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CP.violation in B’B® system

A(t)= [(BO> fop; t)~T(BO> fyp; t)
P T N(BO fp i t) + T(BO> £ t)

=A; cos(Amt)+S; sin(Amt)

Standard model predictions

b->ccs b-ced b-sss  b-uud
example JAyKs JAym 0 OKs T

small

sin2¢, sin2¢, sin2¢, "sin2¢.,'

Note: A.Z0 = [(B->f)ZT(B->f) = direct CP violation.




The @’s and CKM matrix

CKM quark mixing matrix
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Principle of the measurement

f -
e [(B—=>f.p;t ) can be measured.

Reconstruct Tag flavor of E'etf“re iist::ce Fit At distr. with
B decays into the other B © i een the two expected shape
CP eigenstates Vertices




1/N+dN/d(At)

Previous result of Sin2o,

(Belle, Feb. 2002, hep-ex/0205020)

+ q§=+1
0 qu:_l
. 1550 events

»41.8 fb!
» 6 b—=>ccs decay modes

(B=J/yKs, JIYK, etc.)
> S..s = SIN2Q,

=0.82+0.12=£0.05

+0.08
» [Aeesl = 1.01 57 (Stat.)

l.e., A, IS consistent
with O.




KEKB Collider

8 GeV € +3.5GeV e
Wen=m(Y(4s))

3 km circumference

*+11 mrad crossing angle




Luminosity
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<> Belle Detect()r

BELLE

Aerogel Cherenkov cnt.
n=1.015~1.030

SC solenoid

- 3.5GeV €"

TOF counter
8GeV e

a:_,‘ ; H .

A | VIX. N\ U/ K, detection
" S vt?. det. é#__ L
3 lyr. DSSD 14/15 lyr. RPC+Fe



Detector performance

Vertex measurement K/1t separation

Impact parameter resolution dE/dx (o = 6.9%)

= 55um for 1GeV/c normal trk. TOF (o0 =95 ps)

—100um vertex resolution in z Aerogel Cerenkov counter

Tracking system = Efficiency~90%,

(Opc/Py)? Fake rate~6% up to 3.5GeV/c
= (0.19p, )>+(0.34)? (%?)

K, and p* detection
u* efficiency > 90%
(< 2% fake at p > 1 GeV/c)

EM calorimetry

0-/E~1.8% @ Ey=1 GeV

et efficiency > 90%
(~0.3%fake at p>1 GeV/c)




Sub decay modes
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II ] S
I”H CP eigenstates (b —= ccs) (L dt=178 b

B~ CP #evts. S/(S+N)

JAyKs (Ks=m+n—) odd 1285 0.98

— Sum JAyK s (Ks—10n0) odd 188  0.82
i I K ()
re—= I K (T010)

Ww(2S)Ks (y(2S)~117) odd 91 0.96
W(2S)Ks (y(2S)=>n+n—JAp) odd 0.91

%o1Ks (Le1=1Ap) odd 0.96

400

n.Ks (,~KsKn) odd 0.65

n.Ks m,~K'K=0) odd 0.73

—
N
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=
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=
N
=
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ncKs(ne~pp) odd 0.94

0 81% even
JAYK*O(K*? >Kg 1 0) 19% odd 101 0.92

total 1996 0.94

JAVK | even 1330 0.63

e

i

- 3 n D bd‘:-;h"‘h—"g_.;_:}}}_:-—_._
"o 5250 5275
Beam Constrained Mass (Gev/cz)

total 3326

2958 events are used in the fit.
BELLE-CONF-0201 (ABS688)




BY — J/WK, reconstruction

Exp 5 RJn 4 Farrn 1 Evamt 91383
ERar ELOD Elr 220 5ot Dec 11 23225251 1990

O Reconstruct J/y— | *1 -

® Find a K_like cluster.

® Assume B-J/yK, and
calculate K, energy.

O See distribution of :

Pe*=| PAMW) +P(K)) |

BELLE-CONF-0201 (ABS688)



B® - J/WK, reconstruction

L dt=78 fbo!

] » pg* ~ 0.35 GeV/c for true
1330 events : JIPK, events.

(63% purity) ] » Background shape is

I estimated by MC, and
its size is determined by
fit.

JIW K, (834 events)
J/¥Y K. XBG, K, detected
J/WY X BG, other

combinatorial BG
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BELLE-CONF-0201 (ABS688)



Flavor tagging - principle

Identify B%/ BO by the charges of the inclusive decay products.

» Inclusive leptons:
= highpl - b - cllEv
= intermed. p | * L s[E

» Inclusive hadrons:
= high p B° - DO-[id, DO~ p*, etc.
= intermed. p K* L & X, o] T
= [ow p TT - DOl

BELLE-CONF-0201 (ABS688)




Flavor tagging — dilution factor

Classify the events into six classes and measure
D = (1-2w) for each. (w : wrong tag prob.)

BOBO - D*|v : reconstruct

(OF-SF) / (OF+SF)

aaaaaaaaaaaaaaaaaa

Efficiency > 99.5%
€. roie = 28.8+0.5%
BELLE-CONF-0201 (ABS688)




Vertexing — lifetime measurement

L dt=78 fbot

BO—>D*rt, D**1r, D**p~,
J/IPKg and J/PK*0

i
ja]

entries / 0.8ps

BO lifetime
1.551+0.018(stat) ps

PGDO02:
1.542+0.016 ps

Time resolution (rms)
1.43 ps




+ X =+1
. 0 gx.=-1
. 2958 events

» 78 fb-1 (85M BB)
» 6 b—>cCs decay modes
(B=J/UKg, J/UK, etc.)

» S, = SIN2@,

0./19£0.07/4=+0.035

> Acesl
=0.950+0.049+0.026

l.e., A, IS consistent
with O.

BELLE-CONF-0201 (ABS688)



Comparison between CP-odd and -even
Raw asymmetry j [ df=78 bl

o o
N N
v 1

CP = -1 sample

Asymmetry

Sin2@,
=0.716%0.083

o

CP = +1 sample
(BO=>J/PK))

Sin2@,
=0.78%£0.17

Asymmetry

BELLE-CONF-0201 (ABS688)



Control sample test

|L dt=78 fb!
Apply the same analysis to non-CP eigenstate sample
to see If “sin2¢,"=0.
— KT
BO—>D** 11 BO- J/PK*

£o.
0]
£
£
>
(7]
<‘.

“S. n2(pl”= HS' n2(pl”: “S. n2(pl”=
0.035=+0.032 —0.021+0.093 0.004=+0.017

BELLE-CONF-0201 (ABS688)




I|||
H” Changes from the previous results

» More data!! (41.8 fbt > 78 fb!)
All data have been reprocessed with consistent
analysis code.
» Better understanding of the detector.
o Better tracking quality.
*- Better SVD alignment.

sin2¢@, with the first 41.8 fb-! data sample: 0.78+0.10
<«<—> 0.82+0.12 (Feb. 02)




Sin2@,

=0.719%+0.074£0.035
Belle July, 2002

PDG2002

(http://pdg.lbl.gov
[2002/kmmixrpp)

+ New Belle result




CPV in b = uud

A #0
e, A J#1 o
l.e. [(BY>1tmm) Z I (BO—=>T1THT)




B reconstruction method

AE=E(B cand.)—Ebeam

Gaussian

My = E boam— P(B cand.)

(all in CM frame)
"ARGUS" function

Gaussian

Smooth backgnd
+ "known" backgnd

0 AE




B> 1t 1t reconstruction
| L dt=41.8 fo!

AE distr. after M, cut

il Signal region:
5.271 <M, < 5.287 GeV/c?

~
O

> |AE| < 0.067 GeV

=

830

*220 N(mt'rr) = 73.5%+13.8 events
)

>

LL

N(K*T) = 28.4+£12.5 events

(@)
1 1 1 1 1

ot 4 e T IR Talk given by K.Suzuki at CP-4
—-0.25 [ -0.12 0.00 0.125 0.25 and BELLE-CONF-0219 (ABS707)

Other rare decaySAE [GeV] for detail of the event selection.




At distribution in BY—=> 110

| L dt=41.8 for

Raw asymmetry
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Signal Yield
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.
-
e

|L dt=41.8 for!

hep-ex/0204002

~ +0.38 +0.16
STUT_ —-1.21 -0.27 -0.13

+0.25
AT[T[: +0.94 -0.31 +0.09

. Asymmetry

o

o

OO O O =20

A #0 indicates Direct CPV
i.e., [(BO=>T1rT) %I (BO->TTT)

A, > 0 with 99.6%CL.
S_ < 0 with 99.6%CL.



Test with B> K71

| L dt=41.8 fo!
Observed asymmetry

N(K+Tr) 289. 5+21 5 events

AE dlstr after MbC cut
KT

107 Other
~ B decays +

- | TUTCfeed across 8 6 -4 2 0 2 4 6 8

At (ps)

] Consistent with null asymmetry

“Syw'=0.15+0.24
AE (GRYD) “A=0.07+0.17

-0.125 0.000 0.250



CPV in b—>sss

In the Standard Model,
S.s = Sin2¢, (b—>ccs)
A =~-0

SSS

B(B°—>n’K®% = 5.8x10~ : anomalously large

New physics contribution ??
Measure its phase.




Talks given by T.Aushev
at CP-3 and by K.F.Chen

B® - n'Ke , 0K and KKK *"*

—TUTC
BO-n'Kq
= TN, PY
=Yy

—TUTC

B> @K

i

52 524 5028 . 524  5.28
M,. (GeV/c?) M,. (GeV/c?)

N(n'Ks)=147.9+14.6 N(pK<)=35.4+2.9

JL at=78 fb

—TUTC
BO->K*KKq
(K*K=Z @)

40 j97% CP=even |

- elgenstate
30}

20}

10:
N
5.2 524 528

M,. (GeV/c?)

N(K*KKg)=94.3+7.3

Talk given by P.Chang at HQ-3
BELLE-CONF-0225 (ABS713)




CPV in b = sss

JL at=78 fb?

Raw asymmetries

B->@Ks B->K*KKs

‘/o \%\ e

S0 2 4 6 8% 4 2 0 2 4 6 8

At (ps) At (ps) At (ps)

+0.05 +0.27

S, = +0.76+0.36 g5 S = ~0.73+0.64%0.18 Sy = ~0.03
— —

Agk = +0.26+022+0.03 Ay =-056:£0.41£0.12 00T OA0E0LL 4008

(-)S <> sin2g, in b—>ccs Uncertainty in CP =% fractions _7

(=0.7190.074:£0.035) w= (3 116)%




CPV.in B® > J/ytP
JL at=78 fb?
J/IPTP is a CP-even eigenstate including b—>ccd transition.

Jyt?

| Raw asymmetry

522 5.24 526 ».28 5.3

M,. (GeV/c?)
: —SJ,W: +0.93+0.490.08




Talk given by S.Nishida at HQ-4

Measurement of B> X I*1~

BELLE-CONF-0258

» FCNC process b—sll was

first measured in B—>KIl by Belle.

(PRL 88, 021801 (2002))

» Inclusive b—sll meas. will be
a model independent probe for
new physics.

Inclusive measurement by “pseudo-
reconstruction” of B—>X_II.

X, @ K* or Kg with 0~4 1t's (0 or 110)

covers ~78% of b—sll.




B=>X |71~ reconstruction

M,.. distr. after AE cut
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| L dt=60 fb!

B-=>J/W(=>I11)X,, W(=>1*17)X,
are removed by m, veto.

Contamination of B—=>X T
(4.5 and 0.2 events in X ,uu
and X.ee, respectively) are
subtracted.
Preliminary
B( B—=>X/I*17)

=(6.1+1.477° )x 10°

for M ;> 0.2 GeV/c?




M, _and M(X,) distributions

1 Mass spectra assumed
1 In MC

Model by A.Ali et al.

o

observed M,
spectrum
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Summary

:~Eelle has accumulated 89.6 fb! data (78 fb on Y{(4S),
85 M BB pairs) at KEKB asymmetric B factory.

m The CPV parameters are measured by the time dependent
analyses of them:

S.=SiN2(,=0.719%0.074+0.025, | .| =0.950%0.046+0.026

_ +0.38 +0.16 . +0.25 ]
Sp-1.217 00, Ag0.9475,+0.09 (41.8 fb),

m Time dependent CPV in b = sss and b - ccd are measured.
m Inclusive b—sl*l- is measured by pseudo-reconstruction:

B(B=>X ') = (6.1+1.413 )x 10




