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Outline

e Angular analysis of B° — ¢ K* decays and search for CP
violation

o submitted to PRD arXiv:1308.1830 [hep-ex]
e Evidence for the decay B° — KT K~ m°

o V. Gaur, et al. (Belle Collaboration), PRD 87, 091101(R) (2013)
e Measurement of ¢, in

o B— mtm  submitted to PRD arXiv:1302.0551 [hep-ex]
o B — p°p° arXiv:1212.4015 [hep-ex]
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Belle Experiment

orc N e Operated at KEKB accelerator in
Z:In er N "'1f»r'g-\"fwAerogelcherenkovcnt. Tsukuba’ Japan (1999_2010)

: KEKB took data mostly on Y'(45)
8GeVe —<¢+ et 35GeV
Y (4S5) decays almost entirely to BB

SC solenoid —
8.0 Ge}rgy‘

) e (772 £ 11) x 10° BB pairs recorded
e Very clean environment for physics
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B° — ¢ K* — motivation

o

BO
K*

d

e Proceeds via the b — s penguin transition in the SM

e Sensitive to possible new particle contributions in the loop

e A baffling pattern in the longitudinal polarisations:

B° — $K*(892)° f, = 0.45+ 0.05 + 0.02 Belle PRL 94, 221804 (2005)
fi = 0.494 £ 0.034 £ 0.013 BABAR PRD 78, 092008 (2008)

B° — ¢ K;(1430)° L = 0.90119%4% + 0.037 BABAR PRD 78, 092008 (2008)

e QCD factorisation — expected f; ~ 1

e Negligible direct CP violation expected in the SM

4/
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B° — & K* —analysis approach

Partial wave analysis of B® — ¢ K* with K* — K7t~ being
o scalar (Km); S-wave, J =0

o vector K*(892)° P-wave, J =1

o tensor K;(1430)° D-wave, J =2

Analysis restricted to K7t~ invariant mass < 1.55 GeV/c?

o LASS model for S-wave component (includes K (1430)°)

o relativistic spin-dependent Breit-Wigner for P- and D-wave
Angular distributions in the helicity base
Simultaneous fit to B° and B°
in total 26 physics parameters
measured in the

B° — K™ system
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B° — ¢pK* - physics parameters

SR, K (892° GK: (1430)°
Parameter Definition J=o0 J=n J=2
BJ _ %(EJ + FJ)/rtotal B0 B1 32
fLy SUALP/ 2 TANE +1AKP/ 2 1ANP) - f1a fio
iy SUASLP/ 2 NANE + 1AL P/ 2 TANE) - fi, flo
Py s(arg(Ay /A ) +arg(Ay/As)) - P P
b1y 2(arg(Ay/As) +arg(Ay/A) — ) - ¢ s GRS
6OJ %(arg(Aﬁo/AJO) +3rg(Aoo/AJo)) - 601 6c>2
Acpy (Ty—=T)/(Ty+T,) Acpo Acps Acpz
Ao [Asol?/ Y ANP—IALK/ Y AN _ Ao Ao
CcPJ 1Asol2/ Y TANIP+1As2/ X IAN2 CP CP2
AL AP/ NAAP—IALI?/ 3 1AM _ AL AL
cpPJ [ASLIP/ X TANPHIAS LR/ Z 1AM CP1 CP2
Ady s(arg(Ay/As) —arg(Ay/As)) = Ady, Ady,
Abiy  j(arg(As/As) —arg(AL/As) — ) - A, Ad L,
A6oJ %(arg(Aoo/AJo) — arg(Aoo/AJo)) - A601 A502

e Overview and definition of the 26 physics parameters

o Adoo = Larg(As/Aso) only accessible in B°/B° — ¢pK2m®
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B° — ¢ K* - selection and fit

* Reconstructing B® — pK*withp — KTK—, K* — KT~
e Cut based selection with neural network (NeuroBayes) based
continuum ete~ — gq background suppression

e 9D fit to B° and B° using the observables

M,. beam-constrained mass
AE energy difference
Mk KK~ invariant mass
ug  continuum suppression network output
Mk, K7t invariant mass
¢, cos0,,cos0, thethree helicity angles
@ charge of primary kaon from B

e With three components included in the fit
o signal
o peaking background from B° — f,(980) K*(892)°
o continuum background

P PWA S/Bseparation

7/
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B° — & K* - fit results (Preliminary)
Total PDF continuum B° — f,(980)K*(892)° B° — pK*
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B° — ¢pK* - results (Preliminary)

Gk PR (892)° $K; (1230)°

Parameter J=o J=n J=2
B, (107°) 43+ 04+04 104+ 0.5+ 0.6 55799 +£1.0
fiy e 0.499 + 0.030 % 0.018 0.91873%2° 4 0.012
iy 0.238 + 0.026 + 0.008  0.0561 %% =+ 0.009
¢y (rad) 2.23 + 0.10 £ 0.02 3.76 1 2.88 £+ 1.32
b1y (rad) 237+ 0.10 & 0.04 4.4573% + 013
doy (rad) .. 2.91 + 0.10 £ 0.08 3.53 + 0.11 £ 0.19
Acpy 0.093 + 0.094 £ 0.017 —0.007 + 0.048 +0.021 —0.15579732 + 0.033

o - —0.030 4 0.061 £ 0.007 —0.016 9% + 0.008
A, —0.14 + 011+ 0.01 —0.0179% + 0.09
Ad, (rad) —0.02 £ 0.10 £ 0.01 —0.02 +1.08 + 1.01
Ad ;4 (rad) 0.05 & 0.10 + 0.02 —0.19 = 0.42 £ 0.1
Ab, (rad) 0.08 £+ 0.10 £ 0.01 0.06 £+ 0.11 £+ 0.02

e B and polarisation parameters consistent with existing results

e Parameters related to direct CP violation consistent with zero
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B° — K™K 7t®° - motivation

Be W 5 K'Y po w+
d ; dm g > o KK

e Suppressed in the SM < 1.9 x 107> CLEO PRL 89, 251801 (2002)

e Contribution from colour- and Cabibbo-suppressed b — u
tree (LEFT) and internal W exchange (RIGHT) transitions

e No information on potential resonance modes available

e BABAR PRL 99, 221801 (2007) and LHCb LHCb-CONF-2012-028

observed a structure in the K™K~ invariant mass around
1.5GeV/c?in Bt — KTK—mtt
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B° — K™K 7t° — evidence for the decay

i B — KtK—n® 200;
140; Total PDF 180
> 120 Total background | 160% :
s 100} Continuum and BB g 140F
=4 % (%ontinuum ~ 120F
= 80 £ 100-
£ 6o- 5 8o0F
e 60F
w40 _ 00 \
o S X
L L L L L L L L O’ L L L L L
% 3 0.2 0.1 0 0.1 -6 4 -2 0 2 4 6
/
AE (GeV) Cys

e Cut based selection with neural network (NeuroBayes) based
continuum ete~ — qq background suppression

¢ 2D fit of events in the +30 region of beam-constrained B°
mass

e Fitis using energy difference AE and network output Cj 5

V. Gaur et al. [Belle], PRD 87, 091101 (2013)
Nsjg =299+83 B (B° — K"K~ m°) = (2.17£0.60+0.24) 10 °
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B° - KTK m° - resonant substructure

100y

B° = KT K 7° g E
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e Signal yield fitted in bins of mx+ k- and mk+ o

e No definite statement can be made about low-mass structure
seen in my+x- by BABAR and LHCb

e Excess of events at around my+,0 = 1.4 GeV/c?
e Amplitude analysis and more statistics required — Belle Il
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B° — 7t — motivation

W+

> d
e Decay dominated by b — uud transitions
e Time evolution:

BO

Q T

e~ 1t/ Tpo

P(At,q) = R {14 q[Acpcos AmyAt + Scp sin AmyAt]}
BO

e If only tree contribution (LEFT) — Scp = sin 2¢,, however
penguin contribution (RIGHT) Scp = /1 — A%p sin(2¢, + Ad,)

13
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B° — 7t 7t - analysis and results
e 9D fit using the observables AE, My, L), L., Rs/p, At, q

© 8 )
q g g
8 S @
S P
. %
8w Bu 8w ) .
£ (R u Co 2% +, 1 g 23 g
E% LR L £ 5 T S A g% 2y TR T g§ _%W T
s
3¢ SHTHETHEIEB/ED 53 22 30TOT005 0 00501015 2 32 1 0 1_ 2
M, (GeV/c?) ev) Fanm
0 + —
Acp(B® - m"m) = 4033+ 0.06+0.03
0 +
Scp(B° - m"'m ) = —0.64+ 0.08 % 0.03
- _ . T Sep VS Cep %C T Sep VS Cep %
S 300E Lqon | —— T
) Eoca= - BaBar 0 e - BaBar
= b Belle Belle
by £ M LHCh M LHCh
2 200F B Average | B Averag
] E =
& 1505 =
100 04
50E =
E - -0.6
P o5l
T [t 0 e
o5 OLD | ., NEW
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B° — T —results
e determine ¢, with a SU(2) isospin analysis of B° — 77t into all
possible charge states M. Gronau, PRL 65, 3381 (1990)

® ¢, isospin analysis of only Belle data do.éf—
772 X 10% B°B° 253 x 108 B°B°  ~3% E
o B® —» tm— o B® — m°m° 8:2; E
o Bt — tm® o updating 8;1: :
Excluded at 10 C.L. 92 E
23.8° < ¢, < 66.8° 0 30 60 90 120 150 180
arXiv:1302.0551 [hep-ex] ¢, [°]
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B° — p°p° — motivation

V)

b < u
y P

B° w
d o
d > d "’

e Decay dominated by b — uud transitions
o tree dominated (LEFT)
o color suppressed (RIGHT)

e With isospin analysis sensitive to ¢,
® p°p° final state is not a pure CP eigenstate
¢ Longitudinal component CP even, transverse CP odd + even
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B° — p°p° - analysis approach
e Helicity analysis to extract polarisation information

e 6D fitusing AE, M., M? cos 0}, cos 03, Rs/p

it
i — o~ 0 +
* Dominant background ete~ — ¢g, large B° — 47t
- 250 = 9 -
§ o @| 2= OF BT ©
S .t S s 7
: Tty | 2 o g« 1
s %t * & ¥ H =
- ; g
50 E A caraeaea
106 a 1E" !
ég e é% b ég ] o
= -01 -0.05 0 005 01 = 0.6 0.8 1 = 0.6 0.8 1
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a a 10¢ —— da
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gl |
2 + + ) |
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B° — p°p° - results (Preliminary)
|. Adachi et al. [Belle], arXiv:1212.4015

B (B° — p°p°) (1.02+ 030+ 0.22) x 10~ °
1.5 X 10" ° at 90% C.L.

+0.18
021" > £ 01

e First evidence (3.00) for
B(B° — £,p°) x B(f, = ' ) = (0.86 + 0.27 + 0.15) x 10 ¢

. . . 1
* ¢, isospin analysis results Oosl
world average BABAR -l&g:_
o B(B®—»ptpT)L  © B = p%° g5
o B(B—F — p+p0) 0o AOOI 800 0_4;:

J— e} :i: o] 0-(])-; h f |
$, =91.0 7.2 0

Ad, = 0.0° £ 5.4°
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Summary
e Angular analysis of B° — ¢ K™, no evidence for CP violation
fL(dK; (1430)) = 0.9187392 + 0.008

—0.060

fL(dK*(892)) = 0.499 + 0.030 + 0.018

e Evidence (3.50) for the decay B° — KT K~ m°
o B(B® -+ K"K m°) = (217 + 0.60 + 0.24) x 10~ ¢

e Two measurements that provide new constraints on ¢,
o most precise measurement of CPVin B® — mtrm—

Acp(B° = nfm) = 40334 0.06 £ 0.03
Scp(B® - ) = —0.644 0.08 +0.03

excluding 23.8° < ¢, < 66.8° (isospin + Belle)

measured B° — p°p° at 2.90 significance

B(B° — p°p°) = (1.02 £ 0.30 + 0.22) x 10~°

evidence for B® — f,p°

measurement of ¢, = 91.0° & 7.2° (iso.+Belle+BABAR+world)

O O O O O
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