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Abstract

We describe a new method to measure the apglef the CKM Unitarity Triangle using amplitude analysis of the multibody
decay of the neutrab meson produced vi# — D™ 10 colour-suppressed decays. The method employs the interference
betweenD® and DO to directly extract the value of@, and thus resolve the ambiguity betweety Z2nd 7w — 2¢1 in the
measurement of s{@¢1) usingB0 — J/¥ Kg. We present a feasibility study of this method using Monte Carlo simulation.
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1. Introduction

Precise determinations of the Cabibbo—Kobayashi—-Maskawa (CKM) matrix elefbeats important to check
the consistency of the Standard Model and search for new physics. The valu@et siwhereg is one of the an-
gles of the Unitarity Triangl§] is now measured with high precision: &¥p1) = 0.7314+0.056[3]. However, this
measurement contains an intrinsic ambiguity; 2— 7 — 2¢1. Various methods to resolve this ambiguity have
been introducef#], but they require very large amounts of data (some impressive first results notwithst&hying

We suggest a new technique based on the analysi’ef> DA%, followed by the multibody decay of the
neutralD meson. Here we ugé’ to denote a light neutral meson, suchids n, p°, w. The modes3® — Dcph?,
utilizing the sameB decay but requiring th® meson to be reconstructed @ eigenstates, have previously been
proposed as “gold-plated” modes to search for new physics eff@ctSuch effects may result in deviations from
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the Standard Model prediction th@&P violation effects inb — cud transitions should be very similar to those
observed irb — cés transitions, such aB® — J /v K 5. Detailed considerations have shown that the contributions
from b — ucd amplitudes, which are suppressed by a factor of approximately{0}0@an be taken into account.
Consequently, within the Standard Model, studie8®f> Dcph® can give a measurement of ;) that is more
theoretically clean than that frod@® — J /v K s [8]. However, these measurements still suffer from the ambiguity
mentioned above.

In the case that the neutrBl meson produced iB° — DiC is reconstructed in a multibody decay mode, with
known decay model, the interference between the contributing amplitudes allows direct sensitivity to the phases.
Thus 23, rather than si(2¢1) is extracted, and the ambiguity? «— & — 2¢1 can be resolved. This method is
similar to that used to extragk, usingB* — DK * followed by multibodyD decay[9,10].

There are a large number of different final states to which this method can be applied. In addition to the possi-
bilities for 2%, and the various different multibodp decays which can be used, the method can also be applied
to B — D*hY. In this case, the usual care must be taken to distinguish between the decaysDz° and
D* — Dy [11]. Also, if h° is not a spinless particle, angular analji$ia] will be required to resolve the contribut-
ing amplitudes ta3° — D*h0.

We also note that this method can be applied to other neBitna¢son decays with a neuti@lmeson in the final
state. In particular, the decaf — D™ K g has contributions from — ciis andb — ués amplitudes, which have
a relative weak phase differenceqy. Therefore, analysis a8° — D™ K s can be used to measure not om,
but alsogs [13]. The value ofp1 obtained from such an analysis can be used to test the Standard Model prediction
that CP violation effects inb — cis transitions should be, to a good approximation, the same as thése-iacs
transitions. Furthermore, modes such@s» D¢ can in principle be used to measure the weak phaszé)i-ﬂ?_?
mixing. However, our feasibility study is not reIevanthS decay modes, which cannot be studied & tactory
operating at th@”(4S) resonance, and therefore we do not discuss this case further.

In this Letter we concentrate primarily on the ded®y— Dz° with D — Ksn Tz~ (and denote the decay
chain asB® — (Ksn 7 ~)pn©). This multibodyD decay has been shown, in the analysis, to be particularly
suitable for Dalitz plot studies. In the remainder of the Letter, we first give an overview of the relevant formalism,
and then turn our attention to Monte Carlo simulation studieBbé> (Ksm+7~) p0. We attempt to include all
experimental effects, such as background, resolution, flavour tagging, and so on, in order to test the feasibility of
the method. Based on these studies, we estimate the precision with gghieim be extracted with the curreit
factory statistics.

2. Description of the method

Consider a neutraB meson, which is known to b8° at time tag. FOr experiments operating at the(4S)
resonance, such knowledge is provided by tagging the flavour of the Btimason in thel" (4S) — BB event. At
another timesjg the amplitude content of thB meson is given by

|BO(Ar)) = e1A11/2m50 <|B°) coSAmAL/2) — i§|BO>Sin(AmAt/2)>, (1)

whereAt = tsig— tag, Tgo iS the average lifetime of thB% mesonAm, p andg are parameters d#°-B° mixing
(Am gives the frequency oB%-B° oscillations, while the eigenstates of the effective Hamiltonian inRfe

BO system areB..) = p|BY) £ ¢|B%)), and we have assum&@PT invariance and neglected terms related to the
BO-BO lifetime difference? In the following we drop the terms af 1471/2750.

1 Details of the time-evolution of the neutr&llmeson system can be found in many references, for example the BaBar PhysiclBpok,
2 A full treatment of theB; case must take the non-zero lifetime difference into account. We do not include this extension here, for brevity.
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