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Measurement of sin 203

(t: decay time in the B rest frame)
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We found: If the tag side is B (BY), the J/¥Kg side
tends to decay later (earlier) than the tag side (— CPV)



CP-side Reconstruction

CP mode &cp  Newt  Npig
UKg(— wtam™) — 457 11.9
U Kg(— w'n?) — 76 9.4
(= 06 )Ks - 39 1.2
U (— Untn)Kg — 46 2.1
Yo K s _ 24 2.4
ne(— KTK-1)Kg  — 23 11.3
ne(— KsK-nH)Ks — — 41 13.6
TK*(— Kgn°) r/— 41 6.7
VK + 569 223

Detection modes

U— e~ (L=e,p)
Kg— mtmn~
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Ne— KTK 7% KgK—nt




Tagging of B Flavor
What distinguish B and BY?
. Leptons (e, u)

e b — £7: high-P lepton.

e b— c— ¢1: low-P lepton.

. Charged kaons. b — ¢ — s(K ™)
. A(—pr™). b—c— s(A)

. Charged pions.

e B — D*)x— etc.: high-P pion.

e b — D*t — DOxt: low-P pion.



Multi-dimentional likelihood tagging
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q = +1 Tag side is BY

q = —1 Tag side is B’ §¢ : CP eigenvalue
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Time-dependent asymmetry
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sin 23 = 0.99 4 0.14(stat) £ 0.06(sys)




Other Modes Useful for 3

g Amp(BY — f)

Observable: )\ =
p Amp(B? — f)

(Bp, = pBY £+ ¢B")

e b — s penguin process.
o pKg(CP—): ImA\ ~ sin 23
pure penguin (short or long-distance)
may be modified by new physics in b — s.




e b — ccd(s) tree process
(b — ccd: some penguin with V)

¢ D™D (CP+) (b — céd): Im\ ~ sin2¢,
e D*TD*: (b — céd): Im)\ ~ sin2¢q
C P-diluted by polarizations (as in J/VK5).

¢ D*tD~ (b — ced), D*)*TD®)~K¢g (b — ces):
ImA ~ 7sin(2¢1 + dstrong)
C P-diluted.
In general, r = |Amp(B? — f)/Amp(B° — f)| # 1,
and the strong phase 6g does not cancel out.



Technique: Full B Reconstruction
(When all B decay products are detected)

(In this talk, all E’s and P’s are in the T4S frame.)

B — fi+ fn

Ep = 5.28 GeV and |Pg| = 0.35 GeV/c are known.
Use energy-momentum conservation:

o Eiot =5 By — AE = Etot — Epeam
(Energy difference)

® Ptot:Z?Pi éMbCE\/Egeam_Ptzot
(beam-constrained mass)



Technique: Continuum Suppression

Most rare modes: background is dominated by
continuum ete™ — ¢g 2-jet events.

Event shape variables: Fox-Wolfram R;, thrust, etc.
continuum: skinny, BB: spherical.

Angle(B candidate axis, axis of the rest)
continuum: aligned, BB: uniform.

Angle(B, beam)

continuum: 1 —|—c0529, B: sin?0.

Fisher: F = x;c;X; (above+4 X, energy flow etc.)
Adjust ¢; to maximize the separation.



B — gbK(*) (21.6 b 1)
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Br(x107°) : 1.127922 +0.14  0.897)3- +£0.10  1.307)% +0.21

Br(B — ¢K*") <1.9x107°> (90%C.L.)
Preliminary



B — DX DM™)(K) (exclusive) (21.6 fu-1)

D*tD*~

oF

75 5.300
Mbc (GeVic?)

Br(x1073%): 1.21 4 0.41 4 0.27

D**D~ 4+ DTD*~ D°D* K+t

__Belle

_Belle

.3 5.200 5.225 5.250 5.275 5.300
Mbc (GeVic?) Mbc (GeVic?)

1.04 £+ 0.38 4+ 0.22 3.2 4+ 0.8+ 0.7
Preliminary



Partial Reconstruction of D*tD—

BO — D*—|—D—’ D*_|_ N Doﬂ'giow Lepton-tag
D~ and w+4.,, back-to-back

No reconstruction of D°. i
@: helicity angle of D*™ decay.
(expect cos?0)

Require cos 0 is 'physical’

Plot cos0p-_ .+

20
15 F

10 F

5 F

TWO Samples: 0-lI I I»OI.BI I I-OI.GI I I-OI.ZtI I I-()I.ZI I .I lI I I-OI.BI I I-OI.GI I I-OI.4I I I-OI.2I = 0
w/ and w/o lepton tag. 0.5 < |cos 6

vtitla

< 1.05 |cosf| < 0.5

Br(B’ — D**D7) + Br(B” — D* D7) = (1.84 £ 0.437):3%) x 107°



Modes useful for ~

BT — DC’PK_

INterference of
B~ - D'K—/B~ — DK~

= |B| ~
= 4] 0.1

~ 10% asymmetry expected.
Depends on strong phase 9.

Eventually extract ~
(No penguin polution)




B~ — DopK™ (29.1 fb1)
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Signal at AE = —49 MeV.
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B~ — DCPK_

Preliminary

CP+

CP—

Acp| A1 = 0291_8%?1 + 0.05
—0.14 < A1 < 0.79

Ay = —0.2270-28 4 0.04
—0.60 < Ay < 0.21

Rcp | Ry = 1.384+£0.38+0.15

Rs = 1.37 + 0.36 + 0.12

_ Br(B* — D;K%*)/Br(B* — D;n¥%)

"~ Br(B% — DVK*)/Br(B* — DOx¥)

(Cabibbo suppression factor ratio, Dop vs DY)

A1 ~ — Ao expected.
[A15A2 = 2rsindsiny = 0.26 4= 0.18 (stat)]

Still consistent with no asymmetry.




B - nn/Kn/KK

Direct CPV by tree-penguin interference.
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Statistically more favorable than DK modes,
but theoretically challenging.

Future: use theoretical expressions (QCD factorization etc.)
for multiple modes and perform fit for ¢s.
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Counts / 2.5 MeV/c?

B — /K~ (10.4 fb—1)
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7+ /K*: assigned the m mass; AE = —44 MeV for K+



Kra=> ntn~
— K77~ mostly penguin.
K- <L nin™

— T~ mostly tree.

tnw0: tree.
K°%r*: penguin.

e K7~ mostly penguin?
e Large penguin in 7w~ 7?
e No signal in KK.

B - an/Kn/KK
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Direct CP Violation in K« (10.4 fb™ 1)

_T(B—J)-T(B—f)
_I‘(B—>f)—|—I‘(B—>f)

cpP

K*nx¥F: assume B° 4 K—nt, B 4 Ktn—
K*nY, K¢n*: self-tagged by charge.

Acp Belle (90%C.L) Ref1 Ref2
+ . . .

K*nF| 0.0447918510-028 —0.25 : 0.37 0.05+0.10  —0.19
+ . . .

K=m?|—0.05910-222+0-055  —0.40 : 0.36 0.06 £0.10 —0.18

Kgm®| 0.09810-330+0-020 —0.53 : 0.82 0.01 £ 0.01 —0.01
Refl: Beneke, Buchalla, Neubert, and Sachrajda, 2001

Ref2: Kuem, Li, and Sanda, 2001

e Kom™ is penguin-dominated — small Ag:p
e 20% error at 10 fb~! — 6% error next year.
e Large uncedrtainties in theoretical predicctions.




CKM Matrix Elements

Technique: Neutrino reconstruction

B — X/v as an example
P,=-xP, P,=(P),B)
(4
(2: all detected particles of the event)

Cuts to improve the resolution:
e no other leptons in the event. e |Qiot| < 1

Consistency cuts (typical):

= E'2 — ﬁg < 2 GeV2 (Emiss = 2Epeam — %Ez)

M1SS

M2

MisSs

2EgEx¢ — M3 — M%,
2| Pg||Px/|

)

|cosbp (x| <1, (cosbp xp) =

Take P, as just another 4-momentum for AE and M,



BY - DT¢—v (10.8 1) (£ = e orp)
dr  G%

Gy = g (mE M) mp (Y’ — 1)%2| Vo | F ()

y =vp-vp (v factor of D in B frame)

Large correlated background (D*/D**¢v)

([ ] Data (D " sideband subtracted} [ ] Data
- Signal MC Fit result (Caprini FF)
_ Correlated background Fit Result (Linear FF)

- Other backgrounds

Fp(1) =1 in the heavy-quark limit — |V|
Need corrections for Fp(1): use Fp(1l) = 0.913 4 0.042



Preliminary (~10 fb™1)

D tv D*t v
|‘/;b|F(1)(X10_2) 3.73 +0.35 £ 0.43 3.62 &+ 0.15 £+ 0.18
F(1) used 0.98 + 0.07 0.913 + 0.042
|‘/cb|(><10_2) 4.06 £ 0.46 + 0.46(40.28) 3.97 4+ 0.16 & 0.20(+£0.19)
Br(%) 2.09 + 0.11 + 0.31 4.77 + 0.38 + 0.40

Br(Y4S — B°B%) = 0.5, 7o = 1.548 £+ 0.032 ps.

Dominant systematics:

1. v reconstruction simulation
2. Slow ©* efficiency (for D*t¢ v)

3. Tracking efficiency

Will hit the systematics limit soon.




BY — ¢ty (21.3 )

5.125 5.15 5175 5.2 5225 5.25 5.275 52.3
GeVl/c
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5.1 5125 515 5175 5.2 5225 525 5275 @.3

GeVic

Br(nm—£Tv)
= (1.28 £+ 0.20 £ 0.26) x 10~4
Preliminary

|Vup| to be extracted.
Requires Fr(1):

HQ limit cannot be used.
— large uncertainty.

Recoil mass analysis under way.



Inclusive B — X/¢1Tv (5.1 fb™1)

Tag a BB event with a lepton
(eor u, P > 1.4 GeV)

Look for a eT on ‘the other side’.

Use the charge correlation to
separate b — ¢~ and b — ¢ — ¢T.

Unfold B%-B° mixing.

dB/dp (0.05 GeV/c) ™

Br = 10.86 &= 0.14 £ 0.47%
|Vs| = 0.040 £ 0.001 =+ 0.004
(ISGW model) Preliminary

Systematics limited. al bhpbibiy
(e detection efficiency) A

p* . (GeVic)



BY - Din— (21.3 1)
(D¢ — ¢t K*OKT, KgK ™)

VUb > DS
o b\ ¢
B |
— T +
d d Tt

Extract |V,;| hopefully soon.

(Need B — & form factor)

Br(D¢n~) < 1.1 x 10~*
Br(D{K™) < 0.7 x 10~4
(Preliminary)

Number of events

1 1 1
-0.20 -0.10 0.00 0.10 0.20 0.30
AE (GeV)



Radiative Charmless Decays

Idea:
M
L(b—dy) _ [Vigl? -

T(b—sy) < Vis X

|Vis| ~ |Veql| (unitarity) — |Vig]

e Large pQCD correction (~ x3) — A good test of pQCD.
e Complete next-to-leading calculation done.
e New physics may enter the loop. (e.g. Higgs replacing W)

e Inclusive b — d~ has a large background from b — s~.
Try exclusive (B — pvy etc.).



Technique: Semi-inclusive Reconstruction
(Continuum suppression for rare inclusive measurements)

B — X v as an example.

Select a candidate ~.

X, =K*%/Kg+nm (1 <n <4, upto one =)
Take all combinations.

Require that AE and M,. of the X,v system
are in the signal region.

Rquire that X, and ~ are back-to-back.

Pick one candidate per event by vertex consistency, or if no charged
tracks, by the back-to-backness of X -~.



B — X v Semi-inclusive (5.8 fb™1)

Events/(5MeV/c?)
5 8

BT(B — XS’Y) — 687 ‘(t‘))‘
(3.36 + 0.53 + 0.4270:29) x 104 0

L@ﬁ

SM theory: (3'28 + 0-33) X 10_4 '1%%2‘I‘f:;_‘_th;.‘2;1‘l‘ 526 528 53

Beam constrained mass (GeV/cZ)

e Triumph of SM and pQCD!

% B
- S0
e Photon spectrum agree with 3 ol m, (GeV/c?)
S a0 - L ™ o
expectation also. 2 b L et B
> C oS o
(Kagan and Neubert, 1999.) " 5,
10 | 4’7
of L
b | _$_ |

- ‘ I ‘ L I ‘ I ‘ L I L1
22 23 24 25 26 27 28
Photon energy (GeV)



events/(2.5MeV/c ?)

events/(100MeV/c ?)

Exclusive B — Xsv (21.3 fb™ 1)
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Exclusive B — Xgv

Preliminary

Br(x107°)
K*0~ | 4.96 + 0.67 £ 0.45
K*t~ |3.89 4+ 0.93 4+ 0.41

K3°(1430)~| 1.26 4 0.66 3= 0.10

K*O0r+tn 5.6+ 1.1+0.9
K+ ply 6.5+ 1.7+ 1.1

A large fraction of Xv inclusive is accounted for.

B — pv is not seen yet (10.4 fb—1):

Br
B8l < 0.19 (90% C.L.)



X 00~

Preliminary MR S ——
> L
Br(x107Y) . ]
N3 b ]
Kptp~ 1.017939 +o0.11 g, *
Kete < 1.2 S 4 ; ]
: |
K*pu™p < 3.0 , 3
K*ete < 5.1 g j :
XspTp < 19.1 ) HH :
Xgsete™ < 10.1 o f”uuur 3
o Bl N3]

52 5225 525 5275 52 5225 525 5275 53

Kutu~ is seen (4.70) M, (Gevic)



Understanding Basic Decay Mechanisms

e Color-suppressed b — cud. (factorization)
e BT — x.0KT. (factorization)

e B — x.X. (factorization)

e BT — ppK™T (baryon in rare modes)

e Some other rare modes



Color-suppressed b — cud Modes

60

[EnY
(&)]

s oo s oo
Br(x10™%) Belle Th.Model

D°7% 13.1+04+05 0.7

DORd | g7Hsis g

D'y 1.470-> 4+ 0.3 0.5 | |

Dy | 2.0t%9+04 1.0 ﬂ

D' | 1.840.5%04 0.7 ofedilhe

D* | 3.1t13+08 1.7 op 87 ]

Consistently larger than the
factorization model (x2-3)

O -

FSI rescattering from DX 7

AE (GeV)



counts/(0.01 GeV)

Bt — XCOK+

Prohibitted in naive factorization: (xo|(¢c)j_4]/0) =0

(P and C conservation. Conserved vector current also is relevant.)

10

Br(Bt — xoK1) = (8.073:7 + 1.0 + 1.1[Br]) x 104
Br(xeoK*)/Br(J/UKT) = 0.77+927 4 0.11

—

-0.1

0
AE (GeV)

0.1

0.2

counts/(0.01 GeV)

Xco — KK ™

Xco — K™K
5 — , — 5 ,
Belle Belle
4 - 4
S
3 . 3 3
-
S
S
3
2 — § 2
3
1 M — 1
0 -H P I O | I | I 0 L
-0.2 -0.1 0 0.1 0.2 -0.2

AE (GeV)

AE (GeV)



Inclusive x.2 Productions
Prohibitted in naive factorization:
(Xe2|(€c)y_4|0) =0
Xci2 — J/ Oy, J/U — £74~

Br(B — X2 X) = (1.22 £ 0.24 £ 0.25) x 1072
Br(B — xa1X) = (3.14 +0.16 £ 0.29) x 102

2000 T | T T T | T

B Xqp Yield: 2270. + 85. ]

X.; Mean: 413.6 MeV/c? (Fixed) T

Xoq Width: 7.2 MeV/c? (Fixed) ]

- T\ Xep Yield: 553. + 67. T

1500 = X.» Mean: 460.0 MeV/c? (Fixed) |

i X, Width: 7.9 MeV/c? (Fixed) |

) ]
>

[«5] | .
=

w 1000 [~ —

2 a i
<

(3] -
>

w i

500 [— —]

0 | | | !
0.20 0.30 0.40 0.50 0.60

M M,,,. (GeV/c?)

I+l-y ~



BT — ppK™T
Baryon production in charmless modes.

BT — ppK™T

Reject charmonia— pp.

Preliminary

nts / (2MeV / cz)

Br(x1079)
ppKt | 4.2+0.8+0.6 3 L
(Mpp < 3.4GeV) T e T
pp < 1.6
AA < 2.3 )
Ap < 2.1
Why not 2-body modes?




mode Br(x107°)
1.2
n' KT 7.9717+£0.9 mode Br(x107°)
0 -|-1
n' K 5.5 16 £ 0.8 Ktn—nT | 5.8540.71 & 0.88
n'mt <7 KTK—Kt | 3.70 +0.39 + 0.44
0 +0.54
nkK* 2.1274 47 £ 0.20 K*¥Oxt+ | 1.6710:37+0.214-0.30
*+ 0.25+0.15+0.41
nkK <4.99 fo(980) K+ | 11774376 125 10
npo < 0.55 K ntnxt < 0.77
npt < 0.68 KtK+tn— < 0.60
K*tw~ [2.60+0.83+0.35| | g+r—7+ < 0.21
_ +0.5140.17
p KT 1.58 0.46—0.30 4th error: model dependence
Ktr—x9| 3567051 + 0.52 (interferences)

—0.20 < Acp(n’K*) < 0.32



Asymmetric B-factory Performances

(Jan 17, 02) PEP2 KEK-B
Lmax(cm—2s~1) | 4.51x10°° 5.49x10°3
| £dt/day (pb—1) 303.4 311.5
[ Ldt (fb~1) 64.7 A7 .4

Each will have ~100fb—! by this summer.
(200fb—! together ~ the original design
for the lifetime of a B-factory)

~500fb—! each by 2006

This success was critically helped by healthy competition where
each learned from mistakes and good ideas of the other.



