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Theoretical motivation
Experimental details

Rate-based studies for B>K™ g+

— Total and partial branching fractions
— CP asymmetries and lepton flavor ratios

— Isospin asymmetries

Angular studies for B>K™2+8-

— Kaon longitudinal polarization
— Forward-backward asymmetry
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Motivation
Standard Model diagrams

Electromagnetic ; "

b—>s€*€ transitions are penguin C 0 /
i 1 7 .,.-*"’
forbidden at tree level in the SM K 7 =
] N _6 R . i H__-r:i.: f_._--'" Hr_.+
Rare decays with BF ~O(10°) ~— ——w= - 4 &
Wilson coefficients C,, Cy, Cyg W
represent short-distance 7 77 7

contributions , Linear combination of Z penguin and W box
|C,| = 0.33 constraint from

2(B—>X.7) diagrams gives C,, C,,

New physics at electro-weak
scale may produce sizable SUSY diagrams
changes in Wilson coefficients " . 5y

— C;, G, Cyg can be probed through
measuring rate-based and angular __{ ﬂ ﬂ

observables in B>K") *¢-decays b wct s b #éi s b dib s
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Analysis Strategy

A sample of 384 x 106 BB events (349 fb1) collected with BABAR detector
Fully reconstruct 10 exclusive final states for decays B >K")8+-

— €% :efe, utw

— KO KE K (=2t ), KEnf K (>t ), Kt
Define two g%( = m,?) bins: low and high, separated by J/\y resonance

Suppress random combinatorial backgrounds using artificial neural
networks with event shape variables as inputs

Backgrounds from pions mis-identified as muons are either vetoed (for
B->D(=>K™ ) m events) or estimated from dedicated data samples (for B>
K"t T events)

Define kinematic variables for signal discrimination

" Mg =yExtun — Py AE=E_ -E,

beam

Reject events with dilepton mass in the J/y and y(2S) charmonium regions

— Charmonium events are used to calibrate signal m., PDF shapes & validate the
fit model

1D mg fits with optimized selections on AE and neural network outputs



B—>K™Il Branching Fractions

e The BaBar results for the B>KIl total branching

fractions:
— BB-KU)= (3.94705+020)x107

.69

— BB-KC)=(1.117%+0.07)x10"°

- —-0.18—

e The measured BFs agree well with the SM based
Ali’02 predictions and Belle/CDF results

* o+
K Il | ——
—— BaBar, 349 fb”'
PRL 102, 091803 (2009}
—%¥F— Belle, 625 b
2008 preliminary
—— _ —— cor,1m!
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—— [ ali 02
[ Zhong "02
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B>K™II CP Asymmetries

* The direct A, in B>KI s
expected to be very small

of O(1073) in the SM

* The BaBar A, results for

all g*:

— A _(B—KI'T) = —0.18",1:+0.01
— A_(B=KIT)= +0.017,{+0.01

— Both are consistent with

null SM expectation
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*The BaBar A.p
observations in the
separate g2 bins are also
consistent with zero ¢



B>KII Lepton Flavor Ratios

BB — K™uTu™)

¢ In the SM, we expeCt RK(*) = 1 Hh"3."" = B(B — I{[::-:::{.-kf.—)

for g > 0.1 GeV?/c?

T

* Ry may get 10% i o BABAR'
enhancement from SUSY -
Higgs with large tanf3 o8 T -

* The BaBar Ry results: | |
— R, =0.96"2% +0.05, | __ i

_ RK* :137t8451§ iOOg ﬂ-:l_I - I5I — :150I - :15I - Izlal - I;s

— Both agree with SM o? (GeV?/c?)

expectations *The BaBar Ry,

observations in the separate
g2 bins are also consistent
with unity



B>KMI Isospin Asymmetries

* Inthe SM, A(Vis

expected to be ~O(102)

 The BaBar A, results in

the low g? show large
deviation from zero:

— APY(KITIT)=-1.41"%% +0.04,

— A (K117 )=—056"01 +

(KO B(BY — K0y =) —rB(BE = KMt
; B(BY — K0f+(=) 4 rB(BE — KL f+-)
r=T1p/Ty =1/ I'||:Jr—”“"|]

q— 1, ENNLI B B B e S [T T T T [ T T T 1

- BABAR

of Tl

0.5l i -
£ :
0.03 s T e
= - K rfr ]
2| -w e
a_ 1 5| L =15a| L s1|5| L |2|a| L |25

 The results in both high

g% and all g2 are
consistent with SM

expectation of very small

observation
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a? (GeV3/c?)
« BaBar results in all g2:
- A" (KITT)=—037752]£0.04,
— 4" (K" I")=—0.127515+0.04
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A, in the Low g% Region

* m fits in the low g*:

Events / (0.0045 GeV/c?)

Events / (0.0045 GeV/c?)
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The significance of A, results

from zero is estimated using a

likelihood scan

The significance in Kll: 3.2¢
The significance in K’ll: 2.70
For the combined Kll & Kl

2 45 4 05 0 .

A

results, A, = 0 is rejected with a

significance of 3.90
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B—>K'Il Angular Distributions

* Fraction of K" Longitudinal ; K;
Polarization F,(q?) I

b
— Obtained from distribution of '”\ 4 \‘\

in the K™ rest frame

angle 6, between the Kand B \

1 4ar 3 3
- :_F .:.u‘26| e 1—F J__ :k‘29’
['dcosx 2 L'COS 0K+ 4( L)( cos” O ) \

* Lepton forward-backward asymmetry A.; (g?)
— Obtained from distribution of angle 6, between the
£+(€-) and B(B) in the £*8- rest frame
o1 dI' 3
Tdcosty 4F[’(1 — cos’ )
-I—g(l - Fy )(1 + cos® 9{) + Appcosty

e Both F,(q?) and A (g?) are well predlcted in the SM. New
physics may change magnitude and g?-dependence
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B>K'Il Angular Fits

: : Low ¢° (GeV®/c?) 10.24< q2 <12.94
 Three-step fit procedure in 0.1< ¢% <6.25 8 q2 >14.06

the|OW8ndhlghq22 ;BABAR1 | ] B

— Fit 1: m fit to extract signal
& combinatorial background |

yields P } T
- F|t2 W|th yIE|dS f|Xed, COSGK 52 522 524 rﬁbli%siGg;lfgz] 5.2 522 524 5E2$? (:\;2/;
fitin the m . >5.27 GeV —— . mEsieevi]
region to extract F,

— Fit 3: With yields and F,
fixed, cosB, fit in the mg¢ >
5.27 GeV region to extract

-—h
[2)]

Events / ( 0.003 GeVic?)
[=]
T

(%)
—
. ]
:SI:
T+—
1=
—

Events/(0.2)

------ Signal
------ Peaking background
------ Combinatorial background

Events/(0.2)
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F./A; Results

Longlfudmal K* polar'lza‘l'lon Forwardlbackward Asymmetry
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Arp=0.76"22+0.07 B |
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Summary

The BF results for combined Kll and K*|l modes in all g> and low g2
agree with SM predictions, though statistical errors are rather large

No significant direct CP asymmetry is observed in B—>K£'¢ and
B>K*2+@- decays
Lepton flavor ratios are consistent with lepton universality

The isospin asymmetries for all g2 and in the high g? for Kll and K*I|
modes are consistent with null expectation

The isospin asymmetries in low g2 differ significantly from zero
(~3.90 for Kll and K*Il combined )

— This is unexpected in the SM

The A;; and F| results are consistent with SM, though the A,
agreement in the high g% is not as good as in the low g2

— The flipped-sign C,C,, scenario is disfavored
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BaBar Experiment

 The experimental data is collected with the BABAR detector at the PEPII
asymmetric e*e” collider located at SLAC

e The Runs 1-5 dataset comprises ~384M BB pairs, corresponding to an
integrated luminosity of 349 fb collected on the Y(4S) resonance

15T

=
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KNI Partial BF predictions

e The dilepton mass (g = m,?) distributions are predicted in the
SM, along with a few new physics scenarios

eLONg-distance contribution from charmonium states lead to
greatly enhanced rates in the resonance regions

- Need to be vetoed in the analyses
- Provide very important control samples with well measured observables

BKUC | T TBoKet

1.5

Solid: SM w/ long dist.
contribution

Solid: SM (w/
uncertainties in blue)
Dotted & Dashed:
Different SUSY

enarios ,. ..
ost predictions

focus on low ¢°
15 20  pregion below J/y
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Fit Model

* Unbinned maximum likelihood mgq fits with a sum of the
following PDFs:

True signal: Gaussian, shape fixed from J/{ fits, yield floated

Combinatorial: ARGUS, slope & yield floated, endpoint mO fixed at
5.290 GeV/c2

Self-crossfeed & Feed-across: Revised Gaussian shape with smeared
low side tail, shape & ratios fixed from fits to normalized signal MC
samples Validated with charmonium samples

Charmonium leakage: Fixed signal-like shape, yield fixed from
normalized MC samples

* 9% of expected signals as the most extreme case

Hadronic (fake muon) events: Histogram PDFs with both normalization
and shape fixed

Peaking bkgs (Photon conversions & Dalitz decays): Yield & shape
parameters fixed from fits to normalized MC samples

* Sum up to <1% of expected signal yields
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Charmonium Validation

T | T T T
o\We test our fit methodology =
using J/p and y(2s) samples van e
reconstructed in all 10 decay VS Kx
channels B 1 25) K
- All the measurements agree well S K’
with world averages .
" wasik,
" =R R R BN B B B .|
3 “F Mode B'y(28)(—e'e K “(-K'n) =
g 35% _ o v K r'
= 0 signal: Dashed Blue S .--.*
525:— Self Xfeed: Magenta - Jiy K'n®
w .,  Feed-across: Red = [[]Poc 2006
- Comb. Bkg: Dotted Blue E v K
155— -8 |1*u” mode - A
‘:E_ 1. . [;{' ]_+’L - e'e” mode :J'”‘lf ]{’
.2 521 522 523 524 5325 538 527 mfjgewgf!l 0 0.5 1 1.5 2
BF(107)
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KNI BFs By Mode & g2 bin

* 90% condence level upper limits are provided for
measurements with < 4c statistical significance

Mode combined g* (107°) 00% UL low g* (10~°) 90% UL high ¢* (107°) 90% UL

2.20) 0.99 0.017013 +£0.01 (0.00) 0.31 0257015 £0.02 (1.9¢0)  0.53

3.00) 062  0.12370037 +£0.007 (1.80) 025 0.1167505 +0.010 (1.7¢) 0.24

0.60) 0.36 —0.049709%1 10004 (0.00) 0.10 0.1775211% 10,011 (2.30) 0.38

587)  — 030879970 10013 (6.70) -  0.125799%2 410006 (2.5¢) 0.21

K p~ 0497532 +0.03

K pTp~ 0417518 +0.02
K %e~  0.08+515 +0.01

KYeTe™ 0.517517 £0.02

e

K**tptp~ 1467570 £0.12 (2.00) 2.55 0.757 038 £0.07 (1.75) 148  0.7870750 £0.06 (2.16)  1.36

—0.75 |: i)
K% p~ 1355030 £0.10 (4.10) - 0.417531 £0.04 (2.20) 0.83  0.62707, £0.05 (3.8¢) 097
K**tete™ 1387073 +0.08 (3.70) 1.97 1.06703% +0.07 (4.70) - 0.197937 £0.01 (0.9¢)  0.53
K*%*te~ 0.86752% £0.05 (4.20) - 0.2070-12 10.01 (2.10) 042 0357015 £0.02 (3.00)  0.60

From supplemental files for paper PRL 102, 091803 (2009)
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Bell Angular Results

Belle
results with
658 M BB
pairs

o — —_— —_— | IR BT T R T
"0 2 4 6 8 10 12 14 16 18 20
q°(GeV?/c?)
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