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e Still lack of a convincing theory to explain the large
n' K branching fractions.

e B(B" — K" < B(B" —  K") = isospin break?
e No n'm yet.
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B—n'K*n'p

e Small branching fractions of n’ K* and n’p

(x107°)

Mode Belle CLEO BABAR Avg.
32 M 10 M 89 M

Bt - /Kt 7T8E6+9 80T, +£7 76.9+35+44 T8L5
B - n/K°  684+10734+8 897184+ 9 552454440 60.8+5.6

Bt — n/K*t < 90 < 35 < 35
BY — n/K*0 < 20 < 24 <13 <13
Bt — 'zt <7 < 12 < 12 <7
BY — /70 < 5.7 < 5.7
Bt —n/p* < 33 < 33

BY — n'pY <14 <12 <12




Acp (B —n/K*)

¢ No direct CPV is found

e Belle 46M
%: 40 % 40 PIeB 5466,16 (2002)
0702 0 oﬂzﬁ 0 ]
AE (GeV)
BaBar: 0.04 == 0.05 = 0.01 (88 M BB;)
Belle: —0.01 £0.07 =£0.01 (46 M BBi)
CLEO: 0.034+0.124+0.02 (9.7 M BB)
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e Semi-inclusive reconstruction: Xy = 1K + (1 ~ 4)7

e Subtract continuum fraction using off-resonant data.
e B=(62+1.6+13"7) x 107" PREEL 7800990
larger than B(n' K)

e B=(4.64+1.14£0440.5)x 107" New!

e Rising spectrum on recoiled mass.



Inclusive B — 1/’
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e Confirm large BF: B = (6.8 £0.7 = 1.0%52) x 10~

e Also observe the rising M (X,) distributions.
Large yiled at M(X,) > 2.0 GeV/c?

e So far experimental information is still limited.

e Thorough study on the M (X,) spectrum is needed
to help understand B — 7’ decay.
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e Clear Bt — nK ™' /xnt signals observed by both
Belle and BaBar.

e Similar BT — nK* and B™ — nn' decay rates.



B — nh

Expt. # BB (x10°) Fit B(x107°%) UL B(x107°%) Signif. (¢) Signal yield ¢ (%)
B:I: N 777.(.:I:
CLEO 10 1.2123 5.7 0.6 5.7 25.0
BABAR 23 22118 4+ 0.1 5.2 1.5 8.0 15.8
Belle 32 5. 4+2 i + 0.6 — 4.3 15.4 9.5
BABAR 89 4.231)8 +0.3 — 7.0 67.6 16.5
B* - nK*
CLEO 10 2. 2+§§ 6.9 0.8 5.9 24.1
BABAR ()2 23 3.8T1% 4+ 0.2 6.4 3.7 12.9 15.6
Belle 32 5. 3+ 5406 — 4.9 16.9 10.6
BABAR 89 4. 2+1 0 + 0.3 — 6.2 48.7 17.2
BY — nKY
CLEO 10 0.0132 9.3 0.0 0.0 7.0
BABAR 02 23 6.0753 j: 0.4 12.2 3.2 5.7 4.2
BABAR 89 2. 6+0 + 0.2 4.6 3.3 11.2 5.1

Acp(BE — mt) = —0.517920+0.01
Aep(BT —nK*) = —0.327042+£0.01 BaBar



B — nK"~

Mode BaBar Belle CLEO
23 M 32 M 10 M

Bt —nK*t 22175 £33 265705430 264755 +£3.3
B — pK*0  19.8%85 417 1657754+ 1.2 138732 +16
Bt — np™ < 6.8 < 6.2 <15
BY — np° < 9.9 < 10

B(B—n'K)
° B(B—>7777K*) ~ 4

e B(B—nK) > B(B—nK")

)

e No 7)p signal yet!



B — wh

Expt. # BB (x10°) B (x107% UL (x10~%) Signif. (o)
B — wK*
CLEO 10 3.2720 4£0.8 7.9 2.1
BABAR PRL 23 14718 4£0.3 3.3 1.6
Belle PRL 32 92128 +1.0 - 6.0
B* — wrn¥t
CLEO 10 113755408 - 6.2
BABAR PRL 23 6.6"3% +£0.7 - 5.1
Belle PRL 32 42779405 8.1 3.3
BY — wK?"
CLEO 10 10.0755 4+ 1.4 21 3.9
BABAR ICHEP02 62 59717409 - 6.6

Interesting History
e CLEO and BaBar observed BT — wn™ but no wk ™

e Early CLEO saw BT — wK ™ but no wn™

e Belle observed B™ — wK ™ and hints of wn™
Acp(BY — wK) = —0.21 + 0.28 4 0.03

e BaBar observed B — wK" Il



BABAR Update on wh
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e With 89 M BB BaBar observed both wK and wm

e Central value of wK™ larger than the upper limits
ogiven with 23 M BB = statistical fluctuation!!!

B(B" — wK") = (5.0£1.04+0.4) x 107% (New)
B(B" — wK") < 3.3 x107° (0Old)



Belle Update on wh

Belle 8sM

Ng B (X10_6) by
wK* 46173, 6.7°;54+06 7.8
wrt 43110350 59712406 6.0
wK® 1117337 <76 3.2
e 85 M BB T

oy T YT T
e Observe both wK and wr &=

e Now measurements from both experiments
consistent to each other.

e Theoretical challenge to explain %((“;[75)) ~ 1
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B — ¢h
BaBar §g M

hep-ex/
B(BE — K*) = (100792 (stat.) = 0.5 (syst.)) x 10~ e

B(BY — ¢K) = (7.6713 (stat.) £ 0.5(syst.)) x 107°

Aep(B* — ¢K=) = 0.03940.086(stat.) +0.011 (syst.)
CKM- and color-suppressed B(BT — ¢nt) < 0.41 x 1075 (90% CL)
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B — ¢h

Belle 8sM

B(B* — ¢K*) = (9.441.1(stat.) £0.7(syst.)) x 10°°
B(BY — ¢K%) = (9.0722(stat.) £0.7(syst.)) x 10°°
Acp(BT — ¢K*) = 0.01 £ 0.12(stat.) £ 0.05(syst.)
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B — 0K

BaBar §g M
0 L hep-ex/0303020
GK * GK *
2 20— | 2
R R . al
5.200 5.225 mES (SéSeOV/CZ) 5.275 5.300 5.200 5.225 mES (SéSeOV/CZ) 5.275 5.300
Mode B (X10_6) ACP fL
K*t 121721 +15 +40.16+0.17+0.04 0.46+0.12+0.05
1.9

¢K*O

11.1 715 £ 1.1 +0.04+£0.12+£0.02 0.65 £ 0.07 & 0.04
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Angular analysis on ¢ K™

STy, €OS Oy, COS Ok=) 9

A 2 9 T 9 *
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* Belle perform an angular x

analysis to study the
helicity states K-



Angular analysis on ¢ K™
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B — p'K™*, p'p"™™

BaBar §g M

hep-ex/0303020

Mode 5 Etot Nsig B (x1079)

PO KT - 84 - TS £ 14

—KO7rt  21.0 4.8 4447175434 104730417
—K*t7% 109 36 91tk +52 29730418

ppt 1.3 111 97.57352 £12.1 99738 4+25

e B(B" — p'p*") measurements between Belle and
BaBar are not consistent to each other.



B — (oK

e Brand new decay channel: First b — sssss

e b — ss5 decays, B — KKK, ¢K, are sizable
= Understading ss popping

e Possible large DCPV from New Physics

= Interference with n.(— ¢¢)K
M. Hazumi hep-ph/0303089

b ¢ s
2 e ¢ b 5 /¢
Resonance 0 |FCNC
_ (from physics beyond the SM) (I)

S §

e Glueball search in B Physics:
Chua, Hou, Tsai, PLB o2
— B — Glueball(— ¢¢) + K



B — (oK
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e Charmless region: M4 < 2.85 GeV
e Yields: 7.375% with significance of 5.10.

= B(BT — ¢p¢K*) = (2.6, +£0.3) x 107°

e Combining K2 mode, yields: 8.7750 with significance of 5.30

= B(B — ¢¢pK) = (2.3 J_r?):g 4 0.3) x 107° (assumed isospin symmetry)



Summary

e With successful running of B factories, precise and
new measurements on rare decays become available.

e B decays to n,n':
- B(n'K): B(nK*) : B(nK)~16:4:1
— No signals on n"J7/p and o/ K*

— Large enhancement on M (Xg) > 2 GeV
in B—nXg



Summary 11

e B decays to w, ¢:
— B(wK) ~ B(wn) ~ (5 —6) x 107°
Experimantal results finally agree with each other

— Precise measurements on B(B — ¢K ™)
— Both CP-even and CP-odd are sizeable in ¢ K*




Summary 111

e 3 decays to VV:

— First observation of B — p'p" by Belle
B=317+7150 ) x107% I'y/I'~1
BaBar B = (9.975% £2.5) x 107°

— First observation of B — K*"p" by BaBar

e Iirst observation of b — sssss transistion by Belle.

e No Acp, except maybe for BaBar
Acp(nrt) = —0.517922 4+ 0.01



2 Direct C'P Violation

I
= Partial-rate asymmetry
'B— f)—I'(B — f)
2| P||T| sin A¢ sin Ad
" P2 + |T|? + 2|P||T| cos A cos Ad
m Interference between Tree and Penguin diagrams
T'(P) : Amplitude of Tree (Penguin) diagram

ACP p—

A@(AJ) : differences in weak (strong) phases between
Tree and Penguin

m DCPV in B decays has not been observed yet.
m Sensitive to new physics contribution in penguin loop.



