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Introduction

* Rare B decays can be described by various tree and
penguin diagrams
* They are useful to determine the CKM unitarity

triangle
* Search for CP violation and probe new physics
B—>nn
. W y B—>pom
T b—WC P C

b u b

b b
> mDE
B— DK VeV'er B—>J/yYK°
. ZC A B>nm/Kn | g_sp® B—> D“D¥
P b*% s,d PEW r C Other charmless
EW B decays
May/ 17/ Br’s and DCPV results for Quasi two—body B decays

FPCP Philadelohia 2009 AMev Bondar. BINP. Novosibirs]



B Reconstruction

Exclusive B decays are kinematically reconstructed by using two (almost)
independent variables, Mb and AE.

Mb: beam energy constrained B mass.

Mb= [(E,,,) - (Z5,)’ T
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o ~16—40MeV depending on #tracks #n0 #y etc.
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Belle Particle Identification

» Clear K/m separation is essential to distinguish decays.
— DK/Dm

dE/dx (CDC) R AdE/dX ~7 %
TOF (only Barrel) NN AT ~100 ps (r = 125cm )
— Kn/nmn/KK etc.
. Barrel ACC - n=1.010 ~1.028
— K*y/py Endcap ACC | .HH_H.N ?c?nﬁ}?u?é%ogagging)
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BaBar Particle Identification

* DIRC 0, resolution and K-m separation measured in data =
D*— Dtt — (K-n")m" decays
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Continuum suppression

e Separate jet and spherical shape

F w

ete” > qq a1 . " ., e'e > BB

Continuum e BB
« Shape variables:
— Thrust angle:
» The angle between thrust axes of B and other particles

— Super Fox-Wolfram moment or Fisher discriminant
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B — H<’>h: Introduction

e [he BFsfor B — 'K and B — K™ were first found to be
unexpectedly large by CLEO and then confirmed by Belle and BaBar.

e Study of B™ — n /A" and n7™ can help understand the penguin
interfernce between nh — n'h decays.

o [he decay B' — nr' is predicted to have large direct C'/° violation.
(Rosner et al.)

e By studying both rates and '’ asymmetries, one can determine both

the relative strong phases of penguin and tree amplitudes and ¢».
(Chiang & Rosner, hep-ph/0112285)

o Results from CLEQO's search: [PRL 85, 520 (2000)]
B(B—nK*t) <69x107% (22723
B(B—nrt) <57x10° (1.2°73)

o Theory predictions for the BFs are around few <10 ",
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Belle results on B —- nK* / n’K
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BaBar results on K™

e Tree 1s CKM suppressed = bB=psPenguin
Ng,““““““““‘, Ng 7‘\“‘\“‘\“‘\“‘7 50 —r r T 1 r 1 T 1 30 —r r 1 T T T
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B — 1’ h summary

Mode | CLEO BaBar Belle
K+ 8050 +£7| T0£8+5 |77.9752 4+
KO | 89718 49| 42718 4 | 68.07 104+
et | <12 54732408 —

Branching ratios are given in units of 1076

CLEO: PRL 85, 520 (2000)

BaBar: C.Dallapiccola, 9th Heavy Flavor, Sep. 2001
PRL 87, 221802 (2001)

_ Co i iiiii|_4
10
Belle: H.C.Huang, XXXVII Recontres de Moriond, 10 Br
March 2002.
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B — 1 h summary

Mode CLEO BaBar Belle
nK* 264726 + 3.3 (22,1735 £ 3.3 265775 + 3.0
pK* 138752 +1.6] 198783 + 1.7 [165:4§ + 12| | B —=mK*

—4.2

K~ < 6.9 — 53718 +0.6
prt < 5.7 — 54770 +0.6

Branching ratios are given in units of 107

B*—nK"
CLEO: PRL 85, 520 (2000)

BaBar: C.Dallapiccola, 9th Heavy Flavor, Sep. 2001 B H M Tc+

Belle: H.C.Huang, XXXVII Recontres de Moriond,
March 2002.
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B — wh: Introduction

e Study of rare decay B~ — w/hi— will test current /irsrl‘{
models of B decays and could be used to search '*’:‘JN ’
for direct C'P violation B "
e [n 1998, CLEO reported the observation of u ]
B~ — wK ™ decays [PRL 81, 272 (1998)]
e But with new and larger data set, CLEO found b d;s
is larger than w/'~ [PRL 85, 2881 (2000)] \Qu’frw
e BaBar confirms but with smaller B u
wrm branching ratio [PRL 87, 221802 (2001)] - =

I —————————-—-—-
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BaBar result on B*—wm*
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wkt 64758 13 14312403 (< 4)
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wirt 276700 4.0 6.6° " 0.7
wr® —0.0157 - —03+1140.3 (< 3)
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FPCP Philadelohia 2009

Belle results on B — mwh

e Simultaneous unbinned 2D fit to M,. and AFE.

ndd— T o R — ) ]r\—

Fnirie ) SN MV
Futries /X0 Ml

\-\((\\ yield ) Br (x10-%)7 UL

€
Q((b wr 1067270 330 TT% 43770 +£0.5 8.2
wK= 19779400 640 63% 09757 +£10 -
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B — wh summary

Mode CLEO BaBar Belle . . ; WEPYS

wK*| <79 <4 [9.9737+10 B s okt T
wrt | 113733+ 1466520 £0.7| <82 ==

wr? < 9.0 <3 T BO_>(DKOE IR

Branching ratios are given in units of 1076 e

< ' e A B I B
CLEO: PRL 85, 2881 (2000) B'>aon) | 1]

BaBar: C.Dallapiccola, 9th Heavy Flavor, Sep. 2001 & = CLEO

Belle
PRL 87, 221802 (2001) B'»on® Belle

Theory

i i I I T N
-B -5

Belle: H.C.Huang, XXXVII Recontres de Moriond, ° 10 Br
March 2002.
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BaBar results on B—pT

BR(B® — p=(770)nT) = 28.9 £ 5.4+ 4.3-10"° 50 significance
BR(B° — p°(770)7%) < 10.6 - 107°
BR(B° > ntn a%nNR)) < 7.3-107°

* Asymmetry also
measured:

_(p'm)-T(p7")

T T(ptr )+ (o ")
=—0.04+0.18+0.02
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B — P summary

Maode

CLEO

BaBar

Belle

prmT

QT.ET?QI + 4.2

289+54 443

21.57%43 £3.3

,ﬂﬂﬂ'+

104334 + 2.1

8.0F52 £0.7

ﬂﬂ ﬂ_{ll

< 2.0

< 10.6

< 2.3

+_F
(g T

62730 + 1.1

Branching ratios are given in units of 1070

CLEO: PRL 85, 2881 (2000)

BaBar: C.Dallapiccola, 9th Heavy Flavor, Sep. 2001 RO _} aOJ;r n |

Belle: Preliminary
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Belle results on BT —=K Tt

200

180

160

=

AW,

=

o

A -]
S

—
8]
Q

-
et
et

BT
ety
:’1\

s

—
Q
a

LA A
S
St
oo
S
S
S
Sl
AW

:
o
o
o
o

2

b
e
.

s

o
<
<

L]
]
&
£

!
'."-.'
%
%
W

o)
[=]

oEE
e,
o
ot
ot
did
24

'.‘.
o

Events/ (0.0l GeV)
= 1]
[=]

T

XK

L
oy
o
i
s
F o
\\‘“

AR
KR
fallely!
L
s
A
b
Lo o
Lt
b
i) :

£
[=]

b o
S e
R
20 | % T
S M R
Ce tatelet e

5

0.0 0.1
AE (GeV)

May /17
FPCP Philadelohia. 2007

02

0.3

Br’s

Fit components:
e Signal
e Continuum

e BB grneric

463 + 32
2645 + 110
2097 + 95

e Rare Background:

o BT /KT —

(yrta YK T
60 events (fixed)

histogram

o BT = pnt = (nta " )nt:

o B — hh:

and DCP

Ale

results for Quasi tw
ey Bondar BINP. Novc

0—body
yaibirs!

30 events (fixed)

blue histogram

140 events (fixed)
red histogram

B decays



Belle results on B™— K™t
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Belle results on BF—= KT KTK-
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Belle results on BF—= KKK~
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Belle results on quasi two-body decays

Two body mode Efficiency, % Yield, events Significance, ¢ Bgt_ pp+ X Bp_ptp-, 1078

K*o(892)rt 18.9 6013 6.2 12,9758 14t 58
K x(1400)x+ 16.2 58113 4.9 14.575 3113188
p°(TT0)Kt 15.1 9.01}5 0.8 < 12
£.(980) K+ 17.8 42t} 5.0 9.675 3 1 t0%
fx(1300) K+ 16.9 46123 3.9 1aty ittt
$(1020) K * 23.6 12137 7.2 72 e 0
fx(1500) K+ 21.3 14677 12 276132131

I —————————-—-—-
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BaBar results on B—¢ K

. ;Pure Penguin 0K" = CP eigenstate (sin2[3)

Qb . BaBar 1 B(,)ABAR .
3 o + + ‘o o
B u, c,t s S 1B %(I)K > 1B %(')K
S CONS f
K %k g o
m m
- 5 5
a, d @, d 3 . 3
Mode nsig S B( 10—6) Meg (GeV/c?) 5.30 M (Gevic) 5.30
oKt  31.41%7 105 7.77164+0.8 s s
pK°  10.8741 64 81t3l4o08 | BABAR _ | BABAR
9 A “o + + O 6 *
PK** - 45 972417 3 B 20K 3 Boaq)K 0
oK, TATE3 27 128717+32 2 o R
oK, 4.4727 3.6  8.0130+1.3 2 2 |
. : S g [
pK*®  20.873) 7.5  B8T7TTII+11 ¢ s |
pmt 0.9721 0.6 < 1.4 (90% CL) ] f
= Mo (GeV/cZ) 5.30 5.20 Meq (GeV/cz) 5.30
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B — ¢ KO summary

Mode CLEO BaBar Belle . ,
9.0°7" ~ : 14.6T5 + s K+
K+ 5521406 |7.7516 £ 0.8 [ 14.630 4+ 2.0 B> 0K |
KO <123  |81331+0.8|13.0751 + 26
oK | <25 |ortiZriv| — =
GK*0 | 115745418 1R 7425 4 1 — B — oK

Branching ratios are given in units of 1070 < M. 'J N ‘

CLEO: PRL 86, 3718 (2001)

BaBar: C.Dallapiccola, 9th Heavy Flavor, Sep. 2001 B+ % ¢K*0 : Beser
PRL 87, 151801 (2001) - .

Belle: H.C.Huang, XXXVII Recontres de Moriond,
March 2002.
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Motivation: CP violation

« Significant amplitudes for Penguins for most modes
— P& T interference = possible direct CP violation

4 F(E - f )— (B — f) *A@(Ad)=weak(strong) P-T phase diff.
cP = 7
(B — f)+I(B— f) P gy
B 2| P||T |sin Agsin Ad P s Ag=yiB
(PP +|T [ 42| P| T |cosApcosAd bos 77 A7
(p57)
(0,0) (1,0)
— “Pure” Penguin — 0K, K'nt
Negligible direct CP violation in SM = probe new
physics!
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Search for direct CP violation

CLEO: PRL 85, 525 (2000)

BaBar: PRD 65, 051101 (2002)

Belle: H.C.Huang, XXXVII
Recontres de Moriond March 2002

Theory: A.Ali, et al. ,
PRD 59, 014005

BY - nK*¢

: ——]
& |

B"—swm"

B elq)KO

-0.5

-1 -0.75

-025 O

025 0.5

075 1 Acp

May/ 17/
FPCP Philadelohia 2007

Br’s

AMey Bondar BINP Novosibirsk

and DCPV results for Quasi two—body B decays



Conclusion

* The many of new results were provided during last three
years successful operation of B-factories.

» The level of accessible branching fractions is order (3—35)x10°

 First attempts of the search for direct CP violation have been
done. No statistically significant asymmetries in charged
B-meson decays were observed yet.

« New measurements with lager statistics (100 fb ') are
coming.
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