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ABSTRACT

Quasi two body decays of charm mesons are studied by using a hard meson
approximmation in which the amplitude M is approximated by M ~ Mppe + M.
The surface term Mg is given by a sum of all the possible pole amplitudes involving
contributions of four-quark and hybrid mesons in addition to ground-staic Holaln
mesons to Lhe inlermediale states. Contributions of multi-hadron inlermediate
states are taken in Lhe form of MEgre. In the annihilation type of decays, hybrid
mesons play an important role. The spectator Lype of decays can have significanl
contributions of four-quark mesons. The mixed type of decays are a little compli-
cated since they can have all the contributions of possible hybrid and four-quark

mesons in addition Lo the ground-state {QQ}o.

The calculated branching ratios, B(D+ — K%*) and B(D® — K~pt), arc of
ordinary size in contrast with the factorization which predicls very large rates for
these decays. The predicted B(DF — mtw) is very small. The Dt — wtp® decay

can be suppressed in consistency with the other decays.
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1. Introduction

Although nonleptonic weak decays of charin mesons have been studied from
various Lheoretical approaches, i.e., laclorization{l], QCD sum rulef2], quark-line
argunent[3], ACD[], -+, no consensus has been reached. In these approaches,
however, dynamical contributions of hadrons have not sufliciently been taken into
account. Therefore, another perspeclive to nonleptonic weak processes, in which
contributions of hadronic intermediatle stales arc explicitly considered, will be
needed. From this perspective[5),{6], we have already investigaled two body decays
of Iy and charm mesons and obtained good resulls, for example, a small violation
1/2 rule and a large violation of ils charm counterpart can be un-
derstood in terms of contributions of exotic four-quark (QQ)(QQ) mesons, a large
violation of flavor SUf(3) symmelry in the ) — KK and 77 decays can be ex-
plained in lerms of the large difference between the mass differences, mp — mg.
and mp — mg, where 6* and & are I = 0 members of the scalar [QQ){QQ)] mesons
wilth Q@ = wu,d,s, - and the superscript s of @* implies thal it involves an (s3)
pair. Therclore, it is meaninglul to analyze quasi two body decays, P — V Py, of

charm mesons from the same perspective.

We starl from the following approximate amplitude for P(p;) — V(pg)l’g(q).,
M(Py = VP ~ Mpre(Pr — VP) + Mg(Py — V). (1.1)

Bqualion (1.1) can be obtained[7] by extrapolating q — 0 in the infinile momen-
tum frame of the parent particle (IMI, e, p1 — o0). llere P and V denote

pseudoscalar (PS) and vector mesons, respectively. Mpre and Mg are given by,

Merc(Py — VP) = —i(\/ifpz)_] <V|[V II.‘.]IP) (P« Py, ' (1.2)

Ms(Py = VPy) = = ﬁ - {Z(V:') (VIAp 1) (]l P1)

my Hl]

Z(mv ”’l) (V)11,]6) <£|/\p)|l”1>} —(Py o Py). (13)
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Notations are presented in refs. [5]—[8]. Dynamical contribution of various hadrons
is manifest. Not only the ordinary {QQ), (labeled by Lhe level L in Lhe sense of
quark model) but also the glue-ball, hybrid and multi-quark mmesons can contribule
to the intermediate stales of Mg if they cxist. Thus cxotic hadrons can play an
important role if their masses happen to be close to those of the external hadrons.
lowever, in the quasi Lwo body decays of charm mesons under consideration, the
last term in cq. (1.3) is small because of mi, mi > mi, m3 and can be safely
neglected. Therefore we do nol need Lo worry about asymplolic malriz clemenls
(matrix clements laken between single hadron stales with infinile momentum) of
axial charges, Ap, (D = DEODEY, which have not been measured yel. Contri-
bulions of orbitally excited {QQ}L#) mesons also will be neglecled since they are

expected Lo be small{7].

The approximate expression of the amplitude, eq. (1.1) with eqs. (1.2) and
(1.3), can be regarded as its decomposition(9] into (conlinuum conlribution) -+
(Born term). "This general structure is natural for the descriplion of dynamical
hadronic processes. The continuum contribution will, in general, develop a phase
relative to the Born ferm which is usually trealed Lo be real in the narrow width

limil, i.c., Mgre can have a phasc relative to Ms.

It is important to observe thal the amplitude is thus governed by asymplotic
malrix clements of charges, V, and Ag, and the effective weak hamiltonian /1.
Therelore, the main Lask is now to estimale the asymplotic malrix clements of Vi,
Aq and .

In the next scction, we will parametrize the asymptolic matrix clements of
charges, V, and Ay, in the framework ol asymptotic flavor symmetry and asymp-
tolic matrix clements of 7, using simple quark-line arguments. In the scclion
3, approximate amplitudes for quasi lwo-body decays will be given and resulling
branching ratios will be compared with experiments. A brief summary will be

given in the final scction.

2. Asymptotic matrix elements of charges
and the effective weak hamiltonian

In order Lo parametrize asymptolic malrix clements of charges, we use asymp-
tolic flavor symmciry which is a uscful prescriplion lo treat broken Naver sym-
metry[10]. The asymplotic SUs(N) symmctry implics that a flavor charge Vi

transforms an annihilation operator ag(k) of physical hadron 8 like =, I, 7, -+ by

Vo p(k)] = 0 5 Sagrar(K) + 8faplk), fap(k) =0 as k—oo, (21)

where ay(k) should be taken over all possible particles v with the same JPE) s
that of the particle 3. Therefore, in the theory of asymplotic flavor symimcelry,
mixings among members of dilferent mulliplets (lcakages Lo different multiplets)
due to the flavor symmelry breaking can be taken into account. The well-known
1-8 mixing is an cxample of such cffects in the framework of broken SU(3).-{In
the exact SU(N) symmetry, B and belong to the same SU{N) multiplet and
§fop(k) vanishes for any value of k.] The size of the leakage duc to the flavor
SU{N) symmelry breaking is given approximately by the value of the form factor
14{0) of relevant veclor current ab zero momentum transfer squared. The csti-
maled values fi"-(U) ~ | and fi‘.D(O) ~ 0.7{11] suggest that in the world of the
{QQ) mesons, the leakage duc to the SUy(3) symmelry breaking is negligibly small
(c,\'cal‘pl, for Lthe 1-8 mixings) while the SUf(4) symmetry breaking may make about
30 per cenl leakages. Therelore, we paramelrize the asymptolic matrix clements of
the Mavor charges as follows. The asymptolic matrix elements of Vi, Vi, Ax and
A are very close to those in the symmelry plus intra-level mixings like the 148
mixing[12]. However asymplotic SUy(4) rolations through V¥p can make leakages

Lo different levels which can be described, for example, by
VpolrH(p) > ap|DH(p) > +ap|D™F(p) > + -+, (p = 00, (2.2)

where ap is the leakage faclor discussed above and D' denoles the first radially

excited state of 1. Then the asymptotic ground-stale-meson matrix clements of Vp
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can be approximalely parametrized by multiplying ap (~ fi‘n(()) 2 0.7 deseribing
the leakage) (o those in the symmetry lmil. If we consider leakages only Lo Lhe fivst
radially excited state (in addition to the intra-level mixings), we can oblain apr =~
N 0"}> inserting the commutation relation, {Vp+, Vp-] = 2V, between (D
and [D*) with infinitc momentum. Its valuc apr = 0.7 can be obtained by using
ap ~ 0.7 cstimated before. Since the commutation relations, [Vps, Ax-] = Ape,
cle., relales the asymptotic matrix clements of Ap Lo those of Ay, we can again
oblain approximatcely the values of them by multiplying the leakage {aclor op to
those in the SUp(4) symmetry plus intra-level mixings, although we do nol need

to worry about Lhe matrix clements of Ap in Lhis note as was discussed hefore.

Asymplotic matrix elements of /1, can be parametrized by using an inluilive
quark-linc argument(6]. We review brielly il bolow. The eflective nonleptonic weak

hamiltonian /1, is approximately given by[13]
He~cO_ + ¢c;04 + hee, (2.3)

where Oy are the normal ordered four-gquark operators. The operalors, Oy, can
be expanded inlo a sum of products of (a) Lwo annihilation and two crealion op-
cralors, (b) one annihilalion and three crealion operalors, (c) onc creation and
three annihilation operators and (d) four annihilation or four creation operalors of
quarks and antiquarks. We associate these products of annihilation and crealion
operators with different Lypes of weak verlices by requiring the usual connectedness
of the quark-lines. Vor (a), we ulilize the two annihilation and the two creation
operators Lo annihilate and creale, respectively, the quark and Lhe anti-quark be-
jonging to the ordinary meson states [{QQ)) and ({QQ}] (or a hybrid {QQg)} in
place of the {QQ)) which sandwich Ox. However, in the case (b) and (¢), we
now have to add a spectator quark or antiquark to reach the physical processes

<{QQQQ}]O¢]{QQ}> and ({QQ}]OH{QQQQ}) In this procedure, we have Lo

he careful with the order of the quark(s) and anli-quark(s).

Noting that the wavelunclion of ground-state {Q@Q}9 meson should be anti-

symmelric[i4] under the exchange of the quark and anli-quark constructing the

{QQ)y meson, we then oblain[5],[6],

({QQ}al0+1{QQ}0) = 0, (2.4)

which implies that the asymplolic ground-slale meson matrix elements of I, with

IAS] = 1 and |AC

= 0 satisly Lhe strict JAL] = 1/2 rule and those of the charm
changing /1, do its charm counterpart. If the masses of hiybrid mesons are close to
those of the parent charm mesons{15],[16], they can play a role in charm 16050!1 de-
cays{7),[17]. Ty the lux tube model[16], for example, masses of hybrid mesons with
JPC) = 0= have been predicted Lo be around 2 GeV. Therefore we consider con-
tributions of the hybrid mesons. Conslraints on asymplotic malrix clemenls of /1y
taken between the ground-state {QQ}o and the hybrid {QQg} will be analogous

lo ¢cq. (2.4), 1.c.,

(O
ot
-~

{{QQg}10+1{QQ}0) =0, (2.

il the matrix clement is deseribed by the quark-line diagram in Fig. 1.

Fowr-quark {QQG@Q) mesons arc classificd[18] into the following four lypes,

[QQGQ) = [QQIAQ) B (QANAQ) B {[RQNQQ) + (QR)QQA]), where () and ]

Fig.1 Quark-line diagram describing the matrix clements
({QQy} |1.J{QQ}0). The solid lincs represent quarks and
anti-quarks, the dashed line a constituent glion, the solid
cirele the weak vertex in the myy — oo limil and Lhe gray-

box the slrong interaclions.

_6_



denote symmetry and anlisymmetry, respectively, with respect Lo the exchange of
avors between them. All these four Lypes of four-quark mesons can have J Pyt
and can conlribute to quasi bwo body decays under consideration in conlrast with
the case of two body decays in which {1RRNUQQ) £ (Q)QQ}) mesons could not
parlicipale because they have JP = 1. The same procedure as Lhe above leads

us Lo
< [QQIAANO+1{QAQYo >= 0 (2.6)
and

< (QONQDNO-HQA)s > = 0, )

[§%2
-1
~—

which are quite rcasonable {rom the symmetry property of the wavelunctions of
[RANAQ) and (QONQQ) mesons. The nonvanishing (Q)NQQ) contribulions,
< (QOYQMN0LQO}e > and < {QQ)olO+1(QQNQE) >, can give a natural
origin of the small violation of the |AT] = 1/2 rule in the X - wr decays(0)
and the Jarge violation of its charm counterpart in the charm meson decays(3}.
Conslraints on the matrix clements of /1, taken belween [RQNQQ) £ (QQ)] QQ

and {QQ}o mesons also can be obtained through the same procedure,

< [QQNQQ) £ (QANQQNO{QQ) > = 0. (2.

[
>
<=

Explicil parametrization of the asymplolic malrix clements of I/, is listed in Ap-

pendix A.

The asymplotic matrix clements, < PV > and < V|G| P >, can be

related Lo the asymptotic malrix clements < PUTWIP >, for example, by
(R0 = & (R0, (2.9)

which have already been obtained{19] from the realizalion of Lhe commutation
relations, {Aa, ll,(,f)] = [Va, l[,(,f)], with a@ = =9 "This algebraic approach is
comnplementary to the present quark-line argument. We choose the posilive sign

in eq. (2.9) herealler.

3. Branching ratios for quasi two body decays

Before providing explicit expressions of decay amplitudes, we need a little more
preparations.  Mppe includes asymptotic matrix clements of VD As we have
discussed in the previous section, an operalion of Vp to a single hadron state |4)
willl infinitc momentum can induce leakages to different multiplets (for example,
radially exciled slales, ele.) in the framework of asymplotic flavor symmetry. We
here consider leakages only Lo the first radially excited state, for simplicily. Then

we obtain, for cxample,

(" |Vpo I1|K) ~ \/E (D11, K" 1,

where
(D"11,|K")

I{:OD»*—(\DIW. ('}])

D' denotes Lhe first radially excited state of D R =1 il no leakage (ap =1
and ap = 0). ap and ap have been cstimaled Lo be ap = ap =~ 0.7 in the
previous scclion. The matrix clements of [, taken between Lwo meson states will
be proportional to the values of wavefunclions of Lhese mesons al Lhe origin(7].

Then Lhe ratio, {(/)""]l/.l,ll\'(]> / (/)"'lll,l,ll\'[’> |, is estimated Lo be

(D" |I\”>\ \‘1'0'00 NIMlNUTD
e

l <I)'“|/l |/\ W peo(0 \I’j/\p(o

where W, (0) denotes the value of the wavelunclion of the particle a al the orig‘in.
The second approximale equality comes from the fact that W' and D' belong to
the same lirst radially oxcited states of J/W and D', respeclively, and the last one
can be obtained from the observed ratio[20], 1 (W ete )T (Y — ete™)

044 4 0.11. In this way we estimate /222 1.2,

Substituling the constraints on matrix clements obtained in the previous sec
tion info the general form of the decay amplitude, eq. (1.1) with cqgs. (1.2) and

(1.3), we can write down explicitly the decay amplitudes. From these amplitudes,
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we can see Lhe Tollowing[7],{8], although they still include unknown parameters.

(i) The decays, D? — K%, DF — 7P (#%p ) and DF — 7w, are described
by the annihitalion type quark-line diagrams (in the conventional sense) Lhe
myy — oo limit. Therelore these decays are predicted to be strongly suppressed
from a perspective of shorl distance physics[21], although the observed branching
ratio B(D® — RK°@) is not very small20}. In the present perspective, however,
it implics that the inlermediate state of Mg in the s-channel contains only onc
pair of valence quark @ and anliquark Q [and possibly gluon(s)] if (onncd(‘(ln(ss
of the quark-lines describing the malrix clements of Il is insisted. Therefore
only the ordinary {Q@);, and hybrid {QQg) mesons can contribute Lo Lhe sin-
gle meson intermediate state [n) in the first term of { ) on the right-hand-side
(r.h.s) of cq. (1.3). However, the matrix clements of 1. mvolving the orbitally
excited {(QQ}L#O meson will be small[7] since the value of Lhe wavelunction of
{QQ) 120 al the origin is expected to be small (W rz0(0) = 0 in the nonrelativistic
limit). The second term of { )} on rhus. of eq. (1.3) has not {QQ) bul fowne-
quark {QQQQ@) meson contributions in Lhis Lype of decays. lowever, because of
mi 2 mi = n)";),, m"}) > mi = mi, m%, m? for £ = {eQQQ) and also of Lhe
small overlapping of the wavelunctions between the ground-stale {QQ)y and the
{cQQ@) mesons, the four-gquark neson contributions will be small and therefore
we neglect the seecond line in eq. (1.3) for these decays. 1n Lhis way we sce Lhal the
amplitude for the annibilation Lype of decay is described in terms of contributions
of the ground-state {Q@Q}o and the hybrid {QQg) mesons to My in addition to
Mere. One of the points is that in the present perspeclive, M(DE = =t
is not aulomatically suppressed even in the SU(2) symmelry limil in conlrast
with the conventional quark-line diagram approach{3]. In the latter approach, the

DY o stwand DY - 7o decays were described in terms of the same Lype ol two

annihilation diagrams and their amplitudes were given by a sun and a difference of

the corresponding ampliludes, respectively. Then SUp(2) symmetry lead to the re-
sult that the DF — 7" decay amplitude would vanish while the D - 7w am-
plitude could survive. Therefore, to obtain a suppression of the D — rtw decay,

some particular assumplion would be needed(3]. However, the amplitude for the

;0_.

quasi bwo-body decay 1 = VP should be anti-symmetrized with respect to the cx-
change of 12 and P in the crossed channel[22] so that it may be continued smoothly
to its SUp(4) symmelry limit. Under this anti-symmelrization, the D} — xtw
amplitude vanishes in the SUp(2) symmetry limit while the DF o 7t p" amplitude
is nol necessarily vanishing. Therefore, to reproduce Lhe observed suppression of
the DF — 7%p" decay, something new has Lo happen. In the prcsénl, perspeclive,
this will be explained(7) by a magical cancellation among Mprc(Df — =%,
:‘\ly'zu)(l)j‘ — 7¥p") and 1.\,12"!11""")(1): — wtp") later. A distinel point of the
present perspective is that Mere(DF — 7tw) = /\'Ié’cn)(/);" — 7tw) =0 and
liybrid mesons cannol contribute to My, Le., /\’/é"”’"id)(/):r — rtw) = 0. Wilhin
the presenl approximation in which contributions ol excited stales through the
crossed channels are neglected, therefore, the DF — wtw amplitude is va.nisl;ing
as was expecled from Lhe above quark-line argument.

(i1) In the spectator decays, DY — K0pF , TR0 DE = rtg, only the {QQQQ)
mesons (becanse of the connectedness of quark-lines at the weak vertex under con-
sideralion) can contribute to the s-channel intermediate states of M. Among the
{QQQQ} mesons, some of [QRANQQ) +(QQ)Q Q)] mesons arc expected Lo give the
most important contribution in Mg since their caleulated masses{L8] arc very close
Lo those of the parent charm mesons.

(i) The mixed lype of decays, which are described not only by the annihilation
type of diagrams bul also by the spectalor diagrams (in the convenlional sense),
arce a litlle more complicaled since Mg can contain all the contribulions from the

ground-stale {Q(:)}n, the hybrid and the four-quark mesons.

Por more detailed numerical discussion, we need Lo know values of paramclers
involved in the decay amplitudes, i.c., the masses and widlhs of axial-vector four-
quark and PS hybrid mesons, the phases 6y ([ is the isospin of the final state)
arising from Mppe relatively to My, the parameters, koy koo k3, RU, kY and by
which deseribe contributions of the {QQ}a, [QQ][QQ] (QONAQ), {(QAX QQ) +
(QM[QQ)) and {QQg), respectively, to Mg and are defined, except for kg, in
Appendix A, although these parameters have nol been measured yel. Only the

fen = (KA [K") can be estimated to be [ko] = 0.7[23] from the observed decay
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rate[20], T(A* — K'7) 22 50 MeV.

Evidences for existence of exolic mesons are now increasing[15],[24] in the re-
gion of their mass values higher than 1.5 GeV. We here use the calenlated four-
quark meson masses in rel. {18] and Lake the width of four-quark mesons Lo be
[opotic 2 0.2 GeV for simplicity. Hybrid meson masses have been calculated by
using some different theoretical models{15],{16]. However the resulls are skl in
controversy. Therclore we estimale the hybrid meson mass (in particular, my,)
which reproduces the observed suppression of the D¥ ooty <lcc;\:y as follows. As
discussed in (i), in Lhe decays deseribed in terms of only the annihilation diagrams,
main terms of Lhe amplitude arc given by the I21°C term, Mprc, and Lthe {QQ1}y
and {QQg) pole amplitudes, M_(;I':n) and ll’lgl'!’b’i‘l), in the present approximation.
For example, the amplitude for the DF — 7Fp? decay, in which the isospin of
the final mp slate is unity (in the Cabibbo-angle favored decays of D meson, the

isospin of the final stales is always unity because [y s of |AI] = 1), is given by

MDF = 7%p°)

: 2 2 2 2
o L (RO D) {cM’ + ('—”-’)—_—'”—”)AO - (u)/”} (3.2)

Ix mp, — g mi, —mp,
wh(‘r(‘ the first, the sccond and the third terms on rhus. are arising from Mgrc,
\/ = and 1\’/§llybri'l), respectively. 8ay= is the phase of non-resonant mp final
slate interactions with 7 = 1 and ils size is expeeted to be < 90°. 1f the mass
of my is very close to mp,, the amplitude will be sensitive Lo the width as well
as the mass of my, allthough the width was not explicitly shown in eq. (3.2).
The parameter by is related Lo the overlapping belween the wavelunclions of the
{QQyg) and {QQ}o mesons which is expected to be much smaller than that of two
{QQ)[, mesons. Therefore the value of Ay will be much smaller than ko which
was estimated to be ~ 0.7 before. 'I'hen, in order Lhal Mppe and M( =0 may
be canceled by 1\’/&1"""”’1) for k] £ 0.1 and 8] < 90°, the width Uy, cannol
be very broad (£ 100 MeV). Il we take k] =~ 0.0 and [6;] ~ 80°, then Lhe
mass and Uhe width of the mj should be my, =~ 2.0 GeV and I'y, =~ 100 MceV,

respeclively. ‘The above value of may, is close Lo its predicted one from the Nux

All_

tube model[16]. The mass of Ky which belongs to the same multiplel as 7y is
estimated approximately from the above value of mg,, by using the quark counling,
S X My (mp, —mp) =2 CieV. Our resull is not very sensilive to the

value of myy, as long as my, & 2 GeV.

The decays deseribed in terms of the speclator diagrans can have four-¢quark
meson contributions (o My as stated in (i). For example, the Df — 7t¢ decay

amplitude in the present approximalion is given by

~ ! e 0 [7? ié 'nl.;) —771;‘2 X
~ (KU1 D >{fn Rei® - (—————— )

) "
mp —m £

2 2 2
+ ( IND ”:é )A" + 2( l)lﬂ]), _‘,177¢ )(IL:_ + 1% )}‘ (r"})
'”D - mC’( ) 3 mp, — 177&;(_)“_) +

where Fj\('), C ;( ) and (/',r( )( Y denale the [QQ)QQ), (QQN WQQ) and [QQNQQ) +
(Q)QG) mesons, respectively, with [ =1 and JP = 1t Their superscript s im-
plics again that they include an (s3) pair. The [QQNQQ) £ (QR)QQ) mesons mix
with cach other o diagonalize G-parity. The argument of the C’,S,(')(—}-) describes
ils G-parity.  We here take 7 = 1.25 as was cstimated before.  The parame-
lers, k¢ and k¢, providing the contributions of [QQ)QQ)] and (QO)QQ) mesons
with J? = 1+, respectively, correspond to fi and f] describing the the scalar
[QQ)QQ] and (QO)QQ) meson contributions Lo two body decays of charm mesons
in vef. [5]. These parameters are related Lo overlappings belween the wavelune-
tions of the {QQ}e and the four-guark mesons. If possible difference belween the
spatial wavefunctions of the [QRIAQR] and (QQYQQ) mcsons s neglecled, then
let [kt = ey few = r will be oblained, where ¢y are the Wilson cocllicients given in
eq. (2.3). We here put by = 0.05 and Lkt = 7, where s expecled to be nol
very far from wnily. (fy = f; = 0.05 has reproduced well the observed branching
ratios for two body decays of charm mesons in ref. [5] and [25].) The remain-
ing paramclers in eq. (3.3) are kY describing the [QQIQQ) + - (QQ)QQ) meson

conlributions.
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The amplitudes for mixed type of decays can contain further unknown param-
cters, Lhe phases day=p and ayzy of the Mppe relative to Ms. As an example, the

DY o K= pt decay amplitude is given by

MDY — I~ ph)

?

-~ 2 o PUTRT
<l\>.0U[“.lD()> {iA(l/-)CM‘ + %A(J/—)Crﬁg

h \/§fl\' Ko Ko
m";) b 777‘/-), 777:;—) —_ 77]‘;
(=) - G
I”b o I”'i\- 777b; — 171'/"
m"}) - mf, , m"b - m';), ,
_( 2 2 )/g,—l—( 2 )k,
my; — n(,\_t‘,) mj, ”,’;‘rr'lz',,\
. m"b - mi , . m"b - m‘,‘:’
- 2("2_—'-_1__)(1”'— k) - (——‘—>""} (34)
”]D b mC(,:)(I,B) 777[) —m l\’l[ .

in the presenl approximation, where

ary_ L 3ty 612 _
A “—2+‘2<fn>”' and AR =1

arc arising from Mpre with the isospin [ = 1/2 and 3/2 Kp final states, respec-
tively. C(I:)( [8) is a component of the SU(3) 18-plet of the [QQ](QQ):}:(QQ)[QQ]
mesons. The 1 — i amplitudes can be written down in a similar way although

A(,\I.z', ele. should be replaced by their 7 It analogucs.

If spatial wavelunctions of the [QQ](QQ):&(QQ)[QQ] mesons arc asstined Lo be
the same, k4 /k2 also can be relaled to cpfec, e, kYt ey fen =1 We here
consider the following three cases, (a) r 2 0.46in which only the perturbalive QCD
corrections to /[,[13] are take into account, (b) r = 1.0 in which the perturbaltive
QCD corrections to I, arc canceled and {¢) r = 1.5 chosen tentatively (dominance
of non-perturbative QCD effects). Then, changing the values of the phases, bt

(I =1/2 and 3/2), and the paramcter k¢ (although they are constrained to be
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Table 1. Branching ratios (%) for quasi lwo hody decays of charm mesons.
The data values are the world average given in Particle Data Table in rel.
[20]. The values with (*) and (1) are given by ARGUS in ref. [26] and CLEO
I in rel. [27), respectively. BSW is a theoretical prediction based on the
factorization[l]. (a)=(c) are Lhe calenlaled branching ralios in lypical three
cases: (a) r = 0.6, (b) r = 1.0 and (¢) r = 1.5. The values with (%) arc used

as the input data.

Decays BSW | (a) r =046 (b) r = 1.0|(c) r = 1.5| Experiments
Dt o gt el 0.3 2.4 2.5 2.3 1.94+0.7
Dt K" 15.3 1.9 2.0 2.6 - 66417
Dy - ato 2.8 0.7 2.5 3.1 2.8+05
DY = w TR 9.1 5.1 5.3 G.6 4.5+ 0.6

5.8 4 0.7(H

DY 70 3.9 1.6 4.1 1.6 2.141.0
4.6 +2.20)
DY = K=pt | 138 2.8 1.4 4.2 7.3 4 1.1
DY K0 i1 0.5 1.2 1.6 0.640.3
1.2+ 0.209)
DY — Kl 2.7 1.7 2.2 2.4 25405
DY = KUY 03 0.5 1.7 2.9 33409
DF o WYR 24 5.9 3.7 2.1 26405
D - rtw 0.0 0.0 0.0 <14
D - atp? 0.5 0.1 0.1 0.1 <0.22
DV 1% 1) 0.850) 0.880%) 0.88) | 0.8840.12

162 ] < 1 and [827] < 90°), we scarch for reasonable fits in the above three cases.

‘Typical results in the Lhree cases are shown in Table 1 in which we put the values

-4 -



of the decay constants as fp = 180 MeV and fp, = 200 MeV. The values of kb,
kiry 8ar=, Ucroric and Upyprig are chosen Lo be the same in the three cascs, ic.,
kY= 0.05, kg = 0.07, Sar=y = —85°, Teroric = 200 MeV and yyprid = 100 MeV.
However the values of £ and &y, (27 = 1 and 3), Lo give the best fits are a
little dilferent in the above Lhree cascs; (a) kL = 0.07, & = —75°, &3 = 15°. (b)

L =007, § = —75°, & = 45°, (¢) kL = 0.06, §; = —05°, & = 30°.

From Table 1, we sce that the cases (b) r = L0 and (¢) r = 1.5 reproduce
fairly well the observed branching ralios while the casc (a) r = 046 scems to be
far from Lhe observalion. In parlicular, it scems to be hard Lo reproduce sizable
B(D} — KOK*F)epy and B(DF — 7 ¢)exp in the case (a). Our values of B{DY —
KOty and B(D" — K~ p*) are of ordinary size in conlrasl with the prediction by

BSW([1] (bascd on Uhe factorization) which is much larger than the observed ones.

4, Summary

In summary, we have studied the quasi two body decays of charm mesons using
a hard meson approximation and demonstrated that hybrid mesons can play an
important role in the decays described in terms of the annihilalion diagrams. Ior
example, in the DF — 7+ p" decay, the pole contribution of the hybrid meson, 7y,
with 7 = | and J7C) = 0~ can cancel Mgpe and 1\'I§[':()) in consistency wilh
the other decays, in particular, the DY — K% which also is described in terms
of the same annihilalion diagrams in the myy — o0 fimit bul has a substantial
decay rate. The DF — atw decay which is again of the annihilation type is
suppressed in the present approximation since Mppe = 0 and no {@Q}s and no
hybrid mesons can give significant contribulions to this decay. The four-gquark
mesons can take part in Lhis process only through the crossed chamnel and give a
negligibly small contribution. In the spectator decays, Mpre and four-guark meson
poles provide main Lerms of their amplitudes. The predicled B(DT — 7 e,
BOT — K%+ and B(DF — #+d) are of ordinary size in the cases (b) r = 1.0
and (¢} r = 1.5 while in the case (a) r = 0.6, the caleulated B(DF — 77 ¢) rmn.40

and B(D}F — NOI* ) p—pae arc much smaller than the obscrved one. Therelore

the perturbative QCD corrections to [, scem to be insuflicient in nonleplonic
weak decays of charm mesons.

In the above. we demonstrated that the 07+ hybrid mesons could play an
important role in quasi two body decays of charm mesons. However, some models
on hybrid mesons, for example, the flux tube model[16], have predicted that many
hybrid states with dilferent JPCY also can be around the charm meson masses. 1f
it is true, some of Lhese mesons could contribule to the decays of charm mcsons.

For morve precise discussions, we may need o take into account these contributions.
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APPENDIX A. Asymptotic matrix
clements of the effective weak hamiltonian

The asymplolic malrix clements of 1y, (a) <{QQ]U| ",|{QQ]U> (h)
({QQg) . QG ), ( ¢) {[QQNAQN 1. 1{QQ}0), (d) ((Q DN QCY)
(¢) ([QQNQQ) £ QQ NQQN I |QQY0), which salisly cqgs. ( 1)-(2.8) in the

text, are paramnctrized. The notations of four-quark mcsons with JP = 1% are

and

given partly in the text and in analogy with thosc in rel. (5] in which four-quark
mesons were scalar. Non-slrange components of the [QQ](QQ):{:(QQ)[QQ] mesoni
mix to diagonalize G-parity[18].

(a) ({QQYol 1 l{QQ)0) :
(ROLADY + (71| DT = 0, (A1)
(R DN = 0)) + (FH1DF (N =0)) =0, cle, (A2)

(b) ([QQUAQ): " = 14 H.{QC}o) :

,18,



~{¢)0 s{e)+ + by ) .
(l\,\) |//“.;/)”> - —<n,\ *\//“.w_}> = 5 (h MDY, ()

“Ja

(e) ((QONQQ):J” = 1111.{QQ}0) :

o " 37 00 B\ _ g /A0 0
\[§</,N,\.J\|/1,,.|/) )= = (EOR 1Dy =3 {ciNimn")

= ﬁ<6';fj\’+11/(,.|/);r> = —fl— (K)11,1D%, (AA)

() {[QONQQ) = (QIQAN1QQ)u) :

0\ _ 1 At e
1|1 > - —ﬁ@,”\. (18)

3/ 000, kLo, -, .
= _\[_2<1-,‘”,{."(lb)|//,,.u)"> =7 (K*11,1D%, (A.5)

" (0
ﬂ<(,,\. (1)

/1.,,|/)+>

. kL,
<C}\.)”(18)|//,,‘1/)“> = S (R 1D (A.6)
s{¢ l\,‘_ s l‘,’ .
—ﬁ((;‘,‘ )+(+)|11l,.|1)j> = (——l—'—*) (K1,1D%), (A7)
, Rt —kb) -
—fz<c;‘ ’*(—)11/,,.11);*) = (—l—i) (K011, (A.8)

(e) ({QQ 1. 1{QQ)o) :

= 2k
(YA =~ (el DF) = S e, ()

in IMI®, where g%, ¢¢, 1 and hy arc the asymplotic invariant matrix element of the
axial-veetor charge A, taken between the {QQ@)o and Lhe exolic (the axial-vector
0OIQG), (QONGQ), [QQUOG) + (QIAQ) or the PS hybrid {QQg}, respec-
tively) meson slales and arc given by g; =< I\'E\°)+|/\,r+[l\'” >, gy =
< C'(I\'-.);\”Aﬂll\'” >, ' =< Cg\'.)+(18)[/\,,o|l\"+ > and hyy =< pM|Agelmy >0 kS,
ky, kY and kg are paramelers introduced. They are expected to be much smaller

than unity.
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