Measurement of the Differential
Branching Fraction and Forward-
Backward Asymmetry for B > K*) |+ |-



Motivation

Penguin

e b>sll

— Z/y penguin diagram E% - :
é.. A
— W* W~ box diagram _ Box

* |n various extended models some
expectations differ from SM’s

— A : Lepton forward-backward asymmetry
— B(B = K*Il) : Differential branching fraction

e Searching for the beyond SM clue
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Measurement

* g° (= M,?) : dilepton invariant mass
— Differential branching fraction
— F, : K* longitudinal polarization fraction
— A : lepton forward-backward asymmetry
— A, : Isospin asymmetry

Sample Data

e 605 fb1 @Belle
= 657 * 10° BB pairs
e B> K* |

— K*) > K, KsO mt, K* 0, K*, Ks°
—lr=u*worete



Selection criteria

* All charged track are associated with the IP
(other than Ks® = )

* Particle ID
— K : efficiency > 85 %, remove > 92 %
— 1t : efficiency > 89 %, remove K>91 %

—u:retain93.4+2.0 %, remove 98.8+ 0.2 % m

—e:retain 92.3 1.7 %, remove 99.7+0.1 % =«

e et is contained neutral clusters (20 ~ 500 MeV) within
50 mrad. < Bremsstrahlung y



Reconstruction (Ks®, xt%)

* Pairs of opposite charged tracks are Ks® - st
candidates (483 ~ 513 MeV)

¢ Ks® vertex direction and distance from IP

» ° - yy candidates are required m_,
minimum y energy, Y energy asymmetry, n°
momentum.



Reconstruction (B) |
M, = JE%eam - p%

* B candidate
—5.20 GeV < M,
—-35 < AE <35 MeV (I = u)
— -55< AE <35 MeV (I =€)
—K*: M, < 1.2 GeV

* Signal region
—5.27 <M, < 5.29 GeV
—K*: |M,.— m| <80 MeV



Background

* Continuum (e*e = qq)
— using the some variables and likelihood ratio

* Semileptonic B decay

— Fisher discriminant (with 16 Fox-Wolfram
moment), M_._, cosO;, lepton separation are
conbined to form likelihood ratio R

e Combinatorial

— g?, B-flavor tagging information



Background
B = J/y X, ¢y’ X have a peak in signal region.

— rejecting some g? region
* 8.68 <g%2<10.09,12.86<g*<14.18 GeV (uu)
« 8.11<q2<10.03,12.15< g2 < 14.11 GeV (ee)

— consider u—m misidentification
* -0.10 <M, —my, ) < 0.08 GeV

Rejecting B - D X
- lMKM(Kw)
Removing y conversion and m° = yee
— M, <0.14 GeV

Multiple B candidate
— select smallest |AE]

-my | <0.02 GeV s assighed m_



* To determine the signal yields, an extended

unbinned maximum likelihood fit to M, (and M, )
is performed.

* likelihood function
— signal
— combinatorial
—B > /(') X, K* vt



* F, and A.; are extracted from fits to cos6,. and
cosOg,.

* The signal PDFs for fit to cosO,. and cosf,
— COS@K* . [3Fpcos*Og- + 3(1 — Fy)(1 — cos*O-)]e(cosbk-)

- COSGBI . [%FL(I — 0052033) + %(1 - FL)(I + 0082033) + AFB COSQBg]E(CoseBg)

dilepton polarization function

correspond to the production K*’s with forward-backward asymmetry
longitudinal and transverse polarization

K* rest frame dilepton rest frame



q* (GeV?/c?) N; B(1077) Fr Arp Aj
B— K*" €
0.00-2.00 27.477%¢ 1.467042 + 0.11 0.297°921 +0.02 0.47%92 + 0.03 —0.67721% +0.05
2.00-4.30 16.87¢1 0.86733) * 0.07 0.71:93% = 0.05 0.11%931 +0.07 1457194 + 0.10
4.30-8.68 27.97%3 1.37+247 +0.39 0.647923 +0.07 0.457013 +0.15 —0.347337 £ 0.14
10.09-12.86 54.075% 2.241045 +0.19 0.17:%17 + 0.03 0.43*0:18 +0.03 0.00+939 + 0.09
14.18-16.00 36.27%% 1.05%922 + 0.08 —0.15%93] + 0.07 0.70%%1$ = 0.10 0.167932 + 0.09
>16.00 84.471%0 2.047927 + 0.16 0.127913 +0.02 0.66751L +0.04 —0.025939 + 0.09
1.00-6.00 29.427%3 1491043 +0.12 0.677923 +0.05 0.2619:27 + 0.07 0.331037 = 0.08
B— K¢t~
0.00-2.00 27.0:89 0.81*21% +0.05 0.0619:32 + 0.02 —0.337332 £ 0.08
2.00-4.30 17.6733 0.46*%1% +0.03 —0.437938 *+ 0.09 —0.477939 * 0.07
4.30-8.68 39.1773 1.007313 = 0.06 —0.20%212 + 0.03 —0.19%933 +0.08
10.09-12.86 22.07%2 0.55*%16 +0.03 —0.21+517 * 0.06 —0.297937 + 0.08
14.18-16.00 15.6743 0.387519 +0.02 0.041932 + 0.05 —0.40+%¢1 +0.07
>16.00 40.3752 0.98+920 + 0.06 0.02+%4% +0.02 0.11%321 + 0.08
1.00-6.00 52.07%7 1.361933 = 0.08 —0.041313 = 0.05 —0.4173% + 0.07

* The SM lepton flavor ratio of the full g2 is
B(B— K u*u")

— RSM
RK

,=0.75 (B > K*II)

—RM, =1 (B > KII)

R K& =

B(B— KMete)
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C7 : Wilson coefficients
which are evaluated perturbatively
at the electroweak scale.



* Total branching fractions
B(B— K*¢*¢7) = (10.771{ =0.9) X 1077,
B(B— K€€~) = (48103 = 0.3) X 1077,
* CP asymmetries

g0 _ BB— KWI"I") — B(B— KMI"I") _
¢ BB—KYITIT)+ BB—KYITIT) T

Acp(K*€+€7) = —0.10 + 0.10 = 0.01
Acp(KHET€7) = 0.04 + 0.10 + 0.02.

- _ BB—K®utu)
* Lepton flavor ratio r.. = BB KO o)

— sensitive to Higgs emission 075
Rg = 0.83 £0.17 £ 0.08 RSM, = 1

R¢ = 1.03 = 0.19 = 0.06

(N, — N3)/ (N, + Np)




* |sospin asymmetry
_ (1g+ /7o) B(KM0LT L) — B(K®*L1¢™)

A, =
' (1 J7p0)B(K®OLT€7) + B(KW=¢¢7)

— T;p,/Tg = 1.071 : lifetime ratio
A(B— K*¢"¢7)=—-029701+ 009 o =137
A(B— K€ €)= -03172{7+0.08 o =175
AB— K®e €)= —-0307%12 +0.08 o =222

— o =4-2In(Ly/ L) : significance from a null asymmetry
* L, : likelihood with A, =0
* L. : maximum likelihood

* No significant A, is found at g% < 8.68 GeV



Summary

Consistent with the SM prediction

— Differential branching fraction

— Lepton flavor ratio

— K* polarization

No significant CP asymmetry is found.

The isospin asymmetry does not deviate significantly
from the null value.

The A:;(q?) spectrum for B - K*Il decays tende to be
shifted toward the positive seide from the SM
expectation.

The cumulative difference between the SM prediction
and measured points is found to be 2.7 ©.



Back up

* Previous result

— @Belle 2003/12 152*10°BB
B(B— K¢"¢7) = (11.573¢ £ 0.8 £ 0.2) X 1077,

B(B— K€*¢7) = (4875 =03 £0.1) X 1077,

— @BABAR 2006 229*10°BB i
B(B— K*€¢"€7) = (0.787917 = 0.11) X 107°
B(B— K€7€7) = (0.34 = 0.07 = 0.02) X 1076
FL(B— K* €47 ) (201 Geve/ety = 0.637318 £ 0.05
App(BT — K€" €7) (2201 Gevz/ey = 0.15703] = 0.08
Acp(B— K*¢7¢7) = +0.03 = 0.23 = 0.03
Acp(BY = KT€T€7) = —0.07 = 0.22 = 0.02
Rg- = 0.91 = 0.45 = 0.06
Rx = 1.06 = 0.48 =+ 0.08
AKY = —0.647013 £0.03 390



