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Outline

® motivation,
m experimental datq,

m model for weak and strong (final state) interactions
e interference between S- and P-waves,

m results (fits fo exp. Belle and BaBar data),

m conclusions
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What interesting can be studied in B — K
decays?

m 77 and K~ final state interactions,

m comparison with isobar model which violates unitarity,
m direct CP-violation,

m long-distance effects (charming penguins),

m experimental data
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Experimental data

Experimental data in our disposal:
three body decays charmless reactions:
BB — (Kah)r — (1.3)
BBt — (Kftn )t — (1.3)
m B (ROW*)WJF —s (2.4
m B0 — (KO H)r™ — (2,4)

e 249 data points for Kr effective mass and helicity distributions,
e 12 values of branching ratios and direct CP-violation
asymmetries for quasi-two-body decays

(1) A. Garmash et al. (Belle Coll.), Phys. Rev. Lett. 96, 251803 (2006) and hep-ph/0509001,
(2) A. Garmash et al. (Belle Coll.), Phys. Rev. D75, 012006 (2006),

(3) B. Aubert et al. (BaBar Coll.), Phys. Rev. D72, 072003 (2005),

(4) B. Aubert et al. (BaBar Coll.), Phys. Rev. D73, 031101 (2006)
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Some quasi two-body reactions:

m with 7t7— or KT K~ interactions in $- or P-wave

B BT — 1(980)K* with ,(980) — (7 7~)s or 15(980) — (K*K~)s
(S-wave)

m BE — p(770)°K= with p(770)° — (xt77)p  (P-wave)
m with K7 inferactions in S- or P-wave

m B — K3 (1430)7* with K3(1430) — (K*7~)s  (S-wave)
B BE — K*(892)07% with K*(892)° — (K*7~)p  (P-wave)
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Amplitudes

S- and P-wave decay amplitudes for
B~ — K nt7~ transition:
K—7T S-wave:

- - - CF (2 2 msz —mfr+ B™ =7~ (2
(K=7H)g 7 |Hert|B™) = E(MB— —mﬂ—)TFo (%)%
2
fK’W*Q{A“P_“z Ao(GS + Pe — a5,/2) — 2 g
0 (974 Aulag + Pu— aip/2) + Ac(ay + Pc — ayg/2) (mbimd)(m57md)><

[Na(QY + Su — a¥/2) + Ac(af + Se — af /2)] } LW
K—7+ P-wave:

(K=7")p 7 |HonB) = 2V2G¢ Py Pt FE =7 (P)AK ™ (qP)x
a4 as
[Au (aﬁ(+Pu— %) +Ae (o§+Pc— %)] )

G? - K—nt effective mass squared, Ay = Vip Vi, Ae = Vep Vi,
a; - Wilson coefficients, fOK/_]“(q?)—scolor/veC’ror K=t form
factors, Sy, Se, Py, Pc - charming penguin terms.
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Weak transitions and strong interactions

Weak transitions b — suu, b — sdd and final
stfrong interactions

Weak transitions b — stiu, b — sdd are described by TWO
amplitudes:

e from QCD factorization approximation,

e long-distance one with c-quark in loop (charming penguins
related to D)D) states)

Final state strong interactions:

e S-wave isospin 1/2 state: two coupled channels: 7K and Kn'

e P-wave isospin 1/2 state: three coupled channels: 7K, nK* and
pK

IIBreit-Wigner ferms commonly used in an isobar model are
replaced by scalar and vector form factors constrained by ChPT
and experimental data (phase shifts and inelasticities from .e.g.
LASS exp.).

Additional arbitrary phases or intensities for different resonances
are NOT NEEDED.
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Interference

Interference between S- and P-waves in the
B — (Km)m decays

M = Qs+ QpPy+ - Pr- = Qs + ApPr+ Py COSH

as and ap are S- and P-wave decay amplitudes in the =+7—
c.m. system.

a2r _ 2 _ M=+ P+ lIP— ]
dcosOydm i, K|M| ’ K== 8(+2,T)37wg
ar . _ 2 _ 2
deoss = A+ Bcost) 4 Ccos 0, r=2A+3C

A= [ dm_«K|as|?,

C = [ dm,.«K|ap|?,

cosfy = —cosh, 0y-helicity angle
B =2 [ dm,xKRe(asa}) «— interference term
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Exp. data and our distributions

K*n+ effective mass distributions for B+ — K=xFr* decays
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Experimental data: Belle Collaboration (1)

X2 : 240 and 139 for 56 data points below 1.8 GeV
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Exp. data and our distributions

Helicity angle distributions for Bt — K77+ decays
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Exp. data and our distributions

K*n* effective mass distributions for B+ — K=xFr* decays
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Exp. data and our distributions

K9 effective mass distributions for BY or BY decays into K{rt 7~
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Exp. data and our distributions

K9+ effective mass and angular distributions for B2 or B decays
into ng+7r_
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Experimental data: BaBar Collaboration (4)

x2 : 68 for 30 data points and 2 for 9 data points
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results without charming penguins

Results from QCD factorization model WITHOUT charming
penguins:

Reactions Theory/Experiment Ref.
Bt — K*(892)07+ 0.43 2
B+ — K*(1430)%7* 0.28 2
B — K*(892)tn~ 0.39 (n
B — K5(1430) "7~ 0.28 M

Theoretical values for branching ratios are significantly smaller
than experimental ones
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results for BR and Acp

Branching ratios (x 10°) and asymmetries (x 102):
Calculated in ranges: 0.82-0.97 GeV for K*(982) (P-wave) and
1.0-1.7 GeV for K;(1430) (S-wave).

obs. channel our model Belle BaBar
BR K*(892)%* | 6.14+0.15 | 5.35+0.59 | 7.46 +0.81

Acp | K*(892)%+ | 7954242 | -149+6.8| 6.8+10.4
BR KS(M.CSO)%+ 1252+064 | 249+32 | 27.54+22

Acp K5(1430)07r+ -042+£125| 7.6+45 -64+40

Il Theoretical branching ratio for B¥ — K3(1430)°x* decay is
smaller by 50% than the average of the Belle and BaBar values
obtained from the isobar model !!!
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Conclusions

m experimental data from Belle and BaBar on K effective
mass (up to 1.8 GeV) and on angular distributions around
K*(982) and K;(1430) have been well described

ein our fit using we did not use an isobar model in
description of Dalitz plot distributions,

m resonant structures in the K= system are described by
strange scalar and vector form factors, additional
nonresonant structure is not needed,

m branching ratio for B — K3 (1430)r obtained in our fit is 50%
smaller than those obtained by Belle and BaBar groups with
use of the isobar model,

B charming penguin amplitudes are needed fo describe the
branching ratios, CP asymmetry and K= effective mass +
angular distributions for the B — K*(982)r B — K;(1430)7
decays
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Values of charming penguin parameters

parameter | modulus | phase
Su 0.128 -1.10
Se 0.125 -0.34
Py 0.405 0.34
Pc 0.031 -0.09

=} = = = AP N G4
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