell + He/C,H,

[ remove inner lyrs.
fast gas+Si r<20 cm

New readout and
computing
systems

Si vix. det.
4 lyr. DSSD

2 pixel/striplet lyrs. + 4 lyr.
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D -
Super B Factory Detector WARWICK

e |Ssues
— Higher background
— Higher event rate
— Special features:
low p p-1D; hermiticity = v reconstruction; K ¢ vertexing

e Possible solutions (nothing is fixed)
— Inner SVD = striplets
— Inner tracker =- silicon
— Quter tracker = fast gas
— PID = “TOP”; RICH; FDIRC ...
— Endcap calorimeter = pure Csl
— KLM = tile scintillator
— Fast trigger & read out; improved DAQ & computing
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Super B Factory Luminosity WARWICK
o Projection of KEKB Luminosity

- [ [ [ [ | I [ I I | I I I | I I I T .
- | L. =1.6x10%cm2s =Y -
45— | “peak ~10'° BB/year ! —
= F | L, =469fb"(Nov.30, 2004 . -
E 40:_ i ntegratedLumnosity(Iogg(ed) ) & Slmllar number Of T __
>a5f / world records ! ‘- =
'a :3300 E
g 30 ?\\;zso /_/ _:
E als /" [Major upgrade of E
= 29L¢ / ]
=T = KEKB & Belle detector -
7 Ve (>1yr shutdown) E
© 15[« = —
E-Ing I;JI ﬂm 1102 1103 1104 1/1/05 Crab . _E
= ;/ cavities -
50 —
| ! | 1 l 1 | 1 | | | | 1 | 1 1 E

2900 2005 2010 2015 2020

Year
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BELLE

Summary

WARWICK

KEKB is running well, Belle has more and more data to analyze
Many new and improved results, and more coming soon ...
Significant C' PV effects appearing in many modes

Amplitude analyses opening new vistas for B physics

What | have shown is only a fraction

http://belle. kek.jp/conferences/ CONF2005/

All results shown here are preliminary

Tim Gershon
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B ARWICK
o Back Up WA ’W’IL}\

Back Up
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WARWICK

Short engineering run has been performed (~ 2fb~1 on T (59))

D
T (55) Data Taking

BELLE

X
S 50 L
= [ Nhadron (R2<0.2) / N Bhabha
™ M = 10868 + 16 MeV/c”
48 f(M) =BW + Const [ =110 MeV/c®
. (F =105+ 29 MeV/c?)
I ConstZ: 35.1+1.9
a6 L X =58/2

l 1 1 1 l 1 1 1 l 1 1 1 l 1 1 1 I 1
86 1088 109 1092 1094
bwySsd f M, (GeV/c)

l 1 1

11 1 lllll
3810.8 1082 10.84 10

T (5S) data taking at high luminosity is possible
March 30, 2006

University of Edinburgh Seminar
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T Identifying SUSY Breaking

Identification of SUSY breaking scenario

Pattern of deviations from the Standard Model

OS:W' Bd- e Am(Bs) |B->0Ks |B->Msy |b->sy
Susy unitarity indirect CP | direct CP

models

mSUGRA
- - - - - +

SU(5)SUSY
GUT + vr - + + - + -

(degenerate)

SU(5)SUSY
GUT + vR _ _ +

(non-degenerate)

U(2) Flavor
symmetry + + +

++: Large, +: sizable, -: small
Tim Gershon University of Edinburgh Seminar March 30, 2006




D
Crab Cavities WARWICK

Crab cavity and ante-chamber

®Superconducting crab cavities are

B Head-on collision w/ Crab cavity under development, will be

RF deflector

(crab cavity) iﬂS‘[allE-d in KEKB iﬂ E‘Ell|‘g,f 2006

Kick

Kick l

o - |l
lf O
%‘ S

crossing angle

head-on collision

o) !

k. Hosoyama, et al

B Ante-chamber /solenoid for reduction of electron clouds

NEG Channel

Beam
SR

7 2
[Beam Channel] [SR Channel] Cooling Channel
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T Search for ®(1540)1 Using Kaon Interactions

w
O
\l
—h
O
I L
8000 o
M
—
m
6000 §
T
4000 o
|_\
: 00]
2000

A(1520) clearly seen in pK~
No signal for ©(1540) 7 in pK g
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BELLE

Not covered

WARWICK

D physics
T physics
ISR physics

~~ physics

spectroscopy & exotics

Rare (& not-so-rare) b — c decays

Many other rare decays

b — ulv

b — clv

Tim Gershon
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e C' P Violation — Summary WARWICK

Direct C' P violation seen by Belle:
e B9 5 Ktn= (~10% ~ 50)
e BO — nt7= (~50% ~ 40)
e BT — pOKT (~30% ~ 40)

Time-dependent C P violation seen by Belle:
e BY = J/YKO (~ 65% >> 50)

e BO 5 7= (~65% > 50)
e BO - KO (~60% ~ 50)

Tim Gershon University of Edinburgh Seminar March 30, 2006



<2 Bt — D™ KT DP Analysis History

e First results shown at Lepton-Photon 2003
- B~ - DK~ &B~ — D*K—,D* — Dxn0
— 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 — KgrTx used so far

Tim Gershon University of Edinburgh Seminar March 30, 2006



BELLE

Measurement of f(m3 ,m?) - Results

WARWICK

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%
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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°
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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
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Test Samples

WARWICK

Fit B, B samples separately, float » 5+e?+, where 0+ = 65 + ¢

Bt — (K57r+7r_)D mt

(r ~ 0.01)

s0.15p

)

Im(re

0.1}

0.05}

-0.05 |

0.1}

N

-0.15
-0.15 -0.1 -005 O 0.05 0.1 0.15
Re(reie)

3425 events

rp— = 0.047 + 0.018

0 = 193° £+ 24°
B4+ =— 0.039 + 0.021

0_ = 240° £ 28°

B* — ((Kgntn™) WO)D* ot

(’I“B ~ 0.01)

031
03 -02 -0.

641 events

rp_ = 0.086 & 0.049
§_ = 280° + 30°

rp4+ = 0.015 £ 0.042
0. = 170° + 186°

r—al 2GE

NO [1VdVd3dd N |
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J— k —_ f ERY al
B~ — D((J ])DK — Observables WARWICK
e Reconstruct D) mesons in C'P even (Dg*)), C'P odd (Dé*))
.o %k
and flavour-specific favoured (D]ga\)/) decay modes
e C'P asymmetries
) _ r(B=—D{3K=)-r(Bt=D{JK")
D{" K~ r(B—_>D§’2K—)+r<B+—>D§’3K+)
A _ 2rpsin(dp) sin(¢3) A — —2rpsin(dp) sin(¢3)
Dg*)K— 14+rp2+2rp cos(ég) cos(¢s) Dé*)K— 14+rp2—2rgcos(dp) cos(¢z)
e Charge averaged rates, normalizedto B~ — Dn—
r(B=—D{3K)+r(B+—D{)Kt) r(B=—D{3n)+r (B+—D{Jxt)
R1,2 = — ) +_ )t N ) S +_ .G 4
r(B=—DE) K= )+T (Bt—DE)KT) r(B=—Dim 4T (BT—Dirt)
Ri1i=1+rg2+2rgcos(dp)cos(¢z) Ro=1+rp2—2rzcos(dp)cos(¢s)
e Four observables, three unknowns ...
(rp, g ) different for Bt — DK+, Bt — D*KT
Tim Gershon University of Edinburgh Seminar March 30, 2006



£ 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
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=
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 —— -0.08 £ 0.32
[]
1 0 1 2 3 -1.4  -1.2 -1 -08 -06 -04 -02 0 0.2 04 0.6 0.8 1 1.2 1.4
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e New B~ — [KTx~| K~ Analysis

PRELIMINARY

e Use 386 million BB pairs
e Use improved continuum suppression

e Other minor changes from PRL 94, 091601 (2005)
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New ADS Analysis — BT — DxnT WARWICK
W
a1
N

BF — |[K¥n%| ¥ 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
: w
- 50 |- N
> 4000F > m
[0)) - [0)) —
> B = 4o m
O 3000 o i
— B —
J%) @ 30T §
$ 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

Rp. = (3.5 798 (stat) + 0.3 (syst)) x 10~3
T 0.7

Consistent with previous Belle result
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BY — J/¢ K9 — At Dependence (Poor quality tags) MaLNAAIS
OV
BY — J/yKg BY — J/yKy 4
350; T T T T T T T T T 8h
3 g -
Iy P m
a a —
P P —
%
| | o
| 1+ f - o1
@ i f w i : o
g oo | g | ©
g :
IS i : € :
@ 0.5} | @ 05 | -
= | = | |
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)

University of Edinburgh Seminar
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= . . . ] [ il
Resolving the sin(2¢1) Ambiguity WARWICK
W
o1
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
X
D9 Dn Duw D*n9& D*n >
03 -0.2 0.1 0.1 zéGeS/S -03 -02 -01 0 0.1 zéee33 -03 -02 -01 0.1 2;6633
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D -y
e Description of the Method (Pictures)

A. Bondar, T.G., P. Krokovny, PLB 624, 1 (2005)
—|At\/TB

(Terms of e 0 have been dropped)

AmAt AmAtL
M50(At) cos( TZ )—iCD* sin( ﬂ; )

AmAL AmAL
M po(At) cos( n; )—iCD sin( Tg )

N —

u

dF = e—i2¢1nho(_1)l > — e+i2¢1nho(_1)l
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D -
e sin(2¢1) — Constraint WARWICK

(V)
o
b1 = (16 £21 +11)° h
2
- B/(P]_ HEP 2005 =
r] PRELIMINARY
[ T w
! M
: =
1| ]
g m
> 1
<
0.8 | o | §
=
s L
0.6 | O o
o o1
c >
0.4 '8/(?7 s > E ]
7 >, x
o J.i Q:
J,Q °
0.2 | o -
o
o
Y R AN S A\ i
-0.2 i ! ! ! ! _
0.2 0 0.2 0.4 0.6 0.8 1 p
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D n p——
Ve BO — ptp— WARWICK

Q) €52

Initial attempts to extract ¢~ have focussed on BY — 7t 7.
However,
e penguin pollution found to be large
o B(fﬁ)—+wowo)¢3]“5><1O_6(HFA62005)
e large direct C'P violation:
A (BO — 7r+7r—) — 0.56 + 0.12 + 0.06 (Belle; PRL 95, 101801 (2005))
Isospin analysis possible; large statistical error & ambiguities

G17S0 -dNOO -371'19d

Recently, B¢ — pTp~ found to be powerful for measurement of ¢, because
e small penguin pollution (B (BO — popo) < 1.1 x 10~° (BaBar))

e surprisingly (?) little nonresonant contribution

e BY — pTp~ almost 100% longitudinally polarized
(almost pure C'P state ... downside is cannot access interference)
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D - -
<2 BO — oty WARWICK

o
2 100~ D W
S S —
o\ 8 Cfl

U) ~
= 0 =

: z
L L o
Tl
—
—
m
0 S B TR T §

522 524 526 528

M, (GeV/d) n
o
’é‘ ~ 160F (J'|
8 EAN
o1

Events / (0.089

M, (GeVic?)

_ 0.033 4-0.029
142 £ 13 signal events  fiong = 0.951fo_039 1Lo.o31
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BELLE

WARWICK

Events/ (1.25 ps)

Raw Asymmetry / (2.

S

o o
N © N N
g o1 Ao a

v

1
=

+

1
o

1R 1 |

-5 0 5

At (ps)

S =0.09+£041+0.08

A = 0.00 £0.039

+0.10
—0.09

Q) €52

G17S0 -dNOO -371'19d
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D
2 Constraint on ¢- WARWICK

Q) €52

0 [ . . \h— TM""""""‘-H- —J ....... \'ﬁn''""'---=_—--"""'|"’r ]
0 30 60 80 120 150 180
¢- (degrees)
pp only T & pp
¢ = 87 + 17° ¢p = 931120

SS0 -dINOO -3717139 "T0S0 -dINOO -317139

(cf. oo = 87 £ 12° from naive S = —sin(2¢>) neglecting penguins)
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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

—|At]/2

e Amplitude description (terms of e "BO 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
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B . YT
BO — D™)R0 Analysis WARWICK

W
O
\l
—h
O
|
Raw asymmetry. i
0 0 :
Process | Niot | Efficiency (%) | Ngig Purity [KSP ]D h* candidates. W
D0 265 8.7 157 + 24 | 59% [
Dw 78 4.1 67 +10 | 86% -
Dn 97 3.9 58+ 13 | 60% g 1r |
D*r9,D*n | 52 27+ 11 | 52% ! §
Sum 492 309 +31 | 63% =05 [ <
3 [ N
e e Ut o
Data fit results. Statistical errors from toy MC. % ol | g
Final state ¢1 fit result, © ;ﬁ I o
DrY 11+ 26 € o5l
Dw, Dn 28 = 32 [
D*79,D*p) 25 + 35 i
Simultaneous fit | 16 + 21 By

At, ps
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B — 7~ Candidates

WARWICK

N
8
W
Categorize candidates based on level of ¢¢g background 5T
High quality Low quality @
f =
$250| ¥ 3400| ® :
8 , J[ — Total g350 | §
o : Tt S \
9200 A — 9‘/300 - -IC':
?’ I ]
=150+ 2250 : t S
i 3200 | A
W100| “150|
| 100 |
Ny | o L
052 0 02 04 0020 07 04
AE (GeV) AE (GeV)
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D p—
B — w77~ Analysis WARWICK

N
8
w
S)
Contributions from tree and penguin amplitudes L
tree contains V,;, penguin contains V; PH
m
r
d b W d m
W .- n
b u S
o
=
d d

e Small branching fraction (~ 4 x 107°)
e Large background from ete™ — q7 (¢ = u,d, s, c)

e Background from B — K7~
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D
B — w7 x~ Fit Result WARWICK

o

o
3

N
)
. _ W
x 2820 candidates x x+ 666 + 43 77~ signal events x =
|
SW_|_7T_ = —0.67 £0.16 = 0.06 AW+7T_ = +4+0.564+0.12 4+ 0.06 =
Plots for high quality events only Igrjl
L
—
@ > il
B @a=+1 — Total B | (c)0.0<r<05

s = 0
2] 3 o T
5 100 é N 8
i 50 g
o =

° T -

@0 (b)g=-1 — Total g
T[+T[_ E 0.5

7

<

c%_

o

Events/(1.25ps)

\
N
I

At (p9

Ast (ps)
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D - -
QBE B N 7T+7T_ -‘FMA .\’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
@ 0.25
B §
=
100 —
2100 | 0
s T
I - o
. 0.25 o
1+ o
- -0.5 =
>
E i
£ -0.75 |
7)
@© i [ E | = e I S
E -1 -075 -05-025 0 025 05 075 1
S S
- TUTT
5 0 5 . . L :
At (ps) e ('P violation significance > 50 (still)

e DIRECT C' PV significance : 4o
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D
B — w7~ : Extraction of ¢» WARWICK
N
8
W
—h
O
L
3]
m
e Due to large penguin contribution need isospin analysis to extract ¢- r'?,
e Such analyses are underway ... §
<
e Current limitation from knowledge of B® — 7970 2
— branching fraction S
— direct C'P asymmetry

e Other avenues for ¢ (p=7F, pEpT, etc.) being explored
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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
—
> 30T 40T -
s < (b) m
= o 35|
Q = | §
~ (ep) -
2 N e [T T
() ) B e, :
— = o
it £ 20 rl 5
> B
Wis|
10
51
0 b—L— - 1
-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

W
O
N
—h
2
|_l
IQIQI

(QV [ . n
N < 35} : : —
Q50 C S - : (d —
> | (© | o | | : (d) m
S 40 oo % 25 i §

o | : : o

L 30| : > 20| : m
~ - . . - . (@)
- . 15 = |- . ol

S 20| i : F | :

10 & | = - s

B (I | x 5 — " "

— I J.: . : o N N N I

0 | | : | \ : \ $_ O 7\ e : e \ _L_‘ e
0.5 1 1.5 -1 -0.5 0 0.5 1
2 P
m_+ — (GeV/c") cos 6,
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= -
<2 Belle: B — K*I T~ — F-B asymmetry

(OV)
(00)
o)
—h
2
<\E'\ gr\ (Y
< < o
M
—
—
m
L
o
a1
N
=

AGA, AA,
Ag/A7 =—-153T1750+1.1 Ag/A7 = -163T21+1.4
AlO/A7_1o.3+52i18 A1g/A7 =11.17589 424
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