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1 Introduction
At tree level, B — K*7 decays are sensitive to 7 through the relation

A(K* 7)) +2A (F*OWO)
A(K*+7=) 4+ 2A (K*070)

6_2W x

(1)
where A and A are the decay amplitude and its charge conjugate respectively. To
measure v, three-body decays have an advantage over quasi-two body decays since
B — K*r can interfere through the same final state in B — Knw. By measur-
ing the interference pattern in the Dalitz plot, it is possible to determine not only
magnitudes of the amplitudes as in the two body decays but also the relative phases
between the amplitudes. The cleanest method to determine v from K7rw Dalitz plots
involves the charmless decays BY — KTn~ 7 and B — K% "7~ [1,2]. The method
involves forming isospin triangles from K*m intermediate modes in BY — K*tx 7Y
and B — K%rtr~. By using isospin decomposition, the QCD penguin contribu-
tions in B — K™ decays are cancelled and the resultant amplitude is as follows:

343/ = A(B° — K**717) + V2A (B® — K*r%), (2)

with an equivalent amplitude for the charge-conjugate state, As /2. In the absence of
electroweak penguins(EWP), A3/, carries a weak phase 7 so that in this limit

1 A
v = P30 = —;arg <ﬂ> : (3)

The phase ®3/5 can be determined by measuring the following quantities:
e phase Ag¢, between B® — K**7~ and B — K* 7" in B® — Kor 7.
e phase ¢, between B — K**r~ and B® — K*7% in B® —+ K*7—x";
e its charge conjugate equivalent in B® — K~ 7+ x0;

This method to extract « is similar to the Snyder-Quinn method used to obtain «a
from B® — ntr=7% [3]. B — pr amplitudes, measured from the three body decay
of B® — 77~ x% are used in this method to provide an SU(3) correction for EWP
contributions, necessary to obtain a constraint for ~.

2 Experimental Results: A¢

The B — K{n*n~ Dalitz plot provides the phase difference A¢ between B — K**7~
and B° — K*~mtmeasured from A¢gr = @gee+ — G-+-— To obtain Ag, the K*m
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Figure 1: Resultant Dalitz plot distribution (left) and projection plots for mgg (center,
BABAR results) [4] and AFE (right, Belle result) [5].

Experiment Ag (K*Fm)
BABAR Soln. 1 (58.3 £32.7+4.6 +8.1)°
BABAR Soln. 2 (176.6 +28.8 +4.6 £8.1)°
Belle Soln. 1 (—0.7 £22 £11 +18)°
Belle Soln. 1 (14.6 £33 +11 £ 18)°

Table 1: Summary of the results for A¢ (K*T7~) from time-dependent Dalitz plot
analyses of B® — K97 "m~. The uncertainties quoted are statistical, systematic and
model-dependent respectively.

phases need to be measured relative to each other, taking into account also the addi-
tional phase of —23. The relative phases are determined at the interference regions
around the edges of the Dalitz plot. However the overlap region of resonances is small
and the effect on event density small, making it crucial to understand backgrounds
and efficiencies in the interference regions. The main background contribution in this
Dalitz plot is found to come from continuum events and those are mostly rejected by
a Neural Network. The remaining background contribution are B meson decays to
charm final states, shown as bands in the resultant Dalitz plot distribution in Fig-
ure [Il Projection plots for signal and background of discriminating variables, mgg
taken from the BABAR result of 383 million BB events [4] and AF from the Belle
result of 657 million BB events [5], are also shown in Figure [l The results of the
likelihood scans for A¢ are shown in Figure Pl and summarised in Table [l Two fit
solutions are found corresponding to the interference between K3°(1430) and the non-
resonant component. These two solutions give different results for the values of Ag.
There is some disagreement between the BABAR and Belle results. The experimentally
measured values of A¢ shown in Table I include the B°B° mixing phase and this has
to be removed before the values can be used in the extraction of ~.
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Figure 2: Likelihood scans of A¢ from Dalitz plot analyses of B — KSrtr~. The
left likelihood distribution is taken from the BABAR results [4], the centre and right
distributions are from Belle [5] and represent the scans of the two different solutions.

3 Experimental Results: ¢ and ¢

The other two parameters required to determine ~ are ¢ and its charge conju-
gate, ¢. These are the relative phases between B — K**7~ and B — K*'7° and
B — K* 7t and B° — K*%7° respectively:

¢ = ¢K*07r0 - ¢K*+7r* 5 = 5[?*0”0 - QSK**ﬂ?L (4)

Both of these relative phases are determined from Dalitz plot analysis of B® — K77

and its charge conjugate. Preliminary results are available from the full BABAR dataset
of 454 million BB events [7]. Expanding Eq. 3], @3/, is obtained from the combination
of the phases ¢ and ¢ and subtracting the phase A¢ obtained from the time-dependent
Dalitz plot analysis of B® — K27 n~.

4 Issues with interpretation

The choice of the phase convention is important when combining the results since fail-
ure to take the convention into account can result in a 180° shift in relative phase [§].
The amplitude is proportional to the cosine of a helicity angle between the final states
particles in a three-body decay. The helicity convention defines an ordering of par-
ticles in the SU(2) decomposition that can introduce a sign flip in Eq. 2. Therefore
relative phases between vector amplitudes need to be interpreted with respect to
a given helicity convention. Another issue with the interpretation of the results is
that whereas QCD penguin contributions cancel in the sum of Ag-, so that Eq. 2is
QCD penguin free, EW penguin contributions still need to be accounted for. SU(3)
decomposition of operators gives a good approximation to

A3/2 = Tew — PEWP A3/2 XX (ﬁ"‘ Zﬁ) (1 + 7”3/2) -+ C (1 — 7’3/2) y (5)



Decay model BF (x107) Acp
Bt = pont 837172 0.1870%
Bt — ptn® 10.9773  0.02+0.11
Bt - KTK*  0.68+0.19 -

Bt — KK%t <051 —

Table 2: Current experimental results for BF and Agp for two body and quasi-two
body pr and K*K decays as taken from HFAG Winter 2010 [9].

where T" and Pgyp are the tree and EW penguin contributions respectively. C' in
Eq. Bl depends only on EW physics and is well known to a theoretical error below 1%
with ' = —0.27. The quantity rs/, is the ratio of hadronic matrix elements and is
measured from [2] [6]:

Ap+7r0 - Apoﬂ_Jr - \/E[AK*Jr[?O - AK*I?*O]

32 =
Ap+ﬂ0 + Apo

(6)

T+

Current experimental results for these quantities are shown in Table B — pm
decays have well known BFs and Agp, however amplitudes for K K* decays are small
but the relative phases are unknown. The strategy used is to separate the ratio
into well-measured components, add the K K* ratio as a systematic uncertainty and
account for my/Agep ~ 30% of SU(3) breaking. Preliminary results for 73/, and
subsequently for the EW penguin to tree amplitude ratio are [7]

Re(rss) = 0.21 £0.13(stat.) £0.77(syst.) = 0.06(theo.), (7)
+Im(rsp) = 1.4540.35(stat.) £0.77(syst.) & 0.44(theo.), (8)
Re(Ppwp/T) = —0.21+0.13(stat.) £ 0.29(syst.) £ 0.16(theo.),  (9)
+Im(Ppwp/T) = —0.54+0.05(stat.) +0.29(syst.) £ 0.04(theo.). (10)

The systematic uncertainty is the dominant source of error in this measurement and
can only be eliminated by measuring the relative phases for K** K% and K+ K*°.

5 Conclusion

BABAR results for K*n~ 7 are in process of being finalised and results should soon
be combined to form the CKM constraint. The angle v can also be measured by
looking at the phase difference from pK and K*m. Tree to QCD penguin ratio is
expected to be larger in pK than in K*7m giving a potentially better sensitivity to .
This method is also quite promising for future experiments. A Super B factory can
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expect results with uncertainties a factor ~ 15 smaller than BABAR’s. LHCb could
also have potential for these measurements and additionally study the constraint in
the B, decays [10].
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