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1. Introduction

many many
decay modes !

~100fb l[year—~10" B mesons/year

_ st ~ Ny~ id \
(B factory Is "pbeautiful”.
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- the Unitarity ﬁ_m:@_m | >Pu

0.9744 (10.1%) 0.2205 (10.8%) 0.003(+25%)
0.204 (+8.3%) 1.01 (£18%) 0.038(+8.2%) :
0.005 —-0.018 <0.56 — 6

I

Vud Vus Vub 1-X72 A AXp-in)
Ved Ved Veb | = A 1 v@m AX
-\ \Vid Vis Vib .5(: P _:v 1

Let’s Overconstrain __ <:U*

:u:ﬁ_om goal of BELLE) —

b VEVirm0— <=Q<=q+<a<a,+<a<% |



— Belle Gonology,

Jun. 1991 Conceptual design of machine and detector
Proposal submitted to Monbusho

Apr. 1994 Construction of the machine and detector began.
Oct. 1998 Completion of the detector construction
Dec. 1998 Machine commissioning without BELLE
May 1999 BELLE roll-in
Jun. 1999 First collision observed.
Jul. 1 - Aug.4 Physics run, 25 pb-' accumulated
RF installation, LINAC upgrade, SVD replacement etc.

Oct. - Dec.99 Physics run L, = 6.0 x10%, Jt.cn_c:ue.ﬂu1
maxILdearday 25 pb’

Jan.00 - now Physics run L =19.2x 10%, [ Ldt = 50 fb",
maxJLdiparday 90 pb’
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Concept of CP Violation in B decays

a guide to the beautiful mechanism

When can you say "I've got GP!" ? CP
or more precisely, what is
"CP-violating particle-antiparticle
partial rate asymmetry ?"

Let’s start with charged B

since it is simpler. H‘ A m._”v .—nv 4........_

Different !



Partial Rate Asymmetry m

N(B*>K® - (B> K1) = 4ITIIPIsin(¢s)sin(s’-s)




First example
B'>Kn and B->Kn’




The rules of the Game

-

B Finda decay mode which has two "decay paths" with different weak phases
( more conveniently, find Vub and/or Vid as the phases). These two amplitudes
should have the similar size.
<—> You need a sizable interference !

B This is not enough. >>>

B These two amplitudes should have
different "Static" phases (which do
not change in the "CP mirror".

Just a reflection about
P axis. Therefore
IT+PI does not change.



Joy of Mixing
(case for neutral B mesons)

Let’s turn to neutral B mesons and apply the E_.,Qm of the game.
Although there is a possibility of having the "direct CP violation"
also in the neutral B decays, | O_U
let’s pay attention to the large |

to a final state "f",
if both "B’ f" and "B > f" are allowed.
This is satisfied if

.\vl/

W|'v
0 ...




The rules of the Game

applied to neutral B mesons
..... > |t is reeeeeeeally promising !

Y

B Find a decay mode which has two "decay paths" with different weak phases
( more conveniently, find Vub and/or Vid as the phases). These two amplitudes
should have the similar size. Vid
t

<-> You need|a sizable interference! b d b =
Speed” of mixing B° mo R0 .\I\.A c JAy
ghem it oS B b d

4 Ks

=1

>N

vid*

These two amplitudes should have
different "Static" phases (which do




"Jhy Ks" Asymmetry

B(t)>=  g+(t)B>+ (a/p)g-(t)|iEks
& = (p/g)g-(1)IB> + g+(OIES
g+(t) = exp(-I'V2)exp(-iMt)cos(3Mt/2)
g-(t) =fexp(-TV2)exp(-Mpsin(GMt2) , [
M= Ag:.?grv\N. mgmﬁgzn—spv g-(0) direction -
g/p=Vtd/Vtd*=exp(-2i¢)
A=<fcplHIB>
=<fcp/HIB>=A




BB produced in a coherent state
at the Y(4S) with C=-1

O
A final remark is required on the real experimental environments.

At the Y'(4S), mixing can start when one of B mesons decays.

Before that the possible state is either IB>IB> or IB>IB> only.

IB>IB> or IB>IB> not allowed.

Therefore at Y(4S), you don’t have to know the absolute time interval

from the production of BB to the time at the decay point (we can’t know it).

Instead you can observe CP violation by tagging the b-flavor of the other

B (flavor tagging) as well as measuring the time difference of two B-decays

(one is JAyKs, the other is b-flavor-taggable mode such as semi-leptonic

decays)

--> Finally the proper-time distribution is --> next



We want to see this !

Relative Decay Rate
o o
W EN

O
N

(t-')/x
time difference (in B-lifetime unit)

D
B

-

A T(Bt)->JAy Ks)
where B’ (0)=B"

A 1@ t)->Jhy Ks)
where B’ (0)=B"

——=—=|How can we measure this ?

-> next section




2. Measurements on the Unitarity Triangle

1) Angle measurements R-+X0Y

FIRVOr ._.NOD_:@ IS SO m:.__uo_\ﬂmzﬁ ! leptons from
m.v —.:@3 _U,__q _IQ_U_HOD _”mm e- or - - \Charm

v =i

B . o

d

UV Kaon ﬁm@ tagging with

. b 777 : 777 ¢ dE/dx, TOF,

K2 PID (DIRC,
U “Aerogel, RICH)




(e

_ CP eigenstate
Avm n and pn

Both B and Bbar can decay into px (flavor nonspecific)

1 — =

: <cwCLLAm TC-

g -
=\ - 3 q._....+<o= need Vub*® in the decay diagram
: d in addition to Vid in mixing.

Vub* Vid

d

Penguin Polution,...
could be solved |
by isospin analysis 0.2 _ 0.2 ). 4

D




Roadmap to CPV in B —» JAy Ks

lIh

eand u ID
s B > INKs _

Good momentum ___—" reconstruction
resolution

x-1 — —» Flavor nﬁmﬁm \

I\u\.\\.\\'
e and p ID

Good vertex
resolution e ———

O.O.Q.Am <ﬂHmﬂH_..=m \

efficiency

Vertexing
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Electron ID

;

For all tracks
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u identification

*u likelihood" distribution p-D efficiency measured with eejp events
5 “ 3 _ T 1 F 3
4 stondard cut volue 7 ©
-4 *ﬂgﬂtﬂu:,—« o
210
£, Mot tracks (red) -
s M .\ 5
m._nu.l . ”” o ”..,.. 'y
m : F.., m_n...._.,_.._ . ‘_.

p. all fracks (black)
WM.C. muon tracks (blue

1a
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Tracking performance

Momentium resolution D* reconstruction

a(m)=0.24MeV

1%

Pt Resol. (%)

1@

a
0138 0MW O0WM2 0744 06 08 0% 0152

Muss Difference (Kpipi-Kpi)
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Events/ 10 MeV/c™ bin

L1000

e
Dimuons
- Yield: 2328. + 69. .
" Mean: 30974+ 0.5 MeV/c’
" Width: 120+ 0.6 MeV/c

L 1 L3 ;5 I ! ] 1

] -

1

Dielectrons
Yield: 2095. +

68.

" Mean: 30949 + 0.6 MeV/c®
© Width: 130+ 0.7 MeV/e

3.00 -
Dilepton mass (GeV/c™)

3,25
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dE/dx meas. by CDC
80% truncated mean
of 50 layers
0.3<P<0.7 GeV
o(dE/dx) = 6.8 %

presprrrrre ey 08 M-@J -0.1 u ﬂJ ﬂ-il ﬂj 03
Kaons 'HdEﬂlHﬂpl I'I:jjf'llﬁﬂi
(selecied by ToF and dE/dx)

unic

Aerogel Cherenkov counter
n=1.010 - 1.03 depending
on 6
N , .= 20.0 for p=1 part.

(with n=1.015)

Shabha e+/e-

PM” Hﬂsh fp - « Hadronic events
Time-of-flight g ¢ : Monte Carlo
measurement E . - p<12 GeV
Srtof = 100 psec g1 A
Track matching eff. N W

= 0% B S} B

Particle mass by TOF ~ (GeV)




Test of n/K separation
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Flavor tagging

Monle Cado ¢ W 7 ()
method efficiency (%) wrong lag prob. (%) effective eff. (%)
electron 6.1 93 50+ 0.03
muon 6.3 94 48+0.03
kaon 299 142 15.1+0.06
total 2486 + 0.07

Test with D* | v evenis

method efficiency (%) wrong tag prob. (%) effeclive eff. (%)
lepton 114+15 0.0+86 114+43
kaon 205126 182+ 64 119+49
lotal 233165




Silicon vertex detector at
KEK B-factory




Requirements

e Primar y Ncﬂ— = proper time difference B t= Piuﬁu
b (A z) affects required luminosity.
IfSA z) ~ om\z m, luminosity penalty is 30%(acceptable).

«—— Index of luminosity penalty

N
<
m 2.5 T ]
4
m
2
w am- -
oiE g
y i E o0t = | | |
Bp) B(tag) YRG0 P2 04 | 0¢ o7 oéua)

decays decays . 50 100 150
OfAz) for 8x3.5GaV (jm)

99/16/Noy Instr'99 . m<= .



double wall Be beam pipe:

,Hm. r=23.5mm, t=0. 5mm

86% angle coverage in C.M. frame M

limits resolubion

DSSD size (mm2) | DSSD/layerinz |[DSSD/layer in r-phi | overlap(%)
30.0 33.5x57.5 2(115mm) 8 97
layer 2 | 45.5 33.5x57.5 3(172.5mm) 10 3.8
layer 3 | 60.5 33.5x57.5 4(230mm) 14 8.7

1) Simple : a single DSSD type saves cost and time.

2) Overlap region : used internal alignment.

3) Acceptance : covers (23<8<140) , but BELLE acceptance is 17<6<150.
> an upgrade issue

99/16/Nov Wnstry9 ® m<= .




System overview

BELLE electronics hut
1. Detector configuration Timing control
2. Sensor and ladder FADRC/DEP and monitor
_ eadout L&

3. Readout electronics

HHEE

640strip(cne lybrid) /ADC-ch

In the BELLE complex s
~20cm

¢ \VI)»
99/16/Nov Instr'99 m



Fig)

readout electronics

» VAI is employed as frontend-chip(see.

» Bias current and shaping time for VA
are controlled and monitored in online.
» Data sparsification is done in FADC

module. (~0.8msec/event )

* VAI(1.2um process)Rad-tolerant up 10 g, mo14

~200kRad —upgrade issue

Differential
line receiver

Buffer

5MHz A-D
conversion
200nsecx640ch

REp

Shaper outpat

(Trigger timing
Shift clock
Output (CH)
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Summary

¢ BELLE started experiment in June 1999, and has accumulated
5.1 fb-'on Y(4s). The experiment goes smoothly.

¢ The detecior shows good performance which is close to the design.

¢ Reconstruction of B — J/y Ks, vertexing and flavor tagging are
successfully done. BELLE is ready to study CP violation and other

B physics.

¢ We hope to accumulate O(10) fb' by the summer 2000 to see
an indication of CPV.



Electroweak decays: b->sY, sl'T

Measurements of b->sy set most v
stringent limits available on b \ s
charged Higgses: O
E L L ALAL _ L] L] .../ LI LI ....H ] | jm_.
s | ] b->sl*l- has additional
m 600] Allowed = handles through
= I ) measurement of dilepton
W_S , invariant mass, F-B
gL i asymmetry, and
E | e ] (conceivably)
200} t —»H*D i polarization (T only)
~C0FID° oy " CDF Dir
. : Search Search-
Lt b i i ._.- i n.dﬂ L - k‘ns
tan 3

T Alexandes  7th Int Conference on Instrumentation for Colliding Beam Physics - 15 November 1999 - Hamamatsu, Japan



“+ Autumn 2000~ Summer 2001 JE33 ~
+r Autumn 2001~ Summer 2002  SE3 S~
& Autumn 2002~ Summer 2003 TE33~
Supermmdmﬁng Crab Cavities will be
instalied in 2003 summer shutdown
7r Autumn 2003~ Summer 2004

By* has already been reduced from 10 mm
to 7 mm-—»
/7 Autumn 2004~ Summer 2005 1.2E34

e

<¢ Autumn 2005~ 14AE34
Beyond 1.4E34
Much current (vacuum, RF, ) X113
Smaller [3* X 1.1
beam-beam parameter, X2
-5 2E34{7)
axi0®* 1)

@ More studies and experiences are
necessary
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5. Baek, T. Geto, Y. Okada amd K. Okumwra
hep-PVMZM-}
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FIG. 2. The ratio of B,-B, and Dq-1; mass SpITTNES Am, Amgy and the magnitude factor

Ay of the time-dependent CP asymmaetry in the B = M, v process as a function of B{r = u+) for

the small mixing case (i)
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