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THE BELLE EXPERIMENT

KEKB:
Csl KLM  TOF

CMS energy @Q Y (45) cDC \ /

5’}/ — 0425 1500 l :‘:'/ /ACC
SVD: SVD = L EFC 17
0z R OOpM 8.0 GeV 3.5 GeV

for 1 GGV/C at 90° e' e — u

CDC:
o,/p ~ 0.35%
at 1 GeV/c
KLM:
€, > 90%, ~ 2% fakes

Magnet: 1.5 T
Superconducting solenoid



B MIXING BASICS
Eigenstates of H*": |By) = p|B%) £ ¢|B%) (with CPT invariance)

Time evolution of pure |B°) state:

[BO(t) >= g, (t)|B°) + %g_(t) B°)

—I't AT
g+ (1)) = c ; [cosh (Tdt) + cos(Amy t)]

In the SM: mixing through second order “box diagrams’:




B MixiNG AT BELLE

e Mixing through second order “box diagrams”

e Y(4S) — BYBY pair = evolves into:

—|At]
— Same Flavour state: PSY = L ¢ 780 [1 — cos(AmyAt)]

— Opposite Flavour state: POY = 1 —e 750 [1 + cos(AmgAt)]

Amg = m(Bg) — m(Br): mass difference between mass eigenstates

e Proper time difference of decays: z separation = At ~ BAjc
_ B 1"
BB) S -
Z - B
- > e +
Az X

e B flavour: from flavour specific decay modes.



DILEPTON ANALYSIS — SELECTION

Selection Criteria and Classification (B — X "1, on each side)

Tags:

Proper time:
“Signal”:
Background:

two fast leptons (1.1 < p* < 2.3 GeV/c)
z separation (“IP constrained fit” for each lepton)

primary leptons from B* (OF) or B° (OF and SF)

— secondary lepton(s)
— fake lepton(s)

Selection Result on 29.4 + 3.0 fb~! (31.9M BB)

Leptons type on-resonance | off-resonance
SF OF SF OF

ee 9877 52141 107 1513

v, 15503 65435 | 1464 4452

el 24458 113305 976 4404

Total 49838 230881 | 2548 10368



DILEPTON ANALYSIS — FITTING PROCEDURE

Signal PDF's: Analytical function * resolution function (from J/1))
B N : b2 ot e 12t/ g+ R(At
t Nyws) - J+-b5 -7 * R(At)

2’7'B_|_

—|At|/T

BY: Nyus) - fo-bg- puom(mix) . e 5% (1 + cos(Amg At)) x R(At)

4TB0

Background PDF's: from Monte Carlo (with corrections)

Experimental parameters:

Signal: 7™ (OF), n"*® (OF), n™* (SF) — fized ratios

Background: e correct tag: egF, elix  eanm — fized ratios
e wrong tag: eérF, ESE ) EOF — fized ratios
e continuum contribution — fized

— Binned maximum likelihood with Amg, fi/ fo, 77+/63F7 77+/€§F




Preliminary!

DILEPTON ANALYSIS — FIT RESULT

BELLE-CONF 0205

Amg = 0.503 £ 0.008 £ 0.009 ps~—*

fi/fo= 1.01+0.03 +0.08

x?/ndf = 139/86

30000 r
— Fit 0
— Signal B
25000 F —_— Signal§+
— BKG B0
20000 f — BKGB WT -
—— Continuum
10000 F
5000 f
0
-2000 -1000 0 1000

Opposite-Sign Dilepton Events

Az =(z+ - ) (Um)

2000

8000

7000 |
6000 |
5000 f
4000 F
3000 f
2000 f
1000 f

Main systematics

Source Amg  fi/fo
TRo /Tp+ +0.005 +0.07
Az resolution +0.005 +0.02
MC stat +0.004 +0.01

MC Az resol. +£0.003 4+0.02

Same-Sign Dilepton Events

—— Fit 0
—— Signal B
—— BKGB'

—— BKGBwT
Continuum 1
Data

0

500 1000 1500
0z = |z, - 2| (um)

2000



DILEPTON ANALYSIS — CPT FiT

Neutral B signal PDF's:
replace “cos(Amg At)” by:
| cos 02 + (1 — | cos 0|?) cos(Amg At) — 2I'm(cos 0) sin(Amg At)
0 complex, C'PT violated if 0 # 7
Fit result:

Amg = 0.503 £ 0.08 ps—! (stat. only)
fi/fo = 1.02+£0.03 (stat. only)

Re(cosf)= 0.00 +0.12 + 0.01
Im(cosf)= 0.03 +0.01 4+ 0.02

BELLE limits on CPT-violation: Preliminary!

Re(cosf)| < 0.197 — <1.20-107* (90% CL)

mBo

Im(cos0)| < 0.059 = [-2%" B¢

BO

< 0.09 (90% CL)




SEMI-LEPTONIC ANALYSIS

Signal: full reconstruction hep-ex/0207045
BELLE-CONF 0203
B — D* Ty
D*~ — D~

D' - Ktn—, Ktr 7% or KT ntn™

2

(Ey — Exp=1)® — |Pg1* — 155+

2| 11PD-/

coslp p+1 =

+ flavour tag on opposite side (multi-dimensional likelihood)

Backgrounds:
Fraction Type Estimation
7.8% fake D* DV side-bands & wrong-sign comb.

2.6% random D*l from cosfp, p;: uncorrelated
74% B — D**lv fit cos QB,D;‘
1.8% continuum from off-resonance data



Entries/0.1

SEMI-LEPTONIC — BACKGROUND FRACTIONS

1400
1200 —
1000 —
800 —
600 —
400 —

200

¢+ Data

m Signal
B Other backgrounds

B D" background

Candidates: 16397 events
of 31.3M BB

Purity: 80.4%

< 1.1

| cos 0B, p+i



SEMI-LEPTONIC — FITTING

Signal PDF:
POF(SF) (At) = e_f;/OTBO [1+ (1 — 2w;) cos(Amyg At))]

[ =1,...,6: classes of flavour-tagging “dilution factors”

Resolution function: double gaussian from untagged At distribution.

Unbinned likelihood fit:

sig

+ 1SR ETCI RO (ALY (fRF 4 R = 1)
k

LYFED = (1= ) [ = fhe) ST D (AL + e PRSP (At)

— simultaneous fit to signal region and D** dominated region of
Amg, w; and bkg. normalisations
10



SEMI-LEPTONIC — FI1T RESULT

0.494 + 0.012 £ 0.015 ps—!
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Number of Events

PARTIAL RECONSTRUCTION

BY — D*_W}L,D*_ — DOW;
= use D" missing mass and “helicity” angle 6}

+ BY — XTI~ v on opposite side (fast lepton)

Lo
1000 |~ + ]
¢ DATA

800 |- — Fit B

— | Candidates: 4889 events
600 of 31.3M BB

o | Signal yield (from fit): 3433481 events
o | Purity: 70%
200 Peaked bkg.:

B — D*~ Ty, D** T
19780 1800 1.820 1.840

D missing mass
12



Entries/170 um

PARTIAL RECONSTRUCTION - RESULT

BELLE-CONF 0204

Amy = 0.505 4+ 0.017 + 0.020 ps~!
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HADRONIC MODES

Full reconstruction of: hep-ex/0207022 (to appear in PLB)
BELLE-CONF 0206
BY - DY (K—natat)n~
D*tr=, p~ (m— ")
D*t — DOt
DV - Kot K ntal, K—ntn—nt

+ flavour tagging ~, 1800
on the opposite side % 1600 |

PN I EMOOQ
— B beam > 1200
M. = \/E;eamz B p732 % 1000E
) 800:

Candidates: 6660 events 6001
of 31.3M BB 400¢

200

Purity: 79%

O 1 1 1 1 1
5.2 5.22

5.24

526 5.28 5.3
M. (GeV/cZ) 14




entries / 0.6 ps
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HADRONIC

MODES - RESULT

5 Amyg = 0.528 + 0.017 £ 0.011 ps—!
3l
2 E
3 BN
-1 ———1—-1’ | | | PR | ..-1--.
15 -10 -5 0 5 10 15
At (ps)
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o
[

o©
~

(NOF_NSF)/(NOF+NSF)
o o
N oW

Hadronic
0.528 +0.017+ 0.011

0
0.1
0.2
N R RT
|At] (ps)

D*|v

0.494 +0.012+ 0.015 ps
0.2 -

Asymmetry
o

o

-0.1

-0.2

-0.3

|At] (ps)

(0S-SS)/(0S+SS)

A(AL)

t  D*mpartial
| 0.505 +0.017+ 0.02Q ds’

0 2(I)0 4(I)0 G(I)O A826((“m])0|00 12I00 14IOO 16IOO
0.8 .

L Dilepton
o7 %, 0.503 +0.008+ 0.009 p
0.61 ’-t _+_
0.5t * |

+ +
0.4F + +
-
o3 S
0'20 5(I)0 1OI00 15I00
AZ (pm)

BELLE SUMMARY

(92

-1

BY(full)/comb
0.528 + 0.017 + 0.011 ps™
(31M BB)

D’Iv/comb
0.494 + 0.012 + 0.015 ps™
(31M BB)

D m(part)/|
0.505 + 0.017 + 0.020 ps™*
(31M BB prd)

I
0.503 + 0.008 + 0.009 ps™*
(32M BB prd)

BELLE average
0.506 + 0.009 ps*

LA

0.480.49 0.5 0.510.520.530.54 0.55

Am (ps'l)
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ALEPH
(3+1prel)
DELPHI
(4+1prel)
L3

(3)

OPAL

(5)

SLD”
(Gprel)
CDF "’
(4+2prel)
BABAR
(2+ 1prel)

BELLE"
(2+2prd)

aver age of above
after adjustments

ARGUS+CLEO
(X4 Mmeasur ements)

world average

’ working group average
without adjustments

WORLD AVERAGE

0.4

0.45

0.5

0.55

Am (ps'l)

0.446+0.020+0.018 ps™
0.519+0.018+0.011 ps™
0.444+0.028+0.028 ps™
0.479+0.018+0.015 ps™
0.507+0.023+0.019 ps™
0.495+0.026+0.025 ps™
0.500+0.008+0.006 ps™

0.506+0.006+0.007 ps™

0.503+0.006 ps*

0.491+0.032 ps*

LEP+SLD+CDF:
0.4984-0.013 ps~1

BaBar-+Belle:
0.503+0.007 ]g)s_1

0503£0006ps™ World: 0.503 + 0.006 ps™?
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