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The recently discovered D,(2590) state by the LHCb collaboration was regarded as the first excited state
of 'S, charmed-strange meson. Its mass is, however, lower than the Godfrey-Isgur quark model prediction by
about 80 MeV. In this work, we take into account the D* K contribution to the bare c¢5 state, and show that the
coupled-channel interaction induces an 88 MeV shift with respect to the conventional quark model c5 state,

which is much closer to the experimental mass. Our study shows that in addition to S-wave, P-wave coupled-

channel interactions also play a role for hadrons located close to two-hadron thresholds. We further scrutinize

the unquenched quark model results with a model independent approach. It is shown that the two-body D*K

decay width is proportional to the weight of the D*K component. To saturate the experimental total decay
width with the D*K partial decay width we need a weight of about 60% while to reproduce the unquenched
quark model result a weight of about 5% is needed. Therefore, we encourage future experimental studies on

the two-body D*K partial decay of Dy(2590).

DOI: 10.1103/PhysRevD.104.094051

I. INTRODUCTION

The quark model, which has been rather successful in
describing the properties of ground-state hadrons, was
challenged in 2003 by the discovery of X(3872) [1-4]
and D¥;(2317) [5-7]. Since then, a large number of states
that cannot be easily explained by the quark model were
observed, most of which lie close to the mass threshold
of a pair of hadrons [8—15]. Thus it is natural to expect that
these states contain large hadronic molecular components.
However, for certain systems, a more refined picture con-
sidering hadronic molecular components, conventional gg or
qqq components, and compact multiquark components is
needed. In the unquenched quark model, coupled-channel
effects are taken into account on top of the conventional ¢g or
qqq configuration—a so-called bare state. In the unquenched
quark model, the interaction between the bare state and the
coupled channels can be described by the 3P, mechanism
[16-18]. The 3P, model, also referred to as the vacuum
quark-pair creation model, was originally proposed by Micu
[19], and then further developed by A. Le Yaouanc et al.
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[20,21]. It has been widely used to investigate the Okubo-
Zweig-lizuka-allowed two-body strong decays of conven-
tional hadrons [22-24]. The quark-pair creation model also
provides an approach to construct the interaction between the
initial state and the subsequent two-body strong decay
channel. With the transition amplitude provided by the 3P,
model and conventional quark model, an unquenched quark
model can be constructed, which takes into account the
coupled-channel effects. In particular, the unquenched quark
model can give a quantitative estimate of the ratio between
the hadronic molecule components and the bare state. For
instance, in the unquenched quark model, X (3872) was well
described as a mixture of about 70% y ., (2P) and 30% D*D
[16]. With a similar approach, Luo et al. solved the low mass
puzzle of A.(2940) between the naive quark model pre-
diction and the experimental mass by considering the
contribution of the D*N channel, which strongly couples
to the A.(2P,3/27) bare state [17]. In Ref. [18], the authors
considered the DK contribution to D,(2317), leading to a
77 MeV mass shift with respect to the conventional quark
model prediction. Very recently, Yang et al. used the
Hamiltonian effective field theory to study the mass spectrum
of positive parity D, resonant states considering both the
P-wave ¢5 core and the DK/D*K coupled channels and
found that the D?,(2317) state contains about 60% DK and
40% cs [25].

A common feature of the above mentioned exotic states is
that the orbital angular momentum between the two quark

Published by the American Physical Society
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components is P wave. The P-wave excitation is equal to the
creation of a pair of quark and antiquark in vacuum, which
can form two hadrons with its original quark components
through the quark rearrangement mechanism. If the mass
threshold of these two hadrons is close to the mass of the bare
state, it would couple to the bare state and lower its mass,
leading to a smaller mass for the physical state in agreement
with the experimental measurement.

Recently, the LHCb Collaboration observed a new excited
D} state in the D*K*z~ mass distribution of the B® —
D~D'K*r~ decay using a data sample corresponding to an
integrated luminosity of 5.4 fb~! at a center-of-mass energy
of 13 TeV [26]. Its mass, width, and spin-parity are
determined to be mr =2591 £6 +7 MeV, T'p =89 +
16 12 MeV, and J¥ = 07, respectively. This state was
considered to be a candidate for the D,(2'S)) state, the radial
excitation of the ground state D; meson. Nonetheless, the
relativized quark model predicted that such a state should
have a mass of 2673 MeV [24], which is larger than the
experimental mass by 82 MeV. One should note that there
exists only one channel, D*K, that could couple to the
D,(2'S,) state in terms of the quark-pair creation mecha-
nism. In this work, we employ the unquenched quark model
to investigate whether by considering the D*K contribution
one can reconcile the experimental mass of D, (2590) with
that of the theoretical D (2'S)) state. It should be noted that
different from the cases of X(3872), D},(2317), and
A.(2940), the D*K channel couples to the c¢5 bare state
via P wave.

In Ref. [27], it was shown that the A(1232) state
contains a substantial zN component, about 60%, using
an extension of the Weinberg compositeness condition on
partial waves of £ = 1. We will adopt the same approach
to estimate the weight of the D*K component in the
D((2590) state and compare it with the results of the
unquenched quark model.

The paper is structured as follows. In Sec. II we present
the details of the unquenched quark model as well as a brief
description of the model-independent approach. In Sec. III
we study the mass shift of the bare D(2!S,) state induced
by the coupling to D*K in the unquenched quark model and
calculate its partial decay width into D* K. Furthermore, we
adopt the model independent approach to evaluate the
weight of D*K in the physical state D((2590). Finally we
present the conclusions in Sec. I'V.

II. THEORETICAL FORMALISM

In this work, we adopt two different theoretical models to
evaluate the relevance of the D*K coupled channel in the
physical D((2590) state. The first is an unquenched quark
model in the line of Ref. [28] and the second is a model-
independent approach in the line of Ref. [27]. In the
following, we briefly describe these two methods. More
details can be found in Refs. [27,28].

A. Unquenched quark model

We first introduce the Hamiltonian in the framework of
the unquenched quark model, which contains three terms

Hp 2500) = Hes + Hp g + Hjp, (1)

where H ; comes from the conventional quark model [29],
Hp-x denotes the interaction between D* and K, and H;
stands for the interaction between the bare c5 state and the
D*K channel. With the above Hamiltonian the wave
function of the physical D)(2590) state can be written as

W(D,y(2590)) = ¢ (cF) + / & pepx(p)¥,(DK). (2)

which indicates that there are two Fock components, a c5
core at quark level and a D*K component at hadron level.
In the following, we specify each of the two terms. The
Hamiltonian H . is taken from the Godfrey-Isgur relati-
vized potential quark model,

H¥(c5) = Mg¥(c5), (3)

where M|, is the bare mass. The term Hp:g denotes the
Hamiltonian of the D*K system. As we only consider the
kinetic energy but neglect the interaction between D* and
K,1 it can be written as

Hp ¥, (D*K) = (\/sz +lpl2+ \/m%(+|p]2) ¥, (D*K),
(4)

where the momentum p is the center of mass momentum of
the D*K pair running from 0O to infinity.

In the quark-pair creation model (the details of which are
relegated to the Appendix), the transition operator of
c5(2'Sy) — D*K is written as

T = =3ywypo Z C,,(00;m — m))(1,—m/d3Pq

m=-1,0,1

m(Pq — Pg
X/d3pz,5(3>(l)q+p;,)yl < q 5 J

)bZ(pq)dZ(pz,),
(5)

where wy, ¢, and y; _,, are the SU(3)-color singlet, SU(3)-
flavor singlet and spin triplet wave function, and V' (p) =
Ip|“ Y (p) is the solid harmonics. The single dimensionless
free parameter y describes the strength of the creation of the
qq pair. The Clebsch-Gordan coefficients Cy;(00;m — m)
denote the coupling of the spin and the orbital angular

lAccording to chiral perturbation theory, the S-wave D*K
interaction is strong, but the P-wave interaction is weak [30].
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momenta of the gg pair into total spin 0. The delta function
6(3>(pq + p;) constrains the momentum of the ¢g pair, in
agreement with the quark-pair creation in vacuum.
Accordingly b; and dg are quark and antiquark creation
operators, respectively. Thus the Hamiltonian H; between
D*K and the c5 core can be expressed as

H =T+T" (6)
|

The resulting energy eigenvalue equation

Hp,(2500) P (D5(2590)) = MP(D(2590))  (7)

now has the following form in the “basis” of two Fock
states W(c5) and W, (D*K) (p is a free external variable)

(W(c5), T, (D*K))

MO Ces —M Ces 8
((TP(D*K)’ T¥(c5))  (v/md + pP + /mk + pP)op (b - P’)) (CD*K(P/) > - <CD*K<I’) > o

where the products of coefficients cp-x(p’) with the
Hamiltonian matrix elements (1,2) and (2,2) should be
understood as two integrals [ d*p’ over the internal
momentum p’. Note that we have assumed that the two
Fock states, ¥(c5) and W, (D*K), are orthogonal to each
other and properly normalized, respectively. The nondiag-
onal term is the transition amplitude

M550k (p) (P) = (Pp(D'K), T(c5)).  (9)

The above matrix equation can be simplified to two
algebraic equations

Moces / d3p/M:§(2‘So)—>D*K(p’)(p/)CD*K(p/> = Mc.,
M s5215,)-pk (p) (P) Ces + (\/ mpy + [P
Ry m%( + |P|2) cpk(P) = Mcp(p). (10)

From Eq. (10) we can derive the following relation
M—-My—AM(M) =0, (11)
where the mass shift AM (M) is defined as

M s2is,)-k p) (P)*
M —/m3. +|p|> = /m} +|p|* +ie
(12)

AM(M)=Re | &°p

From Egs. (11) and (12) the physical mass M and the
mass shift AM can be determined simultaneously. The
|

coupled-channel correction to the bare state is the mass
shift AM. As the D*K interaction is neglected, the mass
shift of the ¢§ core completely comes from the c¢5-D*K
interaction, whose strength affects the size of the mass shift
and the D*K contribution to the physical mass.

In order to estimate the c§ core contribution to the
physical state D,(2590), we need to calculate the Z factor,
i.e., the field renormalization constant [31], defined as

Z = |(¥(c5). P(Dy(2590))) . (13)

where ¥(c5) represents the genuine ¢ component of the
state. If we ignore the narrow decay width I compared with
its mass mp = 2591 £ 6 £ 7 MeV of the D((2590) state,
we can write down the normalization condition

I = (¥(D(2590)), ¥(D,o(2590))).  (14)

With two Fock components in D,(2590) [see Eq. (2)] the
normalization condition becomes

L=l + / & pleo (PP (15)

From Eq. (10), we can obtain the relation between the wave
function of the ¢5 core and that of D*K(p)

Mc§(2150)—>D*K(p) (p)
== : C
M —/mp. +p|> = /mi +p|* +ie

cpk(P) s (16)

With this, Eq. (15) becomes

|M¢@(2'so)—>D*K(p)(P>|2

1= 0632<1—|—Re/d3p ) 17
i (M= fmy £ 1P = v/ + [pP) + ie (17)

Finally we obtain the Z factor
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MC§ —D* 2 -1

Z= |cc§|2 =|1+Re d3p | (2'Sy)=D K(p)(p)| ‘ (18)
2 2 2 7\2 | .
e o e

A few remarks are in order. First, the integral in the above equation is only well defined for M < m - 4+ mg. However, in the
original 3P, model, the physical state is supposed to decay strongly into the two-body final state. Therefore, there seems to
be an internal inconsistency in the unquenched quark model specified above. The solution is quite straightforward. One

should replace the real M with its complex counterpart M + i['/2. Then Eq. (18) becomes

M s215,)-0k(p) (P)]?

-1
Z= (1—|—Re/d3p 2) . (19)
(M +ir/2 = /3 +pF = /m3 + pF)

For self-consistency, one can also replace M with M + il"/2
in the definition of the mass shift in Eq. (12), which would
just cause tiny changes to AM since the principal value
integral of Eq. (12) is not very dependent on small I" and then
seems unnecessary. Note that I" here only represents the two-
body strong decay width into D*K rather than the total
experimental decay width ' = 89 £ 16 4+ 12 MeV.

B. Model independent approach

One can also study the contributions of different Fock
components to a physical state in a model independent way.
In Refs. [27,32], it was shown that the zZN component in the
A(1232) state is substantial while the zz component in the
p wave function is small. In the following, we adopt such a
method to estimate the relative weights of the ¢§ core and
D*K coupled channel in the physical D (2590). We first
briefly introduce the essential ingredients of this approach.

The starting point is to parametrize the D*K potential.
Close to threshold, it has the following form

g ) (20)

2
My —s

o(s) = —a<1 y

where s is the square of the center-of-mass energy, and M|, is
the mass of the bare ¢§ core. a and f are two unknown
parameters that should be determined by fitting to exper-
imental data. In Refs. [27,32], for the cases of the A(1232)
and p, such unknown parameters are fixed by fitting to the
zN and zz scattering data. In principle, the P-wave D*K
interaction contains a term of the kaon momentum.
Following Refs. [27,32], we modified the form of the
potential and moved the square of momentum to the loop
function. As a result, the parameter o has a dimension of
MeV~2 and the parameter /3 is dimensionless..

The above potential can then be inserted into the
Lippmann-Schwinger equation to obtain the transition
amplitudes

(21)

where G(s) is the loop function of D* and K mesons,

_ d’p p/* wp + 0k
G(s) = R — ’
pl<a 27)% s = (wp: + wg)? + i€ \ 20p-wk

(22)

where wp = \/m3. + |p|*, wg = \/m% + |p|*, and A is
the cutoff needed to regularize the integral. As explained
above, the |p|*> factor is introduced to account for the
P-wave nature of the D*K interaction.

Due to the fact that the physical D, (2590) state is above
the mass threshold of D*K, we need the loop function in the
second Riemann sheet, which is defined as

p/?

G'(s) =G'(s) + i4ﬂ_\/§,

(23)
where G/(s) is given in Eq. (22).

III. RESULTS AND DISCUSSION

For the mass M|, of the bare ¥ state, we adopt the result
of the Godfrey-Isgur relativized potential quark model [29]

My(c5(2'Sy)) = 2673 MeV, (24)

as well as the same set of parameters for the constituent
quark masses:

m, = 1628 MeV,  m, = 419 MeV,
My q = 220 MeV. (25)

The masses of D* and K are taken from the Particle Data
Group [33]:
mp- = 2008 MeV, myg =495 MeV.  (26)

For the effective simple harmonic oscillator parameter f.¢;
of the ¢5 core and D*, we choose [24]

Peit(¢5(2'Sy)) = 0.475 GeV,
Pes(D*) = 0.516 GeV. (27)
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FIG. 1. Relation between the mass shift AM and the physical
mass M of Dy (2590). The thin straight line depicts the linear
function M — M,, where M|, is the mass of the ¢5 core, and the
thick curve describes the mass shift AM calculated by Eq. (12).
Finally the physical mass M, (D,(2590)) is located at the
intersection point of two solid lines, representing the solution of
the coupled-channel equation Eq. (11).

Instead of taking f.¢ to be 0.4 GeV for all light mesons as
in Ref. [24], we choose the value determined in Ref. [34]
for K,

Bert(K) = 0.710 GeV, (28)

which obeys the uniform standards” for all involved
mesons. Finally, for the dimensionless vacuum wuit/dd
quark-pair creation strength constant y, we choose [35]

y=28.7. (29)

With the parameters specified above we can straightfor-
wardly obtain the relation between the mass shift AM and
the physical mass M, which is shown in Fig. 1. One can
easily read that the physical mass of D((2590) calculated in
the unquenched quark model is 2585, which is 88 MeV
lower than the original mass 2673 MeV of the bare c5§ state.
Compared with Fig. 2 of Ref. [18], we find no similar
cusplike structure as the physical mass M is close to the
threshold of D*K, which is only characteristic of S-wave
couplings and thus called “S-wave threshold effect” [36,37].
The main difference in the AM (M) between S-wave and
P-wave two-body coupled channels is owing to the different
explicit analytical form of the numerator of the integrand,
i.e., the transition amplitude M (p) (see Appendix A
of Ref. [28]).

With the same set of parameters and the mechanism of
the 3P, model, we obtain the decay width into D*K,

“Stated below Eq. (A6).

TABLE I. Mass shift, physical mass, and 1—Z obtained with
different ys. The symbol * indicates the default value adopted in
this work.

I'(2585) (M) AM Moy
y (MeV) MeV)  (MeV) (MeV) 1-Z
8.7% 23 23 88 2585 0.08
10 28 17 113 2560 0.14
1 33 11 132 2540 0.19
12 40 5 151 2522 0.25

=23 MeV.> With M +il'/2 = 2585 + i11.5 MeV, we
obtain Z = 0.92, which tells that the physical D,(2590)
state is dominantly a c5 state. To show the impact of the
c5-D*K interaction on the mass shift, we increase y of
Eq. (12), then obtain the results shown in Table 1. Clearly,
the mass shift increases with y and the 1 — Z factor also
increases, which demonstrates that the mass shift of the c¢3
core depends on the size of the off-diagonal Hamiltonian. If
we fix the mass of the ¢s core at 2585 MeV, with increasing
7, then the partial decay width also increases. On the other
hand, if we use the physical mass obtained with increasing
7, the decay width decreases. This is because the phase
space decreases as well.

Now we turn to the model independent approach. The
D*K potential of Eq. (20) and loop function of Eq. (22)
contain three unknown parameters «, 5, and A. As the D*K
interaction is in P wave, we cannot determine these
parameters via heavy quark spin symmetries by relating
them to those of the S-wave DK and D*K interactions,
which couple to D¥;(2317) and Dy;(2460), respectively.
On the other hand, if experimental scattering data existed,
as in the cases of zNV [27] and 7z [32], we could have fixed
these parameters by fitting to the data. As this is impossible,
we could fit to the experimental mass and width, M = 2591
andI" = 89 MeV. As we only have two datasets, we cannot
determine all the three parameters. Therefore, we choose
five different cutoffs A = 400, 500, 600, 700, 800 MeV,
and try to reproduce the mass and width of D (2590) by
varying « and f, and yielding five sets of a and # as shown
in Table II. In the same table, we also show the obtained
pole positions /55 = (M,I'/2).

The Z factor in the model independent approach can be
obtained in the following way

w0 oz o

where the couplings is calculated as the residue at the pole
position

There are two factors that may account for the small decay
width. First, D (2590) is mainly a 2'S, c5 state, where the
principle quantum number is 2. Second, probably more impor-
tantly, the P-wave nature of the D*K interaction suppresses the
decay width compared with the S-wave case.
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TABLE II. Pole positions, Z factors, couplings, a, and p
obtained with different cutoffs.

A (MeV) Pole (MeV) g 1-Z aMeV?) p
400 (2591,40) (0.26,0.11) 058 12x10% 88
500 (2590,27)  (0.26,0.07) 0.25 0.85x 10~ 100
600 (2590,19)  (0.23,0.04) 0.05 0.7x107% 88
700 (2590,14) (0.21,0.03) 0.02 0.78 x 10° 58
800 (2590,10) (0.18,0.02) 0.05 0.59x107° 58
g = lim (s — s0) 1" (s). (31)

S=50

The results are given in Table II, One can see that as the
cutoff A increases from 400 to 800 MeV, the two-body decay
width decreases from 80 to 20 MeV and the weight of the
D*K component decreases from 0.58 to 0.05. As we have
three unknown parameters but only two datasets, we cannot
tell which cutoff is the optimal one. If we assume that the
two-body D*K decay width almost saturates the D ,(2590)
total width, then we need a cutoff of 400 MeV. The
corresponding weight of the D*K component is about
60%. On the other hand, if we believe that the unquenched
quark model is correct; i.e., the two-body D*K decay width
is about 20 MeV, we need a cutoff of 800 MeV. The so
obtained weight of the D*K channel in the physical
D (2590) state is about 5%, consistent with 8% of the
unquenched quark model. Unfortunately, the current exper-
imental data cannot determine the ratio of the two-body
decay width with respect to the total decay width [26]. We
hope that future experimental studies can provide such
information.

IV. SUMMARY

Recently, the LHCb Collaboration reported the discovery
of the first radial excited state of D,. However, its mass is
lower than the quenched quark model prediction by about
80 MeV, which shows a behavior similar to those of exotic
states such as X(3872), D},(2317), and A.(2940). All of
these states have been shown to couple strongly to the nearby
hadronic channels, leading to smaller masses compared with
those of the quenched quark model. In this work, we took
into account the D*K contribution to the 2'S, ¢5 core to
obtain the physical mass of the first excited state of D, in
the unquenched quark model, where the orbital angular
|

momentum of D* and K is P wave. The coupling of the c5
core to D*K is estimated by the quark-pair creation model.
Our results showed that with only about 10% of D*K in the
D((2590) wave function, the D*K contribution could lower
the mass obtained in the quenched quark model by 88 MeV,
leading to a mass much closer to the experimental value. The
two-body decay width predicted in the same model is about
20 MeV, which only accounts for about one quarter of the
total decay width.

We further constructed a model independent approach to
test the unquenched quark model and we found that indeed
with a cutoff of about 800 MeV, one can obtain a two-body
decay width and a weight of the D* K component consistent
with those of the unquenched quark model. On the other
hand, with a cutoff of 400 MeV, one found that the D*K
partial decay width almost saturates the D,(2590) decay
width and the corresponding weight of the D* K component
is about 60%. Future experimental studies will allow us to
fix the unknown parameters of our model and determine the
weight of the D*K component unambiguously. In particu-
lar, a measurement of the ratio of the two- to three-body
decay width of D ;(2590) seems to be the key, because,
according to our study, the direct three-body DKz mode
could contribute substantially to the total decay width
of D(2590).
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APPENDIX: THE VACUUM QUARK-PAIR
CREATION MODEL

In the following, we provide some details about the
transition amplitude M 515, & (p) (P) in the *Py model.
The ¢5(2'S,) meson decaying into D* and K mesons is
allowed in the 3P, model, while the orbital angular
momentum between D* and K is £ = 1. The transition
amplitude is the inner product between the initial and final
state vectors. The state of the initial meson made up of
quark 1 and antiquark 2 has the following form [38§]

nesjm; _ . _
lppmj "(9132) :0)<12>¢(12)Zcfs(]mj;mfms))(glri)/d3P1 /d3p21//nfmg(pl’p2)6(3>(plot_pl —Pz)lpp, (611)‘111)2(‘12)’

mems

. 12 —_
= w(12)¢(12) Z Cys (]mj; mfms)xgm.‘) / d3prell//nfm; (I’rcl)lllﬁpmgrprel (ql )Tﬁpm—l)ml (qZ) ’

memg

(A1)
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where w, ¢, and y represent color, flavor, and spin wave functions, respectively. y is the wave function in momentum space.
The total and relative 3-momentum of quark 1 and antiquark 2 are defined as the following

mypy — myp
Pt =P1 + P2 Pra = — 2 (A2)
m1+m2

The final states can be given in the same approach. With these state vectors and the operator 7 in Eq. (5) the helicity
amplitude M™ia™is™ic (p) for the process A — B + C can be written as

M™MiaMin e (P) =7 Z CKASA(jAmjA;mfAmsA)CstE(ijjB;memSE)

Mg, M, Mpp Mgy My N1

32 12 34
X Clzﬂcsc(]cm]c’memS(;)C11<00 m— m)(ZYBm,B},/.(YCWESCﬂ/YE‘AWLAZE )m)

< [(p5 VpE P pSNT (P my, my, ma) + (=1) 1 Hsatsntse (2 0 G GSNT (—p, iy, my, my)],
(A3)

where the indices 3 and 4 refer to a pair of quark and antiquark created from vacuum, which will form the final states B and
C by combining with the quark 1 and antiquark 2 of meson A. The momentum-space integral Z(p, m,, m,, m3) is the
overlap of initial and final wave functions

m m
I(p, my, my, m3> = / dSkerngm/B <k + mlTSWP> chfcme (k + szSm3p> Vnat ame, (k + p)yrln (k) (A4)

In the present work, we choose simple harmonic oscillator (SHO) wave functions to expand wave functions in
momentum space

Waem, (P) = RRZO(IPD Y2 (P), (AS)

where the radial wave function is given by

(=1)"(=0) 2n [P[\7 e+ (PP 25
rpoqel) = L e s (B i () (6)

1
Li+2 is the associated Laguerre polynomial and the parameter f;; is unknown, which can be determined by the requirement
that the root-mean-square momentum calculated through SHO wave functions should be equal to that of the wave functions
calculated using the Godfrey-Isgur relativized potential quark model [29].

The color and flavor overlap factors can be readily obtained by the inner product of the corresponding wave functions, of
which the details can be found in the Appendix of Ref. [23]. Spin matrix elements involving the spin of four quarks can be
calculated by the angular momentum algebra of Wigner 9j symbols

12 34 s
(){anzJB)(scnsz’)(ﬁszsAlg )m) = (_1)1+‘C\/3(2SA + 1)(2SB + 1)(2sC + 1)

[STE ST

= =
1)
S

X ZCSBSC(smS; msBmsC)CsAl (Sms; mg, — m)

Sm

b (A7)

Sg S¢S

Finally, for convenience we use the Jacob-Wick formula [39] to convert the helicity amplitude M™ia™is™ic (p) into the
partial wave amplitude M%*(|p|)

094051-7
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\a4r(2¢ + 1

MO (Jpl) = M

MmjgMje

Z Crs(jam;,;0m;, )Cj i (smy smj m; )Mmmmlgmm(|p|2)|’"m:’"/3+mjc'

(A8)

Note that we have implicitly assumed that the z axis lies along the direction of the outgoing 3-momentum p of meson B in

the final state. For our concrete process ¢5(2'Sy) — D*K(p), we can relate M 5is,)p-k(

p)([p|) with the partial wave

amplitude M?*(|p|) based on the conservation of angular momentum and selection rules for the strong interaction

Mcs(zlso)—m*k

o (Ip]) = M (|p]).

(A9)
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