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A List of Belle contributed papers to ICHEP2000
htip://bsunsrv | kek.jp/confere nces/ichep2000.htmi

9. Observation of Cabibbo suppressed B - D(*)K decays at
I+ Determination of BOd- BOdbar mixing rate from the time Belle (Paper #282)

evolution of dilepton events at the Y(4S) (Paper #284)
10.A Search for the Decay BO - Ds+ pi- (paper #291)

L1. Measurements of exclusive decays BObar - D+l-nubar and
3. Swudies of Radiative B Meson Decays with Belle (Paper #281) BObar - D*+-nubar at Belle (Paper #286)

4. Observation of B-¥psi K1(1270) (Paper #278) .w:“ﬁﬂaaﬁwﬂﬁiiiwa-uﬂ. K*0 and

- 1 E -
Final States with Belle (Paper #289) 13. CP/T Test with Tau Leptons at Belle (Paper #277)

6. A Study of Charmiless Hadronic B decays 1o h pi0 Final 14. Search for the lepton Ravor violating decay tau - | KO
States (Paper #292) (Paper #276)

7. Evidence for the charmless decay B+ - phi K+ at Belle 15. Measurement of K+K- production in two-photon collisions
(Paper #287) with Belle (Paper #288)

u.:nﬂiﬂnsi_ﬂruamﬂ.&ﬂizﬂﬂ_:ﬁs?a 16. Measurement of KsOKs0 production in two-photon
Y(4s) decays (Paper £275) collisions with Belle (Paper #290)

17. Search for CP violation in tau semi-leptonic decay tau+/- -
pi+/- pi0 nu (Paper #283)
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A Measurement of CP Violation in B4 Meson Decays
at Belle

Hiroaki Aihara

University of Tokyo
* Overview
* Event selection of B, — Charmonium+K;/ K,
 Flavor tagging
* Proper decay time difference reconstruction
* Extraction of CP parameter
» Conclusion
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7 KEKB performance

Parameters of KEKB /232000 achieved/Designimoden

LER HER
Horizontal Emittance 18 a0 nm
Beam current 465 (2600) 420 (1100) mA
Number of bunches 1146 (2700)
Bunch current 0.41 (0.96) 0.37 (0.41) mA
| |Bunch spacing 24(1.2 m
Bunch trains 8 (159 bunches each)
Horizontal size st 4P 112 (112) 145 (145) m
¥ \-.r._ N
Vertical size at IP
. 1.7(1.12) 1.7 (1.45) m
4
FRanC T 23(1) 141 %
x/ ¥
il 70/07 70/07 -
beam-beam 0.036 /0.037 | 0.029/0.023
parameters ./ (0.05 /0.05) | (0.05/0.05)
Beam lifetime 130 @465mA | 180 @ 420 mA | min.
Luminosity (Belle CSI) A 204 1032 v cm25-1
Luminosity record
504 -1
per day / per week %0/ ad

Jun-Jul 99 é 3
AT _E

4= EXX)

S w0

-1

6.2 on Y(4S)
Total ._.E_,n@.m fb

+0.6 off
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Vertexing K/r separation

» Silicon Vertex Detector (SVD) e CDC : dE/dx
harged * Aerogel Cherenkov Counter (ACC)
- brack * Time of Flight Counter (TOF)
. o nlv-.m" wa%ﬂm %@ K, and muon detector (KLM)
Pe \ P =\ £8P, )7 (GeV) Resistive plate Counter
Electron and photon
¢ CslElectromagnetic Calorimeter (ECL) /
0¢/E=(1.3®0.07/E®0.8/E" F_. .,_,___”_._ e S

fégggggm’iﬁg&,}%gghig




Overview

* CP violation due to the interference between direct decay
Engwﬁgaogaﬁﬁowg mclv\\.\N

A:Icwo ¢h.L1i~ 1), sin 29, sin Am,1) B° CPecigenstate

r | ~1 for J / K,
Amvlﬁma t.wh,LIIﬂA +$E=~$.w—=b3%v f, = CP cigenvalue of f;, = +1 for J/ yK,
_0-@)__
A= D+2) n,sin2¢, sin Am ¢
* Unitary triangle VisV v %Ea
n .
» “VaV od

ﬁ_ HuﬂlmHA la\hvﬂhu”u
Id\&a\a PDG 2000 : H. Quinn and A L Sanda
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Flow of analysis

Select events which contain CP eigenstates.

Use other B to identify flavor at t=0.

Measure |Az=z, -z, ; Rm_,aiauww“ By =0.425

Extract asymmetry. \: -
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Experimental considerations

True CP asymmetry gets diluted by experimental factors:
B:background,

@:wrong tag fraction = chance of making a mistake
in flavor identification,
d . .dilution due to vertex resolution

ﬁ_luaﬁawﬁiub.\»ﬁ

0sD<s1

Precision of gj 1s inversel rtional to D:
sin 24, L osin2¢, = .~
JS D

Good understanding of Dilution factor is a must to extract asymmetry.
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“Event Selection
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J/yand ¥’ to dileptons

L L] | | _ L] i L ] —
- Dimuons

- Yield: 4540. + 83,

- Mean: 30975+ 0.3 MeV/c

[ Width: 115+ 0.3 MeVic?
1000

___EPWE__
) - L

| Yield: 246.% 47.
Mean: 3685.77 (Fixed)
| Width: 13.97 (Fixed)

|
y 1

| Diclectrons
" Yield: 4429. £ 94,

1000 |- Mean: 30955+ 0.4 MeVic’
[ Width: 122+ 0.4 MeVic’

.m__- IY N SR o | n|— 1L

B}

2.60 2.80 3.00

Dilepton mass (GeVic?)

ug w-g uu B m.la wug
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Vv > Jlynr'n andy, > J/yy

120

Iye'w

" Yield: 232+ 25.
100 |-Mean: 589.88 + 0.37 Mdv/c® 4 3004
Width: 3.15+ 0.36 MeWc’

L] 1 ¥ ﬂll.-. b |

— L L L L] .— L L} L] L] ﬂ T L

[

X Yield: 404. _mﬂ. 4
Ao Mean: 4116+ 0.6 MeVic® -
%, Width: 7.0 MeV/c® (Fixed) —
X Yield: 92.+ 34 .
X, Mean: 457.3 MeV/c” (Fixed) _

B X, Width: 7.0 MeV/c” (Fixed) _
200 -
100 -
I i g s 0 ! | 1 I i 1 1 a2 i 1 1 L
0.50 0.55 0.60 0.65 o7 020 9.3 0% ., B0 0.60
Mypgen. - My (GeVIED Moy~ My, (GeVic)
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A tally of CP events @[ Lar=62 "

Mode P Number of | Estimated
cigowvaiie | candidstes |backgrownds
1 Jig K ix'x) -1 70 34
2 | HwlhiKiz's") -1 4 03
3 | vUTK(=x) -1 5 02
4 |yl )Kixrn) -1 8 0.6
5 | nlviviKisz) -1 5 075
6 |’ + 10 1
total 102 6.25

Eventsi2 MeVich)

H . . ] L] w _. L Lj LI Ll - w W L L] ﬂ ] L S L
— Sum 1—r
=eme Sy KA <
- i==INKisR) 1
20 v K, -
ey K,
s TR
10}

5.200

A h..h._-__
olall .m0, ], m= C2
5.225 5.250

: 5275 5.300
Beam Constrained Mass (Gevic)
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B— J /WK, detection

Two body decay = This reaction
Egﬁwaﬂﬂm&mﬂa@u
measurement of the J/ ¢ .
momentum and the K direction.
Require 1.42< p;,, <2.0GeV/c
Calculate the B momentum in the

center of mass system( P;) to see
if it peaks at ~ 0.340 GeV / ¢

My

i

W

\

( Osaka. Japan
. = T J y Physics. July27-Augusi2, 2000, |
E Conference on High Energy ) >
_§WEE| ==




=

P distribution with the fit

data
—
3.. 102 candidates h
p 48 estimated background-

5 in signal region (0.2 < p, € 0.45GeV / ¢)
> 30 i
2 :
3
=
4
T

Expected shapes were obtained using Monte Carlo simulation.
Noise fraction was floated.
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Flavor tagging
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Kaon ID is provided by :
o(dE | dx) = 6.9%,

TOF resolution = 95ps (rms), and

aerogel Cherenkov counters.

Kaon ID at Belle

-
W- .x“ v W+ \N

e
-

fop— BB —— © .~ 5 g

_ HHHE International Conference on High Energy Physics, .-iwm.w.bnmﬁmﬁ 2000, Osaka, J

3 = -k- ﬁ
Tests using Ly m
kinematicall y reconstructed =

D**— x+DO s
i i £
S _lv__n nt
5 co k ,
foon |
i ——
pros 3 F >0 n')s
2500 &
proes 1
rsoir
m
Wk
Gois e i his OIE BN T

e N

. |




Estimation of wrong tag fraction w

A Measure B° — B° mixing using self-tagging B decay mode B’ - D (D)'v

+tagging of the other B
Unmix - Mi
Asym = - —.n =(1-2w)cos Am At = @
Unmix + Mix
w| Dy wl| DY
g | g hf/..mé-wi
g v m o4 ]
5 £
< o Zoz}| _ |

50 v o
Proper decay time  (ps)

50 ) 1.0
Proper decay time  (ps)

Am, =0.488+0.026 ps™* (Belle Preliminary)

| XXXth International Conference on High Energy Physics, July27-August2, 2000, Osaka, Japan |




Tagging methods

l. High momentum p"21.1GeV/c lepton charge: + = b = B°
2. Kaon charge. Yo, += b= B’
3. Medium momentum lepton charge. p, 206GeV/cnp, +p, 22.0GeV /¢

4. Slow pions from D*: z* — B°

m m.m_ — = —
wQ._Ma.f_ — | * High p leptons
f = Kaons
L » Ehg
| o
20-~
T —pp—
10-~ T  Ye=52%
' - 0
: | Y e(1-20) =22%
n.w. nﬂ.a h-h-..u.,. .-ulr--u m i m“
10 20 30 | eomees @
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Proper time difference reconstruction
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Proper-time difference reconstruction

e Tracks ims SVD % + —”ﬂnﬂ—.ﬁ—g mv@mn—,ﬂ %V gmqm,—ﬁﬂ 3 ram

» ZofCPside=Zof J/3: 0, ~40um(MC)

» Impact parameter resolutions: “.nlwa. =21@ %Nyaﬂ mvmﬁ_

Z of tagging side = vertex of remaining tracks except long-lived particles such as Ks
0, ~ 85um (MC)

0, =104 (ppun*o)um "

* Arinferred from Az: por=8% . 82 4 _100umMC)

B 0.425¢

_|§ International Conference on High Energy Physics, Ewuq-b:mﬁﬂuw 2000, Osaka, Japan _




. by-event vertex error propagated from track error

| detector resolutions (main part), poorl y-measured

At resolution ;

® Resolution function is a double Gaussian (main +
tail) whose usand o s are also functions of even- _L”.

mairices.
* This complexity is to take info account intrinsic

tracks, and bias due to charm contribution and the
Az/ By = Ar @proximation.

® The functional forms and parameters were
determined by MC simulations and by multi-
parameter fit to the data, in particular, D° — K=z
lifetime measurement in z directionand B— D'fy |
lifetime measurement.

Sum of many double Gaussians

MHEFH:E opﬂﬁgwﬂgﬂaugmr gmrwﬂﬁ.

Jnain =0.96; (0,..) ~ 1.11 ps

-0 8 4 2 2 6 8
fur =004; (0,,)~224ps _ mﬂ.ﬂﬂﬂ:.ﬁi_ﬂignﬁ&ﬁﬁw
(O} ~ 1.18 ps
(u) ~~0.19 ps

ggguﬁﬁn_




B lifetime measurements

Validate resolution estimation

B lifetime measurements.

Mode # of signal Lifetime (ps)
B - D v 1740 1.50 + 0.0670.0
B’ - D*tr- 112 1.55H018+0.10
B’ = Dtn 187 14170134 9 o7
B’ - J/uK*° 92 1.5619.22+0.00
Combined - 1.50 £ 0.05+ 0.07 &=
B - J/vKs 55 1547035701
B~ lifetime measurements.
Mode # of signal Lifetime (ps)
B~ — D% 730

1.54 £0.10% ;57

B~ — D%~ 440 1.73 £ 0.10 £ 0.09
B~ = JIYK- 293 1.8y RIRtad
Combined

Bi
- L70:0.06% |5 <=
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| CPfit |
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An unbinned maximum likelihood analysis

* Signal distribution:

.Wn%-nnaﬂmbnv = *mlﬂ—.rlﬂMA'%w“”m +(1- Naﬂn wﬂ.—% sin Nﬁ“ m—ﬂﬁghbhw*w
8° 8 ~
— *+ 3 m (bd)
g —: B(bd)
— T 4o and Am were fixed to PDG2000 numbers: 7, =1.548+0.032 ps
Am, =0.472+0.017 ps™
— Background distribution: lifetime from sidebands : 7,,, =0.73+0.12 ps
* Convolute with event-by-event resolution:
p,(AL) = p,, [ Sig“=*(Ar)R(At ~ A¥)dAY +(1- p,, )| Bkg(ADR(AL - Ar)dAY
Likelihood function : L(sin2¢,) =[] p,(Ar)

i=Ln

Minimize —In L(sin2¢,) by scanning sin2¢, .

_. XXXth International Conference on High Energy Physics, July27-August2, 2000, Osaka, Japan |




Fit to control samples

JK'n)™ JNK*
225 F 45
o | “sin2e,”=-0.094 ne b sin2e”=40215 g
7s b 3 F
- 52 Events 3
15 - l 30
125 | 25
- fzﬁ H.
1 [ (o o, L3 & 0 m
-10 0 10 -10 0 10
Proper decay time difference At (ps) Proper decay time difference At (ps)
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Fit to control samples (2)

D’ B'— D'y
100 60 . : i
£ 373 events
90 o 50
80 e
o
JM...( 30
70  ®
6 m [5]
50 ° 83 02 01 E 0.1 0.2 0.3
o Proper decay length (em) (cAD)
30 g
= fwu - ._n+ - o +0.18
10 o Lu AT:JTI.. sin2¢"= +0.097; ¢
’ -10 — 0 = 10 el ‘
Proper decay time difference At (ps) i : |

" Y T Y
Proper decoy lenath (om)
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CP fit to CP=-1 states

Belle Preliminary
T - ! -_WE _
40 Events 2 | 52 Events +0.44
sin2¢,=+0.49") 23 B sin20,=+0.81 055
: 8
7 12 __
10
m =
.
| |
4 _.l
|
2 |
|
-10 5 ] 5 10 15 15 - 0 10 15
(2 gl PrC . CrzaBe N .
JIyK (") only All CP=-1 modes
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welle pliminary (S /YK, +J 1 ym’)

46 Events
.mm:.M@__HID..@._

+0.87
-0.78
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CP fit to K, sideband
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Combined CP fit |
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Result of CP fit

4 g+ - :

Wrong tag fraction 00495 |-0.0660 |

Resolution for signal 0.0264 |-0.0246

Resolution for background |0.0292  |-0.0421 S =

Background fraction/shape [0.0291 |-0.0323 0.006 AMp, ¥

Ty Am, 0.0054 |-0.0056 i 4.\

IP profile 0.0041 |-0.0000 aoon E o =
0.069% |-0.0884 == X

Belle preliminary

O e T L e B o

_ sVl ——>]

sinf, = 045751 (stat) 20 (sys0)

a la PDG2000
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Conclusion/Prospect _

* We had a very successful 99-00 running period which produced 17

* We have presented a measurement of sin2¢, based on ._.E_, =6.2 fb" on W4S)
collected at KEKB.

We find sin29, =045%5 (st +syst) Befle Prelimine vy
* Other modes including 7/w& (k.x°) 16 events
are in stock. tagged D'D 17 events
JIw K (1270) = J/yK n°n 5 events
(Paper#278)

* More tagging methods in stock.

. %E%Emg%gﬂuﬁﬁ%i:%agiﬁimrﬂ

currents in October and run till summer 2001.
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