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Nonresonant three-body decays»f&ndB mesons are studied. It is pointed out that if heavy meson chiral
perturbation theoryHMChPT) is applied to the heavy-light strong and weak vertices and assumed to be valid
over the whole kinematic region, then the predicted decay rates for nonresonant charmlessB3decdys
will be too large, and especialB~— 7~ K"K~ greatly exceeds the current experimental limit. This can be
understood as chiral symmetry has been applied there twice beyond its region of validity. If HMChPT is
applied only to the strong vertex and the weak transition is accounted for by the form factors, the d@hinant
pole contribution to the tree-dominated direct three-bBdyecays will become small and the branching ratio
will be of the order of 10°. The decay modeB™— (K~h*h™)\g andB°— (K°h*h™)yg for h=7,K are
penguin dominated. We apply HMChPT in two different cases to study the direct 3{Dodgcays and
compare the results with experiment. The preliminary FOCUS measurement of the direct Digcay
— (7w w7 )yr May provide the first indication of the importance of final-state interactions for the weak
annihilation process in nonresondhtdecays. Theoretical uncertainties are discussed.
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I. INTRODUCTION nonresonanD decays, though in principle it is not justified
to employ the S#) chiral symmetry. As shown ifl1,12,

The three-body decays of heavy mesons are in generéthe predictions of the nonresonant decay rates in chiral per-
dominated by intermediatévector or scaldr resonances, turbation theory are in general too small when compared
namely, they proceed via quasi-two-body decays containingvith experiment.

a resonance state and a pseudoscalar meson. The analysis ofith the advent of heavy quark symmetry and its combi-
these decays using the Dalitz plot technique enables one twation with chiral symmetry13—15, the nonresonarid de-
study the properties of various resonances. The nonresonatays can be studied reliably at least in the kinematical region
contribution is usually a small fraction of the total 3-body where the final pseuodscalar mesons are soft. Some of the
decay rate. Nevertheless, its study is important for severalirect 3-bodyD decays were studied based on this approach
reasons. First, the interference between resonant and nofit6,17.

resonant decay amplitudesBdecays may provide informa- Nonresonant charmless three-boBydecays have been
tion on theC P-violating phase anglell—6]. For example, recently studied extensively based on heavy meson chiral
the interference betweeB™ — (7w 7 7 )yr and B~ perturbation theoryHMChPT). However, the predicted de-

—Xco™ could lead to a measurab@P asymmetry char- cay rates are unexpectedly large. For example, the branching
acterized by the phase angle[1], while the Dalitz plot ratio of B™— (7" @~ 7~ )ygr is predicted to be of order 18
analysis ofB— p7— mm allows one to measure the angle in [1] and[2]. Therefore, it has a decay rate larger than the
«. Second, an inadequate extraction of the nonresonant cotwo-body counterparB— mm. However, it is found in5]
tribution could yield incorrect measurements for the resonanthat the dominanB* pole contribution to the nonresonant
channelg7]. Third, some of the nonresonant 3-boblyde- B~ — =7~ 7~ accounts for a branching ratio of order only
cays have been measured. It is thus important to understarid< 10 ©. Recently, Belle[18] and BaBar[19] have mea-
their underlying mechanisms. Experimentally, it is hard tosured several charmless three-b&lglecays without making
measure the direct 3-body decays as the interference betweany assumptions on the intermediate resonance dth8s
nonresonant and quasi-two-body amplitudes makes it diffiThe predicted branching ratio of order<30 ° in [2] for
cult to disentangle these two distinct contributions and exB~— (K K* 77 )\r already exceeds the upper limit 1.2
tract the nonresonant one. X 107° by Belle[18] and 7x 10 ® by BaBar[19] for reso-
The direct three-body decays of mesons in general receiveant and nonresonant contributions. Likewise, the predicted
two distinct contributions: one from the pointlike weak tran- B(B~ — 77~ 7~ )yg=4X10"° in [2] is too large com-
sition and the other from the pole diagrams which involvepared to the limit 1.5% 10 ° set by BaBar. Therefore, it is
four-point strong vertices. FdD decays, attempts to apply important to reexamine and clarify the existing calculations.
the effectiveSU(4)x SU(4) chiral Lagrangian to describe The issue has to do with the applicability of HMChPT. In
the DP—DP and PP—PP scattering at energies-mp order to apply this approach, two of the final-state pseudos-
have been made by several authf8s-12) to calculate the calars have to be soft. The momentum of the soft pseudo-
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scalar should be smaller than the chiral symmetry breakindor direct 3-bodyD decays, the allowed phase space region
scale A ,~830 MeV. For 3-body charmlesB decays, the where HMChPT is applicable can be a dominant one for

available phase space where chiral perturbation theory is a§ome decay modes. _ _
plicable is only a small fraction of the whole Dalitz plot. € Paper is organized as follows. After introducing the

o L : effective Hamiltonian in Sec. Il we proceed to discuss the
Therefotr.e’ s not Jt's.“f'lfd o atF’p'y chiral ag‘zhhea"y Auarkificulties with HMChPT when applying it to describe the
Symmetries fo a certain kinemaltic region and then genera IZ§—body nonresonar® decays in the whole Dalitz plot and its
it to the region beyond its validity. In order to have a rel'ablepossible remedy. The full amplitude for the penguin-

prediction for thetotal rate of direct 3-body decays, one gominatedB~—K «*#~ is worked out as an example.
should try to utilize chiral symmetry to a minimum. There- The direct 3-bodyD decays are discussed in Sec. lll. Dis-
fore, we will apply HMChPT only to the strong vertex and cussions of theoretical uncertainties and conclusions are pre-
use the form factors to describe the weak vertex. In contrasgented in Sec. IV.

II. NONRESONANT THREE-BODY DECAYS OF B MESONS
A. Hamiltonian

The relevant effectivddB=1 weak Hamiltonian for charmless hadromalecays is

Ge

He(AB=1)= \/5[ VupVig €1(m) OF () + o 1) O5( 1) ]+ VepVeg[ C1( 1) OF (1) + Co (1) O5( )]

10
_thVt*in:3 Ci(M)Oi(M)] +H.c, (2.1

whereq=d,s, and
Of=(ub), ,(qu), ,, O05=(Usbp), ,(dgua), .

0f=(cb), ,(qc), ,, 05=(c.bp), ,(4sCa), ,.

03(5):(&3)\,%% (Q'q" v O4<e)=@bﬂ)v,% (ab%)v—A(WA).

3 — P 3 — S
07(9):§(qb)v_A§ €q'(a'a" )vrav-—n)s 08(10):§(qabﬁ)v_A§ €q (Upda)v+Av-A) s (2.2

with O3—0¢ being the QCD penguin operato@;-0,othe  quark symmetry. One relies heavily on chiral perturbation
electroweak penguin operators andj,@), ., =d;y,(1  theory to evaluate the 3-body matrix elemeis3,21,

+ y5)q,. The scale dependent Wilson coefficients calculategvhereas the use of chiral symmetry is r_estrlcted to the strong
at next-to-leading order are renormalization scheme deperYertex for the other cagd,5]. The resulting decay rates can

dent. In the factorization approach the decay amplitude hake different by one to two orders of magnitude. .
the form Let us first recapitulate the approach of heavy meson chi-

ral perturbation theor{13—15 and consider the decay mode
B — (K K*™7 )nr as an illustration. Since this decay is
tree dominated, we will focus on the dominant contribution

- L from the four-quark operatd®
where the coefficientsa; are renormalization scale and a P !

vs-scheme independent. In ensuing calculations we will em-
ploy the values o#; listed in[20]. For D decays we will use

A(B—MM,Mg)x X a(M;M,M35|O)[B), (2.3

A[B™ =K (p)K™(p2) 7 (p3)]
a;=1.20, a,=-0.67. (2.9
B. Difficulties with heavy meson chiral perturbation theory for - \/E
nonresonantB decays

VipVigar(K K w7 [04B7). (2.9

The nonresonant three-bod/decays have been studied o o
in two distinct methods, though both are based on heavynder the factorization approximation,
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K K*7~|04/B” 1+9
< 8 N Ha= My, —5—(PLy"~Pays), (2.9
=(m"|(du),_,JOX(K"K™[(ub),_,[B7)
. o wherev is the velocity of the heavy meson a#tlis equal to
+(K"K"a7|(du),, ,|0)(0[(ub), ,|B7). the unitary matrixJ which describes the Goldstone bosons.
The general expression of the mattixup to the fourth order
(2.6)  in the meson matrixp is [23]

The second term on the right hand side corresponds to weak ¢ 2 ¢ ot
annihilation and it is expected to be helicity suppressed. As  U=1+2i —2z —lagmz +2(ag= D)z +- -,
we shall see below, it indeed vanishes in the chiral limit. N ” ” i (2.10

The three-body matrix eleme(K K *|(ub). |B~) has o , ] o ]
the general expressidaz] VoA wherea, indicates the |_10nl|near chiral reahza@ﬂon and it _has
9 P the well-known value} in the usual exponential expression
for U, namely,U=exp(2¢/f ). Here we do not specify the
value ofa; in order to demonstrate that the physical quantity
is independent of the choice of chiral realization, i.e. the

value ofas. The traceless meson matrx reads

(K~ (pDK*(p2)|(ub),, B~ (pe))

=ir(pg=pP1—=P2) tio (P2+p1),Tio (P2—P1),

+he,,asPp(P2+P1)“(P2— P1)?, 2.7 o
. _r + K+
wherer, w. and h are the unknown form factors. When \/§+ J6 m
pseudoscalar mesons are soft, the heavy-to-light current in 0
the heavy quark limit can be expressed in terms of a heavy b= 777 _ 77_+ A KO (2.11)
meson and light pseudoscalar mesfi%13. The weak cur- 2 6 '
rentLy=0,7,.(1— v5)Q, when written in terms of a heavy >
meson and light pseudoscalars, has the ftd] K~ KO — \[§’7
LMZIbe VmeTr[ #(1— yg)H §T ] 2.9 To compute the form factors w. andh, one needs to
a 2 Y Y5)MbSba ' consider not only the pointlike contact diagram, Figa)l

but also various pole diagrams shown in Fig. 1. The heavy
to the lowest order in the light meson derivatives, whdte  meson chiral Lagrangian given ji3—15 is needed to com-
contains the pseudoscalar mes®y and the vector-meson pute the strong3*BP, B*B*P and BBPP vertices. The
field P, : results for the form factors af@2,2]

g fB* mB* \/ mBmB*
S S S

(Ps—P1)-P1 fg
R 2 | 212
T t_mB* mB* m
g ferMeryMeMer [ (pg—p,)-p,
w_= 5 > 1+ > s
fTr t_mB* mB*
fg fg Pg- (P2—P1) zng: Mg (Pg—P1) P2
r=-m2 12 3 7T 2
2z 12 (Pe=P1=p2)"~mg 2 N mg: t—mg,
2
492 MgMg* P1-P2—P1-(Pe—P1)P2: (Ps— P1)/ Mg«
. B s s (2 12
2 , .
fo (pB_pl_pz)z_mé t—mgz

with t=(pg—p1)?=(p,+ ps)?. Note that the terniB/(fo,) comes from the pointlike diagram, while the other termsin
andw_ arise from theBY pole contributions in Fig. 1. The decay amplitude then reads

Ge

V2

fr
Vudvjba17{2m§r +(m3—s—md)w, +(2t+s—m3—2m3—m3)w_},

(2.13

A[B™—K ™ (p)K"(p2) 7 (p3)Inr=—
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with s=(pg—p3)?=(p1+P,)?. It is clear that the contribution due to the form factois proportional tomf, and hence
negligible. For the strong coupling, which will be introduced again below, we shall employ the valueyef0.59+0.01
+0.07 as extracted from the recent CLEO measurement obthe decay width[24].

The decay rate 0B~ —K K™ 7~ is then given by

(B~ —K K* -)——gl —gl ftmax ™ Al2ds dt (2.14
( - T _(277) 32rnB tmin ¥ Smin > .

For a givens, the upper and lower bounds bfare fixed. If Eq.(2.13 is applicable to the whole kinematical region, then
Smin=(M;+my)? and s,.,=(Mg—Mg)?, and the branching ratio & —K K ' 7~ is found to be

2.8x10°° from the contact term only,
B(B-—K K*m )yr=1{ 6.7<107> from theB* pole only, (2.195
1.7X10°% total.

This is already above the upper limit of K30 ° set by  Dalitz plot. However, as shown above, this will lead to too

CLEO [25], and it greatly exceeds the experimental limit large decay rates in disagreement with experiment. There-

1.2x 10 ° reported recently by Bellgl8] and 7x10 6 by  fore, in order to estimate the nonresonant rates for the whole

BaBar[19], recalling that both Belle and BaBar do not make kinematic region, one should try to apply chiral symmetry to

any assumptions about intermediate resonances. In otharminimum or some assumptions have to be made to ex-

words, the upper bound on the nonresonaBt trapolate chiral symmetry results to the whole phase space.

— o K"K~ is presumably much less thanx10 ° after

subtracting resonant contributions. Therefore, it is very likely C. B* pole contribution

that the branching ratio of dire&— PP P decays is overes- . ) o

timated by one to two orders of magnitude in this approach. As discussed before,_the direct contact contribution to the
The dominant contributions to the directB”  matrix elemen{K“K"|(ub) _ [B") as characterized by the

—K K" 7~ come from theB* pole and the pointlike weak f5/f2 term is valid only in the chiral limit, and hence we

transition termfg/f2. Since the chiral representation for will not consider its contribution when computing the total

the heavy-to-light current is valid only for low momen- decay rate. As for th&* pole contribution, we shall try to

tum pseudoscalars, the contact contribution fromavoid the use of chiral symmetry when computing Bieto

(7~ |(du)|0)(K*K~|(ub)|B~) and the wealB* to K tran- K weak transition; that is, we shall not use E2.8) to evalu-

sition in theB* pole diagrams are reliable only in the kine- ate the matrix element of tH&* — P transition and we apply

matic region wher& ™ andK ~ are soft. Therefore, the avail- HMChPT only to the strong vertex and use form factors to

able phase space where chiral perturbation theory islescribe the weak vertices. In this way, the soft meson limit

applicable is very limited. It is claimed ii2,3,21] that if the  is applied only once rather than twice.

usual heavy quark effective theoffAQET) Feynman rules For the tree-dominated decdy —K K™z, the B}

for the vertices near and outside the zero-recoil region bupole contribution i$

the complete propagators instead of the usual HQET propa-

gator are used, then the model is applicable to the whole (=gt Pe* .Pa* V)/m;*
s S AV
AB’S* K p2 “m ABB:K' (218
_ K* kK- K B, BS
B
i v N5 Th | jon 1o, . i
K- e general expression @rBB:K is
(a) (b) -
SVAEB:K:<K (Q)B+(p8)|Bgo(pB:»:gBB’S*K(S'q)-
K~ K- Kt (2-17)
- 70 =% ) . A .
L ﬂ Bs K* B~ | By’ | BO)- In heavy quark and chiral limits, the strong coupliggg* k
L 4 S
is determined to bg§13-15
(© (d)
FIG. 1. Pointlike and pole diagrams responsible for Bie The pole contribution from the scalar mesBpand the effect of
—K~K" matrix element of the currenty, (1— ys)b, where the  the decay width in the propagator have been considerégd]inwe
symbol @ denotes an insertion of the current. find these effects are small.
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29
= — /MmgMg+*,
9sBrK f BMe*

(2.18

whereg is a heavy-flavor independent strong coupling and
its sign is positivg 13]. It should be stressed that the relation
(2.18 is valid only when the kaon is soft. Under the factor-

ization approximation

Ge B _
g = 5 VooV doau(m (POl ,[0)

X(K*(py)|(ub), |BEY). (2.19

Heavy quark symmetry is then applied to relate the matrix

element ofB*°—K* to BY—K* [1]:
(K*(p)|(ub), _,|B¥ (pgs))
=Tii€, 058 ”pg: ph— szé: €,
—Ta(e-P)(Per +Pk)w— Tale - Pe)(Per — Py s

(K*(pel(ub),_ |BA(ps)

=t (Pe Pt f-(PB, =Py (2.20
with e, being the polarization vector (§§ . The result i8
(see e.g[1))

o f—f

T_ ’
1 Mg

o _ Gr BK
A[B™—K ™ (p)K"(p)m (p3)]po|e:EVubV3dalFls (m2) 2 \/mBmB’s* mB+m_B_mB_m27T_

X| s+t—m3—ms+

Using the Melikov-Stech moddl27] for the B¢—K form

factors, the branching ratio due to tB& pole is found to be
of order 1.8<10 6, which is consistent with the upper limit

1.2x 10 ° set by Belle[18] and 7x 10~ ° by BaBar[19].

(t—m3+m)(mg—t—mj)

PHYSICAL REVIEW D66, 054015 (2002

1 P+ - Pk
T2 Hg(f* fo)mg+(f.—f_) e |’
fo—f_
T3:_ ;mB , T4:T3. (221)
In terms of the form factorEisoK defined by[26]
(K*(pw)|(ub),_,[BY(pg))
2 2
mBS_mK
:(pB+pK)MF?SK(q2)+T
X [F™(a?) ~ Fy*(a?)] (222
with g, = (pg—Pk) ., We obtain
L P
B.K - BK
f+:Fl f f,——m—iFl l_ﬁ y (223)
and
® _ . Gr * BK, 2
S;LAB:WK__lEvubvudalfw(s'p3)l:1 (mw)
ol m3—t Fos“(m2)
mg+——m - i
®mg T m? Fo(m?)
(2.29

Hence, theB¥ pole contribution taBB™ —K K" 7~ is

o] _ t

t—m

mz—t Fos‘(m2)
Fr(m?)

B*
S

(2.295

2
2M_«
BS

In contrast, the matrix element & °—K™* in HMChPT
has the form
fB*

S

(K (Pal(ub),_,|BZ (Pez))=

mB: 8//« . (22@

Comparing this with Eqsi2.20 and(2.2)) it is clear that in

4t is most convenient to apply the interpolating field method for the heavy quark and chirabg—0) limits, only the form

heavy mesongsee e.g.[13]), namely, |B*)=h" q and |B)
=h®iyeq, to relate theB* —P form factors to those oB— P.

The matrix elemen¢r*|(ub) _ [BP) is also evaluated if¥] using

the relativistic potential model. However, only the form facigris
calculated there.

factor T, contributes with

for fg,
MeTo=—F—=7¢

in heavy quark and chiral limits,

(2.27
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TABLE I. Quark-diagram amplitudes and branching ratios for nonresonant 3-body chaBrdessys. The predictioB 1., is made for
— 1/2 H 2 i — 12
gBB?S)K(,T)—Zg/fo(mBmB(*s)) while the B, @accounts the off-shellness of tlB%‘s) by letting gBB?S)K(,T)—Zg/f,Tx(mB, /szFs)) . Ex-
perimental limits are taken frof81].

Decay mode Quark-diagram amplitude B tlheor theor Beypt [31]
B —m w'm™ VuoVE2(T1+Ci+ A) + Vi VEN2 (Pr+ Po+ P) 3.0x10°° 1.7x10°® <4.1x10°°
-7 KYK™ ViupVil(Ti+Crt A) + Vi Vi (Pr+ Pot Py) 1.8x10°6 1.3x10°° <7.5X107°
—K 7 7 VupVi(Ti+Cit+ A) + Vi Vi(Pr+ Pot+ Py) 2.4x10°® 2.3x10°° <2.8x10°°
—K KYK™ VupViV2(Th+Cit A) + Vi ViN2 (P + Pyt Py) 9.1x 1077 8.5x 1077 <3.8x107°
B KOomt o VipVEC+ Vi Vi(PL+ Pot Py) 2.1x10°° 2.1x10°6
S KOKFK™ ViupVE(Ti+C) + Vi VE(PL+ Pt Py) 1.2x10°° 1.2x10°®

where use of Eq2.23 has been made. However, beyond the 5 FB7( 2
chiral limit, all T,, T3 and T, contribute and §m n t _mgmg—ti —Fo (m7) (2.29
28 2mg 2 m? FBr(m2)) |
t—m2+mz 2mi—t+m2—m3
_ B 2 T K_ B T K )
mgTo=F = (m7) 1+ 2me 2me to be compared with

(2.28

>< ( - FS’SK<mi>)

BK, 2
Fo(mz)

t m3—t . FE™(m2) (230
Mg+ ——m - .
B mB B m2 F?W(mi)

. . . B.K .
in the heavy quark limit. SinceF,*(0)=0.31 in the i, 5 case. Numerically, the decay rate obtained by Desh-
Melikhov-Stech(MS) form-factor model[27], it is evident pandeet al. is larger than ours by a factor of 3 when the
that the form factorT, inferred from EQ.(2.28 is much  ggmeB— # form factors are employed. Note that tBe
smaller than that implied by Eq(2.27, namely, T, pole contribution toB™— a7 7 is found to be 1.8
=st/f7,=l.6 for st= 190 MeV. This explains why the 16 (for g=0.6) in[5] and 2.7 10" % in [6]. Therefore,
prediction based on HMChPT is too large by one to twoour result is consistent with them.
orders of magnitude compared to tB& pole contribution
which relies on chiral symmetry only at the strong vertex.
The previous estimate @ — (7" 7 7 )yr by Desh-
pandeet al. [1] based on thé8* pole contribution gives a In the previous subsections we have only considered the
branching ratio of order 210 ° for F$7(0)=0.333 andg  dominant contribution to the tree-dominat&ddecay from
=0.60 (case 1 in[1]). This is larger than our result 3.0 the operatoiO;. In the following we discuss the full ampli-
X107 (see Table )l by one order of magnitude. It can be tude for the direct 3-bod decay and choose the penguin-
traced back to the square bracketed term in(B4) for the  dominated decap ™ — 7~ w K~ as an example. The factor-
analogouss A, term where Deshpandst al. obtained izable amplitude reads

D. Full contributions

G _ _ _
A(Bmw*(pm*(pz)K*(ps))W—g VupVida(K™[(su),_[0)(m" 7 |(ub) _ [B™)+(m ="K |(su), [O)
_ — — 3
x(0|(ub),,_,|B7)]+ax(m a|(uu), [0K™[(sh), ,[B™)+ 5 (ar+a)
x(m 7" |(eyuu+eqdd), L |ON(KT[(sb), [B7)~VyVifay(m 7K |04B")
+ag(m mTK|0g|B7)+(4—10)+(6—8)];. (2.31)

Under the factorization approximation, the matrix elemen®gfis
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(mm K T|04|B7)=(K[(su),_[O) 7 @*[(ub), [B )+(m*K [(sd), [0} |(db) [B")
+(m~ K| (su),_,|0)0|(ub), [B"). (2.32

In Eq. (2.3 the two-body matrix eleme|'(t77+K*|(§j)va|0> has the form

2 2
T (3t pa) L —FLT(0)+F§T(D)],
(2.33

_ _ m
(7 (p2)K ™ (pa)|(sd),_[0)=(m*(p2)|(sd), [K"(—pa))=(ps—p2)Fim(t)+

where we have taken into account the sign flip arising fromNote that the sign convention dﬁ orJ, is chosen in such a
interchanging the operatoss-d. The other two-body ma- way that(0|J,|P(p))=—if ,p,. We are ready to evaluate
trix element(w* |(uu) ,/0) can be related to the pion the pointlike 3- body matrix element

matrix element of the electromagnetic current - . - _
(7 (py) 7 (p2)K (p3)|(SU)V_A|0>comact

(P =" (p"))y=(p+p")F7(?), i [ag
== |5 (P1tP2tPa)—2P2|,  (2.39
(7 (P 7 (p"))=—(p+p") F™(0?), 7| 2 (P1F P2t P3)u 2Pz,

ks

2.3
(239 which is chiral-realization dependent. This realization depen-
with g?=(p’—p)? and J5"= 20y u—Ldv d+---. The dence should be compensated by the pole contribution,
3 y,u 3 ‘ylLL . _ _ s
electromagnetic form factoF ™™ is normalized to unity at Namely, theB™ to K~ weak transition followed by the strong
g2=0. Applying the isospin relations yields interaction K" —K~#"7~. The strong vertex followed

B B from the chiral Lagrangia2.36) has the form
(m(P)|uyula ™ (p))=(m" (p)ldy,d|7 (p"))
=(p+ p’)MF’T"(qZ). (2.35 S=- 2f2 (p ms)"‘ f2 P- P2, (2.40

As for the three-body matrix element
<W77T+K7|(S“)V7A|O>’ one may argue that it vanishes in
the chiral limit owing to the helicity suppression. To see this - + K-~ o
o ! . S 0
is indeed the case, we first assume that the kaon and pions (7 (P77 (P2)K™(p3)|(s),,_,|0)
are soft. The weak current can be expressed in terms of the
chiral representation derived from the chiral Lagrangian

with p=p;+p,+p;. Hence,

= (777 7K™ | (EU)V7A|O>contact

2 2 i5 i
£=ZT(9,U0N + ZTHMUT+UM). (239 S22 m§<K (P)(su),,_,10)
The weak currenﬂ"":Eyu(l— ¥s)\%q; has the chiral rep- 2i P-P2
resentatior(see e.glf[28]) ~f |\ P pZ—mZ Pl (249

i£2

I T,
J,=— 7 Tr(U\%,U—3,UT\%0)

Evidently, thea; terms are cancelled as it should be. It is
worth stressing again that the above matrix element is valid
only for low-momentum pseudoscalars. It is easily seen that
in the chiral limit

2
I .
=— 7Tr(UT)\aa#U). (2.37)

_ (m~w*K™|(su). |0)0|(ud) |B7)Y=0. (2.42
Itis straightforward to show thak,=q; y,(1— ys)q; has the VoA VoA

expression Physically, the helicity suppression is perfect when light

i£2 / 2i 2 i final-state pseudoscalar mesons are massless. Although Eq.
V= T =0 p+ [ ,0,0]— —3as{ %3, P} (2.42 is derived for soft Goldstone bosons, it should hold
g f = even for the energetic kaon and pions as the helicity suppres-
i ji sion is expected to be more effective.
+ f_3(4_ az)pd, b+ | . (2.38 Oe'l;?e factorizable contributions due to the penguin operator
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(m = m K| Og|B™)=—2{(K[S(1+ y5)u|0O){m 7" [u(1— y5)b|B~)+(m K [s(1+ v5)d|0)(7 [d(1— ys5)b|B~)

+(m~ K [s(1+ y5)u|0)(0lu(1— ¥5)b[B)}. (2.43

Applying equations of motion we obtain

2

_ _ m _ _
(K1 35)ul0) (7~ [a(1— 79)D|B )= (K[ (50,0 (v~ | (Ub),,B°)

m2

= ———(K"|(su),_,[0)(m~7*|(ub), ,|B") (2.44
mbms< V-A V-A !

and
N _ — _ — o (p2tpa)* | _ — mg—m?2 B
(7 (P2)K ™ (p3)[s(1+ y5)d[0)( 7 (py)|d(1—ys)b|B >:T<7T (p2)K™(p3)|sy,d|0) Fo (1)

2 2 2 2

_ Mk~ M7 Mg m"Fg’T(t)FE"T(t). (2.49

Mg mp,

To evaluate the three-body matrix elemém*w*K*E(lJr vs)u|0), we will first consider the case that the kaon and pions
are soft and then assign a form factor to account for their momentum dependence. At low energies, it is known that the
light-to-light current can be expressed in terms of light pseudosc@aese.g[23])

— 20

qj(l_75)qi=TUijv (2.46
to the lowest order in the light meson derivatives, where

m>. mie  ma—m2

(2.47

V= = =
my+myg my+mg  Mmg—mMmy

characterizes the quark-order parame{ﬁq) which spontaneously breaks the chiral symmetry. It is easily seen that the
pointlike contact term yields

“7 K [sysul0 —iBL 2.4
<7T ™ |375u| >contact_I 2 (2.48

As before, this chiral-realization dependence should be compensated by the pole contribution, namely, the weak transition of
B~ to K~ followed by the strong scattering” —K 7. Hence,

<7T_(pl)7T+(p2)K_(p3)|575u|0>:<77_ 7T+K_|375U|0>contact+sz_mi <K_(p)|S'y5U|0>
K

:i_”(l_ zfl'pi). (2.49

Therefore, thex; terms are cancelled. Note that, contrary to thle-(A) (V—A) case where the weak annihilation vanishes in
the chiral limit, the penguin-induced weak annihilation does not diminish in the same limit. This is so because the helicity
suppression works for the/(—A)(V—A) interaction but not for the§— P)(S+ P) one.

Putting everything together leads to
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2 2

K |0g[B ) = — 2| K (k-|(su) [0} art|(Ub) |B" M~ My Mg~ My
(m 7w K7|Og|B™)=— mbm3< |(su),, ,|0)(m~m"[(ub), [B7)+ m. e
fafk 2p1-ps3
X|FST()FS™(1)— 2 1- ——— |FK" " (m3) | ¢, (2.50
= Mpg— Mg

where the form factoF ™™ is needed to accommodate the fact that the final-state pseudoscalars are energetic rather than soft.
The full amplitude finally reads
- - 4 Ge * * K
AB =7 7 K )= VubVisd1— VipVis

V2

+[VypVida— Vip Vi3 (a7+ag) IFTN(S)F™(s) (t—u) — Vip Vi

asta—2(agtag)

W:s ><KI(§J)VA|O><ww*|(Ub)VA|B>

(ma—m2)(mg—m?)
x| (as=3a10)| Fo"(DFG () : +FET(OFET()
(mg—m?2)(mg—m?) mg—mZ mg—m?
X | m3+2m2+mz—2s—t— : —(2ag—ag) - -~
T T foK 2p1'p3
X | FE™(t)FE™(t)— 2 (1— - FKT™(m3) | | ¢, (2.51)
T B K

where uz_(pB—pz)z. As noted in passing, we should only consider the pole contribution to the 3-body matrix element
(m 7" |(ub), ,[B7) so that

_ _ fi gVMgMg« t m3—t Fom(my)
_ _ 4 v eBw 20K BMs B B _ o My
(K (p3)|(SU)V_A|0><7T (p1)m (p2)|(ub)V_A|B )pole= F 1 (mK)E_—zB* B+m_B ms m2 ( F5(m2)
(t—mZ+m3)(m3—t—m?)
X| s+t—mi—m3+ R ! (2.52
2mg,

The decay amplitudes for other decds— 7 (K~ )h*h~ andB°—K®°h*h~ have the similar expressions as E2.51)
except forB™— 7 7~ 7~ andB~—K"K ™K~ where one also needs to add the contributions from the interclangend
put a factor of 1/2 in the decay rate to account for the identical particle effect.

E. Results and discussions To consider the nonresonant contribution arising from the

Before proceeding to the numerical results, it is useful to?ion and kaon electromagnetic form factét§™ and FX,
express the direct 3-body decays of the heavy mesons e follow [1] with the parametrization
terms of some quark-graph amplitudgd,29: 7; and 75,
the color-allowed external-emission tree diagramé§; and Fem (%)=
C,, the color-suppressed interndl-emission diagramsg, nonre
the W-exchange diagram4, the W-annihilation diagramp;
and?P,, the penguin diagrams, ar#,, the penguin-induced and employl’, =200 MeV, andm, =600 MeV for the pion
annihilation diagram. The quark-graph amplitudes of variousand 700 MeV for the kaon. The momentum dependence of
3-body B decaysB— wh*h™ andB—Kh"h™ are summa- the weak form factoFX7(q?) is parametrized as
rized in Table I. As mentioned ifiL1], the use of the quark-

(2.53

1-g?/m:z +il, /m,’

diagram amplitudes for three-body decays is in general mo- FK7(0)
mentum dependent. This means that unless their momentum FK7(g?)= T , (2.54
dependence is known, the quark-diagram amplitudes of di- 1-qg9AL+IT A,

rect 3-body decays cannot be extracted from experiment

without making further assumptions. Moreover, the momenwhere A, ~830 MeV is the chiral-symmetry breaking scale
tum dependence of each quark-diagram amplitude varie3]. Likewise, the form factoF™™ appearing in Eq(2.50
from channel to channel. is assumed to be
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, 1 term \mg« in Eq. (2.18 by (pa.)Y* and it is found that the
F<77(q )Zm- (259 pranching ratios are reduced by (3@0)% for B~
912y —a K'K™, 7" 7~ 7~ as shown in Table I, whileB~

The predicted branching ratios for direct charmless_}K7h+h
3-body B decays are shown in Table I. The decdys
—a h"h™ are tree dominated and their main contributions
come from the B* pole. In contrast, the decayB~

~ for h=,K remain essentially unaffected. Us-
ing the measured branching ratios (55%8+7.7)x 10 ©
and (35.33.7+4.5)x10 ¢ by Belle [18], (59.2+4.7
SRR Lagh il +4.9)x10 ¢ and (34.7-2.0+1.8)x10 ¢ by BaBar[19]
—(K"h"h7)yr and B®— (K°h"h ) e for h=mK are ¢, g~ K-7*7~ and B~ K K'K", respectively, in
penguin dominated. Whem=, the main contribution o,q,nction with the calculated results for direct 3-body de-

comes from the 2-body matrix elements of scalar densities ; ;
. . tays, the corresponding fractions of nonresonant components
namely, the second term on the right hand side of(Ed3), Y P 9 P

0, 0 1
while the contribution from the three-body and one—bodyare found to be 4% and 3%, respectively.
matrix elements of pseudoscalar densifitee first term of
Eq. (2.43] characterized by the terrmgmﬁ/(mbms) in Eq.
(2.51) is largely compensated by tfag term. . NONRESONANT THREE-BODY DECAYS OF D

Direct three-body charmles8* decays have been MESONS

searched for by CLEQ25] with limits summarized in Table  For nonresonant three-bodydecays, the applicability of

I. The decays B"—a K'K™, K'K'K™ and B° HMChPT should be in a better position than tBemeson
—KOr* 7™, K’K*K~ were measured recently by Belle case. In Table Il the maximum momentymof any of the
[18,30 and BaBai[19] but without any assumptions on the decay products in th® rest frame is listed. As stressed in
intermediate states. It is interesting to note that the limit§16], D— KKK are the decay modes where HMChPT can be
1.2x 10" ° set by Belle and X 10" ° by BaBar form K"K~ reliably applied since there is of order 545 MeV which is
(resonant and nonresonaris improved over the previous pajow the chiral symmetry breaking scale. For otKer

CLEO limit 7.5x 10" ° for the nonresonant one. Needless to dKK des. th . f the ph h HM
say, it is important to measure the nonresonant decay rates % »7 modes, he regime of the phase space where i
hPT is applicable is not necessarily small.

B factories and compare them with theory. ‘
In the estimation of direct 3-body decay rates we have The calculations for nonresonant three-body decays of the

applied theB* BP strong coupling given by Eq2.18 and charmed mesons proceed in t_he same way a$theeson
the B* — P weak transition beyond their validity. Needless to ¢as€ and they are performed in the framework of HMChPT
say, this will cause some major theoretical uncertainties irfor two different casesi) HMChPT is applied to both strong
the calculations because the stroB§BP coupling is de- and weak vertices, ani) it is applied only to the strong
rived under heavy quark and chiral symmetries and hence th¢ertex and the weak transition is accounted for by forrg1 fac-
momentum of the soft pseudoscalar should be less han ~ tors. These two different cases are denotedsyand 5°,

For the energetic pseudoscalar, the intermedaitestate is  respectively, in Table Il. Here we would like to point out
far from its mass shell. It is assumed [i&i] that the off- Some interesting physics. First, consider the de@f
shellness of th* pole is accounted for by replacing the —K°%z" 7 ~. In HMChPT its amplitude is given by

TABLE II. Quark-diagram amplitudes and branching ratfmspercent for nonresonant 3-bod® decays, wher@ (in units of MeV) is
the largest momentum any of the products can have inxthest frame. Heavy meson chiral perturbation theory is applied to both
heavy-light strong and weak vertices for the theoretical predidiidnwhile it is applied only to the strong vertex f&°. Form factors for
D— m andD—K transitions are taken frofi25] and experimental results frof81]. For the recent measurements of the nonresonant decays

DTK #"#x", DO KOK K™ andD;—>7T+7T+777, see the text.

Decay mode p Quark-diagram amplitude eor B eor Bexpt [31]
DO KOt~ 842 VuVE(T +Co+ E) 0.03 0.17 see text
- 1
—K 70 844 v, dvgsﬁgﬁcl) 0.61 0.28 1.05733%
KKK 544 VuVi(T+Co+ €) 0.16 0.01 0.5%0.09
— 1
D*—Ko7* 70 845 Vud\/'gs—z(’]'l+cl) 15 0.7 1311
—K 7t 845 VuVEn2(T:+Cy) 6.5 1.6 8.6:0.8
—atata 908 VudVEN2(T1+Cr+ A+ Py + Vo VEN2(Py) 0.50 0.067 0.0240.021
—K K7t 744 ViudVE(A+P) + V Vi T +Cr +E) 0.48 0.004 0.4%0.09
DK K*z7* 805 VugVi(Ti+Cr+ A) 1.0 0.69 0.9-0.4
—atata 959 ViuaVia2 (A) 0.005+0.022
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0 - Ko + in signs[see Eq(2.4)], it follows that the decay rate is sup-
ALD = (p)K(P2) 7 (P3)] presgsed[owingqtg) th)t]a destructive interference)f see TabIepII.
- . However, when HMChPT is applied only to the strong
- Evcsvud(alAl"— axAa), (3.D)  vertex, the main contribution tB°— K7+ 7~ comes from
theD* * pole, namely, the strong proceB8— 7~ D** fol-
with lowed by the weak transitioD* * =K%z *. Since it is
known that the interference iD*—K°%=* is destructive,
naively it is expected that the same destructive interference
occurs in the nonresonalt®— Koz " 7~ decay. However,
this is not the case. ThB* pole amplitude is

fr
A= ?{ngr +(mi—-s—mdow,

+(2t+s—m3—2m3—-mdw_}, -
. AD* K7 77 ) poe
K

A,= 7{2m§r+(m2D—u—m§)w+ (= Gy + Por Por »/M2,)

=Abs ok 2 2 DD* 7
+(2t+u—m3—2mis-md) w_}, (3.2) Ppx ~ Mpx

where the form factors, o, andw_ have similar expres- @3

sions as Eq(2.12). Sincea; anda, in D decays are opposite Now under factorization

Gk
& ADx k= \/EV V*d{a1<77+(p3)|(Ud)v A|0><KO(P2)|(SC)V A|D*+(pD*)>+a2<K°(p2)|(sd)v A0
x(m* (pg)l(uc), _,|D* " (pp=))}- (3.9

Applying heavy quark symmetry one can relate the form factor&itj(sc) ,_ [D**) to those in(K%(sc) _ [D*):

(K%(py)l(sc),, D" (pp))=12(a?)(po+Pk)u+ F2 (A (Pp— PK) 4 - (3.5

We obtain

t
(fo+f)Pmmp+(f, —f)P7—

—a,f
21K mD

t
(fo+f_)PKXmp+(f,—f_)PK— ]
Mp

(3.6

. Gg
€Ak o= T Evcs\/:d(s : ps)[ af,

It is interesting to note that although the interference is destructi@*in— K%z *, it becomes constructive in the process
D7 D*"—x 7w"K’. We see from Table Il thaB® is indeed much larger thai® for D°— K%z " 7.

The nonresonant deCEDO—>(KOK+K7)NR deserves a special attention for two reasons. First, it is the only Cabibbo-
allowed direct 3-body mode which receives contributions from the extékhamission diagran?, (see Fig. 2. Second, as
noted in passing, HMChPT is presumably most reliable for this mode. Its factorizable amplitude has the form

Ge — —
A[D—K ™ (py)K " (pp)K® (pS)]NR_\/E wdVadar(K KO (ud), _,|0)(K™|(sc), _,|D%+ax(K%(sd),_,|0)

V-A

X(K"K*|(uc), [D%)+ay(K K KP(sd) _[0)(0|(uc), DO}, (3.7

where the three terms on the right hand side correspond to the quark digGratsandé, respectively. Proceeding as before
and neglecting th&V-exchange contribution in the chiral limit, we obtain
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FIG. 2. Quark diagrams for the three-body decays of heavy

mesons, wher€ denotes a heavy quark.

A[D°— K™ (p)K ' (p2)KO(p3) Ing

V2

VidVedaiAr+axAzl,

where

, fp ) 9VMoMoy
ASF ) T2
ko t_mD*

S

(s—u),

f
AL=— ?K{2m§r+(m%—s— m3)w

+(2t+s—m3—2m3—m3)w_},

(3.9

(3.9

PHYSICAL REVIEW D 66, 054015 (2002

when HMChPT is applied only to the strong vertex. Again,
the form factors, w, andw_ in Eq. (3.9) have the similar
expressions as E2.12.

It is clear from Table Il that the predicted branching ratio

B2 of 0.16% forD°— (KK *K ~) yr Works much better than
BP®, though the former is still too small compared to the
experimental value (0.550.09)%]31]. This decay was also
considered by Zhang16] within the same framework of
HMChPT, but his result 2.810 * for the branching ratio,
which is similar to the prediction 210 “ based on chiral
perturbation theory11], is smaller than ours by one order of
magnitude.

Some simple relations among different modes follow
from the quark diagram approach. For example, neglecting
the weak annihilation and penguin contributions and the
phase space difference among different modes, it is expected
that

B(D+—>7T+’7T+7T_)NR_ Ve ?

BD —mta K ) | Vesl
B(D+*>E07T+7TO)NR 1
BD*—=K w7 )ve 4

B(D+—>K_K+7T+)NR_ 1

BD"—=at 7w 7 )\\r 2

>

B(D{—K K 7" 1 7(DJ)
BID" =K m m)g 27D

(3.1)

The above anticipation can be checked against the experi-
mental results. It is easily seen that the measubed
— (mmm)nr IS too small compared to the theoretical predic-
tion. For example, the observation thatr (K K™ )\
>(w" 7t 77 )\r in D' decays is rather unexpected.

We see from Table Il that the predictions for cdbede-
noted byB?2 are generally larger than cagg denoted by3"

except for the decapoﬂfowﬁr‘. Contrary to theB me-
son case where the predicted rates in these two different

when HMChPT is applied to both strong and weak verticesmethods can differ by one to two orders of magnituié,

or

A =F2X()FR%(t)(s—u),

g+/MpMmp=* t m2 —t
DK 2 D
A,=F = (mg) > Mp+ ——Mp—>
— My* D My

DK 2
Fo® (mi 5 5

X 1—W S+t—mp—m;
Foo (mg

) (t—m3+m3)(m3—t—m?)

2
2mD*

S

(3.10

and B in some of theD decays differ only by a factor of 2.

It is also evident that in gener&l™'s give a better agreement
with experiment for many of the direct 3-body decays ,
whereas B2 works better for D°—-K°K*K~ and D*
—K~K* 7", though the prediction of the former mode by
HMChPT is still too small compared to experiment. As noted
in the Introduction, the early predictions based on4dhi-

ral perturbation theory are in general too small when com-
pared with experimenritl1,12.

There have been several new measurements of direct
3-body D decays in the past few year®°—K 7" 7P,
KOr* 7™, KK*K™, D" =#* 7w 7", K #*7* andDJ
— " 7~. The nonresonant branching ratio for the first
mode is found to be (1:60.1+0.173%x 1072 by CLEO
[32]. Previous experiment3] indicate that the decap *
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—K 7" 7 is strongly dominated by the nonresonant termlimit. This can be understood because chiral symmetry has
with (95 7)% [31]. However, a recent Dalitz plot analysis been applied twice beyond its region of validity.
by E791[34] reveals that a best fit to the data is obtained if  (ii) If HMChPT is applied only to the strong vertex and
the presence of an additional scalar resonanéincluded. the weak transition is accounted for by the form factors, the
As a consequence, the nonresonant decay fraction dropminantB* pole contribution to the tree-dominated direct
from 95% to (13-6)%, whereaskm " accounts for (48 three-bodyB decays will become small and the branching
+ 12)% of theiotal rate+. TEerefgre, th%bfrancf(ling ratic)) of tthan will be of order 106 The decay modesB ™~
direct decayD ™ —K ™ 7" 7" is dropped from (8.6 0.8)% e 50 7Okt _
t0 (1.2+0.6)%. Likewise, it was found by the E687 experi- —( MM Jxg and B'—(K'h"h")ys for h=mK are
ment that the decap*— 7" =" 7~ is dominated by the penguin dominated. , ,
nonresonant contribution with (6011)% [35]. Again, the (iii) We have conS|dered_ the use of HMChPT in two dif-
) ; 7 - Agam, ferent cases to study the direct 3-bddydecays. We found
new Dalitz plot analysis by E79B6] points out that half of that when HMChPT is applied only to the strong vertex, the

the decays are accounted for by the scalar resonamnce - : - ; ;
s ’ redictions in general give a better agreement with experi-
whereas the nonresonant fraction is only (780+2.7)%. P 9 9 9 P

0 -+, 0 pOk+p-—
Consequently, B(D"—m w7 )y drops to (0.024 Ment except for trr]'e dec?yﬁ) —K fﬂ H 'hK K Kh and .
+0.021)%. Very recently BaBar has reported the prelimi-\?erti_c’gS Kivez a%e?{:r%eicr?st?or? THDI\QE P(-;—Ietoc;[)n?rivl\)lﬁa
nary result of the Dalitz plot analysis 8°—K°K*K~ [37]. 9 ption. P

; 0_ K0, +,.— i
lts nonresonant fraction is estimated to be (o3 Uon 0 D"—K'r 7~ proceeds through external and inter-
+0.8)% and hence is negligible. nal W-emission diagrams with constructive interference.

. — ” The experimental observation that KK~
As for the direct decapp’—K°#* 7, the 2000 edition b 7 IR

. >(m ot 7 )\r in DT decays is largely unanticipated.
of Particle Da;a Grouij.DG) [3.8] quotes a vglge of (1.47 It is useful to summarize the theoretical uncertainties en-
+0.24)% for its branching ratio. However, it is no longer

cited in the 2002 PD@31] as no evidence for a nonresonant gzlé?]tzrizgulsnségebgfrsrsee.nt paper, though most of them have
component is seen according to the most detailed analyses (i) For B* (and alsaD*) pole contributions, the interme-
performed in[39]. This is also confirmed by a very recent iate stateB* is off its mass shell when thé pseudoscalar
CLE?lr(r)1+ela75urement of this decay mod.e which gives (0. eson coupled t8* andB is no longer soft. This will affect
i0'4—0:3—0:2.)% for the nonresonant fractid@0J. B the B* BP strong coupling. To estimate the off-shell effect of
The Cabibbo-suppressed dedy — (" 7" 7 )\ PIO-  px 0 replace its masmgs by \pa. and find that the
ceeds only through th&V-annihilation diagram. The early o ) B E‘ e Ei* o
E691 measurement gived=B(D; — m* " 7 )r/B(DS branching ratios qu - 5 +K T Ir are re(_JIuced
— ¢m)=0.29*+ 0.09+ 0.03[41]. However, it was found to PY (30~40)%, whileB™ —K~a" 7=, K"K"K" remain es-

be negligible by E79142] and its branching ratio is quoted Sentially unaffected.

to be (5+22)x 10~° by 2002 PDG(see Table |J. Recently, (i) We have EirametKrized theg Eepgndence of the form
FOCUS has reported the preliminary result: the nonresona@CtorsF nonres Fronres Fronres@NdF"77 in the form of Egs.
fraction is measured to be (25:3.6)% [43]. This corre- (2:53, (2.54 and(2.55. However, part of scalar resonance

sponds to B(D! — a7t 7 )yr=(2.6+0.9)x 1073, Al- effects is included in the parametrization of the form factors.
B .6+0. ) ! :

though the short-distand&-annihilation vanishes in the chi- Ir;. th(;e B decays, the fmajor urr:certalrr:.ty Ff theﬁalculgted am-

ral limit, the long-distance one can be induced from final-Ptudes ~comes from _the chiral enhanced term

2 2 H
state rescatterifigsee e.g[45]). Therefore, the observation ~ Fononref286— ) X Mg(my —m?2)/ms. We may overesti-
of direct D} — =" ==~ implies the importance of final- mate the penguin-dominant nonresonant branching ratios if

S

state interactions for nonresonant decays. there exist scalar resonances, engIthoug_h in some chan-
nels theo resonance is included iR, its effect is sup-
pressed by the Cabibbo angle and by the fact that it de-
IV. CONCLUSIONS couples to the vector current in the ) symmetry limit.

We have presented a systematical study of nonresonant (ii!) The pointlike contact contribution_ to the. three-body
three-body decays dd and B mesons. We first draw some Matrix _element  beyond the  chiral limit, e.g.
conclusions from our analysis and then proceed to discus1P2/(ab),, ,[B)contacy IS unknown but it becomes even
the sources of theoretical uncertainties during the course afmaller wherP, or P, is not soft owing to the smaller wave
calculation. function overlap amond?,, P, andB. Therefore it can be

(i) Itis pointed out that if heavy meson chiral perturbationneglected in our calculations.
theory (HMChPT) is applied to the heavy-light strong and  (iv) Thus far we have assumed the factorization approxi-
weak vertices and assumed to be valid over the whole kinemation to evaluate the decay amplitudes. It is known in the
matic region, then the predicted decay rates for nonresonadCD factorization approacf46] that factorization is justi-
3-body B decays will be too large and especialy™ fied in the heavy quark limit where power corrections of
—m~ K"K~ exceeds substantially the current experimentabrder 1mg and 1My can be neglected. Beyond the heavy

quark limit, factorization is violated by power corrections
which in general cannot be systematically explored. Never-
3For previous theoretical estimates, $&&] and[44]. theless, some of them are calculable. For example, irBthe
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decays we have included the terms proportionag@andag  can test the validity of applying the factorization picture to

which are of orderA/my, but chirally enhanced. Final-state the nonresonant three-body decays.
interactions which have been neglected so far are also of

orderA/mg. The decayD{ — (7" 7" 7~ )\ proceeds only
through the W-annihilation process. Even if the short-  H.Y.C. wishes to thank the C.N. Yang Institute for Theo-
distance contribution to the weak annihilation vanishes, iretical Physics at SUNY Stony Brook for its hospitality.

may receive sizable long-distance contributions via final-K.C.Y. would like to thank the Theory Group at the Institute
state rescattering. The preliminary FOCUS measurement aff Physics at Academia Sinica, Taipei for its hospitality. This
this mode may provide the first indication of the importancework was supported in part by the National Science Council
of final-state interactions for the weak annihilation process irof R.O.C. under Grant Nos. NSC90-2112-M-001-047 and
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