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Introduction

One of the main subject of the Belle experiment
- Study of CP violation in B decays constraints on the unitarity triangle
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Phenomenology of mixing-induced CP-violation:

['(B°(At) = fep) # T(BY(At) = fep)
At distribution from b - ccs

For ccs transitions og tzzzj
Aep = PUBUAY — fop) — PBYAY — for)
P(BY(At) — fop) + P(BO(At) — fop) £ 02
x —&;sin2¢y sin(AmgAt)
where: At = tcp — tiag % 6 4 2 0 2 4 6 8

At (ps)

need to know whether an event follows P(B°(At) — fcp) or P(B°(At) — fcp)

Flavor tagging



Y(4S) - BcprBtag
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At a certain time "ttag":

q(Bep) = q(Btag)

g: flavor of B-meson

Y(4s)

itag the flavor of assiciated
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- Use the information of charged particles
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secondary lepton

leptons I- |+

primary lepton

Quality of tagging

£: tagging efficiency

W: wrong tag fraction
0w 05

perfect no flavor info.
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Statistical significance in the CP asymmetry measurement

d(Acp) H1/Ve ( €: tagging efficiency)

Acp [1/(1-2w) (w: wrong tag fraction)
Now consider. . €ffective tagging efficiency: e = £(1-2w)?
4 )
all events 4 N\
4 )
\ > 81
£ divide into wi
//v W two classes(bins) £D
tagged events \_ Y, \_ W2 )
Eefr — 6(1 — 2w)2 €;ﬂ — 61(1 . 2’11]1)2 + 62(1 . 2,w2)2
_ e(61(1 — 2'LU1) + 62(1 — 2w2))2 61(1 L 2w1)2 + 62(1 L 2'11]2)2
€1 1 €2 — €
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1—2w)? < ((1-2w)?)

devide events if wl # w2 — obtain larger ges



Divide events into small cells of multidimensional space

4 \ 4 A
o el e e >
e wl multidimensional bins
parameters:
W €2 e.g.) p* 9, pid, Q, ...

prepare lookup table (multi-dimensional binned PDF) using MC
B° MC B° MC

~_ N(B°) - N(ﬁl
- N(B° + N(B9

g: flavor of B (-1 or 1)
r: MC determined flavor reliability
(r~1-2w)
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- classify tracks(A candidates) into 4 categories:

ammTIIIIL tracks  pzzzo=----
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»  slow pion LH
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: P(Muon ID)
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Estimate "qr" for each tracks:
Ny (B?) — Nyt (BO)
Ntrk(BO) + Ntrk:(BO)
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slow pion LH Lambda LH Kaon LH lepton LH
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slow pion LH Lambda LH Kaon LH lepton LH

charge
p*
CcOS Blab

P*miss

charge Aor A charge
p* Mprt p*
cos 6* Bdeflection cos O*

COS Bthrust-trk P(k/T[lD) Mrecoil

P(rve ID) P(electron ID)
P(Muon ID)

output “qgr

w/ Ks event

B? kaons
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slow pion LH LambdaLH Kaon LH lepton LH

charge
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cos 0Blab

P*miss
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» slow pion LH LambdaLH

Track level

charge Aor A s1 charge 5 charge :

* o g e 18lB

P Pt i P s cos Blab =

cos 6* Bdeflection ﬁ cos O* % S S
) Adz ¥ = .

COS Bthrust-trk T P(k/T[lD) Mrecoil S

P(electron ID

P(rie ID)
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event LH

» gnr«(for max. rn)

[1(1+gxr9) — [1(1-gkr)

[1(1+qwr) + [1(1-qwre)

qin (for max. )

Event level

-Combine track-level "gr"
-Estimate "qr" for a event
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Combine output of track-level tagging = ou =

Entries / event /0.1

0.06
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event LH 002 -
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Event-level likelihood (output)

event LH
- N
gnrr(for max. rn) S 014 ¢
Q i
M(1+qxre) — [1(L1-gkre) S o127
[1(1+qgkrk) + [1(1-gkr«) % 01
> -
qirt (for max. r) W 608 [ | ..
0.06

N(B°) — N (B el
o P = — B

d N(BY%) + N(B9%) 0.02 ¢ M

BO like —« - BOlike q.r
4 )

sub devide events into 6 "r" intervals:
0<r<0.25, 0.25<r<0.5, 0.5<r<0.625, 0.625<r<0.75, 0.75<r<0.875, 0.875<r<1.

- measure "w" from data for each regions
|

\/
1. evaluation of the flavor tagging performance

D

\_ 2. application to the sin2¢l analysis )



Use self-tagged samples: D*lv, D(*)m, D*p for "w'" measurement

4 asymmentry (= (1-2w)cos(AmdAt) )
for each "r" region
> 1F > 1F 1
g ' o<r=0.25 £ ' 025<r<05 -
Eos - Eos -
© o ‘W © o[ 0.8 i +
os - o5 - : ——
0 5 10 15 0 5 10 15
At(ps) At(ps) —0.6
> 1F > 1F S ' Fas
£ 1 o.5<r<0.625 £ 1 1 0.625<r<0.75 N
= B = P ] i
0.5 0.5 i
& 7y 04
S oL + S oL i
: —.' l,"
0.5 | | 0.5 * |
0 5 10 15 0 5 10 15 0.2
At(ps) At(ps) I
£ 1 0.75<r<0.875 £ 1 ,0.875sr<1.0 .
EOS = §O5 C O ’l 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1
& 2 0 0.2 04 06 0.8
3+ r 3+
OF oF <r>
0.5 0.5
0 5 10 15 0 10 15
% At(ps) At(ps)

effective tagging efficiency: €= 28.8 + 0.6%




-We developed a flavor tagging algorithm
based on the binned multi-dimensional likelihood method

-We achevied high effective tagging efficiency:
Eeff = 28.8 = 0.6% T — T T ]
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- sin2@ i1s measured with this flavor tagging:

sin2@1 = 0.719+0.074(stat.)£0.035(syst.)
[ K.Abe et al. PRD 66, 092002 (2002) ]
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- This flavor tagging method is also used for "+ o o s 1 35
the recent study of CP violation in B - 1, B - @Ks and so’on.

- Flavor tagging is:
Important technique in the measurement of time dependent CP violation




