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Charmless three-body baryonicB decays
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Motivated by recent data oB—ppK decay, we study various charmless three-body baryBnitecay
modes, includingAp, 3%, ppm, ppK®, in a factorization approach. These modes have rates of order
10°®. There are two mechanisms for the production of baryon pairs: current produced and transition. The
behavior of decay spectra from these baryon production mechanisms can be understood by using QCD count-
ing rules. Predictions on rates and decay spectra can be checked in the near future.
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[. INTRODUCTION ization assumption, the three-body baryoBiclecay matrix
element is separated into either a current-produced baryon
The Belle Collaboration recently reported the observatiorpair (7) part together with 8 to recoil meson transition part

of B —ppK~ decay, the first ever charmless baryolic O @B to baryon pair transition) part together with a

decay mode, givingB:(4.3fé'$tO.5)>< 1076 [1]. Three- current-produced recoil meson part. As an exarlple, the

body baryonic decay ilb— c transitions has been observed current-produced and transition diagrams #r—ppK™

[2] previously, following a suggestion by Duniefa]. It is  decay are depicted in Fig. 1.

interesting to compare the charmless case to the charmful In charmless decay modes, we need to use the effective

one and also to charmless two-body modes suctB%s Hamiltonian consisting of operators and Wilson coefficients,

—.pp, which hasB<1.2x 10" [4]. which is standard and can be found, for example, in Refs.
It has been pointed out that reduced energy reléasg, [10,11. In t.hIS -Work, we concentrate on the dominant terms.

by a fast recoiling mesonwould favor the generation of a 1he factorization formula for the decay proceBs-XY,

baryon pair and thus three-body baryonic modes could bwhere X,Y)=(h,BB’) with h being a light meson anBB’

enhanced over two-body rat¢5]. One of the signatures a baryon pair or vice versa is given by

would be(baryon paiy threshold enhancement in the three-

body baryonic modes. In our previous study &°

—D* *pﬁ[6], we assumed factorization and obtained up to M(B—XY)

bution. The decay specrum exhibits threshold enhancoment, = CF [ v, [y Gy xo (@ —
TLrjleoséme threshgldpenhancement effect was predicted for thé V2 ViV Bu(AU)v-a® (UB)y-aT B UDv-n
charmlessppn mode, givingB~1078 [7]. It is interesting - - -

that the newly observedpK mode shows such a threshold 2(qb)y_al—VioViy| 832 (4’0" )y-a®(gb)y_a
enhancemenfl]. With this encouragement we extend our a’

stﬂdy to charmless modes such A§7T, 2577, ppw,

ppK~, andppK®. These modes are interesting not just for +a42 (qq’)V—A®(q’b)V—A+aSZ (@'a")via
their (possibly large rates, but also for their accessibility. a a
Some of these modes are studied in a recent W8khat — — —
utilizes a factorization and pole model approach. ®(qb)VfA_236§; (Aa")s+p®(q'b)s-p
In Sec. Il, we extend the factorization approach to the q
charmless case, where one now has two mechanisms for 3 — _
baryon pair production. In Sec. Ill, we discuss baryonic form + 5392 €q(a'q" )v-_a®(gb)y_at--- ] ()
factors and their associated quantum chromodynamics 4

(QCD) counting ruleg9]. In Sec. IV, the formulation is ap-
plied to the above mentioned charmless modes. The thresh-
old enhancement phenomenon is found to be closely related
to the QCD counting rules. Discussion and conclusion are
given in Sec. V, while some useful formulas are collected in

(a) p (b) K-
/ P /
an appendix. B B
_\ _\ﬁ

Il. FACTORIZATION K p

In this section we extend the factorization approach used FIG. 1. (8 The current-producedf) and (b) transition (7)
in Refs.[6,7] to charmless decay modes. Under the factordiagrams folB~—ppK ™~ decay.

0556-2821/2002/66)/05400413)/$20.00 66 054004-1 ©2002 The American Physical Society



CHUN-KHIANG CHUA, WEI-SHU HOU, AND SHANG-YUU TSAI PHYSICAL REVIEW D66, 054004 (2002

TABLE I. The coefficientsa; for b—s [b—d] from Ref.[10]. Values fora;—agq are in units of 104.

N.=2 N.=3 No=c0
a, 0.99[0.99] 1.05[1.05] 1.17[1.17]
a, 0.22[0.22] 0.02[0.02] —0.37[—0.37]
as —4.5-23i[—2-20i] 72.7-0.3i[73+0.3i] 227+ 45i[223+41i]
ay —349.5-113.5i[ —338.5-101.5i | —387.3-121i[ —375.7-108.3i] —463—136i[ —450—122i ]
as —166—23i[ — 164—20i] —66—0.3i[—66+0.3i] 134+ 45i[130+41i]
ag —533-113.5i[ — 523 101.5i ] —555.3-121i[ — 544.7- 108.3i ] — 600 136i[ —588— 122i]
ag —86.8-2.7i[ —86.6-2.5i] —92.6-2.7i[—92.4-2.5i] —104.3-2.7i[ — 104.1- 2.5i ]
where O;® O, stands for(X|O;|0)(Y|O,|B). The coeffi- B. Baryon form factors

cientsa; are defined in terms of the effective Wilson coeffi-  5ctorization introduces two types of matrix elements
eff

R eff _ ~eff — € _

C'er;}fs i as ai:Oddzcieﬁ+Ci+1/N° and a—evef=C containing the baryon pai(:BB’|V(A)|0) involving vector

+ciZ4/N.. We stress that;" are renormalization scale and (V) or axial vector(A) current-produced baryon pair and

scheme independent, as vertex and penguin corrections a{§§’|V(A)|B) involving the B— BB’ transition

included[10Q]. Their values are given in Table I. In this work For th ¢ g d matrix el t ' h

we use theN.=3 case, while théN,=2, cases are shown or the current-produced matrix elements, we have

to indicate nonfactorizable effects. F,(1)
<BB’|V,U.|O>:U(DB)[ Fa(t)y, +i——

Ill. FORM FACTORS AND QCD COUNTING RULES Mg+ Mg

In this section, we first discuss the meson form factors L B
used in this work. We then turn to discuss baryonic form X0,,(PstPer)” v(Pe)
factors, especially the implication of QCD counting rules.

_ Fo(t
A. Meson form factors = u(pB)[ (F1+F,) Vu"‘A
+mg
The decay constant;, of the pseudoscalar mesdnis Mg+ M
defined as
_ . X(pg'—Pe)* [ v(Pg1), (6)
(h(pn)ay*(1—ys)q'|0)=i fpf . )
These parameters and quark masses are taken frorh1REf. — — ha(t)
We also need 0— 0~ form factors defined as follows: (BB |AM|O>=u(pB) 9a(D) vt Mat M=
B B’
(h(pr)|ay*(1~ ys)b|B(pg))
X (Pt Pe')u( ¥sv(PE), (7)
m3—m?

———(Pe—Pn)* |F§ (1)
(Pg—Pn)? 5o ! whereF, , are the induced vector form factog, the axial

form factor, anch, the induced pseudoscalar form factor. We

=|(pgt+pn)*—

mé— mﬁ Boh have used Gordon decomposition to obtain the second line of
+ " (p— Pr)“F5 (V). @ Lo (6). Note thatt=(omt b 12— is nothing but th
(Ps—Pn) g. (6). Note thatt=(pg+ pg:)“=mgg, is nothing but the

_ BB’ pair mass.
We use the so-called MS form factors, which take the fol- According to QCD counting rule§9], both the vector
lowing form [12]: form factorF; and the axial form factog,, supplemented
with the leading logs, behave ag?in thet— oo limit, since

FI (0= Fo @
1 T 211 2 Py TABLE II. Relevant parameters for tig— K, 7 transition form
(1-tUMY[1- 01 UMy+ 0, 1My ] factors of Eqs(4) and(5).

o FE-N0) FBK FBK Fo- FE-m

Fo (0= 2 22 (5)
1—- o tIMG+ o, t9IMy, F2"(0) 0.36 0.36 0.29 0.29
o1 0.43 0.70 0.48 0.76
where My=5.42 (5.32) GeV forh=K(w). Other param- 4, 0.27 0.28

eters are given in Table II.
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TABLE IIl. Relations of baryon form factor&,+F, and g, with the nucleon magnetic form factors

Gl
BB’ V,A SUE) Fi+F, ga(t—)
pn (ud)y (F+D)va Gh—Gh 3Gh+Gh
Ap (SW)v.a (—ViF-Vipn.  -\iep ~iep,
3% (su)v.a i(D—F) _—1(6" +2G0) i(GP +6GD)
i \/E V,A \/E M M 3\/5 M M
pp (Uu)y,a (F+D+S)a Gh—Gu+Sy 3Gk~ Gl
pp (dd)y,a Sva S —1Gh,—2G},
pp (gS)V,A (D=F+Sya —Gh—2Gy+S, 0
_ _ _ _ p
pp (e uu+eydd+esss)y a (F+D/3)y a G G
we need two hard gluons to distribute large momentum 2 Y, t\]77
transferF, andh, behave as 13, acquiring an extra 1/due Gu(=-2 —|Inl—=|| . 9
to helicity flip. In the electromagnetic current case, the =1t Ag

asymptotic form has been confirmed by many experimental
measurements of the nucleon magnéSachs form factor ~ Wherey=2.148,x,=420.96 GeV, x,= —10485.50 GeV,
Gy=F,+F,, over a wide range of momentum transfers inXs=106390.97 Ge¥, x,=-433916.61 Ge¥, xs
the spacelike region. The asymptotic behavior &ff also ~ =613780.15 GeV, y;=236.69 GeV, y,=-579.51
seems to hold in the timelike region, as reported by the FerlGeV’, andA,=0.3 GeV. They satisfy QCD counting rules
milab E760 experimenf13] for 8.9 Ge\A<t<13 Ge\~. and _descnbe timelike electromagnetic data suchehs™
Another Fermilab experiment, E835, has recently reported—NN suitably well. We have real and positiveegative
[14] G, for momentum transfers up te-14.4 Ge\f. An  timelike G [15,16. It is interesting to note the alternating
empirical fit of |G| =Ct~ [ In(/Q3)] 2 is in agreement with ~ signs of thex; andy; parameters, and that only two terms are
the QCD counting rule prediction. needed to describe the neutron magnetic form fd@pr

The current induced form factofs, +F, andg, can be The timelike form factors related t8,, Fa, Da, Sy are
related by means of the $8) decomposition form factors not yet measured. It is noted in R¢8&] that the asymptotic
Fva, Dy, andSy a (with Sy 5 appearing only in the non- behavior of baryon form factors studied in the 1980’s may be

traceless current caseas shown in Table Ill. It is well useful. Their asymptotic behavior &s-< can be described
known thatF, and Dy can be expressed by the nucleon by two form factors depending on the reacting quark having
magnetic form factor&SP", parallel or anti-parallel spin with respect to baryon Jdif].

By expresiing these two form factors in termsGff;" ast
1 3 —00, One nhas
FV=G,‘\’,|+§G” , DV=—§G“M. (8)
Sy—GH+2Gy,

As the first termF,+F, in Eq. (6) can be related to nucleon 2 1

magnetic Sachs form fact@s,,, similarly the second term Fa— §G’,\’,|— EG” ,

F, can be related toGg— Gy )/[t/(mg+ mg/)?— 1], where

Gg is the nucleon electric Sachs form factor. Since we do not

have enough data on timelike nucle@x, we concentrate p § n
g . Da—Gut 5Gw,

on theF,;+F, term as we did in Refl6]. We may in fact 2

gain information onGg by reversing our present analysis on

these three-body baryoni& decays in the future when more 1

data become available. Sa—— 3 Gh—2Gy. (10)
The nucleon magnetic form factors are fitted to available
data in Ref[6] by Since these relations only hold for larget implies relations
on the leading terms of these form factors. In general more
5 x t\17” terms may be needed. In analogy to the neutron magnetic
G,‘\’,,(t)zz t.Tll In(—z)] , form case, we express these form factors up to the second
=1 0 term
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s, s t\|” == (PetpE)*
sit=|S+=|inl=|| . (BB'|qq’[0)= —————(BB'[V,|0)
te ot Ag) ] q— Mg
T T ] =Tt u(pe)o(pa)
Fa(t)= t—2+t—3 In(—g) , my— Mg 1 Ps)v(Ps
: (13
D.(t=| & +az t\| 7 This gives safe chiral limit in th8+# B’ case. For example,
a(t) 2 43 n A2 ’ in (Ap|us|0), we have (,—my)/(ms—my)~1. If B
=B’, we encounter rig—mg)/(my—mg). As hinted from
3 gz t\17” the Ap case, our ansatz is to take this factor as the number
Sa(t)= —21 += In( - (11 ng of the corresponding constituent quarkBn For example,
vt Ag we take (pp|dd|0)~F.uv, while (pp|ss|0)~0 as sug-
h . lati ¢ imol B gested by the OZI rule.
The asymptotic relations of Eq10) imply s;=x;=2y;, For hy, we follow Ref.[8] to control the behavior of
f1=2x/3+y1/2, dy=x;—3Y,/2, ands; = —x,/3+2y;. pseudoscalar form factors in the chiral limit by using
The coefficients of the second terms are undetermined due
to the lack of data. However, we can use the axial vector (mg+mg)?
(9R"=FA+Dp,) contribution inB®—D* ~pn decay to con- ha(t)=— t—mig 9a(t), (14

strainf, andd,. The part of the branching fractioB(B°
—D* pn)=(14.534+2.7)x10°* [2] arising from the where mgg stands for the corresponding Goldstone boson

vector current has been calculated to giig~7x10 4 [6].  Mass. Thus, in the chiral limit,
We find for f,+d,=—2110 Ge\?, the branching fraction

i i 0 = =7 , (pB+ pE’)M =7

coming from the axial currentBs(B°—D* pn)~12.7 (BB'[qysq’'|0)=————(BB'|A,|0)
X104, and the sumBy+ B, is within the measurement Mg Mg:
range. Had we used the asymptotic form of Ep) for gi" ) B
in the whole timelike region, we would obtai8,~1.0 ___ Mee mB+mB/g (Ou(pg)
X 10~*, which is too small. Mmotme t—ma -0 B

. g Mg G

In this work we take
X ysv(Ps) (15

f+d;=2=—2110 GeV, (12) stays finite, otherwise, we will be facing a large enhancement

~ ) o . factor (mg+ mgz:)/(m,+m,/) in the above equation as we
ands,=s,=0 for simplicity, since there are no data to con- ;.- off( hi(t) 5}/ (Mg + My:) a

strain these yet. It is interesting to note that the asymptotic \ye now turn to the transition form factors. In general, the
relations give vanishing results fdpp|(ss)y.al0) (~Dy a
—FyatSya), as one can see from Table Il and Eg0).
This can be understood as Okubo-Zweig-lizuk¥Zl) sup- <B§’ Iq( v5)b|B)=i U—(pB)[fV(5)¢h+fA(5)¢h75+fP(5) s
pression. We still have a vanishikgp|(ss)a|0) for smaller

t, if we taked,=f,=7/2. Since there is no point to advocate +Fs5)]v(Pp), (16)
a Iarge?s form factor in this work and this choice is pre- \yhere Ph=Ps—Ps—Pg’, and the form factorsF,= Fas

ferred by the OZI rule, we therefore usk,=T,=2/2 =Fs=7Fps=0 by parity invariance. According to QCD
throughout. For the vector case, we have vanishingonting rules, fot=m?3-,—x, we need three hard gluons

matrix element oB— BB’ transition can be defined as

gt _ ’ B BB’
(ppl(ss)y|0) if we use the asymptotic relation in the whole to distribute the large momentum transfer released from the
timelike region. On the other hand, if we use Etfl) for Sy,  p—q transition. An additional gluon kicks the spectator

we may have a small but nonvanishirgs), form factor for  quark in theB meson such that it becomes energetic in the
smallt. This may be related to thé pole effect in the VMD  final baryon pair. Thus, as—«, we have

view point [18]. Furthermore, we find that other OZI sup-

pressed current-produced matrix elements, such as 1 1

— Soa ST F —=, F —. 1
<”n|(_SS)VA|0>: (375 |(dd)_V,A|2>- (X727 |(uu)y,Al0), A’V5_>t P t4 7
(E"E"|(uu)y,al0), and(E°E°|(dd)y |0), have the same _

fore do not provide any further constraint. helicity flip. This can be easily seen by taking,)

We will also encounte(BB’|qq’|0), which can be re- ~bysg|0). Without any chirality flip due to quark masses,
lated to the vector matrix element by the equation of motionwe only haveF, s and the above counting rule holds, while
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TABLE IV. B(B°—Apm*[2%*]) (in units of 10 %) as decomposed into the vectds,f) and axial
vector (B,) current contributions. The form factor inputs are explained in the text.

Ng=2 No=3 Ng=c0

BV BA BV BA BV BA
GRn 0.13[0.5] 0.07[0.16] 0.14[0.56] 0.08[0.17]  0.18[0.66]  0.10[0.2]
F,.Dx 0.31[0.27] 0.35[0.30] 0.42[0.36]

with additional chirality flip, more effectively from thé&  We need only three form factors. For simplicity, we use
quark mass, we can also havg g5 but with additional
power of 1f. Cavs Cp

In this work we will need the transition matrix elements Favs= 3 FP:t_4’ (19
(pp|(ub)sp|B~) and (pp|(db)sp|B®, which consist of
eight form factors in total. It is useful to restrict these even ifand Eq.(18) in the whole timelike region.
only by some asymptotic relations. By following a similar
path to Ref[17], the chiral conserving part&, s can be IV. CHARMLESS BARYONIC B DECAYS
expressed by two form factors depending on the interacting
quark having parallel or antiparallel spin with the proton We now apply the results of the previous sections to
spin. The chiral flipping part$ps g5 can be expressed by one charmlessB?—Ap«™*, 3%=*, ppK®, and B —ppw_,
form factor with 'ghe sp_in of interacting quark pe_lrallel_ to the ppK ~ decays. These modes are of interest not just because
proton’s. The spin antiparallel part is absent since it correys hossiply large rates, but also by accessibility in detection.

sponds to an octet-decuplet instead of an octet-octet baryon | ot 7 denote the part of the decay amplitude that
pair final state. The asymptotic forntas mé, t—o) are

involves the B—BB’ transiton matrix element
(BB'|V(A)|B), and.7 denote the part that involves current-

p|(ub)g/B™)=iu(p,)[F +Fpyslv(py), ©
(el sIB7) PLFAPYs +Feyslv(py producedBB’ matrix element{BB’|V(A)|0). We have

<pp|(Ub)P|Bi>:l u(pp)[FVSph+ FP]U(pE)a M[A(EO)HWJr]:j[A(EO)Eﬂ_Jr],

N — — 1 — — —
(ppl(db)5[B%) =i U(pp)[ﬁ)(llFA+9Fvs>¢wS M(pph)=J(pph) +T(pph),

J(ppK®) = T(ppK ), (20)

1
_ZFP ¥s|v(Pp),

whereh=K % 7% We note that\ (2% p=* modes only

o _ 1 have current-produced contributiogg On the other hand,

(ppl(db)p|B%) =i U(pp)[ﬂ)(gFA“LllFVS)lbh the ppm~ mode is dominated b§{pp=") contributions, as
we will see later. It can be used to extract baryonic transition

_ EF }v(p_) (18) form factors which can beﬂplied pBK ,_pp_K0 modes via

4°F . Eq. (18). Furthermore, the pK® and theppK ~ modes have

identical current-produced matrix elements, as one can easily
show by replacing the spectator quark in ie—K™ tran-

% ) sition

©o.8] [\ '

o 1.2

2o0.6

1 = 1

ho0.4 So.8

§o.2 Ho.6

o

2 e ~— 0.4

03 2% 3 35 a4 a5 5 0°  45°  90° 135° 180°
ma, 305 (GeV) o3

FIG. 2. dB/dmso, (upper three lingsand dB/dm,;, (lower FIG. 3. ¢3 dependence of the branching fractions Bf
three lines plots for f,=d,=2/2. Dashed, solid, and dot-dashed —Ap" (lower three lines and X°p* (upper three linesfor
lines are forN.=2,3¢°, respectively. f,=d,=2/2. Notation the same as Fig. 2.
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TABLE V. (a) Current-produceij(B’ﬂpaw’) in units of 10 ® and(b) strength of transition coeffi-
cientsCp p ys giving rise toBAB~ —pp7 ) =1.9X 10,

(& BAppm~) for ¢3=54.8°(90°) in units of 10°

N,=2 N.=3 N =c
B\/ BA BV BA BV BA
Ghn 0.03 (0.05) 0.03(0.03) 0.2 (0.03) 0.01(0.01) 0.03(0.03) 0.09 (0.12)
Fy,Dy,Sy 0.05 (0.04) 0.00 (0.00) 0.15 (0.10)
Fa,Da,Sa 0.09 (0.09) 0.02 (0.03) 0.29 (0.36)

(b) |Cy| values for¢;=54.8°(90°) givingB;=1.9x 10 ©

N,=2 N.=3 N=00
|Cal (GeVP) 56.61(63.52 53.28(59.86 47.66(53.66
|Cp| (GeVP) 1233(1356 1160(1278 1038(1146
|Cys| (GeVP) 57.53(57.53 54.11(54.26 48.36(48.77)
A. B'—Apat, 3%t N.=3 case, whileN.=2~ cases are given to indicate pos-
penguin-dominated processes, the branching fractions are
M(A(EO)EW+)=ﬂA(2°)EW+) dominated by theg term of Eq.(21). One can verify this by

comparing differenfN. cases in Tables IV and I. Sindg,
F/ovon — dependence is weak in this term, we do not expect large
E(W |uy*(1—ys)b[B®) non-factorizable contributions.
The axial contribution to\ (2°)p#* mode in the second
. . row is about fourtwo) times larger than that in the first row.
x| (VupViusds = VipVisaa) We find B[A (2% p7*]~[0.5(0.9)] X108, giving a larger
o= . rate for theX’p7™ mode. These rates are similar to those
X(A(2%)[sy,(1—v5)u|0) + 286V, Vi obtained in Ref[8].
. ., We show in Fig. 2 thed3/dm,; and thed3/dmso, for
(PAE9* Pp) u(PAz0)* Pp) e spow In Fig _ AP M0
X re— the f,=d,=2/2 case, which gives larger rates. One clearly
b sees threshold enhancement, which can be seen as a conse-
57V75u
0
<A(2 )ﬂ‘ mu+ms+ mu 0

>J quence of the need for largesuppression of the baryon
As stated before, only the current-produced pafit €ontrib-

form factors.
utes, hence it is similar to thB°—K®)~ 7+ mode, where

Motivated by largegs (or y) hints[20], we show theps
(21)  dependence of the branching fractions Tor=d,=7/2 in
one only hag®— 7" transition while, analogous tap and B. B—ppm, ppK
3%, theK™*)~ is produced by the currefit1].

Fig. 3. The larger rates for larger; come from tree-penguin
interference as in th&~ 7" case[20].
i RO 0yt i

The chiral limit of the vector term is protected by baryon _Unhk_e EheB_ —AE )p7” case, Fhe decay amplitude of
mass differences, while that of the axial term is protected byp —PPh~ with h=a or K contains both the current-
Eg. (15). Since the contribution from the vector curreéh ~ Produced (7) and transition 7) contributions
does not interfere with that from the axial curredt)( the — . — —
branching fraction is a simple sum of the two, i.B= By M(pph~)=J(pph~)+7(pph~), (22)
+Ba.

Taking ¢3 (or y) =54.8° from a recent analysji9], we
give in Table IV the branching fractions forB®
—AEOpm*. The first row is obtained by extending the J(pph~) = T (h~[(ab)y-4lB7)
asymptotic relations to the whole timelike region and infor-
mation from the nucleon magnetic form fact@§;" for ga,
while we applyf,=d,=2/2 in the second row. Note that we

do not needs, . Our result for theAEw* mode in the first
line is consistent with that of Reff8]. We concentrate on the

where

X < pq A bV:qaZ(Uu)V—A_ VinVig

X | ag(uu+dd+ss)y_a+as(qq)y_a
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TABLE VI. B(B~—pp#") in units of 10°° for ¢;=54.8°(90°) withf,=d,=2/2, s,=5,=0.

Ne=2 N.=3 Ne=o°
+[Cyl —[Cyl +[Cyl —[Cyl +[Cyl —|Cx«l
X=A 224 (2.42) 1.84(1.66) 1.88(207) 196(179) 183(201)  2.85(2.70)
X=P 1.99 (2.15) 2.10(1.92) 1.86(206) 197 (1.80) 229 (2.50)  2.39 (2.20)
X=V5  2.62(2.55) 147 (1.53) 1.99 (2.03) 1.85(1.82) 1.41(1.64)  3.27 (3.06)

- 3 _ _
+as(uu+dd+ss)y, ot zag (g uu+eydd

y |

+2agVipVi(h|(ab)s_p|B™)

+esSS)y-a

X(pﬁl(aq)szO)}, (23

with g=d or sfor h=7 or K, and, from Eq.1),

_ G _
T(pph~)= \/—2[ (VupVisga1— Vi Vigaa)(h~[(qu)y - a[0)

X (ppl(ub)y_a|B~)—2aVy,V5,

2
m,

Xm(*ﬂ(qu)vwo)

><<p6|(Ub>v+A|B‘>]

Ge

=i—f,m plub|B~
\/Eh ol n(Pplub|B~)

+ Br(ppluysb|B )], (24)

where

2m?
my(Mg+m,)

|

— * *
ap, Pn= [Vubvuqal_ VipVig| @4+ s

(29

the isospin-relate®— 7+, p™). To single out this effect,

we can search for two-meson decay modes dominated by
such transitions. For thB’— 7", p™ transition dominated
modes, we haveB’— 77 (K™) and B'—p*7 (K")
having decay amplitude proportional @, and 8,«j,
respectively. For th™ — 7, p° transitions, we can find
ay, By in BT=aK™, p°7~(K™) decay amplitudes,
respectively. Ther®7~ mode is different due to the cancel-
lation of strong penguin amplitude B~ —7° and B~
—r transition parts as they are related by isospin.

For the current-produced part, we can find similar terms
inB™— %7, w°K~, p°7~, andp®K ™~ decay amplitudes.
However, we have additional terms. The matrix element of
the isosinglet currentépp|(uu+dd+ss)y A|0) is nonvan-
ishing, in contrast to the two-bodyK ™ 7%p°% and
m w0(p°) cases, wherer®(p°), as a member of an isotrip-
let, cannot be produced via the isosinglet current. As we will

see,(pp|(uu+dd+ss)y 0) give non-negligible contribu-
tions to theppK ~(K° modes.

1. B-—ppa~
Although we have both current-produced and transition

contributions to thegpm~ mode, the former is expected to
be small due to color-suppression of #gtree contribution
and the smallness of CKM-suppressed penguin contribu-
tions, as one can see from Eg3). We show in Table Va)

the contribution from the current-produced paftpp=").

As in the previous section, we are interested in the=3
case and list otheX, cases for estimation of nonfactorizable
effects. ForN.=3 the main contribution is from the strong
penguin terms &,,ag), while the tree contribution is small
due to the smallness @f,. ForN.=2,0, we have largea,
and the main contributions come form the tree amplitude.

It is of interest to compare the above equations with thewith or without nonfactorizable parts, the current-produced

familiar two-meson decay amplitud¢sl]. For theB—pp
transition part, the analogous transitions Bre— 7°, p° (or

contribution is indeed much smaller than the experimental
rate B(ppm ) =(1.9" 359+ 0.3)x 10 ° [1].

(b)

FIG. 4. dB/d mg, spectrum
for the B"—pp7~ mode with
N.=3 and ¢;=54.8°. Solid,
dash, and dot-dash lines (a) and
(b) correspond to+|Cy|, F|Chl,
and ¥ |Cp|, respectively.

~—~ 6 —~ 6
> = N
s (@ 35
54 o4
— —

[[s9 194
g° g2
5l 5l
m m

T 0 T 0

2 2.5 3 3.5 4 4.5 5 2 2.

myp (GeV)

3 3.5 4 4.5 5
mys (GeV)
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are fixed to¢s;= (a) 54.8°, (b)

90° 135° 180° 0°

L

0° 45°

45°

\i—) E 3 FIG. 5. ¢5 dependence oB~
: :2 5 jpEw’~ branchi~ng fraction for
f,=d,=2/2, s,=s,=0, and N,
N o2 =3. Solid, dash and dot-dash
3 81,5 lines for —|C,|, —ICpl, and
g 3‘, L —|Cys|, respectively. The plots
g g
m m

90° 135° 180°

s 90° values given in Table VI.

Since the current-produced part gives small contributiorment phenomena is evident, as has already been shown in the

and the transition parf is governed bya;, we expect the

latter to give major contribution in thpaa-r rate. The transi-

tion part 7 involves unknoer*—>thransition form fac-
tors Fa pys in the matrix elementgpp|(ub)sp|B~). We

illustrate with three cases where only one form factors domi

nates. In each case we fit the coefficiént, Cp, or Cys to
the central value of the experimental measupgdr~ rate.

Note that the matrix elementpp|(ub)sp|B~) in Eq. (24)
have nothing to do with the factorized mesbnhence the

obtained coe1‘ficien§A,p,V5 can be applied to th@EK‘
mode[and for theppK® mode through Eq(18)] as well.

B~ A (X% pn* cases. However, we have a much faster

1/mg; suppression here due to thet® behavior of the
dominant transition form factors, while for the(2%pr™*
modes the form factors only behave a$?lih the larget

limit. It would be interesting to verify the fasterr; fall

off experimentally.

In Fig. 5 we illustrate theps-dependence of thppz™
branching fractions, witlp;=54.8° and 90° results fixed to
those of Table VI. Since this mode is dominated by the tran-
sition part, we expect similarg; behavior as inB°
— o a, p" 7w~ decay rates. The behavior of the rates from
the C,, Cp terms are similar to ther* 7~ case[20] rather

Table Mb) shows the obtained values of these coeffi-than the 7~ #° case. We have a similaw,. term in the

cients. It is interesting to observe tlﬂﬁ;\,v5~(m5/2)5 and

Cp~(mg/2)8. Note that the effect of , andF s in theppar
decay rate are similar. Fap;=54.8° (90°), we havéa,|

=7~ amplitude, while due to cancellation in the current-
produced and the transition terms, there is no strong penguin
in the 7~ 7% amplitude, resulting in small tree-penguin inter-

~(0.9)|B,| for the color allowed tree-dominated part, lead- ference. TheCys case is similar t®°— p* 7~ and does not
ing to [Ca|~(1.1)|Cys|. Unlike the current-produced part, show strongg, dependence. As noted before, both features

the transition part is not sensitive i, , sincea,., 8, (com-
posed ofa,, a, andag) do not depend strongly d¥; asa,.

By combining the transition contributions with the
current-produced part fof,=d,=27/2, s,=s,=0 case, we
obtain the total branching fractions shown in Table VI. We
see that the rates are still similar to the experimental central

value, justifying our procedure.

In Fig. 4 we plotd3/d m,; for theB*—>pE-r* mode, for
the N.=3 case with¢3=54.8°, Co=F|C,|, Cp=F|Cp|,

can be understood from the expressiorgfand 8. in Eq.
(25).

2. B —ppK~

For theB*—>pBK* decay, we have both a transitioff)(
part and now a more effective current-producedl part, as
shown in Table VI(a). For the vector part, the largest con-

tributions come from &5+ as)(pp|(uu-+dd+ss)y|0) and

and Cys=¥|Cys|, respectively. It is clear that the three a4<p5|(§s)l|0> in Eq. (23). In the first line of the table, we
cases give close to identical results. The threshold enhanchave(pp|(ss)y.a s p|0)=0 and the contributions are mainly

TABLE VII. (a) CurrentB4B~—ppK~) and(b) transition3(B~—ppK ") in units of 10°°.

(a) BAppK ™) in units of 10°° for ¢;=54.8°(90°)

N,=2 N.=3 Ng=cc
By B By B By B
clvl 0.02 (0.02) 0.10(0.09) 0.01(0.01) 0.06 (0.06) 0.33(0.31)  0.01 (0.02)
Fy.Dy,Sy  0.65 (0.69) 0.26 (0.26) 0.02 (0.03)
Fa.Da.Sa 0.23 (0.19) 0.12 (0.12) 0.02 (0.05)
(b) BAppK ™) in units of 10°© for ¢s=54.8°(90°)
N,=2 N.=3 N,=o0
Ca 2.08 (3.42) 2.12 (3.48) 2.18 (3.58)
Cp 1.83 (2.86) 1.86 (2.91) 1.90 (2.99)
Cys 0.26 (0.20) 0.23 (0.19) 0.18 (0.18)
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TABLE VIIIl. B(B~—ppK ™) in units of 10°® for ¢5=54.8°(90°), withf,=d,=7/2, s,=5,=0.

N,=2 N.=3 N,=0oe
+|Cx| —|C«| +|Cx| —|Cx| +|Cx| —|Cx|
X=A 256 (3.85) 3.36 (475) 218 (345) 2.82 (4.26) 2.06 (3.36)  2.38 (3.96)
X=P 2.72 (3.75) 2.70 (3.73) 2.25 (3.30) 2.23 (3.28) 1.95 (3.08) 1.94 (3.07)
X=V5 0.83 (1.08) 1.45 (1.08) 0.42 (0.57) 0.80 (0.56) 0.16 (0.16) 0.28 (0.36)
from thea3+ asg term. FOch:3, az+ag is Sma", reSUlting We give in F|g 7 the¢3 dependence OB(pEKf) The

in a small,, . In the second line, tha4<p6|(§s)v|0> term  Cup cases are similar to th€~ 7" mode[20], while the
gives By~0.3x 10 ® and interfers differently with the pre- Cys case is similar to th& p* case as discussed before.

vious term for differentN; asa;+as changes sign. On the we note that the experimental indication that fieK ~ rate

other hand, theds;—as)(pp|(uu+dd+ss),|0) term domi- s |arger than the@px~ rate seems to favor largef; values
nates in the axial part. The dependencel\Qer these con- such as 90° case, ana|ogou§3dx) two meson decay situa-
tributions can be understood from the behavioagt as. tion [20].

We now turn to the transition Z) part. For ¢;
~54.8°(90°), we havéay|~|a,| (|ak|=|a,|) and hence 3. B%—ppK®

BT(pEK*)~(or2)67(pp7r*) from the C, p contributions. = >0 —

On the other handy, andag in B are partially canceled and For_tgwe B —>_pOpK decay, we fE(‘)VG_M(ppﬁo)

the tree contribution is CKM suppressed, resultind|? = J(PPK)+7(ppK).  Since (K®[(sb)y-alB®)

<|ax|?. Hence, the(pplub|B~) contribution containing = (K~[(sb)y-a[B~) by isospin, we have

Cap is much larger than thépp|uysb|B~) case coming — o

from Cys, as can be seen from Table Yh). Note further J(PPK™) = J(ppK ™). (26)

that the¢;=90° case fronC, p gives larger rates, as should On the other hand

be expected from the analogokis =~ mode[20]. n the other hand,
We combine the current-produced contribution with the

" . X ) ) —. . Gr, == =0
transition part and give the total branching fractions in Table T(ppK®) =i — fromy[ axo{ pp|db|B°)

VIII. The results prefer theb;=90° case. Numbers shown in V2

the first two lines of Table VIII are close to the the experi- oo dyeblB )
mental rateB(B*— ppK™)=(4.3"3+0.5)x10 ° [1]. We * Bio{pp dysb[BY) ], @7

see that, for thep3=90°, No=3 andC,=—|C,| case we | in

haveB=4.26x 10 °, which is closest to the central value of

the experimental rate. The value only changes by 10% as we 2_0

modify N to 2 oroo. aio, Bro=—VpVi| a,= aG—K _
We plotdB/dm,, in Fig. 6 for the3=90°, N.=3 case . e Mp(Ms+ M)

of Table VIII. The curves fronC,, Cp terms are close to ~ We show in Table IX the separate current-produced and

data points taken from Reff1]. The curve fromCys term is  transition contributions to thepK° decay rate. As explained

too low as expected from the smallness@f. For the first  in the above, the current-produced part is identical to the

two_ cases, one can see that, except for a possible bump ghk - case, except for the difference #g- andrgo. For the

Mpp~2.2—-2.4 GeV, the behavior of the decay spectrum inyransition part, the transition form factors are related to the

cluding threshold enhancement can be explained naturally,—, - -
Comparing with Fig. 4, we note that the suppression for Iargg;pK case t.hrough E%18)' We concentrate on thedb)s
— form factors instead ofdb)p, since|aio|>|Bko|. We have

m, is milder than thepp7~ case. This is due to the pres-
ence of the current-produced part which has less suppresséa = 1-1Fa*0.%Fys and Fp=—Fp/4 for the (db)s form

2m
(28)

form factors (1t?), which dominates over the transition part factors. SinceF EpKO/}' PPK" = —1/4, the contribution form
in the larget region. the Cp term is very small. The ratio of th€, and Cys
= =
Ky (a) g 10 ®) —
& 8 & 8 FIG. 6. dB/dm,;; of the ppK™
= o mode with ¢3=90° andN.=3.
N NV The solid, dashed and the dot-
1 4 1o 4 dashed lines ina) and (b) stand
g 2 5 2 for the Co=F|C,l, Cp=F|Cp|
T ot T, ) 1 and the Cys=F|Cys| case, re-
a —— a ! spectively.

2 2.5 3 3.5 4 4.5 2 2.5 3 3.5 4 4.5

mpp (GeV) mep (GeV)
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5 penguin interference and hence the mgld dependence is
?4 from the subdominant current-produced term.
=
A3 C. Comparison with other works
1
,ﬁéz Before we end this section, we compare our work with
o1 some others. There are approaches that use pole models to
M 0 evaluate decay matrix elements. For example, Rdfl uses

90°
63

135° 180°

FIG. 7. ¢5 dependence oB(B’HpEK’). Solid, dash, and
dot-dash lines stand for the,=—|C,|, Cp=—|Cp|, andCyz=
—|Cys| cases, respectively.

contributions can be understood as well. igar=54.8°, the

F, dominated case is larger than thgs; dominated case by modes. such a&°®
a factor of 11/9 in amplitude, giving a rate enhancemen%onsidérable differ

~(11/97|Ca/Cys|?~ (11/9~1.5. For ¢3=90°, we have
a further 10% growth in amplitude due iG5|~ 1.1 Cys| [as
shown in Table Vb)], and the rate enhancement become

~1.8. Itis interesting to compare the transition contributions_ _

to those in thepEK* mode: for theC, dominated case,
BAppK®)~BppK~); for the Cp dominated case,
BT(pp_K°)<BT(pBK*); for the Cys dominated -case,
B(ppK®)=>BAppK™).

We give in Table X the full branching fraction by com-

bining the current-produced and transition parts in ampli
tude. For the N.=3, ¢3;=54.8990°] case, we have

B(ppK®)=(0.5-3.6)<10 ©[(0.5-4.3)<10 °]. It could be
close to or smaller than thepK™ rate.

In Fig. 8 we plotd3/d my, for the B®—ppK® mode. The
decay spectrum for th€, andCy cases are similar to the

Ca, Cp cases in thegpK™ mode. They exhibit threshold
en_hancement and a slower fall off for lalgeompared to the

ppm~ case. For th&€, case, where the rate is not far from
ppK~, the decay spectrum could be checked soon.
In Fig. 9 we show thep; dependence oB(ppKP). As

K* pole for Ap production inB— n' Ap decay, while Ref.
[8] uses pole models in two-body and three-body bary@&nic
decay. We focus on the comparison with the R8f.as we
have some subjects in common.

In Ref.[8], Cheng and Yang use a factorization approach
in the current-produced{) amplitude. Their approach is
similar to ours(up to some technical differendesience they
obtain results similar to ours in current production dominated
—Apw", 2%x*. However, there is
ence in the transitiof) (part. We factor-
ize the amplitude into a current-produced meson amdta
baryonic pair transition amplitude. In their approach, they
se a simple pole model to evaluate this part. For example, in
B~ —ppK~ decay, they have a strong process
—{A{) 300 p, followed by a weak {A{*) 3000
—pK™ decay. From their modeling of the strong coupling
gAbﬁpr=3\/§gggﬁ57p, they can giveppK™ rate that is
close to experimental result by using monopgfe depen-
dence ofg,, .g-p. The my; spectrum given in Ref[8]
shows a peak arourtd~6 Ge\? (or m,,~2.5 GeV), while
we have a sharper peak in lower,; (around 2 GeY. The
difference is due to the t behavior in our transition part
from QCD counting rule, while they have 1/t? from the
pole model. On the other hand, one expects peaking behavior
towards largem,x- due toA, pole in their approach, while
in this work we do not expect any structui@nceK ™~ andp
are factorizefl in the my- spectrum. In turn, they expect

ppK® rate ~10~7 due to the absence o, pole, while we

expect a rate that could be as largepgK ~, although 107
is also possible. It is up to experiment to check thgx-

shown in EQ.(28), the transition part does not have tree- spectrum and thqap_K0 rate.

TABLE IX. (a) CurrentB(B°—ppK®) and (b) transitionBB°— ppK?®) in units of 10°°.

(@ BAppK®) in units of 10°® for ¢3=54.8°(90°).

N.=2 N.=3 N, =<
By Ba By B By Ba

GR" 0.02 (0.02) 0.10(0.08)  0.01(0.01) 0.06 (0.05) 0.31(0.29) 0.01 (0.02)

Fy,.Dy,S,  0.61 (0.65) 0.25 (0.24) 0.02 (0.03)

Fa,Da,Sa 0.21 (0.18) 0.12 (0.11) 0.02 (0.05)
(b) BAppK®) in units of 10°° for ¢5=54.8°(90°).
N.=2 N.=3 No=oo

Ca 2.74 (3.37) 2.78 (3.43) 2.84 (3.52)

Co 0.12 (0.14) 0.12 (0.15) 0.13 (0.15)

Cys 1.91 (1.87) 1.93 (1.89) 1.96 (1.95)
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TABLE X. B(B~—ppK?) in units of 10°®, for ¢3=54.8°(90°) andf,=d,=27/2, s,=5,=0.

N=2 Ne=3 Ng=o0
+[Cyl —|Cx«l +[Cyl —[Cxl +[Cyl —[Cyl

2.91 (353) 4.21(4.86) 2.68(3.28) 3.60(4.28) 2.71(3.32)  3.05(3.88)
0.95(0.97)  0.94(0.96) 0.48 (0.50)  0.48(0.49)  0.17 (0.23)  0.16 (0.22)
5 2.13(2.14)  3.33(3.25)  1.88(1.85) 270 (2.64)  1.86(1.82)  2.14 (2.24)

><>”<><
< T >

We recall that in Ref[6] we also tried a vector meson tyde, 3%=* and Apm* modes are the simplest in this
dominance(VMD) (dispersion analysjsapproact{15,22in  \york. However, they are sensitive to how we treat the chiral
the current production dominat&—D* ~pn decay. In this  limit of the pseudoscalar teritwhich has arag coefficient.
approach, the strong coupling for each pole is fixed at the@n the other hand, we neglect tie contribution in the
pole mass, hence each pole gives a monopole contribution {@ctor part. It remains to be checked whether this is a good
the total form factors. One needs to have more than one polgnproximation or not. It may in turn give us information on

with c_ancellations_ in_order to reproduce the correct QCD,:Z' or equivalentlyGg, from these measurements. In par-
counting rule, which is 1f for current-produced form fac-

; ; +
tors[15,22. We likely would have the same situation here,t'CUIar’ the vector current form factors itp=™ are only
that more than one pole is needed to reproduced the targeremed to the protoBy, ¢ from SU3) symmetryfas one can
behavior. If we take a multipole approach, the baryonic tranS€€ from Eq(21) and Table IIl, and we may obtain infor-
sition form factor can be expressed Bs-M, transitons Mmation of GE from this mode. -
with M; as one of the mesons, followed by a strong process The ¢; dependence oApz™, 3% 7" rates are similar
MiHBg’ (similar to Ref.[21]). Summing oveii, the QCD  t0 K 7", K* 7" modes. Since transition contributions
counting rule should be taken as a constraint. Instead of dafominate in the pph modes, the ¢; dependence of
ing so, in part ble.cause of lack of mdgpendent data, we useﬁgw—(K—) rate is similar to that in the two—bodﬁo
simplified transition form factor motivated from the QCD ata(KT) or p*m (K™ decays, while theps depen-
counting rule directly in this work, and wait for experimental — L ’

dence ofppK” rate is mild.

data, such as semi—leptonB,—>B§’IV and semi-inclusive Under f o heBir— and thenok - modes h
B—BB’X (similar to B— 7X [23]), to improve our under- nder factorization, thepm and theppK— modes have

standing. One may resort to the multipole approach oncél€ same baryonic transition form factors. Since piper

these measurements become available. mode is dominated by the baryonic transition contribution,
we use it to fit for the transition form factor parameters and
V. DISCUSSION AND CONCLUSION apply them to theopK ™ case. To keep thpp#~ rate around

In this work we use a factorization approach to studythe experimental central value but allowing W_BK_ rate to
charmless three-body baryoni decays. We apply S@3)  be larger, data seem to favor a larggy. TheppK® rate can
relations and QCD counting rules on baryon form factorsbe similar to or much smaller than tlpspTK‘ rate. We do not
We identify two mechanisms of baryon pair production, consider modes involving vector mesons, suchpai?*,
namely current-produced and transition. ThEpm* and  since they will involve further unknown form factors.

Ap7* modes arise solely from the current-produced part, It is interesting that we can reproduce theK~ decay
with rates of order 10’—10°%. The ppm~, ppK~, and  spectrum based on QCD counting rules, indicating that the

pp_KO modes are dominated by transition contributions latter is a rather robust theoretical tool. From QCD counting
while the current-produced contributions in the last two'rules, the current-produced baryonic form factors behave like
cases are significant 142, while the transition baryonic form factors behave as
) . . 2 Lo — _ . .
Due to the absence &,  in the current-produced am- 1/t%in larget(=mgg,) limit. The ppm~ decay is dominated
plitude, and the complete absence of the transition ampliby the transition part and hence shows a faster damping be-

~12 ~12
; ;
8 10 @ & 10 ® =
&g > g FIG. 8. dB/d m,, for the B?
o S —ppK® mode withT,=d,=2/2,
T; 6 ‘I; 6 s,=S5,. Solid, dash, and dot-dash
%m 4lf & 41 lines in (a) and (b) are forC,=
5 2 1: 2 F|Cal, Cp==|Cp|, and Cys=
A b . T |Cys| cases, respectively.
T 0 T 0

4 4.5 2 2.5 3 3.5 4 4.5

m,5 (GeV)
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03 APPENDIX: SOME USEFUL FORMULAS

FIG. 9. ¢; dependence oB(B°—ppK?) for T,=d,=2/2, s,
=5,=0. Solid, dash, and dot-dash lines are @;=—|C,|, Cp
=—|Cp|, andCys=—|Cys| cases, respectively.

In general, for a three-body dec&/—hBB’, the ampli-
tude can always be written in the following form:

_ G _
- M(B—hBB') = —={Au(pg)prv (pg’)
havior for larget. In contrast, theAp#*, % n™, ppK~, V2
and ppK® modes contain the current-produced part, and
show a slower damping behavior for largeWe expect an
even slower damping behaviffiorm factors~ 1/t) in three-
body mesonicB decay. These can be checked soon, espe-

+ BU(pe) Pnysv(Par) +Cu(pg) ¥sv (Par)
+Du(pg)v(pa)}, (A1)

cially by comparing thepEK‘ and thepﬁrr‘ spectra.
We note that there is a possible bump aroumd;

=2.3GeVin thepEK* decay spectrum. It is interesting that
the position is close to the mass of a glueball candidate

£(2230), also known asf;(2220), with m=2231
+3.5MeV and I'=23"8 MeV [24]. Combining B(J/y
—y£)=25x1072 [24] and B(I/p—yE) B(E—pp)
=(1.5°38+0.5x10°° [25, we have B((é—pp)<6
X 1073, If the rate in the whole 22M ;;<2.4 GeV bin is
due to this resonance, we would ha#B™ —K™ &) B(&
—pp)~1.24<10°%. We thus get B(B-—K £&=2
X104 or a few times the rate oB(B™— 'K~ )=(6.5

+1.7)x 107 ° [24]. Since both¢ and ' are glue rich had-

rons, whileb—s decays provide glue rich environmd6],

this may be of great interest. The underlying dynamics coul

be g* —gé&, which is analogous t@* —g#n’' for B— 7’

+ X, decay[27]. One should also search in three-body me-
sonic decay modes. However, as noted, a slower falloff fo
the nonresonance part, together with interference with po
sible nearby resonances, may produce physical background.

ButB—ppK™ decay could be a rather clean mode to search dr=

for £ [28].

S_

whose absolute square is given by

3| M|?= G| A[H{(mg + mj— mZ,— m3g) (m3z— m5—mj)
—ma[mi,— (my—my)?]}+ 2 R AD* ) [ my(m3,
—mj—mj3) — my(ma+mj—mi,— m3) T}
+[ D[ m,— (my+my)?]

+(A—>B,D—>C,m2—>_m2), (A2)
where the summation is over all spins, and we have adopted
the convention that the relatively positive baryon is assigned
as particle 1, the other baryon is assigned as particle 2, the
mesonh is always assigned as particle 3. One can see from
he above that only Re{D*) and Re8C*) appear as inter-
erence terms upon squaring. Given these formulas, the task
is now reduced to obtain thd—D terms for an amplitude of
interest. It is straightforward to obtain the decay rBtdom

the integration of

1
(2m)°% 32m3

(3 |M[?)dmi,dm3,.

(A3)
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