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e 1€ Belle Collaboration

BELLE NI

A World-Wide Activity I nvolving 50 | nstitutions

~300 members

— room for additional 300 physicists available ©
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= The Belle Detector
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- Kobayashl I\/Iaskawa and CPV
CPV

d'0 [V VLV, Od Vg Vin/ @
‘ F _‘Vcd CS cb
(g Q

Ab’ (@45 tb b
Vcd VCTZ) CKM

Goals of B-factory matrix

1) Discover / Establish CPV Unitarity
2) Precise/Redundant Measurement of CKM | triangle
elements : angles and lengths
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¥ [he Rulesof the CPV Game

BE/-LE T

. Find a decay mode which hastwo decay paths Wlth
different weak phases (i.e. one of them hasVub or Vtd).

. Two amplitudes should be similar for sizable interference.
. Two paths should have “ static” phase difference.

Example: B* - K*7Pand B~ - K7P

Large
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Decay rate td

= i : mr . x i
L=(f,| BO)ze'_r’f{ir:r:-s2 &;H + |Af sin® &T +1(}L =, 4 )Esm&mr}

= (Ll | éo}zﬂ_”{l—‘gsin2q)1 sinﬁmr} |2.] ~ 1

Amgistheorigin of “static’ phase difference.
No hadronic uncertainty !
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= Appropriate BB Mixing!

sndAmt =1

|
Maximal CP at 3.3 ps
BO Lifetime=  1.55ps

L arge enough and small enough
(It isamiracleto me.)

CP Violation and Rare B Decays at Belle Sep. 2001 M. Hazumi (Osaka)



=] Principle of the Measurement

F|
At from Az (BOor BU?)

= (1-2W)SiN2¢
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ental

1) Copious B pair production, efficient B reconstruction

2) Efficient and correct flavor tagging

3) Observation of time-dependent CP asymmetry in B
decaysto a CP egenstate with good vertex resolution

prod.pt. z4 Bz Zo
f

B(cp) B(tag)
decays decays

Z=C..1
(~200um at Belle)

111 1
-5 -4 -3 -2 -1 0 1 2 3 4 5

proper time difference At (ps)
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BELLE R BRERRBA &

ITSUKUBA AreaI(BeIIe)

RF

RF

. WIGGLER |
LI 1|

| RE
RF EUJI Area

D G

WIGGLER |

KEKB asymmeltric e'e™ collider

*Two separate storage rings
e" (LER) : 3.5 GeV
e (HER) : 8.0 GeV
*E-y - 10.58 GeV at Y(4S5)

Luminosity | World Record

otarget;: 1034 Cm'zsi)
eachieved:4.5x10%3cm-—2s?
«+11 mrad crossing angle
eSmall beam sizes:

0, =3 um; o, =100 pm

CP Violation and Rare B Decays at Belle

Sep. 2001

M. Hazumi (Osaka)



DD

<o KEKB performance

BELLE

The WOr I d record Oﬁﬁng+0nﬁng Lumiﬂosity (Pb'f) (fday) 200197/17 9729

175 F
156
25

Offtine+Online Luminosity (pb'j) (/day)
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2EO00 e —

7 S U--iftelii i iai iiivivi A ,t)l LQH» -
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15000 _—-I- I — =
P77 S NS W S - S =
L S — e =
o L L — , N

5571999 12,1 1/1999 T 2000} 2837200 1 L2001
Belle log fotal : 32807.3 pb™* Date

n P60 FELLELEVEL litast

~B0ft " expected by Summer 2002~
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¥ KEKB’s Speci aI Features

BE/_LE
T

e Small beam sizes ] low beam currents
— 4.5x10% with lessthan 1 Amp in each ring

« + 11 mrad beam crossing angle

22mrad

e+

€

— No strong bending magnets near the IR

— Fewer spent particlesinto Belle
— Synchrotron X-rays easly handled
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=3 Belle Detector Performance

€ Silicon Vertex Detector (SVD)
€ Impact parameter resolution : 55um for p=1GeV/c at normal incidence

¢ Central Drift Chamber (CDC)
¢ (0p/Pt)2=(0.0019Pt)2 + (0.0034)2 (Pt in GeV/c)2 SVD:Vertex Detector
€ K/mseparation with “33:2?;:'3;;‘1:;.5;;-"fa__ Sy oA
¢ dE/dXin CDC (0gei=6.9%) s S gl acosagnio
® TOF (0ror = 95ps) > I
¢ Aeroge Cerenkov (ACC)
¢ Efficiency =~85%,

Fakerate=~10% upto 3. SGeV/c A il

€ v, etwith Csl crystals (ECL )~ P
. GE/E 1.8% @ E=1GeV S NN

2 - effic. > 90% w/ ~0.3% fakefor p >3 h___;*_\7‘7l'f?;.::__' |

¢ K, and u* with KLM (RPC chambers) 5 S
€ p*: effic. > 90% with ~2% fakeat p > 1GeV/c ""“‘*-:::::;-_.
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=y |mpact parameter resolution =

BELLE

Z Impact Parameter Resolution (Real Data

N
o
o

&
Resolution (um)
4 N
N
o1
[

(o )
Jlol 8

Sufficient to measure CP violation
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of

3 data sets were used:

Set 1: 10.5fb?1 (June 1999-July 2000)
Set 2: 10.6 fb't (Oct 2000-May 2001)
Set 3. 8.0fb!l (May 2001-July 2001)

Total: 29.1 fb'!1 (correspondsto 31.3 million BBbar)

All data samples were analyzed and reconstructed
with the same consistent procedure.
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B 9 CP Elgenstate Decays

Use ~a|| Iow -background ccK® modes
b [

d ubb“/ﬁ}Ko

Bep — JIW K (- TTTT & TOTO)
§ WES)(-111-& JreTr) K -
O Xea = Iy) K ki
N - KK*1r, K*K10) K¢

I K
0 % I KO (LKa0) (mostly) }5 —=+1

c®
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DD

BELLE

5000

I I I I_
- CHMILONS J/LIJ “-l_“ 1 12000 ————
- Yiald: 17633, + -
- Mean: 30867+ 0 H-E"..I'n'li: B

C Widlh: 9.6 = 0.1 Mavic® 1 10000
2500 —

! O-~1OM eV/ C2 E 8000 |

M

0 1 |
ol 6000

- Dealactrons

- Yiald: 16224 + 182 J/LIJ e e e

C Meare 30948+ 0.1 Mavic® 4000

™ Width: 10.7 £ 0.2 MaV/e®

2500 — i

- 0~11MeV/c? 1 2000

i P R R R TR N T RN NN R R A i1 0 ———
0 0.470 0.480 0.490 0.500 0.510 0.520
2650 2.80 3.00 3.20 340

_ i Dipion mass (GeV/c?)
Dilepion mass {GeVic’)

B/ggesf contributor to the f, p event sample
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457 events
~3% bkgd

Energy difference:
AE = EJ/¢/ + EKS — Ecum /2

B rilea s Bl o

Beam-constrained mass;

My = \/(ECM /2)2 _(F)J/w + I_jKS)Z
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g B0, J/(Ks( - n*n’) Event Dlsplay

BELLE
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250 I I I I

BO _, J/Y Ks(— TT1T)

457 candidates
~12 background

200

Seo
(Purity = 97%) s
g

BY . other modes

290 candidates 50|

46 background

(Pur |ty — 84%) 5?22:& s225

| N Ll o

i

i

i :

- i

i

-1 n--""i.-.
Ny
| Tt T e e P |"=+E I

5.250 5.275

Beam Constrained Mass (Gevic®)
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DD

o> B - J/WK,

BELLE

o JIY SIHI-+
2) Assume B2J/Y K, :
compute P,

3) Remove reconstructed
B - JUYK,JpK*, ...

4) Cut on alikelihood
based on kinematical
and shape quantiﬂ»es

5) Plot P*B:F)»J/Lp + Py
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ED':I | I I | | I I I |

150
1y

100 —

NMumber of events / (0.05 GeV/c)

569 total events
346 signal

N —_—

Ngq = 346 events |

kag = 223 evts:

(Purity = 61%) | | o (G
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- Flavor -tag the other B meson

BELLE

Uselnclusweflavor spec;lflc propertles

*| nclusive Leptons:

=high-p |- b=> ) v
sintermed-p I* Ls (v
*| nclusive Hadrons:
=high-p 77 B°>D®") @ D)~ etc
"Intermed-p K* L
=low-p 7T DO@

Also include correlations
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DD

‘¥ 2-level Multi-dimensional Flavor Tagging

BELLE
] AR L PP D P LD DL LT
,,,,,,,, '_'_','_'.'.'_“.'.'_'.1:- tracks -}::::::::""-h--__
Jrﬂ- - - - :. I1 ‘\"" T T H‘L-"-_
r.-"'"l-’ . - a‘:,a"f II_ 1|.| "'.\ ""-\-._ 1""..\‘

—_— .-"FH o -II::.:"’ I:_ L |.11 ) e, b Sy
a o ‘.r"'-r ‘.-"" '1I I.'i. "'., 1"~|._|L "'-.H_
} :r F: F‘ k] b l'l\-l 1'"'- ‘H"-.
@ ¢ slow pion LH lambda LH kaonLH ¥ ¢ lepton LH " =,
o ERORNAAAANRAAAAAAE “

o . g, _. 4 ) E b | charge
Q| T | o\ K Leptons Lookup tables

£ VPR ) = COS fiab =

= cos A g :I'l."." ection % cos 0* -_.'2 : —— ':;

COS Hihrust-irk E F'H ) - :‘E P(kir ID) = “-‘"i M reco =

IJ[--'I‘-'-' D] Ef;;.}frj'.;:?':;;; ::'.-E 3 P(electron :':I

]' 1 P{Muan 1L
event LH

E = [eF={TOr Max. r=)
S == )
L M(1+gsrs) — [T(1-qurs)
- n| -
= [1(1+qsrs) + T1(1-gere)
::I: gin (For max. n) %

~ N(B) N(BL)
~N(Bto)*N(BE)

N{Biag): Number of observed B s
at the cell for MC samples

6 regions
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;=3 Determination of wrong tag fraction w,

BELLE
I T TR
0 L
B —DlIlv
£ 1 Fi=r=0.25 1 F0.25<r=0.5
E E
S F Canll
E i1 Pt —_— 0 i-.ﬁ‘\t:bﬂ"-:':

4.5 F -5

-1 B A

obtainwfromB~B el
mixing amplitude;

K
Propér drll.'i_il“ﬂh." [REY]

—_—
—

AN e ey
=
= N
<4L
AR FINIeE Y
|
= o]
I

C0.625<r=0.75

[—]
]
1
L
i
1

L]
—
I

=1 ] ]

5 5
4 IPropér |.11.~|.'11_1-1 I.I e s Fropir 1Ir«|.':|3| IE 1| i)

—

F0.75<r<0.875

. ‘n} nll.i.-!n'
= = '
H i _—
g
aAsymmerry
|
= In

- L8TS<r<1.0

s | 0.5 |
=] ] ] 1 ]
b 5 1 i 5 1
Proper decay I'mn:tpkj Froper decay Hrlwqp'-l
OO0 R
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¥a] Dilution : Measured vs. Expected

« Usesall events g y
— Efficiency > 99% osf A
 wne=270£12% | &Pf

. Includescorrdations |~ M}

« UseMC-r asaclassifier e

374 TUDOTUON

e Usedata-w for CP fits

MC-determinec measured from data
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Vertex Reconstruction

e For CP-sde, use J/p-2>171-
— Rgect poorly fit events.
OZ-p = /5 um (rms)
e For Tag-side
— use wdll fit tracks
— Iterate: discard worst track
— 0Z,, = 140 pm (rms)
* Require|zs - z,<2mm (=101)
O, = 15ps
e Talls= 3%; Effic. = 85%

1137 evts used in
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4 BD*lv |
-' "+ I*’Hx .._.Llu-
A o b X
F A it b
£ Y K
S/ K
hx Jf_ / ﬁ" H-r
J[IJ( e Jﬂ[ J(
5 .
A ¥ L
: | .fif:ll IR TR TR SN TN T T T N | "-l\ : .u
; - (ps}®

Tg, =155+ 0.02ps
PDG: 1.55 £ 0.03ps

15, =1.64£0.03ps

PDG: 1.65 £ 0.03ps
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 CPeagenstates with high purity.
® Purity ~90% except for J/Y K, (~60% for J/ YK, )

o Efficient flavor tagging.
® Effectiveefficiency =27.0%

o Efficient vertexing with good resolution

b 1137 candidate events
B lifetime measured precisaly (high stat. control sample)

Everything isready. Now let’s open the box !
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1/N-dN/d(At)

0.10}
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DD

/O

BELLE
T

CP i1sviolated in B decays
L arge effect

eApparent even in theraw data
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Event-by-event Likelihood

L = [(@- TP,
T fbk IDbk (At )

J(A) O Ry, (At - At’)
Rbk(At — At ))

\@n from data

Py (A1) = 2: e e (1~ & q(1- @)

B
X sin(

2¢0,)Sn( Am_ ;At))

R (At) = f.e™'™ 21, +(1-f,)o(At)
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0.20¢

ﬁ" Curves
S | from
2 0.10} unbinned
- - fit

0.00

At (ps)
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L gy . i
Confidence intervals

1>sin2¢, =0.70
(95% C.L.)

Ciuchini et al |
(iIndirect —

constraints) '

0,0 &
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At (ps)

Result from global fit (sin2¢p,=0.99)
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Control sample: BY - non-CP states

use: BO>DO)-1tr, D*~p*, D" 1*v, J/YK* (K *1T)

80 Control sample “g nchln
~17K events

0.05+0.04

-8 -4 0 4 8 (statistical
At (ps) error only)
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0.84+0.17

?
oppositel

y

1.31+0.23

(statistical

-8 4 0 a4 g errorsonly)
At (ps)
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/O

BELLE

DD

sin2¢, from various Subsamples

I | I I
Jhy K(GPM) | 0.81+ 0.20
Other CP=-1 -] 1.00+ 0.40
I K, . 1.31£0.23
Jhy K™ I 0.85+ 1.45
1. 11+ﬂ- 15
g=+1 560 evts ] 017
_ . 4+ﬂ-.21
g=-1 577 evts 1 08402
All 0.99+ 0.14
A -
0 05 1 15 2.5 (statistical

CP Violation and Rare B Decays at Belle

sin2¢,

Sep. 2001

errorsonly)

M. Hazumi (Osaka)



Test of Direct CP Term

If |?| 1sallowed to float, (i.e. a cos(?mt) term)

1| =1.03+0.09
sin2¢, =0.99+0.14

The CPV asymmetry Is unchanged.
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¥y CP fit : Systematic Error

Vertex algorithm +0.04

~lavor tagging +0.03

Resolution function +0.02

K, background fraction |£0.02

Background shapes +0.01

Amy and tgyerrors +0.01
Total +0.06
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{B ‘Conclusionson CPV

BELLE

OCP isviolated in B decay >6G”

{].2{] -

®sin 2@, islarge: o«

099+£0.14+£0.06| °

At (ps)
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Goals of Rare B Decay Program

1) Dlscover / Establlsh Direct” CPV
2) Precise Measurements of CKM elements :

— angles and lengths

3) Beyond SM
B - T PTT
: TD[IV ViaVar/ @, ViV fg: B Iv

(B- py)

0 5 nN'Ks, ¢Ks
V Ve, B? - D+D(K)

B® . DO)I*v, dileptons

B~ — DcpK™/ (g P
B Kt
B - 3 body

EM/EW Penguin : B- K.y, B-KI*I-
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Su

(2001 L epton-Photon Conferences)

| n addition to the observation of large CPV,

35 contributed papers
(5 charm, 3 1, 2 two-y physics)

[4 final results - sent to journal |

14 First Observations!

[see Web: http://belle.kek.jp/conferences/L PO1-EPS
for the datails of analyses and results |
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=y |mportanceof Vub Measurement

BELLE

FLLI

[TLETET P

0000 0002 0003 0006 0008 O.
g -
| s12V i
I
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/O

BELLE

Towaras |V, | : B°- i*v

B~ T1tl*v
Missing mass recon.

M, ..>=E

miss

2
mlss miss

® Data
I Xylv Bg
BB Bg
KXX4  Cont. BG

X AAAAAA-AA

5125 5.15 5.1

75 5.2

225 525 5.275

GeV/ c

523

<2GeV

p > 1.2 GeV 0 ¢
p+p,>3.1GeV iz
Br=(1.28+02+0.26) -,
X104 4 °°

- TR PR R \ H \

107 + 16 signals

L,

‘ S(trk/g rec3

5.125 5.15 5.1/5 5.2 5225 525 5275

GeV/c
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/O

BELLE

DD

Towards |V, |

Tree dominant
(No Penguin)

6.3 + 3 evens

Br<1.1x104
(CLEO:< 2.7 x10%)

About to see signal !

Number of events

" B Dsr

o I BRI S 59 L. RV
- Ds - @11 K*0K* KsK*
6_ —
4+ _
2_ p—
o T
-0.30 0.20 -0.10 0.00 0.10 0.20 0.30

CP Violation and Rare B Decays at Belle

Sep. 2001

AE (GeV)
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1) B- -~ D% (ICHIE[IZ;ZFgl?]O) First Observation

2) B~ D-pK decay
Dep— K¥K™, TUTT

1 (B_r — 1%)
Dep = (DO + DO)/V2

Candidates/ 10 MeV

£

92 01 o

Br(B” ~ DepKD) =BIB” ~ DY) 504 + 0.40(stat) +

Br(B- - DopK) + Br(B* — DpKY) " 05

0.1 0.2

AE (GeV)

0.15(syst)
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Q(B D(*)OXOdecays Fir st Observatlon

BELLE

Color suppressed modes: - -
~0.1x Non-suppr. mode \Y

Step towards DOK/DK's
Br = 2.9 +0.4+0.6 1.7 +0.6+0.4 3 4 +1.3+0.8 (x104)

S L B L B L B > IR L B B B B ] >
= 1 = 3 b = 1
= DOT[O Belle 15 :)O(JL) Belle 13 ]
@ i @ r 1 @ i
128+18ev] £ .t 3019 ey ¢ r
w o ! 1] W ]
| ‘ O- ] 12 JI: /- ]
i # 'O 1
ok ]
________ 4 e —I __
0 -0.10 0.00 0.10 0.20 0.30 -0.30 -0.20 -0.10 0.00 0.10 I 0.20 I0.30 -0.30 -0.20 -0.10 0.00 0.10 0.20
AE (GeV) AE (GeV) AE (GeV)

Evidence for: D™O1(3. 20) D*%w(3.60), D*Or] (3.80)
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=q Bcp eventsat Belle as of July 2001

/O

BELLE

e For sin2¢l analysis

candidates purity

int. lumi.

sin2¢l = 0.99 +0.14 +0.06

JIWKS( - 7 7T)

457ev.

97%

29.1fb!

Other (cc) Ks

290ev.

84%

29.1fbt

YK,

569ev.

61%

29.1fbt

Combined
1
oF \\\
_1:_

__+_.

e “Rare’” decays

S L T
At (ps)

Penguin Tree

@( - K*K-) Ks

10ev.

80%

21.3fbt

b - S (uus)

N Ks

26ev.

63%

10.4fbt

b - suu, sdd uus

D*D(*)

27ev.
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Acp(J/ @ Ks) # Acp(Bcp with Penguin)

b C

No new phase

VS. S

CP eigenstates (or flavor non-specific states) with any other
decay diagrams, such asthe following;

b .\q "¢ b QA&A Sor
g
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Origin of the large branching fraction is not under stood
yet. It may include contribution from new physics!
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@, measurements with other diagrams

o Partial Reconstruction Technique :

Use only =
slow Ttand
D-(futh)

Br=[1.84 +0.46+0.68
(x109)

To be used for CP
corresponds to ~100 ev

E Continuum .
subtracted
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BELLE

Full Reconstructlon better S/N

BO - D™*D- BO - D"*D"™-

Confirm partial Recon. D** - DOt only
[1 add D™ - D* 1 mode
Need angular anal. for ¢

Flrst Observation Br 1.21 +0.41+0.27 (x103)

~ T T T T 1 T T T T 1 T ] T T

)112+4ev Ll ll0+37ev
1o | 24 0.0o Il

Br=1.04 +0.38+0.22 (x1073)
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DD

BELLE

=4 EW Penguin:b_si

Awalted mode sensitive to SUSY after b — S)/(consistent to SM)
Exclusive mode: B — KO) [+ [- 104
B_ Ky :<3028%) B Kee <5157

+0.39+0.13 : +2.7
B Kyt 1099 72 0: Bo Kete :1<1.2(267%)

First Observation |
B K* i g |

B Ksu”u
combined

O 1l o 1

520 5225 525 5275  5.30
2
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Conclusions

« Large CPV in B decays!

sin2¢g, = 0.99 #0.14 +0.06

e 14 First Observations mainly on Rare B Decays
e ~80fb-1 by Summer 2002 !

Precision measurements of sin2¢1

Vub, @2 to constrain the Triangle
Mixing-induced CPV in penguin diagrams
Search for direct CPV
 Moreraredecays

Exciting new results in the near future'!
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