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Outline

» Introduction

» Radiative penguin decays:
° Inclusive: b — sv
> Exclusive: B — Kn'y

» Electroweak decays:
> Exclusive: B — K®) gy

» Summary
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Introduction

» b—sy,b— sl

> Flavor changing neutral current (FCNC) processes,
forbidden at tree level = sensitive to new physics.

> For b — s, via radiative penguin:

u,d
- For b — sbl, via Z/~v penguin or W*/W- box
diagram: A
W}f ;’W*

s
4
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Introduction

» Belle detector, KEKB collider @ KEK in
Tsukuba, Japan

Belle Detector
A A 1 Ch k t.
—— SCsolenoid .~ . erose n=1.8f§21.8;0m
7 15T s e
CsI(TI)
16X,
TOVF conter
8 GeV €

-+ 2 Central Drift Chamber
o hsmall cell +He/C,H,

Si vix. det. p /'K, detection
3 Iyr. DSSD

14/15 lyr. RPC+Fe

HER : High Energy Rin

]
LER : Low Energy Ring

» World record peak luminosity:
2.1 x 10%*em 2571
» Total integrated luminosity:
~ 950 bV (750 /o' @x(4S))
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arXiv:0907.1384, subm. to PRL

Inclusive b — s v Reconstruction

» Fully inclusive measurement:
> Only « reconstructed on signal side, E <™ > 1.4 GeV

- Two streams: with lepton from tag side (NEW) and
without

- Lepton tag helps to reduce continuum background

= - /V

1.26 GeV < E < 2.20 GeV \x

>
» Data samples: /

- 605 fb~! on resonance (657M BB pairs)
- 68 fb~! off resonance: 60 MeV below Y(45)
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arXiv:0907.1384, subm. to PRL

b — s v Backgrounds

» Continuum

> Suppressed w/ Fisher discriminants based on
energy-flow and event-shape.

- Remaining continuum subtracted using off-
resonance data:

%‘1062
O fee,
n 1 e e OUN
BB (= CMS ON ([=CMS OFF cmsy S'TF I
= = 000
N (Ey )=N (Ey )—aC N (K Ey ) g e
E 10“;— 60"11
T =
o lumin. ratio, Vs dependence, ~8.8 5 I
C,: efficiency corr.; ,§1°3? on—data
Fe: corr. factor due to lower mean E, in off-data & —
! 10 scaled
-~ off-data
10;
- subtracted
1_1 11 11 [ 11 L1 l 1 1 ;- | 1 | & 1 l 1 L1 1
1.5 2 2.5 3 3.5 4
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arXiv:0907.1384, subm. to PRL

b — s v Backgrounds

» Non-continuum backgrounds:
> v from 79, n (after vetoes)

> Other real y (e.g., from W, J/w, 77’) after vetoing n% n — yy
> Mis-IDed e~ as ~ o

- Other non-v ECL clusters ” o
—— Cther decays
- Beam background 3 — Bosmbkgd
. 1 . Mis-ID e
» Control samples in data: = e 2
cBomX,nX 1% iy
- Used to correct MC shapes/yields 1g "
> DO — K- 7+ 70 1E signal
- Used to study veto efficiencies mé 0, — vy
> Timing information used to =T B decavetEm k.
study/suppress pile-up poerRe |
events (hadronic + Bhabha) s s —

- Beam background studied Dominant remaining bkg.
w/ random triggers. from 7% n — vy
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arXiv:0907.1384, subm. to PRL

b — s v Spectra

» Raw spectra without & with Iepton tags

6000:- 1000

>

4000

:control regions

(no yield expected)

average

- L
. Mm i s ; 0
2000 . 500 SR
400@1—'5.?..;...;5...(W.>_; > > 30000
162044894 124554349 _7454889 202.470  20000]
» Combined spectrum 2 1000
- Corrected for sl
selection efficiency. :
> Properly includes &Aoo 1111
statistical correlations between 200001 =11}
tagged/untagged spectra. soo0f}
14 16
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b — s v Branching Fraction

Belle result [arXiv:0907.1384 (subm. to PRL)]:

B(B — X7, 1.7GeV < E, < 2.8GeV) =
(3.47 +0.15 + 0.40) X 10_4 Belle semi-incl (01) || |~ o | | 2.2GeV
Consistent with NNLO SM calculations

min
EY

Cleo incl (01) H_._H 2.0GeV

[Misiak et al., PRL98, 022002 (2007)]: BaBar semivincl. (05) | || e || —
Bsy(B — Xsv; Ey > 1.6GeV) =

(3.154+0.23) x 104 P @ e+ |10
Places strong o= = = somamen | e .
constraints on o W " B H elalaiug (O ||| L0

some NP models:
e.g., type Il THDM o
[Ulrich Haisch,

arXiv:0805.2141]

Belle incl. (09) l_l_._'__l 1.7 GeV

My [GeV]
L¥S]
(=]
[an]

Naive average 3.57+0.24
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Exclusive b >s~v:B—>Kn'~y

» Not yet observed.

» Exclusive modes useful to check hadronisation
models for B —» X.vy, B—>X.ll

» Sufficient statistics with K¢y would allow search
for time dependent CPV (right-handed currents).

» Reconstruction:

"B Ky » M(Kry) < 3.4 GeV
>t T » Veto DO —» K7+
twv . 1.84 < M(Kn) < 1.89 GeV/c?
» Veto J/y - n'y
mt o - 3.07 < M(17) < 3.12 GeV/c?
— Oy » 2D fit performed on M, ., AE

- Submodes are combined for fitting.
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RN K ,r]/ ,y W/ 605 fb—] To be subm. to PRD (RC) )

Bt— Ktn/~y

Fit components:
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" PO e N =Y e PP N L Fomyr Fug Ta padeep s ajanas) | .:‘-j--._ . Lo
524 526 528 53 o . .
Moc (GeVi) 00 MeEen ™ " % First evidence for

BO— Ky BT > KT 77 v(3.30)

1af 3 New upper limit for
B = Ks il
& al
2f : Partial branching fractions
¥ SR s SRR gses | (for My, < 3.4 GeV/c?).
Mode Yield{events) B(10~"%) S(e) UL{10~%)
Bt — K+n'~y 3264105 3.6+£1.24+04 33 5.6
B — K2n'y 51450 2.5+2-240-2 1.3 6.4




Exclusive b — sll : B = K® |*]-

» Reconstruction in 10 final states:

> B = KO [+]-
*Electron bremsstrahlung photons recovered
_ (w/i 50 mrad cone, 20 < E, <500 MeV)

> ete-
> ptp
—— Ktr, Kot , K0 ) K* ) Ko
» Backgrounds:

> Continuum & semi-leptonic decays: suppressed with
Fisher discriminant based on event-shape, M.

> B — DX : veto on M, and M.

- B —=J/¢ () X : vetoes on g2 regions:
- 8.68 <2< 10.09;12.86 <g? < 14.18 for u*u-
- 8.11 <g?2<10.03;12.15<g?2< 14.11 fore*te-

» 2D fit in M. and M in 6 bins of g2
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Branching Fractions for B - K& |+]-
» Total branching ratios:

3 B(B — K*(t4~) = (10.7715 £0.9) x 1077
2 B(B — KT4~) = (4.8792 £0.3) x 1077

z » Lepton flavor ratios:

< - Definition:

3 _ B(B—KYWutu)

“E RK(*)  B(B—K®ete)

% - Sensitive to Higgs emission,
S photon pole, potential NP.

00255 75 10 125 15 1?'5 20 22525 o Measured / SM values:

2(GeVic?)
B /v @) veto regions Ry~ =0.83 £0.17+0.07, R2M = 0.75
_ SM _
—— : SM expectation w/ mininum & Rrg =1.03+0.19x 0.06, RKM = 1.0
maximum form factors from arXiv:0904.0770, subm. to PRD (RC)

[Ali et al. PRD 66,
034002 (2002)] Radiative and Electroweak
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F., Apg, and Al for B —» K™ 1]~

» Longitudinal polarization fraction (F)) for K*|l

- Extracted from 60+ (angle between K and opposite of B
flight directions in K" rest frame):

dl’ 3 3
= — I cos? O+ + =(1 — Fr,)(sin® O~
d cos O« 2 L COS UK +4( £)(sin”Oc-)

» Forward-backward asymmetry (A:;) for K*I|

- Extracted from 6 (angle between lepton and opposite of
B flight directions in dilepton rest frame).

dl’ 3 3
= ZFL sin® O, + §(1 — F1)(1 + cos® 0py) + App cos Oy

d cos Opy
» Isospin asymmetry (A)) for both K'll and KII.
(Tp+/Tgo) x B(K®Ote=) — B(K®Epte™)

A =
' ((p= fmp0)) x B(EM00+0=) + B(K=+0-)

Lifetime ratio (1.071) arXiv:0904.0770, subm. to PRD (RC)
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F., Arg, and Al for B —» K™ I*1-

B :J/v (@) veto regions

» K'll longitudinal —— : SM expectation (C, = C,*M)
polarization fractions (F)): - : Sign—flipped C; (C; = -C;5V)
> Consistent with SM. = (c)
» K'll forward-backward sF -
asymmetry (Ag): of 4
- ~2.70 diff. from SM, hints at | T
possible C, = -CM : 1 ()
» Isospin-asymmetry (A): “ﬁ“'s-_‘lf - B
P Yy Y Q). < bl ~
- Consistent with SM. S
- Combined for g2 < 8.68 [ N (o)
Ar(B— K*te7) =—-0201016£009 o=137 1f D - KII
Af(B— Krtem) =—0317317+£008 0=175 = of , ——
Ap(B— KWty =—-03015912 £ 008 0=222 1_i% B s
arXiv:0904.0770, subm. toPRD(RC) | @ 2 4 6 8 10 12 14 16 18 20

92 (GeV2ic?)
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Summary

» Inclusive b— sy branching ratio: | axiv:0907.1384, subm. to PRL

° B(B— X:v;1.7GeV < E, < 2.8GeV) = (3.47 +0.15 £ 0.40) x 104

> Consistent w/SM, strongly constrains NP (e.g., charged
Higgs mass)

» Exclusive B — K 7/ v | To be subm. to PRD (RC)
> First evidence for B* — K* ¢/ ~
B(BT — K™n'y; Mg,y < 3.4GeV/c*) = (3.6 £1.24+0.4) x 107°
> 90% CL upper limit for B — K¢ 7/ ~
B(B® — K%%'v; M,y < 3.4GeV/c?) < 6.4 x 107°
» Exclusive B = K®|+|- |arxiv:0904.0770, subm. to PRD (RC)

- Lepton flavor ratios, longitudinal polarization fraction,
isospin asymmetry consistent with SM.

> Forward backward asymmetry =» opposite sign C.?
- Need more luminosity: e.g., Super KEKB / Belle-II, LHCb
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— KO

J/y tail (inclusive J/y sample)

—

Data

=
O

Muon mode

|
= Il ] 4 | L '
At E : .. - e

|

e 1 - 1E t E . .
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Bound: 2.947 . Bound: 2.947 ]
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e L e T
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n Data

Electron mode

Bound: 2.847
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Wilson coeffients and B — K€

Wilson coefficients to identify fype of new physics

C; for magnetic penguin operafor [m504 (1 + vs)biF ]
(size is determined from b — sy, but sign is from b — st*{7)
Cy for vector electroweak operator [(bs),_.(£6)y]

Cyp for axial-vector electroweak operator [(bs)y_.(F6)4]

Foward-backward asymmetry (Apg) and Wilson coefficients

{ [ imilar to -7 int
Aenl(d?) = —CHe (02| Re(CE, + —effp, | (Similarto y-Z inter-
(7)) = =Cio&( ) (Co)F 72 7 "% ference at high energy)

Angular distributions to extract FB asymmetries

K* logitudinal polarization F; from kaon angle 6k
2F; cos? Ok + 3(1 —Fp)(1 — cos? B)
Forward-backward asymmetry Ars from lepton angle 6;
%Pr_(l — cos? B¢) + %(1 — )1+ cos? B¢) + Arp cos Oy
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