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BELLE

a1 CP violation in B Decays af thes(&'Sy

Indirect: g —, @ — (cch{K K %)

Interference via mixing ~ -

eigenstate

Such that for
 CP=+1 mode @t=At

 Identify b/b @t=0:
flavor tagging

Get CP-dependent oscillation in decay time difference

%(B — for) = sTe 241 + mynepsin2é;sin(AmAt));
+1if B;_g = BY —1if CP odd
Ty — Nlcp =

—1if B;_y= BY +1if CP even
)




CP violation in B Decays at the Y(4S) (coni)

Direct CP: asymmetry of B, B BR's

» B, DOK-, DO K*K™ (5)

» B Kmt, mr, KK (@,,95)

These are rare decays - for CP, first need
» detection in significant numbers

» good PID to separate suppressed from
unsuppressed modes
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I
sele detector I

Charged tracking/vertexing

- SVD: 3-layer DSSD Si us‘rr'ip
- CDC: 50 layers (He-ethane) _
Hadron identification

- CDC: dE/dx

- TOF: time-of-flight Ly
- ACC: Threshold Cerenkov (aer'og
Electron/photon

- ECL: CsT calorimeter
Muon/KL

- KLM: Resistive plate counter/iron
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/@'\Vr
OG/NW e 3.5 GeV By = 0.425

e ®.

0(E*peam) = 2.6 MeV
IP size = 77um(x) x 2.0um(y) x 4.0mm(z)
Loax = 2.0 X 1033 cm2s! (design: 1x1034)
Data (6/1999-7/2000)
et = 6.2 foI@Y(4S), 0.6 fbloff
Ngg= 6.34x10° (preliminary)
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7] Indirect cPv

Results on
» Time-dependent asymmetry
CP tags (¢,)
J/LDKS L|J'KS Xc1 KS J/l.lJTTO \T/l-lJKL
I Lo L ! !
(- e M omte J/Qy TrtTe O e
om0 J/ymne

+ flavor tag (lepton, K)
» observation of J/WK,(1270)
* polarization of J/YK*
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Indirect CPV

t=0 !

Concept

v4s), B, |

€ e Bzé :
Experimental considerations

*True CP asymmetry (A) in signal (S) diluted by

backlgr'ound (B), wrong flavor tag (w), vertex
resolution (d.,.)

*Parametrized by dilution factor (D):
D — (1—2'1U)dr53

V1+B/S
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flavor tag: e, y, K¢, ...




2000

Inclusive
charmonium

[Ldt = 6.2 fb!

J /L|J /.F/.f 4540+83

CP mOdZS Indirect CPV (cont

D|muons
- Yield: 4540.+ 83.
- Mean 3097.5+ 0.3 MeV/é

I Width: 11.5+ 0.3 MeV/é
1000}

T T N Vv
0 —+—+———+—+—+———————+—
| Dielectrons

- Yield: 4429.+ 94.

1000—Mean 3095.5: 0.4 MeV/é

[ Width: 12.2+ 0.4 MeV/é

500

ol v Ly oy

2.60 2.80 3.00 3.20
Dilepton mass (GeV#

J/P-e‘e 4429+94

3.40

400 ————
I Dileptons

| Yield: 246.+ 47.
Mean 3685.77 (Fixed)

| Width: 13.97 (Fixed)

300
200

100

[T/ /- 246147 |

3.20 340 3.60

Dil Vi
120 e leRON S GeVE

Jy e

| Yield: 232.+ 25.

100}-Mean 589.88+ 0.37 MdV/c? .
Width: 3.15+ 0.36 Me\Wc

80
60
40

0.60
|-TeHTE MI+I— (GeV/CZ)
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PRELIMINARY

Xt~ /9y 404:62

300

200

100

leleId 404+ 62
\ Xq Mean 4116+ 06MeV/c®
Xo Width: 7.0 MeV/c (Fixed) —
} ﬂ X, Yield: 92.+ 34.

X Mean 457.3 MeV/c (leed)
X Width: 7.0 MeV/c® (Fixed) |

0.40
-M,, (GeVId)

0.50 0.60

I+l-y
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DD

SELLE

o EXC'US'VZ {Cg} KS Indirect CPV (conf)

Energy E* ..ng=E* bean=AE=0+(10-50 MeV)
depends on mode (E*,,,.=Vs/2)

Beam-constrained mass L l
F e JP KT
= x 2_n* 2 P o= = JYK)
N\B_’/-E beam ~P~ cand P .
% s X, K
*Cut on AE, plot Mg: S
" F pRELIMINARY 1
| I I R

5.200 5.225 5.250 5.275 5.30C
Beam Constrained Mass (Ge\)/c2
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Candidates T pRemNaRY

+ J/Y: tighter cuts than YK,
1.42<p*<2.00 GeV/c

- K, within 45° of expected  °|
lab direction

Events / 50 MeV/c

O 1 1 1
0.0 0.5

« 1.0 1.5 2.0

» Calculate momentum in Backgrounds 7o (6110
CMS (p*) of B cand, + Mainly "physics":
(assume B at rest in CMS) x

J/QK’, ...

» fit to signal+bg » shapes estimated via MC
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>
] | K Indirect CPV (cont)

BELLE

Exp 5 Run 404 Farm 1 Event 61383
Eher 8.00 Eler 3.50 Sat Dec 11 23z25z51 1999
BELLE TrglD QDetVer O MaglD 0O BField 1,50 DspVer 5.04
K ° Ptot(g 7.9 Etot(gm) 1.4SVD-M O0CDC-M OKLM o
L®

KLM/ECL clusters w/o
track

%

05

>1 KLM superlayers

X

]

Angular resolution: 3°
(1.5° if ECL hit) ! Q

Noes
'/07 @Gﬁ
% XS
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Flavor tagqging smireercoiest

Flavor of other B by tagging

- high-p lepton (p*>1.1 GeV): b-/-, b/*
bk Bk . Lt
- net K charge: b~ K", b-K* - ¢ - <

- (medium-p lepton, soft m)

Significance of CP asymmetry depends on
- tagging efficiency

- wrong-tag fraction w (measured)

14
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D -
Tagging summary. s

[Ldt = 6.2 bt PRELIMINARY
Decay mode # est. bg #

cands tagged
= J/PKs, Ks->m'n’ 70 | 3.4+1.0 40
J/UKs, Ks->n’n® 4 |0.3:0.1 4
P(2S)K,, Y(2S)->I"I 5 | 0.2+0.1 2
P(2S)Ks, W(2S)->J/Yn"n 8 0.6+0.3 3
Xc1Ks 5 0.8:0.4 3
gSit J/ WK, 102 (47.6x4.8| 42
J/yn’® 10 | 0.6:0.3 | 4
Total 204 98
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Z vertices | —
+ Bep: 0,~40 m “tagging side"\primary
use only leptons from J/y
constrained fit fo measured IP
* Biogt 0,785 tm
remaining tracks, excluding K.;
iterate, excluding tracks w. poor x?/n

resalution includes physics (e.g. charm)
0,,~100 tm (MC)
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Fitting
- distribution in At~Az/Byc
- unbinned max. likelihood fit, includes

- signal root distribution (analytic)
- wrong tag fraction (const)

- background: right & wrong tag (MC,
parametrized)

= detector & tagging resolution

(parametrized,evt-by-evt)
7



Wrong tag fraction measuring/fitingiazaeons

Same fit method, but flavor-specific mode
- B D*-/+V, D-/+V + flClVOf' 1'09 (2 separate)
» separate same-, opp-flavor events

» fit o Az: outputs - wrong tag fraction for
BO(w), B-(w*), mixing (Am,), resolution function

Asymmetry due to mixing

Anic = Nz Neme(3) — (1~ 2w)cos(Amast

“effective tagging efficiency" g,¢=(1-2w)?g,,,
.




T09 E‘rag(%) W(%) Eeff(%)

high-p* lepton 14.2:2.1 7.1:45 10.5+2.7
Kaon 27.9+42 19.9+7.0 10.1:+4.9
med-p* lepton
soft m

Total 52.0 21.2

Asymmetry
=

Am4=0.49+0.026 ps-!

(PDG: 0.472+0.017 ps!)

-0.2

-0.4
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0.2 -

Wr‘ong 1'(19 fraction Measuring/fitting AZNCOHIS)

[Ldt = 5.1 fb!

B-D*v
 PRELIINARY

0.0

10.0

5.0
Proper decay time  (ps) 19



At resolution measuring and fitting AZ(conip

Resolution function
* Double Gaussian, parameters calculated event-

by-event, includes effects of
Monte Carlo

[Entries/0.3ps]

[N
o
N

T — T

- detector resolution

- poorly measured tracks
- bias from e.g. charm |
- approximation of At=Az/Byc + P T

=
o
T

» form, params determined by — * 7 ol
- Monte Carlo
- fits for D= K", B D'V lifetimes

Beauty2000, Sept. 13-18, 2000 20



D |
] At resolution Measuring and fittingrAZNEsa

- At used in other measurements, serve as checks
* BO mixing w. dileptons
pRELIMINARY Amy=0.456+0.008:0.030 ps-*
(PDG2000: 0.472+0.017 ps-t) [Ld+=5.1 fb1
* B lifetimes
Reconstructed B + flavor tag vertex
B-. DX semileptonic+hadronic, X modes.
PRELIMINARY To=1.50+0.05:0.07 ps
(PDG2000: 1.548+0.032 ps) [Ldt = 5.1 fb!
pRELIMINARY T.=1.70£0.06+0.11 ps
(PD62000: 1.653:0.028 ps)
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BELLE

D .
Fa>] At resolution measuring

BO mixing w. dileptons
Same sign

- 2 primaries, mixed event

- Primary+2ndary, unmixed & BB~ | eeterreiminay

08 " Dilepton asymmetry 5.1fb *

- Backgrounds T oot 0008 035
Opposite sign

- 2 primaries, unmixed & B*B-
- Primary+2ndary, mixed&unmixed o
- Backgrounds
Asymmetry in signal (2 primaries) ,,|

0O 200 400 600 800 1000 1200 1400 1600 1800 2000

Nopp-Nsame

Nopp*Nsame
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D
o ; o] Results direct cpv cont)

f=

= ~ 2 .
e f - "I
Combmed fl'l' CP=x1 :.h ‘; |
~ ki ' / '
30 T 1.6 N “ I
| 1
2 98 Events S|n2f =40, 45 +0.43 b .‘ o
= : -0.44 F CP=+1 modes ' /
=25 : 12f |\ \ !
g E o ;
- ! ' / ,CP=-1 mpdes
- |\ Combined \ '
20 08 N \
06|
5 | 04F
02f
10 - 0-; -15 -1 -0.5 0 05 1 15 2

sin2 @,

Log-likelihood vs sin2 @

SRELIMINARY
sin2=0.45 943997

0 — -— Il 1 Il 'l L 1l Il 'l
-15 -10 -5 0 5 10 15
(Zep-Ztag)/ DO (0)

fldt = 6.2 fb™! 24




C-D COHSTI"GIHTS on LIHITC(PIT ,) Indirect CRVA(ComyS)

BELLE

0.006

0.004

0.002

0.000

-0.004  -0.002 0.000 0.002 0.004 0.006 0.008 0.010

- |512Vcb| I

Not quite, but...

» still developing additional modes, tagging
methods

= expect much more J./dt in the next year
%



ObserVGTion Of J/LlJ Kl( '2—/0) IndirecisCRVACOiY)

CP eigenstate when K, - K p°
J/ete, 1rr fLdt = 5.3 fb!
+ K,(1270) = Kp - K*rrrmr, K, KOmr*mr
(O. 62<Mm<0 84 Gev/ c2 MKmT<1 38 GeV/ c?)

Events/bin

45, 0*85’

I ] - Wﬁk\ -8.3
Il T 11 ..'.II!-\ | | S mﬁ HHH 1 L1 \IL JL \ \7
8250 5.275

5300 -020 0.00 0.20
a) M, (GeV) all channels b) AE (GeV) all channels
Measure ratios w. B* - J/WK* (B=(9.9+1.0)x10-4):
pRELIMINARY. B(BC - T/yK,°(1270))=(1.4+0.4£0.4)x103

B(B* - J/WK,*(1270))=(1.5+0.4+0.4)x10-3

Beauty2000, Sept. 13-18, 2000
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POIGP'ZG*'O” of J/l.lJ {k Indirect CEV(coriiy)

If helicity = |0,0>, CP=+1 for B J/WK", K*0 - K mO
Reconstruct w. J/W -/, K* - K-, K., KO
176 candidates, fit decay angle distributions
. Helicity frdt = 5.1 bt
[, /r=0.52+0.06+0.04
* Transversity
~|A-|2=0.27+0.11+0.05

Conclude: CP=+1 dominates

PRELIMINARY
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a] Polarization of J/ YK m

Transversity

%dcg‘f@tr — %(1 + COSQQtr)(l — |AJ_|2) + %|Al|28in29tr

0.18
016 | PREUMINARY
0.14 |

012
01
0.08 [
0.06
0.04

0.02
O:\\\\‘\\\\‘\\\\‘\\\\

|
|
|
|
I
|
| COS Bt
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fdt = 5.3 fb!

B DOK- {DO- f.p} sensitive to @;
CKM-suppressed: plot
Ks L ETTT T %

s

..........................................

225
200

K/m likelihood rati
©o o o

PID

..........................................

(14

0—0 . 0.15 0.2
AE (GeV)

SRRUIMINARIA (B~ — DOK-)//2(B-— DOm-)=0.081+0.014:0.011
B(B- - DOK)/5(B - D0m)=0.134°9945+0.015
B(B-— D™K)/A(B - D*1)=0.062:9030+0.013

;

9



Direct CP modes: B

Penguins, CPV, new physucs . PRELIMINARY

Mode Yield Signifi BRx10° ULx10°
-cance (90%CL)

Kt 2567°,4+3.8 4.4 028:004 1749 ,,+034 -
T 9-3+5'7—5.1i2 19 0.28:0.04 0.63+O'39_o.35i0.16 1.65

KK 082l,, - 0.20:0.03 - 0.6
Km 5.77%,,:06 24 013:002 166%,,::024 3.4
KK*  0.0°5,, - 0.11:0.02 - 0.8

Kn® 32.37%,,%%,, 50 031 188%9°,,,+023 -
KOTI'O 5.4+5.7_4'4+1.O_1.1 1.3 0.30 O.33+O°35_o_27io.07 10

o’ 108%,,%,5 39 019 210707 ,,.+025 -
30



Events / 2.5 MeVic
Events / 20 MeV

0 P I Ot S N SO TOUY | A
5.20 5.225 5.25 5.275 5.30 -0.25 -0.125 0.00 0.125 0.25

mB (GeV/d AE (GeV)

M, AE

AFE fit likelihood
contours: K vs Tt
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nimyield

fdt = 5.1 bt

PRELIMINARY

50p
40f
30 —
20 —
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7.5

Events / 2.5 MeVic

O-""I""I'

P B "
5.20 5.225 5.25 5.275 5.30
mB (GeV/d)
5r T T T
af .
sb .

Events / 2.5 MeVic

ol — Ll | i ;I P A\ W
5.20 5.225 5.25 5.275 5.30

mB (GeV/d)
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Events / 20 MeV

Events / 20 MeV

P T ST ITPYRRI ORI BRI P

O I 1
-0.25

-0.125 0.00 0.125

AE (GeV)

0.25

[

O I 1
-0.25

;0.125 0.00 0.125
AE (GeV)

0.25

KO+
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modes
with T°

fdt = 5.3 fb!

PRELIMINARY

i
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LT

\

M,

O L L
5.2 5225 525 5.275 5.3

GeVv/c?
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e Summary/ Pr05pe

Results on
» sin 2¢@;: 6.2 fb!, 98 tagged events
- first observation of B - YK,(1270)
* polarization of YK*: CP=+1 dominates
* Other modes w CP possibilites:
DOK, Km, mm
Next

* More CP modes, flavor tags to be added
» KEKB resumes Oct. 1 w. higher currents

Beauty2000, Sept. 13-18, 2000
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