Available online at www.sciencedirect.com

ScienceDirect PHYSICS LETTERS B

ELSEVIER Physics Letters B 647 (2007) 164-172

www.elsevier.com/locate/physletb

The role of D** in B~ — DK n~

Oleg Antipin *, G. Valencia

Department of Physics and Astronomy, lowa State University, Ames, IA 50011, USA
Received 14 November 2006; received in revised form 23 January 2007; accepted 9 February 2007
Available online 15 February 2007
Editor: B. Grinstein

Abstract

The BaBar Collaboration has recently reported the observation of the decay mode B~ — DSJFK ~ 7. We investigate the role played by the D**
resonances in this decay mode using HQET. Although these resonances cannot appear as physical intermediate states in this reaction, their mass
is very close to the DjK ~ production threshold and may, therefore, play a prominent role. We pursue this possibility to extract information on
the properties of the strong D** DM couplings. As a byproduct of this analysis we point out that future super-B factories may be able to measure
the Dg D*y radiative coupling through the reaction B~ — D*ym—
© 2007 Elsevier B.V. All rights reserved.

1. Introduction

The BaBar Collaboration has recently reported the observation of the decay mode B~ — D} K~ 7~ with a branching ratio
B(B~— Dy K 7~)=(1.88+0.13+£0.41) x 10~ [1]. This decay mode is different from the mode B~ — D*n~ — DVtn~m~
observed by Belle Collaboration [2] in that the D** resonances are too light to decay into DjK ~. Nevertheless their masses [2],

mpg = (2308 % 17 £ 15 4 28) MeV,
mpg = (2461.6£2.1 205 £3.3) MeV, (1)

are sufficiently close to the threshold for production of D" K~ that we can entertain the possibility of them playing a significant
role in B~ — D K~ 7~ as “quasi-resonant” intermediate states.

In this Letter we use heavy quark effective theory (HQET) to investigate this possibility. This study will serve as a probe of the
properties of the D** DM interactions, where M a member of the light pseudoscalar meson octet. In particular, we can check the
SU(3) relations in strong D** decay. In addition, an analysis of a distribution with respect to the angle between the pion and kaon
momenta can further constrain the D(z) tensor couplings.

Schematically, our procedure consists of splitting the decay B~ — D K~ 7~ into “quasi-resonant” and non-resonant contribu-
tions as depicted in Fig. 1. If the D** resonances were heavy enough to decay into D;f K~ we would expect the “quasi-resonant”
contribution to dominate. Furthermore, in the narrow width approximation the production and decay processes would factorize, and
we could study the properties of the strong decay vertex. We investigate the extent to which the “quasi-resonant” process dominates
by first computing the amplitudes with the aid of heavy quark effective theory (HQET). We then normalize the resulting rates to
the two-body B~ — D 0,270~ Wweak decay rates and use this as a constraint on the weak transition. Finally we study the behavior
of the normalized rates for different parametrizations of the weak vertex, treating the residual dependence on the weak vertex as an
indication of the extent to which the “quasi-resonant” contribution dominates.
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Fig. 1. Decomposition of the decay mode B~ — Dy K~7~ into contributions that are mediated by a D** that is near its mass shell and those that are not.
(a) Quasi-resonance; (b) Nonresonant.

2. Formalism

We use the HQET formalism to describe the interactions involving the heavy meson (0™, 17) doublet, its excited positive parity
partners (0%, 1%) and (1, 27), and light pseudo-scalar mesons [3-8]. We follow standard notation to incorporate the light pseudo-
scalars as the Goldstone bosons of spontaneously broken chiral symmetry through the matrix § = exp(%’) with a normalization in
which the pion decay constant is f;; = 132 MeV. The matrix M is explicitly given by,

\/gno—i—\/gn 7t K+
M= 7 N NI O P @)
IEO

2

K~ =/ 37
3
Similarly, the heavy meson doublets are described by the following fields and their conjugates,
_ I+ _ .
(07,1 )—>H=—¢(¢*—PV5), H=yH" y,

2
1+ _
(0t 1%) > S=T¢(¢1V5—Po), S =5,
1 . 1 -
(1F,2h) > 1r = S+ rf)[Pz”U)/v —/3/2P1,ys (g”“ - gy”(y“ — v“)ﬂ, TH = yoT ™ yy. 3)

At leading order in the heavy quark and chiral expansions, the strong interaction mediated decays of the form H, S, T — HM
are described by the Lagrangians [3-5,9]

Ly= gTr[HyMy5A"P_I],
Lg= hTr[SyﬂysA“FI] +h.c.,

h - h -
Lr = Tl Hyys(DuA?) 7]+ = T Hyaps (D2 4,)T] + he. @
be be
where the axial current is given by,
i
Ap= 5 (80,8 — £0,87), (5)
and the traces are over Dirac and flavor indices. For our numerical estimates we will use the values |h'| = |(hy + h2)/Ay | =

0.5 GeV_l, h=—-0.52 and g = 0.4 [8,10]. We will also replace f; — fx ~ 1.3 f; where appropriate.

It is a simple exercise to write the corresponding weak vertices describing the transitions from a b-quark meson to a c-quark
meson. In this case, however, we do not expect a reliable description of the weak transition as the m;, — m. mass difference is larger
than A, . We will use the HQET framework to parametrize the weak transitions in a manner similar to that of Ref. [11]. We then
treat the result as a phenomenological description of the weak transition in terms of three free parameters that are constrained by
the two body decays B~ — D8727r_.

The dominant short distance operator responsible for the decays B~ — DK ~n~, B~ — DT w7~ is an SU(3) octet of the
form ¢y, (1 — ys)bcf yH*(1 — ys5)u. We use standard techniques [12] to introduce this operator into the HQET formalism. We first
construct the matrix Ay with A 123. = 8{3? to represent the SU(3) properties of the operator. We then pretend that X transforms

as A1o — LA;o LT under chiral symmetry and construct chiral symmetric operators that include A12. The transformation properties
under chiral symmetry of the other relevant objects are Hg — HoU T, Hyp - UHgp, § — LEU Tand ¥ — UETLT. With these
ingredients we construct the effective weak Lagrangian beginning with the H, — H, transitions. There is only one term without
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