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Luminosity at the B Factories

Integrated Luminosity(cal)
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Rare Decays, Loops and Penguins

« Flavor changing neutral current (FCNC) processes are
forbidden at tree level = loops make them sensitive to
potential contributions from new physics.

— Radiative penguins, e.g., b — s

T !

u,d
— Electroweak penguins or box dlagrams e.g.,b— 5% b — sur

b - -
il
— Hadronic penguins, e.g., b — sg:
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Outline

» Radiative penguins: b — s
— Exclusive:
* B— Kn\)~
* B— Koy
* B— K"y
— Inclusive
+ Electroweak penguins: b — s¢1¢~ b — su¥
— Exclusive:
* B— K"
*B— Kvv
— Inclusive
« Hadronic penguins: b — sg,b — sqq
— Exclusive:
e B — K™
* B—1p
" B—1'fo
— Inclusive: B — X, n")
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Radiative Penguins: b — s~

 Extensions of the Standard Model can have
particles that contribute in the loops...

W= H™ X1
? ? X1 5

+ + +

« Search for beyond SM contributions in:

— Branching fractions

* Inclusive measurements =» more experimental uncertainty, smaller
theoretical uncertainties.

* Exclusive measurements =» smaller experimental uncertainty,
larger theoretical uncertainties (hadronic uncertainties).

— CP asymmetries
— Isospin asymmetries
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Exclusive B — K*(892)y

383M BB Yl
PRL 103, 211802 (2009) o
g 400
« Branching fractions: ] Stm———e
B(B® — K*%y) = (4.47+0.10 + 0.16) x 10~° e (Goui
B(Bt — K*y) = (4224 0.14 £ 0.16) x 1075 Zx0. cr
+ CP asymmetry: s _
q LB Ky —T(B—KY) R S
TB—Ky) +T(B—K7) 090201 0 01702 03
Measured: SM: &I
A = -0.003*0.017+0.007 ~104 3z
—0.033 < A < 0.028 (90% CL) £ A
* Isospin asymmetry: Y ote 554(655% sz
A LB — KTy —TB” —K"y) gaof A
" TB =K +TB —K ) 5
Measured: 2

A, = 0.066 + 0.021 =+ 0.022
0.017<A,_<0.116
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b — sv & Right Handed Currents

* In SM, photon polarizations in b — s+ depend on
b flavor:

b ) ) 5TR B : Allowed

.
* **
'S *
0’ “
-
Se

‘0 0.
* L 4
Q‘ .0
* *

7 i L M : suppressedbym_/ m,

* Presence of mixing-induced CP violation would
Indicate the presence of right handed currents and
clear hints of new physics.

— This type of new physics does not require a new phase.

Mar. 3 2010 - La Thuile K. Nishimura - Rare Decays at B Factories



200 —

1500 -

Events / 4 MeV/c?
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Exclusive B — Kny
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465M BB
PRD 79, 011102 (2009)

B(BT - nK"y)=(7.7£1.0£0.4) x 107°
Acp = (—9.075%* £1.4) x 1072
B(B® — nK%) = (71755 +04) x107°
First time dependent CPV search in this mode:
S =—0.18T)52 £0.12
C = —0.327050 +0.07

Similar mode, B" — K2 p"y measured
at Belle w/ 657 M BB [PRL 101, 251601 (2008)]:

S(B° — K2p%) =0.11 £0.33+9:9
C(B° — K%p°) = —0.05 4+ 0.18 + 0.06

In both cases, analyses need improved statistics.
Potentially promising for Super B factories!
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Exclusive B — Kn/'v, B— Kay

>
, 657M BB
B — Kn'vy arXiv: 0810.0804, Submitted to PRD(RC)

B(B — K%/~) <6.4 x107° (90% CL)

Events/(0.06 GeV) o

B(BT — K*ify) = (3.6 £ 1.2+ 0.4) x 1070 "~

[

a
S0
g1or

First evidence w/ 3.3¢ significance

B — Koy

,._: 772M BB
Preliminary, arXiv: 0911.1779

B(BT — ¢Ktvy) =(2.344+0.29 +£0.23) x 107°

524 526 528 5.3 03 -02 01 0 0.1
M, (GeV/c?) AE (GeV)

Events / (0.02 GeV )
Events / ( 0.0025 GeV/c?)

B(B° — ¢K ) = (2.66 +0.60 = 0.32) x 1076 § = % 3
First observation w/ 5.4¢ significance ¢ * g
Time dependent analysis ongoing... £ & = fH i 3
ool Ao A [T AR P
0.3 0.2 -(l.l1A E (Ebev}ﬂﬂ 0.2 0.3 w 5.2 521522 52&5}54(%225??}27 5.26 5.29 5.3
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Inclusive b — sv

the ¥ W EM>1.4 GeVis

Fully inclusive measurement (only

reconstructed):

— Divided into two streams:
« MAIN - without lepton tag
« LT —w/ lepton tag, reduces qq background

— Adata sample of 68 fb! taken below Y (4S) is used to subtract
e* e — gq backgrounds from 605 fb! on-resonance sample.

a3 35

Photon candidates/{0.05 GeV)

3

-
o

-
TT]

on res. - data

scaled off res. - data

subtracted

v v v by by TRl Tl

2 25 3 35 4
E°™* (GeV)
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Left: photon energy

distributions in data for on
resonance, off resonance,
and continuum subtracted

samples.

Right: photon energy
signal / background
distributions. 7 and n
backgrounds dominate

/O

1.26 GeV <

=g 657\ BB

BELLE

¢

PRL 103, 241801 (2009)/1

E <2.20 GeV

Y
Bsi
/87 \XS>

107

— woyy

vy
—— Other decays
—— Beam bkgd
Mis-ID e
Mis-1D hadron

10!
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Inclusive b — sv

<——> : control regions (no yield expected) SEES RAAS UL LRSS LRSI
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Photons / 50 MeV

« Untagged and tagged spectra are  soo

combined:
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[
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— Corrected for selection efficiency.

— Including statistical correlations
between tagged/untagged spectra.

=g 657M BB

Sy PRL 103, 241801 (2009)
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B(B — X,v) = (3.45+0.15 4 0.40) x 1074
1.7 GeV < E, <28 GeV
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Inclusive b — sv

min
EY

Cleo incl (01) H_._H 2.0GeV

oy =4 657M BB
BELLE PRL 103, 241801 (2009)

Belle semi-incl. (01) |_*_‘_H 2.2 GeV

B(B — Xsv) = (3.45 £ 0.15 4 0.40) X 107 | susarsemicinct 09 | | ju. | LoGer
1.7 GeV < E, <28 GeV

BaBar incl (06) |_|_._|_| 1.9GeV

. . . BaBar had. tag (08) l_'—.—'_l 1.9GeV
Consistent with NNLO SM calculations

[Misiak et al., PRL 98, 022002 (2007)]:
[ Bsni(B — Xoy: E, > 1.6GeV) =

(3.154£0.23) x 1074

Naive average 3.57+0.24

J Belle incl. (09) I__M__I 1.7 GeV

3 35 4 45 5
Br[ 107 ]
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lelts from b — s

B = Xy Ry LEP B =s1v B -Drv K = puv

SOG;. I B N

Cleo incl. (01)
Belle semi-incl (01)
400}

BaBar semi-incl (05)

BaBar incl (06)

MH* [GEV]
L
=
=

200 BaBar had. tag (08)

100} Belle incl (09)

0 [ Naive average
0 10 20 30 40 50 60 70
tang
b — s v measurements can place strong constraints on some
NP models: e.g., type Il two-Higgs doublet models (THDM)

[Ulrich Haisch, arXiv:0805.2141]

3 35 4 45 5

Br[ 107

E min

2.0GeV

2.2GeV

1.9GeV

1.9GeV

1.9 GeV

1.7 GeV

3.57+0.24
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Electroweak Penguins » — st b — suw

t', v ty o

Y

b . b L L S
W 2

 Observables:

— Branching fractions
 Large theoretical form factor uncertainties

— Longitudinal polarization fraction (F,)

dl’ 3 3
— _F; cos® O« + —(1 — Fr)(sin? O 5+
d cos O« 2 L COS VK +4( L)(Sm K)

— Forward backward asymmetry (Agg)

dl’ 3 3
dcosOpr ZFL sin” 5, + g(l — F)(1+ cos® 0pg) + App cos Op
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Branching Fractions for B — K¢/

oy =4 657M BB
BELLE PRL 103, 171801 (2009)

383M BB
PR D73, 092001 (2009)

B(B— K*(t07) = (10.7775£0.9) x 1077 B(B — K*¢*¢7) = (7.8712 £1.1) x 1077
BB — K{t(™) = (48705 +03) x1077 B(B— K{T07)=(34+0.7+£0.2) x 1077

1

a b1
o N * a
- 1R\ K " (a) __ 08
9 D 8 EI III"\_ ‘:9-. D?_
ER & B L) —
= 06| & 0.5p
g F - L 0.4F
E 045 \ -BED.S .................................
e 0.2: I 0-2_
P | S P T U B N 0.1
NU C
N..._ 05— (b) ﬂl 1 1 1 1 1 1 1 1 1 1 1
> : KIl 0.9 b) *
9 0.4: 0.8L K "
o 03— 07
SH: 13251 I
O
3 0.2} S 1&ost _
|5-|5 o1 u ____—%+—___ - O 0.4l_||uuuu|{uuuuuu - I
T Uk T 'Br"gog_

3] T A S T o T - 1

0 25 5 75 10 125 15 17.5 20 22.5 25 0.21-

S 0.1
/ q (Gev ch} D 1 1 1 1 1 1 1 1 1
. i 0 2 4 6 8 10.12 14 16 18 20
. : )/ (') veto regions S
—— : SM expectation w/ min. & max. form factors Lines are SM predictions w/ various form

from[Ali et al. PRD 66, 034002 (2002)] factor models.
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Fi, and Agg for B — K*¢¢

dl’ 3 3
dcosOp~ 2 L COS™ e 4( ) (sin” Orc-) Wrong sign C. 2>
dl’ 3 3 7"

= _Fyp, sin? Oy + g(l — FL)(l + cos? QBg) + App cosfpy

dcosflp, 4
3 657M BB 383M BB
eyl PRL 103, 171801 (2009) PR D79, 031102 (2009)

oL (c) ™ .

05 —s/ -------- o B ] — :C,=C,M
0 : — i i ; —_— C7 = _C7SM
U @ =

0.5 ! g
— o N ] MEe i— G =Cpv
0 2 4 6 8 10 12 14 16 18 20 08F ~ - C,=-CM,

P(GeVIe) e o4l _i_—% 1CsC0=(CoCro)
< = . =

B /¢ (@) veto regions {2 17 :CoCyo = o
—— : SM expectation (C, = C,M) gj: E R S N (S0l
""" : Sign-flipped C; (C; = -C>M) 'O'Bc):' SR e 0 12 | TS ;o
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Inclusive B — X ¢/

« Opposite sign C; would enhance branching fraction of B — X ¢/

=4 657M BB
Preliminary

. Modest form factor uncertainties relative to }'\*) /¢

« Belle update with sum-of-exclusive technique,
, Xo = K+ nm ,n=0-4

4 2001 Belle Preliminary 9 140f % Belle Preliminary
=] C =] -
S 180 {“ + < 120F %
2 160 2
& 140¢ % 100g
8 = 8 .
c 120F S 80
@ c o B
= 100 FA:
80F- 60
60F 401
405 :
AN
T T T O O I T W O A Lol gl AT T T [ W T [ A O B I LA
g.z 5.21 5.22 5.23 5.24 5.25 5.26 5.27 5.28 5.29 5.3 g.z 5.21 5.22 5.23 5.24 5.25 5.26 5.27 5.28 5.29 5.3
M, _ (GeVic?) M, . (GeVic?)
My < 2 GeV 1o, significance 1GeV <My, < 2 GeV3s significance

Large backgrounds:

Combinatorial from continuum & semileptonic B decays
Leakage after J/y and ¢/ vetoes, mis-id in X, ©* 7, other ¥ states, X, lv

Mar. 3 2010 - La Thuile
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Branchlng Fraction for B — X ¥/

BB — X,007)

O o 0.7510°
5 o3 o
E' 5 F g_ 0.6 = (log-scale)
2 % :
= 1) -
I 3 b 50.4 -
x L -B 5 10 15 GZQOV‘Iczizé
T k3 0.3 T
92 - L -
i} : i 0.2
TF 0.1
0'... v wm I NI T P P 0 l
04 06 0.8 1 1.2 1.4 1.6 1.8 2 5 10 15 20 25
Mass(Xs) (GeV/c?) @ (GeVIc)
=4 657M BB
BELLE Preliminary
0.19 —6
B(B — X.¢) = (3.33 £0.807:5,) x 10

*Total branching fraction is for g% > 0.2 (GeV/c2)? &
extrapolated to entire M, region

Standard model prediction [Ali et al. PRD 66, 034002 (2002)]:

BSM(B — ngg)

Mar. 3 2010 - La Thuile

= (4240.7) x 107°

No enhancement =» opposite sign C, is not favored by the inclusive measurement.

Y HFAG
B August 2009
e Belle
—— BABAR
+ KUt —— PDG2008
- Kptp — New Avg.
« Kete
- Kt
Kt +0.76 6
—= v 43 66 SN
- K0+
— K*utp
—e K'ete
- KU
f—a—— sptu”
f— sete”
sfti—
o0 50 10.0
Branching Ratio x 106
18
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Searches for B — Ko

* Previous best upper limits (90% CL):
— BaBar, semileptonic tagging:

- 351M BB

B(B+ — K+V‘7) < 4'5X1O_5 L arxiv: 0911.1988

— Belle, using full hadronic reconstruction of one B:

B(B®* > K'vv) <1.4x107°
B(B° - K°vv) <16x107°

oy =4 535M BB
BELLE PRL 99, 221802 (2007)
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New BaBar B — Kvr w/ semileptonic tagging

« Method:

— Tag one B using D®¢&v (~1% efficiency)
— Look for a lone K (K plots shown, K* in backup)

J

P

459M BB

reliminary

— Multivariate technique (bagged decision tree) to select events

v V [Narsky, arXiv: phyS|cs/0507157v1(2004?]]aI eg

on BaBar
N + L10°e [ Signal MC ‘ ' £ 8 ST TS pa " Preliminary
et B E —— Background MC 2 § T —— B:c?(ground MC rejpminary
+K_( \ \‘\‘ “ ¢ Data K ! E g 5; .___ - — Slgnal MC SO " K -
. R" £ g BN 3
B (tag) 2 .
‘\V’_\ - = ¥ E 3 -
e E E
i DO R NER o T R S S e
n L —— _
o jf i N e -
. 1 Preliminary ———— 3 I :
K- 0o 02 o4 os ao g 10° Poa 095 09  o0e7 o098 089 1
K’ Classifieoutout BDT Output
¢ / B i
— B* - K'v ¥, 90% CL < I B LKy ¥,90%cCL
B(BT — K*up) < 1.3 x 1079 Selesimes — Basar 459 BB
B BO KO _ 5 6 10_5 El gzs:;Iszl:naIBB D Buchalla et al.
.0 X '
r ( — VV) < PRD 63 014015(2001) I PRD 63 014015(2001) | |
0 0.5 1 15 2 25 3 3.5 4 4.5 X 0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6
Branching Fraction Branching Fraction
P +1.2 —6
SM Prediction [Buchalla, PRD 63, 014015 (2001)]: B(B — Kvv) =(3.87;5) x10
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Hadronic Penguins

- (__L| >

<

» Final states with 77 and 71’ particularly
interesting:
— Interference patterns in dominant amplitudes
— Sensitive to flavor singlet contributions

* Branching fractions:
— A history of unexpected or unexpectedly large signals
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Exclusive B — v/ (p, fo, K*(892), K*(1430))

467M BB == K7(892)
Preliminary | | == 0° (Kf)o
fO BaBar Preliminary = - K5(1430)

f 2.5 MeV

S0 MeV

Evenls
Events /

o ST T e | Yk
25 532 32T 528 52
mzq (GeV)

Observation of 7'p™, n’K§(1430)(0’+) | Evidence for n’K*(O’+) !

Mar. 3 2010 - La Thuile K. Nishimura - Rare Decays at B Factories
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Exclusive B — v/ (p, fo, K*(892), K*(1430))

467M BB
Preliminary
BaBar Preliminary
Mode S e [IB: S B B U.L. A
(events) (events) (o) (&) (o) [lD_E} [1'3_6]
n'p" 3715 945 234 175 20 1.5+08+03 2.8 —~
7' fa B8 442 2509 175 05 02f034£01 009 —

' pt 128422 1548 143 175 58 o7tl2411 - 026 +£0174+0.02
WK 40| 31155 +£03] 44 0.02£023+0.02
n Kt 38| 4881008 72 —0.264027+0.02
n(Kmpt 5.6 74N +£06 - —019+0.17+0.02
n'(Kr)nt 20 601373400 93 0.064£0.20 £ 0.02
n' K3 (1430)" 5.4 (187t 1.2 - 0.14 +0.18 £ 0.02
n'K3(1430)+ 72 [280FI5 426 —  015£0.134+0.02

*No significant direct CP asymmetry in any modes.
*Results for 1/ pt generally favor pQCD and QCDF predictions over SCET
*Unexpected enhancements of K,*(1430) over K*(892)
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Events / { 0.002 GeV/c” )

" oy =4 657M BB
InCIUSIVe B — XST] QB,_CLCLED Preliminary, arXiv: 0910.4751

» Sum of exclusive modes: B — X,n (p;™ > 2.0 GeV/c)

5.2 .3
M, (GeVrc?)

----- : combinatorial background

Signal yield (My_> 1.0 GeV/c?) =
749 48 =7

17.60 statistical significance

I ¢%)

o]
=]
=

nts / (0.2 Ge
¥
&
L=
-IIIIIIIIIIIIIIIIIIIIIIIIlIIIIII

[y~
=]
L=

=
ch
=

—

Signal Yield (Eve
L=
L=

n
=

‘ Ls vy
Knm (n <4, n,o <1)

Belle Preliminary o
Black errors — statistical only

Red errors — includes fitting and
background systematics.

B — K*(1430) n
+ ‘ previously

+ observed by BaBar
+ 4

o+
" +

0.5 1 1.5 2 25
is fi in bi Mass (GeV /
M, is fitted in bins of X, mass. X, Mass (GeV / ¢?)
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B — Xn Branching Fraction

= F B — X D anomaly?
) - Black - statistical error only 57, QUD anomaly
; 8 :— Blue - includes systematic errors other than model error d pr
5 — Red - includes systematic and model errors B
7 C_

o L

1= . b

~ 6 [zl Preliminary, arXiv: 0910.4751
¥ ~ ——

= -

= 5

S b —t— o

© [ — [ p

® - < B B(B — Xsm )

L 3 = | BaBar (2004)

£ - 1 S 6 +

£ 2 = i | g
e E —— '—T— ‘ = 0T il

S = IS
m ~ + %’_

u ; =_'_|—.—l 1 I 1 I I 1 I I 1 I I 1 I 1 GjT 21
0.5 1 1.5 2 2.5 , = b
xs (GeV/c) e R e

Belle partial branching fraction for X, mass range 0.4 — 2.6 GeV/c?: m(X) (GeV/c’)

PDG average for

[B(B — X,n)* = (25.5 £ 2.7(stat) £ 1.6(sys) 72>, (model)) X 10_5] BB — X)) :
*assuming JETSET hadronization. (42.0 + 9.0) x 107°

=>» Signals beyond the known K*(892,1430) contributions in both Xs n and Xs ¥ modes
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Conclusion

« Rare B decays provide a valuable tool to test
Standard Model predictions.

* Both Belle and BaBar have accumulated a
large set of data with which to study these

decays...

— We can look forward to many final results using
the entirety of the Belle and BaBar data sets...

— ...but many modes require significantly improved

statistics:

« Super B factories may reveal and elucidate the nature
of new physics!
=> More on SuperKEKB in Bostjan’s talk on Friday.
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[' TRt #I RO ] % B | h’{{]ﬂ{_f- I,r:_:l . E" l hf(a.-:j.: f.:+ f_:l

Al = — —
"7 (7p+ J7po) x B(K®OOFH-) + B(KW=+(-)
= K*II Ny
AL 3;_ Likelihood |curve f_f
i} 2 ET S 715 KII
_ (e) K” j'i-"ﬂ;_ HH Yy
< . g 8 Ny 75% K|
U T ! < 6F “'\;‘ £
ﬂ;? S A
'1 Loga iy 'E_ H"‘HH___K EG
0 E‘- a 0 12 1 16 18 20 Df_i.'"*‘f1.5'““_'1'"'“55 e
q(GeV I A
g’ <8.68 GeV*/¢? g =0.1-7.02GeV* /¢’
AI(K*-CE’):—UZQJ_“EE 003 1406 A (K (()=-056",.4£0.03 27¢
4 a-q.+‘:} &
A(K(0)=-031"1740.05 1756 A (K([)=-1435.%0.05 320

A4(KO00)=-03022£004 2245 4KD0)=-0.647:+0.03 390

A, deviates from zero at low-q? ?
26
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Faview of Radiative angujn Measumments — M. Makao — p. 18

Branching fraction and lepton flavor rafio

® B~ 107 or less
also measured by CDF

=

ol B — K€+ e
3 Rie 0.83+0.17+0.05 1104 +0.07

0:2 —+— —+—= +- 4» (R2M = 0.75 due to photon pole)

EI.1

|:|:|| pliaa g
055 ST T 125 15 178 3 25 2 Inclusive B — X (*{~ are yet to be updated

q(GeVe) (Last results were 152 M (Belle) / 85 M (BaBar))

F__ . o (CDF PRD79.011104(2009), 924 pb)

B Kl - e - @ Diﬁ@f@ﬁTiﬂ| BF

— | sensitive fo Wilson coefficients

Branching Fesesion K (but suffer from form-factor uncertainty)

S 1o ® Lepfon flavor ratfio: sensifive fo
5 B — K- SUSY neutral Higgs at large tan B
£ E-z%’; \ % | R - BB = KOuwyw)
ﬂ;-E:' 04F x+ } N | 3 B(5E — KWeter)
8 02 \ Belle BaBar
. III.E-:
% 0sf Ry 1.03+0.19+0.06 0.9603 +0.05
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CDF B —» K®Wete 924 po)

CDF Collaboration, T. Aaltonen ef al., PRD 79, 011104 (2009)
B(B* - Krutu™)=(59+1.5+04)x 1077
BB - K utu7)=(8.1+3.0+1.0)x 1077
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= 20f . i 2 ! _
3 [ ]8"—=np K Data 3 ol [ ]a%=pp K Data z | []8.—nwrDaim
; ...... Signal region ; | | Signal region ; all Signal region
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B — K*¢*¢~ and Wilson coefficients

® Forward-backward asymmeitry (Agg) and Wilson coefficients

. | (similar to v-Z inter
Aps(?) = —CHE(?) [ Re(CENE; + =Cf T i~
FB(7°) 0% (F ) (Co™)F q* ! | ference at high energy)

® Wilson coefficients 1o identify type of new physics

Cy  for magnetic penguin operator [:5m,5o (1 + ys)bF ]
(size is defermined from b — sy, but signis from b — s£*(7)

Cy, forvector electroweak operator [(bs),_(£0)y]

Cio for axial-vector electroweak operator [(bs),_.(7).]

® Angular distributions o extract FB asymmetries

K* longitudinal polarization F; from kaon angle 6k
2F; cos? Og + 3(1 — F1)(1 — cos? O)
Forward-backward stmme’rry Arpg from lepton angle 6,
—Pr (1 — cos® O¢) + (1 — F1)(1 + cos? 6¢) + App cos 6y

at B-Factories — Mikihiko Nakao — p9
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B — X.*¢~ and Wilson coefficients

(1 _ IFE)E

dT(b — sC*C7) (rxem) Gim? |Vi V|
dg? - \dn 48713

) . .
[(1 +20°) (|CP + |C31) + 4 (1 + —2) G+ 12Re (55" | + co,
i’I '

® Inclusive differential branching fraction is sensitive to Wilson
coefficients (no form factor uncertainties of B — K*(*(~)

® Opposite-sign C> makes the branching fraction larger
(inSM, G < 0and Cy = 0)

® Fully inclusive measurement is not feasible so far,
sum-of-exclusive technique has been used by Belle/BaBar
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New BaBar B — Kvv W/ semil'eptonic tagging

Method:

— Tag one B using D®¢&v (~1% efficiency)

Look for a lone K

459M BB
Preliminary

— Multivariate technique (bagged decision tree) to select events

v [Narsky, arXiv:physics/0507157v1(2004
v Y [ Y pny B ( ISligzLIRleglion
B+ E :giag:ka;rgﬁdm | | i §
K—* %10“ ¢ Data .1.2
Y(4S) ™ B (tag) TOE M s
, SN 102
::' e’y D T[+ B BaBar ‘.-’ i 107
e >_Z oL Preliminary !
v - o oz 04 o6 o8 "
K K' ClassifigputPut
_ £ T ——Data
BBt — Ktvp) <1.3x107°|i* | Backgrauna v
BB - K°vp) <56 x 107° |5 ,_| —— K+
SM Prediction: $ e e
[Buchalla, PRD 63, 014015 (2001)]: * —“_T_;.
na e
— +1.2 6 Ra——
B(B —> KVV) — (3. )><10 096 0865 087 0875 08 0985 095 0985 1

—0.6

BDT Output

" [=s==- Signal MC

[0}

Signal Regi%

£10° £
o —— Background MC g
- w
% ¢ Data K = -
o10* S o
i S 103
2 JE— 5
= ['™
=z
107
i [ 10°
[Babar f
. Prelimipary . ... 1| |
0 0.2 0.4 06 Ao 1
k? Classifieoutput
6 T T T T T
g2 b —— Data ‘
sk —=— Background MC
% 50| |{—— signalmMc =
5 K
Q
g, s |-
= -
=z
g
< N 4.
- ] [ i
2_ e
C L — —
- —f— |
- { + + p | i L
L P | | I | I
foz 0.95 0.96 0.97 0.98 0.99 1
BDT Qutput
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Upper limits on B — Kvo

DeC|S|on tree outputs in signal region:

459M BB
Preliminary

K] T T | L w 6
§ 12 I [ — Egé?«ground MC g L ——Data 1 £ | —— Data
i —— Signai MC R i 77 Sl I SR i —= Background MC
T S S— 5 b g 15 | —— Signal MC X 10|
i P Ko |° 3= -
R — = K* E 4f - % K* for .
- —— 5 —— S 2w -
£o e e e e e e & = p*(K*)<1.5 GeV/c
- —— | 1 < L 1 1 10X
4— 2 s S - 7 g — 1
: —— . Lo T f
C . —F— C T 4 10C -
#56 0965 007 0875 098 0985 ‘6.961;3;.,.6#92';"1 o 3 nEAREE e X - ‘ ==
utpu .94 0.95 0.96 0.97 0.98 0.99 1 * — - — - — — * -
BDT Output 0.75 ' 0.8 0.85: 0.9 O.QBSDT Output
Total Branchmg Fraction ULs Partial Branching Fraction ULs
. . .
CL K K" K™ & K" |forp*(k*)<1.5GeV/c | For p*(k*)>1.5 GeV/c
W —_ _[" —_ W _[" -_
90% 1.3 x107° | 5.6x107° | 1.4 x 107" 3.1 x 107? 0.89 x 107°
_ __E _ __E _ KB
95% 1.6 x 107> | 6.7x 107 | 1.7 x 10~° 4.6 x 107° 1.1 x 107
¢t | ¢ I
Dl E— B* - K*v ¥, 90% CL M I B Ky, 90%cCL
¢ ' ~ BaBar 351IMBB — Belle 535M BB
— Belle53sSMBB —— BaBar 459M BE
|:| gzs:;IT:ZTaIBB D Buchalla et al.
PRD 63 014015(2001) . PRD 63 014015(2001) B
e b b e b e e e e b e e b e s by | x10 e e : 1 X1u
0 05 1 15 2 25 3 35 4 45 0 0z o4 06 08 1 1z 14 16

Branching Fraction

SM Prediction [Buchalla, PRD 63, 014015 (2001)]:

— K. Nishimura - Rare Decays at B Factories

Branching Fraction

B(B — Kwv) =(3.

872)x107°
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Modes Iincludingn, iy’

- Br('K) >> Br(nK) S
-- a long-standing issue ;
* Acp(NK)>Acp(MK)? o b — gl . S E

« Input to SU(3)-based calculation for

AS = LSCES‘ o n'K .ok BB — (g, o) (K", =, g
.IHIFMIIIEI'EI
BaBar: 467 M BB g -
+ Acp(B*—1K") _4 |
Aep(B" - nK7)=-036+0.11£0.03 .-..—
» Evidence for three decay modes. -
- -
Br(B" = nK*)=(1.15 13 +0.09)x10°° AT
Br(B" = nw)=(0.94 7 +0.19)x107° I -
Br(B" = n'w)=(1.0175 £0.09)x10° e
o0 =m0 woa 3B

Branching Ratio x 106
*Slide from T. lijima, Lepton-Photon 2009



« Within SM., proceed via W annihilation.
G2mpm? (1 B TT_L?)E

B(B — £ ) fﬂ|i‘[ub| TR

83’;

Helicity suppression Br(B—eV)<Br(B—-UvV)<Br(B—>1TV)

~10-11 ~10-7
Determination of fg|V,,|
Sz =190+13 Mel’  HPQCD, |
’ 0902.1815v2 =) Br,,(rv)=(1.20£0.25)x10~"
V.,|=(4.3240.16+0.29)x107" HFAG
ICHEFOS
Sensitive also to NP (charged Higgs ) 5

*Slide from T. lijima, Lepton-Photon 2009



Branching fraction (104)

» Hadronic tag (449mBB) ~ 1.79 1096 -04¢

+ Semileptonic tag (657MBB) 1.65 '35 032
BaBar

» Hadronic tag (383MBB) 1.8 TS,‘§ i0*4(bkgj +

» Semileptonic tag (459vBB) 1.8 +0.8+01

0]

B : :
3 150 | Semileptonic tag + | _
s | arXlv: 0809.3834 Semileptonic tag
= ann | arxlv: 0809.4027
= = ! ! I ! ! ! I ' | I | ! ! ! =
2 250 S 450E -
7 O awfE I [ =
] — E L E—t— J B
200 S IoF —] S amEe = ; E
5 e . gyl —— =
150 25 z__!_' _z
0 S BABAR ]
100 E 150 . —=
7 10oE- preliminary 3
S0 p- 55%— —%
oy 0.3 64 06 o8 1 i
0f .

*Slide from T. lijima, Lepton-Photon 2009
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Constraint on Charged Higgs

Naive world average

Br(tv)=[1.73+£0.35]x10* &=

Effect of Charged Higgs
W. Hou, Phys. Rev. D48, 2342 (1993)

Br= Br:m XTy

F, ;1 3
[ matan - 1
Py = | 1-—= /

iy
L

my  l+e,tanf )

tan 3 _ Y. SUSY Loop correction
T g=0 for Type-ll ZHDM

Br., (tv)=[1.20+£0.25|x10"

Based on fB from HPQCD and |V | from
HFAG (BLNP, ICHEPOS)

Constraint on charged Higgs

10 T T
Type-ll ZHDM
L] —
] ]
4]
3 l
7 95%CL excluded
E LN
T
200
0 .|1I...I|..I...I...
] 20 40 (il O 1{H} ,9

tan [

*Slide from T. lijima, Lepton-Photon 2009



Comparison to CKM fit

Naive world average

Br(tv)=[1.73+0.35]x10™

Qutput of a CKM fit without including
Br(tv)gnss =| 0.786 503 [x10 7 B>tvin the fit (CKM fitter, ICHEPOS)

: aap A7 -cL
o N T T T | T T T | T T T | T 7T 7T | T T i
m = CEKM fit w/o BRIBE = tv) e
praTa—y == Neasuremeants (WA) 05 . -
r 1 1om
1.0 1T
| | | I | T . __ 8.7
08 z = n 0.6
C T a18 0.5
g 0sf o
| - E 0.4
- | — il —
0.4 F b 0%
0.2 C . 0% : 0.
0.1
q-ﬂ L 1 I 1 I Ll I 11 1 I 1_E I 11 1 I 1 1 L
1.2 i4 1.6 1.6 20 2.2 4 n'o%s.l 1 .{IIE. L Iu.l'.rl i .nln. - .ﬂlEI P 0.
BR(E — o) x 10¢ : - ‘ i
8= m) x sin 20,

The measured Bris 2.4 ¢ higher than the value
predicted by the CKM fit. 10

*Slide from T. lijima, Lepton-Photon 2009



Combined charged Higgs bound from B-factories

1000
- Summer 2009
900
8005 completely covering
P = expected exclusion
N 700 :
T F region by ATLAS
> 600
e 5 - AU 000 O
[ =500 § ATLAS
_g ﬂ & g | EE_;: 2
Z Emuz_ﬂﬁ% excluded 3 : P ;
“from B— X b é 2 2
300 5 2 £
i a0oF! 1 |
200 E 2 ;
- anl
100F WY .
it gﬂ"
% 10 20 30 40 50 60 70 80 90 100 tan

tanp




Time Dependent CPV in B° decays

11" go (A.")
| 5=07
I' BO (Ai) A=0
Acp(Al) e.g. for B2J/ wKs
I 5o (At) — T'go(At) S=—CepSIn2P; = +sSin2¢,
= A~0
I 5o (At) + I'go(Al)
= Ssin AmAt + Acos AmAl (Ecp : CPeigenvalue +1)

Mixing-induced CPV Direct CPV

10
N.B. Time integrated mixing-induced asymmetries vanish



