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We consider nonresonant contributions in the Dalitz-plot analysi8-efpm— 7" 7~ #° decay and their
potential impact on the extraction of the Cabibbo-Kobayashi-Maskawa paramdteparticular, we examine
the role of the heavy meso* andB,, via the proces8— m(B*,By)— =" 7 «°, and their interference
with resonant contributions in the-mass region. We discuss the inherent uncertainties and suggest that the
effects may be substantially smaller than previously indicated.
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. INTRODUCTION theoretical estimates, which giveR~6 [8]. An interesting
possibility for the resolution of this discrepancy has been

The recent observation @@ P violation in the B-meson  suggested in Ref$9,10], whose authors investigate the pos-
system, realized through the measurement of a nonzergible backgrounds t8— p7— 37 decay which arise from
time-dependent,C P-violating asymmetry in the process contributions mediated by other resonances. They find that
B°(B®%) —J/ K (and related oneg1], heralds a new era of the lighto resonance, a brodd=J=0 enhancement iarm
discovery. The result yields a value of sijdn accord with ~ scattering, as well as the heavy-meson resonaBte¢J”
standard modelSM) expectationg2], wheres, defined by =17) andB, (J°P=0"), can modify theB— 37 branching
exp(iB)=—VX,Vca/ (Vi Vi), is an angle of the unitarity tri- ratios in thep—mass lregion and_ _give rise to values Bf
angle, V;; being an element of the Cabibbo-Kobayashi-crudely compatible with the empirical value of Hd), given
Maskawa(CKM) matrix [3]. Ascertaining the presence of its large error. In particular, the contribution Bf — o7~
physics beyond the SM thus demands the determination dfecay significantly enhances the effectiv@™ — p%m~
all the angles of the unitarity triangle. branching ratio and lowers the value Bf Analogously, the

In this paper, we consider the deca@d(B%)—pm ¢ Modestly impacts th&°— p°#° branching ratid 11]; let
—wta 7% as a Dalitz-plot analysis of the possibjer ~ US consider the issues.
final states, under the assumption of isospin symmetry, per- The analysis oB%(B%)—pm—m* 7~ x° decay posits a
mits the determination of the CKM parameter4], where  two-step process, that is, that the amplitude fBP
a=m—B—vy and exp(y)=—V} Vua/ (Vi Vcq). Our inter- — "7~ m° decay can be written as
est is in assessing the size of the nonresonant contributions
which could possibly obscure the analysis, and in ameliorat-
ing their impact. Indeed, the strategy for the extractiorvof
relies, in part, on the assumption that fhenesons dominate
the 3w final state. There are, however, empirical indicationswhere a;;=A(B°—p'n!) and f; is the vector form-factor
that this assumption may not always be warranted. For exdescribingp' — 7 [4]. An analogous construct can be made

ample, combining the CLEO measurements of the branching,, BO(BY) — amw— =" «° decay, which contains the sca-

fractions, B(B°—p*7™)=(27.6'53+4.2)x10°® and |ar form-factor describingr— "7 It is evident that the
B(B™—p%7 )=(10.433+2.1)x10°% [5], with the manner in which ther populates thep phase-space will
BABAR result B(B®—p*7)=(28.9:5.4+4.3)x10 ®  depend on the amplitude f@°— o7° decay, as well as on
[6] yields the accompanying scalar form-factor. Theis a state of
definite CP, so that the isospin analysis of R¢#] can be
enlarged to include if11]; nevertheless, the analysis relies
on the form factors adopted for thé — w7 and o— 7w
processes. The resonances of interest are broad, so that Breit-
where we have added the errors in quadrature and ignorédligner form-factors are generally insufficient: they do not
correlations. These ratios are snial] with respect to simple  satisfy general theoretical constraints, such as analyticity and
unitarity, over thews invariant-mass interval needed. As
discussed in detail in Refl1], the differences are striking

A(BO—>7T+7777TO)=f+a+7+ffa—++f0a00! 2

B B(§O_>piﬂ_t)

=—=2.7%£1.2, 1
B(Bf—>po777) @

*Electronic address: jtandean@pa.uky.edu for the scalar form-factor, and the resulting numerical impact
"Electronic address: gardner@pa.uky.edu onB— 3 decay is sizable. In contrast, the numerical differ-
*Permanent address. ences for the vector form-factor are not large.
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T T To evaluate this, we adopt the naive factorization approxima-
/ / tion, following earlier calculationf9—-11] to which we com-
B It B
p,0 \ pare.
The relevant matrix elements are

m
(a) _ _ ,
(7~ (p)[dy*Lul0)=2(=°(p)[uy Lul0)=if ,p*,
FIG. 1. Diagrams contributing t®8— 3, decay with each (5)
square denoting a weak vertex. (p~(p.&)|dy*ul0)=v2(p°(p,&)[uy u|0)y=Tf e**,

The purpose of this paper is to extend the work of Ref.
[11], which deals exclusively with the ando contributions.
We incorporate theéB* and B, contributions suggested in L — Bom 2
Ref.[9], as the effects they find in tH&°— p°#° channel are {7 (P)|uy*Lb[B°(k))=(k+p)*F1 ""(q%)
considerable. In this paper, however, we show that the off-

q“(p*(p,e)|uy,Lb[BO(k))=—2iAS"P(g*)M &* -q,

shell nature of thé8* andB, weak and strong vertices adds Mé— f, ur B 2 Bom 2
considerably to the uncertainty of the estimate of Ref. + TE q“lFo (g% —F1 (a1,
and may well reduce these contributions significantly. Nev- (6)

ertheless, we also explore kinematical cuts which would be _,. dv LbIBYK)) = —i(M2—M2)EB~?( g2
useful in reducing the impact of these effects in thenass (o (P)ldy,Lb[BY(K)) = =i(Mg=M)Fo™(a%),

region. _ —0
We begin in Sec. Il with the weak, effective Hamiltonian q(m" (p)|uy,Lb|B**(K,epx))
and the matrix elements pertinent to our calculations. Subse- .
quently, in Sec. lll, we derive the amplitudes associated with :2i\/§A§ TT(Q*)Mgrepgs - Q,
the various contributions of interest in thhemass region of 7)
B— 37 decay. We discuss our numerical results in Sec. IV qﬂ<w+(p)|uw|_b|§8(k)>

and conclude in Sec. V.

= —i(Mj, ~M%)F° "(g?),
Il. EFFECTIVE HAMILTONIAN AND MATRIX

ELEMENTS wheref . andf , are the usual decay constargs;k—p, and

_ —1_ ; 2 2 _
The effective]AB|=1 Hamiltonian forb— dqq decay is L=1-ys. The variousAs(q”) and Fo(q") are form fac
given by[12] tors. Other meson-to-meson matrix elements can be deter-

mined using isospin symmetry. In our phase convention, the
meson flavor wave functions are given by =ud, \27°

Heﬂ:% Au(C10Y+ C,0Y) + A ((C,05+C,05) =uu—dd, 7~ =du, B°=bd, B~ =bu, and similarly for the
V2 p, B*, and By. This implies that we have, for example,
10 (7" |uy,b|B®)=—2(7%dy,b|B% =+ 2(7°luy,b|B")
_7\12 CiOi |, 3 =(m |dy,b|B™). We now employ these matrix elements to
=3 realize amplitudes foB— 37 decays.
where G is the Fermi coupling qopstanLqEquV;;d are IIl. AMPLITUDES
CKM factors, C; are Wilson coefficients, an®; are four-
quark operators. The expressions @randO; are detailed Prac_:ticgl considerations drive our interest in ther ™ °
in Ref.[12], though we interchang€; 0% C,0%, so that and 7" 7“7~ decay modes; we shall not consider the

C,~1 andC;>C,. We neglect the electroweak-penguin op- 7°7°7* ones. We write the amplitude forB°

erators O; . 19 because their coefficient€; 1, are —at(py)m (p_)m°(py) decay as a coherent sum of the
smaller than the others. In the decay amplitudes that we des, o, B*, andB, amplitudes, namely,
rive, the C;, enter through the combinations;=C;
+Ci;1/N, if i is odd anda;=C;+C;_;/N, if i is even, A**°=A;’°+A;’°+Ag[°+A§0*O. (8)
whereN.=3 is the number of colors.

The diagrams contributing to tig— 37 amplitudes con-  ForB~— 7~ (p,) 7 (p,) 7 (p,), the amplitudeA™~* can
sidered here, as shown in Fig. 1, each have a strong vertaye constructed in an analogous manner.
and a weak vertex, where the latter describes the transition e consider first th&8— p7— 3 contributions, repre-

Mp—M1Ms, in which My, is a heavy meson containingta  sented by the diagram denoted by™in Fig. 1(a). For each
quark andM, , are light mesons. The amplitude correspond-;i diagram and & state, the amplitude is written as a prod-

ing to the weak vertex is given by uct of an amplitude for th&— p'7 weak transition and a
vertex functionI’,,., describing thep'— 7= form factor.
A(Mp—M1M,)=(M ;M| Hex|Mp). (4)  Were thep a narrow resonance, the Breit-Wign&Ww) form
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g G
rBew S=—p 9 =—(N\ya;—\a fFBTr,
pm( ) S—Mi-i—iFPMp 9 7 \/E( vy~ Nag) f Fy

would suffice, whereys is the invariant mass of the?
system andy, is the p—mm coupling constant. However,
since thep is not narrow—its width is some 20% of its G

mass—this form must be generalized to accommodate WO:_F{D\uaZ+)\t(a4_aGRq)]fﬂ-MpAgp
known theoretical constraints over the regiorsifor which 2\/E

it is appreciable. For example, unitarity and time-reversal Br

invariance compel the phase ®f,,.(s) to be that ofL (M2t hag) T
=1, |=1 7 scattering fors<(M_,+M)?, for which the

4 GF Bp
7 :E[)\ual_ A(az—agRg) 1M A",

(12

scattering is elastic. Moreover, the imaginary part of ;‘):?F{[)\ual—)\t(a4—aeRq)]fWMpA§P
I',»(s) must vanish below physical threshold,=4MfT.
For a detailed discussion with references to earlier work, see +(Nyant )\ta4)fp|:?7"}_

Refs.[11,13. Following Ref.[13], we have
Here AGP=A§ "?(M?2) and F"=F}~"(M?), whereasR,

F (s) EMfrl[(mb+ﬁ1)ﬁ1]—note that we work in the isospin-
—F,(s
P

Lpra(s)= : (10 symmetric limit, for whichm=m,=my. The relative signs
g foy between the different terms in E(.1) follow from thepzr o
couplings
whereF ,(s) is the vector form-factor of the pion arfg, is (m%(Po) T (p+)|p™)=20,¢," (P=—Po),
the p-y coupling constant. The parametersHy(s) are de- (13
termined by fitting teete™— 7" 7~ data; what is important (m(p)m (PP =0,p8, (P-—P4),

is that the parametrization itself is consistent with theoretica{Nhich follow, in turn, from the phase conventions we have
constraints. The value of,, is determined from thep ' ’

—e*e™ width, which, in turn, is extracted from the*e~ ihosen for the flavor wave functionstr =) == |1 =11 5=
. fion at— M2 [13.14. The overall sign is +1) and|# )_—|I =1]5;=0), and similarly for thep states.
—m m  Cross sectior P o Our A, amplitudes agree with those of earlier calculations

chosen so that E10) is equivalent to the BW form, Eq9), [9,11,16

2 _ 2 . . . 1 1 .
ass—M,. At s=Mj the BW form is compatible with the ~ \we turn next to ther “meson” contributions, represented
various theoretical constraints. In our numerical analysis, Wy the diagram denoted byo* in Fig. 1(a). We use ther to
adopt the “solutionB” fit of Ref. [13] for F,, for which  denote a two-pion state with total isospir-0 and total
fm,= 0.122+-0.001 Ge\ [14]. Alternatively, a BW form angular-momentumd=0; it need not be a “pre-existing”
with a running widthI" ,(s), chosen to be compatible with resonance, but, rather, can be generated dynamically by the
the form of thew s phase shift(in the crossed channehs  strong pionic final-state interactions in this chanigl]. The
s—4M?2, is given in Ref[15]. However, the numerical dif- peak of the broad enhancement associated witlrtiseclose

ferences between this form and the one we have chosen ai@the p in mass, so that the dec#/— om— 37 can popu-

small[11]. late theB— p 7 phase spacfglQ]. As in thep case, the am-
For the decay amplitudes, after summing over ghpo-  Plitudes forB— o7— 3 decays are written as a product of
larizations, we find an amplitude for theB— o weak transition and a vertex
functionT’ ., describing ther— 7 form factor. We write
(11]
A 7 (S Ss0 (-0 el =X (S), 14

+ 9" (s_g—s; ), ..(s
7 (8-07 8+ M pnalSeo) whereTl'] is defined as

- 7]O(S*O_ S+O)Fpﬂ'77(s+f)v

11 — _ 2
+ (Ol (b (9 )=\ 2T X5, JBo. (@9
A, == l(s12m 51T pra(S24) o
We note thaBo=M?<2/(2m) is the vacuum quark condensate
+ (812724 ) prm(S14) ] and x is a normalization constant, to be discussed shortly.
wheres, = (pc+ p;)?, with "We use the notatiofiM ;M 3| M ;)=(M ;M 5| Hsyond M 1)
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For our numerical work in the next section, we adopt thechanges arising from the use Ibf ..(s) in place of the BW
I'}(s) as derived in Ref[18], after Refs.[17,19,2Q. The expression are significafll], as we will see here as well.
calculated form factor is realized in a chiral, unitarized, We determine the normalizatigp by requiring thaf11]
coupled-channel approach; at low energies, the form factor is

matched to the one-loop-order expression in chiral perturba-

tion theory[18,21. The resulting form factor is consistent X|FE(M§)|=9"—Z", (17)
with low-energy constraints and is comparable to the scalar I'x(M5M,

form-factor which emerges from the dispersion analysis of

Ref. [22]; however, it is notably different from the Breit- \yhich equatedl’,, (s)| to its BW counterpart as=M?2.

Wigner form adopted in Ref§10,23 to study the role of the 4 values oM, andT",, are extracted from fits dFEY (s)

o in B andD decays into the 3 final state. That is, to D— 3w decays23]. The normalization condition is mo-

tivated by noting that the modulus ®%,(s) is peaked near
s=M?2, whereas the normalization &¥}(s) is sensitive to
1“5‘7/‘7/#(3): Zg‘f”” , the values of certain, poorly known low-energy constants
s—=M;+il',(s)M,, [11]. We emphasize tha¥l, andI", appear merely in the
(16)  normalization ofl",, ., .
The resulting decay amplitudes are then

g Mol [s—aM7
S)= 1 -
0'( ) \/g M(27._4M37 A+ O: ng—rgﬁw(SJrf)a

(o8

(18
A;_+:;S-[Fa'ﬂ"n'(ler)_l—ro’Trﬂ'(SZJr)],
where the couplingy,,,,=(7" 7" |o) is determined from
the o— 7r7r decay rate. FoB— 37 decay, the numerical where
e 2(o|dd|0)
n?,=7[[xuaz+m<a4—a6Rq>]<Mé—Mi)fWFS"—xtae—A(Mé—Mi)FS” :
m,—m
(19
-0 Gr 2 2 Bo 2<U|Ed|0> 2 2B
7,=7=| [MNd1—M(as—agRy) (Mg—M O f Fo7+Nag————=—(Mg—M7Fy" [,
V2 My, —m

with FE"=FE="(M?) and FE“=FB~?(M2). From Egqs. mesons, as in Ref[9]. In the combined heavy-quark

(14) and (15), it follows that<a|ad|0>=Mf,/(\/€Xr?1). we and chiral limit [26], the strong couplzings connecting

agree with the weak amplitudes of RL1], but disagree the (B*.Bo), B, andm mesons ar¢9,24,27

with those of Ref[10] in that our 72 and;g, neglecting

penguin terms, are smaller and larger, respectively, than _ =~ = — 20VMgMpgx

theirs by a factor ofy2. (B7(p")m (p)|B* (K, 8))= — ——F—=&-p, (20
We now evaluate thd* and B, contributions, whose "

diagrams are shown in Fig(l); we suppose that other ex-

cited B-meson states could also contribute, but we expect 4 =D hyMeMg; k2—M3

that their larger masses ought to make them less important (B7(p")m™(p)|Bo(k)) = f_ Mg

[9]. Presently, no reliable data exist on the widths of these 0

heavy mesons, so that their values have to be calculated. . . ) )

Recent estimatef24,25 suggest that th&* is a very nar- USing isospin symmetry, we derive

row resonance, whereas thB, is less so, its width

being some 6% of its mass. Nevertheless, the resonances o o

are sufficiently narrow that it is reasonable to adopt “We note that(B*~(k,e)w"|B%=—(B 7" |B*°(ke)) and

a Breit-Wigner representation for the propagators of theséB, (k)7*|B%=— (B~ =" |B5(k)).

(21)
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(B 7"|B*%) =~ 2(B®#%B*%)=(B%= [B* ") (22
and analogous relations f¢B|By). We then obtain
1
—=KII(s_g,5:-) +Kill(s_0,S+0)

V2

+-0
Age =

S_o— Mé*‘FiFB*MB*

1
_KH(S+— rs—O)

V2

S+,_Mé*+iFB*MB*'

(23)
KII(s1+,S12)

A, "=
Sl+_Mé*+iFB*MB*

B*

KH(SZ+ 1512)

SZ+_Mé*+iFB*MB* ,

KO+ Kee
A0
o | s o—ME +il'g Mg,

KO
S+, - M§0+ iFBOM BO

(Mg,—M?)

5

(24

KO
M2 4
S+ MBD+|FBOMBO

As =
Bo

KO
2 .

+ (M3, —M2),

ks

where
K=—4GdN,a;—M(as—agRy)]
X gMgx VMgMgeAE" 7, (295
Ki=—2V2Gd N jay+ \(ay— agRy) ]
X gMgs VMgMg:AS" ™,

~o_ Gr
K __Z[Aual_)\t(a4_a6Rq)]

%

Bom
MgMg Foo”,

(26)

"‘cc_GF
K*=—=[Njat+N(as—agRy)]

V2

X ——— [MgMg F5O7,

PHYSICAL REVIEW D 66, 034019 (2002
and the sum oveB* polarizations yields

(M3—M2—u)ju
Mup)=———>——+M2— . 27
e ZIVES 2

Note thatA§ "=A& ~7(M2) andF£°"=F 50" "(M2). Our
expressions foA* % in Egs. (23) and (24) disagree with
those in Ref[9] in that the factors of /2 are missing in
their formulas, and that the minus sign in the middle of the
big brackets in Eq(24) is opposite to theirs. However, our
expressions forA~ " in Egs. (23) and (24) agree with
theirs.

IV. NUMERICAL RESULTS AND DISCUSSION

We begin by listing the parameters that we use; we con-
form with the parameter choices of Ref9,11], in order to
realize a crisp comparison with their results. In specific, the
Wilson coefficients we use are

C,=1.100, C,=-0.226, C;=0.012,
(28)
C,=—0.029, C5=0.009, Cgz=—0.033.

For the CKM factors, we adopt the Wolfenstein parametriza-
tion [28], retaining terms of?(\°%) in the real part and of
O(\®) in the imaginary part, to wit,

Vua=1—-N\212, Vyo=AN3 p—in(1—7?/2)],
(29)
Vig=AN*(1-p—in), Vp=1,
and using

A=0.2196, p=0.05, »=0.36, A=0.806. (30

For decay constants, light meson masses, and resonance pa-
rameters, we have

f,./\2=92.4 MeV, M,=139.57 MeV,
f,=0.15GeV, M,=769.3 MeV,
I',=150 MeV, g,=5.38, (31
M,=478 MeV, T',=324 MeV,
Jomr=2.52 GeV.

The decay constants, and f, are associated withr= and
p* decay, respectively. We neglect isospin-violating effects
throughout, so thaM =M o=M ., M -=M =M, as
well asMgo=Mg-=Mjg. Moreover,m=6 MeV. The B*
and B are degenerate in the heavy-quark limit, so that we
neglect their mass difference as well. We also neglect the

lifetime difference between th&° and B~, setting rgo
=75-= 1. For theB and related mesons, we have
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TABLE |. Effective branching ratios foB— pw decays, as per Eq35), with §=0.3 GeV. Breit-Wigner form factors are used
throughout, noting Eqg9) and(16) for the p and o contributions, respectively. All branching ratios are reported in units 610

Decay mode p o B* By p+B* p+B*+By pto p+o+B* pt+ao+B*+By
B'—p mt 16.0 0.0003 0.54 0.009 16.5 16.3 16.0 16.4 16.3
BO—pta 4.76 0.0003 0.13 0.020 4.98 4.98 4.78 5.00 5.00
EO_,poTrO 0.91 0.045 0.39 0.016 1.43 1.29 0.93 1.59 1.43
B —pon~ 4.10 5.18 2.71 0.107 7.42 8.45 8.83 7.67 7.92
R 5.1 2.9 25 2.3 2.8 2.7

Mg=5.279 GeV, 73=1.6x10 '%s, m,=4.6 GeV, I oi(B— p(p1+po) m(P3))

gx=0.2 keV, Mg =5.697 GeV, I'y =0.36 GeV, =IB—7(p) m(P2) T(P3)|(m, - 5y2<s,,=(M, + 3)2-

(32) (35
and use We chooses=0.3 GeV, following earlier work9,11].
For crisp comparison with Ref9], we begin by comput-
g=0.6, h=-0.7. (33) ing the effective branching ratios arising from the use of

The heavy-to-light transition form factors are given by

AG’=0.29, F§"=0.37, F{7=0.37, F("=0.46,
) (34)
AS""=0.16, F2°"=—0.19.

Finally, for the vector and scalar form-factols, , .(s) and
I' ,.(S), respectively, we follow the treatment of R¢11].
The F,(s) parametrization we adopt was fit teTe”
—a "7~ data in the elastic regiofl3], 2M ,<s<M .
+M,, only, so that for larger values &f we use a Breit-
Wigner form, matched to the value &f,,.(s) at Js=M_
+M,. That is, for \/s=923 MeV we employl’,.~(s)
=[c(M2=9s)+ic' M, ]g,/[(M5—s)?+T2M?], with c,

Breit-Wigner forms, as in Eq$9) and(16) for the p ando,
respectively, throughout. The various contributions, reflec-
tive of the enumerated terms in E@®), are reported in Table

I. There are differences between our results for thep
+B*, and p+B* + B, contributions and the corresponding
ones in Ref[9]. The differences are, however, not large and
arise in part from missing factors in the formulas for e
and By amplitudes, which we delineated in the last section.
In contrast, as pointed out in Rdfl1], the o effect on the
B~ decay is much bigger than that found in RE0], be-
cause our amplitude is larger than theirs by a factor2.
This is evident in thep+ ¢ and p+o+B* columns. Our
results agree with those in Réfl1], to the extent that they
are applicable; we note that R¢fL1] neglects penguin con-
tributions altogether and deals exclusively with ghand o
contributions. The last column of Table | contains the sum of

=0.929 andc;=1.29. For the scalar form-factor, we employ a|| the contributionsp+ o+ B* +B,. Overall, it is apparent

the T'(s) derived in Ref.[18], which is valid for Js
=<1.2 GeV. The normalization of Eq17) implies thaty

that the effect of theB, is smaller than that of the other
contributions, although it is not negligible. Finally, in the last

=20.0 GeV'. For \/§>1.2 GeV, we match to the row, we collect the ratios of branching rati@& defined in

asymptotic form ofl", ..(s) [22], as detailed in Ref.11].
To obtain branching ratios foB—3m decay in the

Eqg. (1). These results show that the inclusion of #heand
B*, either individually or together, makes the estimated

p-mass region, we integrate over the region of phase spacelue of R consistent with the empirical one, given its large
satisfying the requirement that two of the three pions reconerror.

struct thep mass within an interval of & as was done in

We now proceed to compute the effective branching ratios

Refs.[9,11]. This amounts in each case to calculating thewith the p ando form-factors, Eqs(10) and(14), which we

effective width

advocate. These results are presented in Table Il. The results

TABLE Il. Effective branching ratios foB— p7r decays, as per E¢35), with §=0.3 GeV. We adopt the and ¢ form factors, Egs.
(10) and(14), respectively, which we have advocated. All branching ratios are reported in units &f 10

Decay mode p o B* By p+B* p+B*+By ptao p+o+B* pt+o+B*+By
BY—p a* 16.0 0.001 0.54 0.009 16.6 16.4 15.9 16.5 16.3
§0Hp+ﬂ-* 4.76 0.001 0.13 0.020 4.90 4.93 4.80 4.94 4.98
§0—>p0770 0.86 0.065 0.39 0.016 1.35 1.21 0.91 1.47 1.33
B —pon~ 4.06 7.66 2.71 0.107 7.20 8.25 111 11.9 12.7
R 51 3.0 2.6 1.9 1.8 1.7
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FG. 2 The B* d B wibuti 30 FIG. 3. The B* and B, contributions to B~
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+ - 0 £ +-0, A+-0/2
o (P+)7T (p,).w (Po) deca}/, speglflcallyl,AB* +As, * (in (in dimensionless unijsas a function of its argumenss, ands,, ,
dimensionless uniisas a function of its arguments, o ands_j, both in units of GeV.

both in units of GeV.

without theo contributions change little, as the vector form- some 5094 9], as explicitly shown in Table IlI.
factor is not terribly different from its BW counterpditd]. Moreover, the relative signs chosen for the o, and
In the presence of the, this similarity persists for th&° heavy-meson contributions will impact the numerical values
decays, but, in contrast, ti&~ branching ratios are signifi- of the effective branching ratios. As noted by REd], the
cantly increased compared to the corresponding ones irelative sign of theB* and B, contributions is fixed in the
Table I. This effect also tends to diminish the relative impactheavy-quark and chiral limits. The relative signs of the
of the B* and B, contributions on the®7~ mode, though heavy-mesory, ando contributions, however, are less clear.
the heavy mesons persist in making a substantial impact oWe define thep— 7o coupling as per Eq(13), after Refs.
the effective branching ratio for the’7° mode. [9,11], though we note that a chiral Lagrangian analysis sug-
Were the heavy-meson contributions to the7° mode  gests that the relations of E(L3) should possess an addi-
seen in Table 1l as large as we have estimated, the impact dipnal overall sign. With this modification, the branching ra-
the Dalitz-plot analysis to extracta from B°(B?)  fios for the p+B* + By combination in Table Il typically
—m"a 70 decays would be significafie]. Since theB*  become smaller by no more than 15%. However, ke
and B, masses lie outside the phase-space regiorBof results inB°—p°#® andB~—p°7~ become some 3% and
— 3, their effects behave as part of the nonresonant backt0% larger, respectively. The impact on thet o+ B*
ground, but are not uniform and obviously interfere with + By results is mixed, leading to a suppression of about 10%
other contributions. The manner in which the contributionsin the p°7° mode and an enhancement of 2% in pfar~
are distributed throughout the Dalitz plot is shown @&t  mode. . - .
— a7 7 decay in Fig. 2; the heavy-meson contributions ~ Kinematical cuts can mitigate the impact of the heavy-
preferentially populate the edges of the Dalitz plot, in whichM&son andr contributions. Since the™ " modes are little
the p contributions lie as well. B~ — = 77~ decay, the affected by these notions, we evaluate only ffer® and
distribution of the heavy-meson contributions is somewhap’7  modes. We try two different sets of kinematical cuts.
more uniform, as illustrated in F|g 3. For the first one, we sef=0.15 Ge\= Fp and report our
We now proceed to consider the reliability of the esti- results in Table IV. The relative suppression of the heavy-
mates we have effected. Let us first note that the parametef8@son andr contributions is quite modest, if it exists at all.
g and h of the strong heavy-meson couplings in E¢20), For the second set, we impose not only aut but also a cut
(21) assume the values given in E@3)—these reflect the 0N COSY, where# is the helicity angle, defined as the angle
upper limits of their estimated rangg®,24].° Thus, the re- between the direction of one member of a pion pair flem
sults we find with these parameters can be regarded as eflecay and the direction of the paredimeson evaluated in
tremal estimategalthough variations in other numerical in- the pair's rest-frame. Since the contribution has a cég
puts, such as the form factors, do introduce furtherdistribution in B—=* 7~ #° decay[4], larger values of
uncertainties Choosing central values @ and h in their |cosé| enhance the contribution. Interference effects in the

estimated ranges decreases the heavy-meson effects by upBo— =" 7 7~ channel will make this cut less effective. We
set §=0.3 GeV and|cos#|>0.4, and collect the results in

Table V. Comparing to Table I, thé cut is seen to decrease
3We also note, however, that tigevalue in Eq.(33) is, by virtue  the relative size of ther background, as discussed in Ref.
of heavy-quark symmetry, favored by the recent measurement dfl1]. The helicity-angle cut only modestly reduces theon-
the D* — D width [29], which yieldsg=0.59+ 0.01+0.07. tribution in B~ — p°7r~ decay; however, an assumptionof
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TABLE lll. Effective branching ratios foB— p decays, as in Table I, except thgit 0.40 andh= —0.54 have been used.

Decay mode p B* By p+B* p+B*+By pto p+o+B* pt+o+B*+B
EO—>p_7T+ 16.0 0.24 0.005 16.3 16.1 15.9 16.2 16.1
§0_>p+77* 4.76 0.06 0.012 4.82 4.87 4.80 4.86 491
§0—>PO7TO 0.86 0.17 0.009 1.10 1.03 0.91 1.20 1.13
B —p°n~ 4.06 1.20 0.064 5.55 6.12 111 11.0 11.4
R 5.1 3.8 3.4 1.9 1.9 1.8

dominance is only needed When_one employs an isospin <7r*(p)|Uy“Lb|§8(k)>

analysis to extract singd from B%(BY)—«* 7 #° decay,

as detailed in Ref[4]. For thep®#® mode, the chosen cut (M3 —M?)g*
does significantly reduce an already small contribution. Were =— iFgOH”(kZ, p2,q2)——
the o contribution to thep®#° mode much larger than we

estimate, then a full partial-wave analysis to separatesthe

2

_ . H 1 - .—Bn—m q'u
222§rwave contributions could be both practicable and nec —iF% (k2,p%,9?) pﬂ+kﬂ_(Méo_ quT)_z
y. q
Finally, we must discuss a tacit assumption we have made
in the estimation of thd* and B, contributions, which is (36)

made in Ref[9] as well. That is, in realizing the diagrams of

Fig. 1(b), we have treated the stron81,Bo)B7 and weak predicated by an assumption of Lorentz invariance yields
(B*,By)— 7 vertices as if thdB* andB, mesons were on

their mass shell. This assumption is compatible with the as-

sumed use of the combined heavy-quark and chiral limits in TN )

the treatment of the strondB{,By)B vertices. However, Q" (p)|uy*Lb|Bo(k)

neither assumption is appropriate 8 p7 decay. That is, = —i(Mg — MET)FgOH”(q{kZ)

for the B— 37 decays of interest, we require that two of the 0

three pions have an invariant mags comparable to that of + i(Méo— kz)Ffoﬁ”(qz,kz) (37

the p meson. This implies that in most of the relevant phase-

space region the mediating heavy-mesons carwyalues

much smaller than their squared ma_sses—they are _h'gh%r the half-off-shell matrix element of interest. The matrix
off-mass-shell. Moreover, the bachelaris never softin this g iament is a linear combination of signed, uncertain contri-
kinematical region. Thus the combined heavy-quark and chipions; so that its sign is ultimately unclear. Similar consid-
ral limits are used beyond their range of validity. These ef-grations apply to th&* — 7 matrix element, as well as to
fects modify the vertices we have assumed in E28), (21)  the strong vertices of Eq&20), (21). In the treatment of Ref.
and Eq.(7). Unfortunately, the needed off-shell extrapola- [30], an off-shell extrapolation of Eq20), in the kinematic
tions cannot be done reliably, although we would genericallyregion of interest, is effected through the rep|acement
expect this effect to suppress the numerical importance of tthBMB*_) JMg\/s. To assess the impact of these consid-
B* and B, contributions. For example, the form factors of erations on the numerical results we have reported, we shall
Egs.(7) now depend on both? andk?; the vertices are only adopt a similarlyad hocprescription. Thus, we perform the
“half” off-shell, so that p? does not enter, as the final-state  replacement

is on its mass shell. Moreover, additional form factors ap- a2

pear. To illustrate, we note that the general parametrization Mg —$ (39

TABLE IV. Effective branching ratios foB— p# decays, as in Table I, except thé& 0.15 GeV has

been used.

Decay mode p o B* p+B*  p+B*+By pto pto+tB*  pto+B*+Bg
EO—MOOWO 0.33 0.029 0.20 0.55 0.49 0.36 0.59 0.53
B —pon 3.36 3.46 1.38 4.82 5.39 6.46 7.56 8.17
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TABLE V. Effective branching ratios foB— pr decays, as in Table II, but with the additional kinemati-
cal cut|cosé|>0.4 as explained in the text.

Decay mode p o B* p+B*  p+B*+By pto pto+tB*  pto+B*+Bg
§0—>p0770 0.84 0.039 0.27 1.22 1.11 0.87 1.29 1.18
B —pOn 3.81 479 1.71 5.92 6.58 7.97 8.63 9.13

in the numerator of th8* amplitudes in Eq(23), so thatthe —wmm decay. We find that these effects can reduce the
“off-shellness” of both the strong and weak vertices is takenheavy-meson contributions substantially.

into account. We neglect thB, in this simple numerical Our numerical results show, were we to neglect the off-
estimate, as its effect was rather small to start with. We calshell effects we have mentioned, that BBe-p~ =" decay
culate the corresponding branching ratios and collect the renodes are little affected by the and heavy-meson back-
sults in Table VI. Our simple prescription leads to a dramaticgrounds, whereas the®7° mode receives large contribu-
reduction of theB* contributions, as a comparison with tions from the latter. In contrast, tf& — =" 7 7~ decay
Table Il makes clear. Note that the computed valueR@ire ~ Mode contains large contributions from both #endB*,

still consistent with the empirical ones, as a reductiokiis ~ though thes contributions numerically dominate. Effecting
still realized through ther contributions. Although we can- @ simple model of off-shell effects, we find that tB& ef-

not draw firm conclusions from this simple exercise, it servedects are substantially reduced. The off-shell extrapolation of
to illustrate that neglecting the off-shell nature of the heavy/nterest cannot be effected with certainty; nevertheless, our

meson vertices in the kinematic region of interest could easestimates indicate that the neglect of this effect may lead to a
ily lead to a considerable overestimate of their effects. ~ substantial overestimate of " contributions inB— 3

decay. The role of the in lowering the theoretical value of
R and yielding a favorable comparison with experiment per-
sists despite these considerations.

We have examined resonant and nonresonant back- Note addedSince the submission of this paper for publi-
grounds toB— p7— 37 decays which can potentially im- cation, a report by the BABAR Collaboration has appeared

V. CONCLUSIONS

pact the extraction okr from a Dalitz plot analysis oB

[31], giving the experimental boun®(B*— 7" 7~ 7*)

— a7~ 7° decayd4], as well as the value of the ratio of <15x10 ¢ at 90% C.L. This can be used to constrain the

branching ratios we termR, as defined in Eq.1). In particu-

lar, we have evaluated the effects of nonresonant contribtand h values as in Table Il, we find3(B™ — =

tions mediated by the heavy mesdd§ and B, as well as
the contributions from the lightr resonance vilB— o

contribution of theB*- and By-pole diagrams. Using thg
taa)
=24.8<10°% for the combinedp+ o+B* + B, contribu-
tion, where we have integrated over all the allowed phase-

— 37 decay, in thep-mass region. In this, our analysis par- space. Were we to use the intermediate valueg ahdh
allels that of Refs[9,10], though it differs fundamentally in given in Table 1, though such g is not favored by data
two points. Firstly, we use the vector and scalar form-factor§29], we would obtainB(B~— 7" 7~ 7~ )=18.7x1075. If

of Ref.[11], which are consistent with low-energy theoreti- we use our off-shell extrapolatiomeglecting the smalB,
cal constraints and thus are suitable for the description ofontribution and the parameters of Table I, we find
broad resonant structures such asghand theo. The scalar B(B™— o7~ 7~)=15.4x10°. This comparison supports
form factor, in particular, is quite different from the Breit- our assertion: the treatment of tiig vertices in Ref[9]
Wigner form adopted in other analysgi0,23 and leads to tends to yield an overestimate of their contribution Bo
differing resultg 11]. Secondly, in the kinematics of interest, —3# decay. On a related note, the failure to confront the
the B* and B, are highly off-mass-shell, impacting the empirical bound or3(B~—K*K~7~) decay has been de-
strong and weak vertices which mediate e (B*,By)m  scribed in recent work by Cheng and Yafgg)].

TABLE VI. Effective branching ratios foB— pm decays, as in Table I, except that the off-shellness of
the B* meson is included as explained in the text.

Decay mode p o B* p+B* pto p+o+B*
§0Hp*ﬂ-+ 16.0 0.001 0.03 16.0 15.9 16.0

§0_,p+7,-* 4.76 0.001 0.01 4.85 4.80 4.88
EO_,poT,O 0.86 0.065 0.02 0.88 0.91 0.95
B —pon 4.06 7.66 0.25 4.43 111 10.7

R 5.1 4.7 1.9 1.9
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