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Charmful baryonic B decaysB°—A .p and B—A pw(p)
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We study the two-body and three-body charmful barydBicecaysB®— A p and B—A.p m(p). The
factorizable W-exchange contribution t<§°—>ACE is negligible. Applying the bag model to evaluate the
baryon-to-baryon weak transition matrix element, we #{(@°— A .p) <1.1x 10"°|gaops ¢ /6] with 980ps;
being a strong coupling for the dec§L>§—>§°p and hence the predicted branching ratio is well below the
current experimental limit. The factorizable contributions Bo —>Acﬁw* can account for the observed
branching ratio of order 8 10 *. The branching ratio foB’—>ACEp’ is larger than that oB’—>ACBw’ by
a factor of about 2.6. We explain why the three-body charmful baryBnilecay has a larger rate than the
two-body one, contrary to the case of mesoBidecays.
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I INTRODUCTION for example,B— ppn—uwill dominate over the two-body
) , , modeB— pp since the ejected meson in the former decay
Inspired by the claim of the observation of the decaycries away much energy and the configuration is more fa-

modesppm~ andppw" 7~ in B decays by ARGUS$1] in  vorable for baryon production because of reduced energy
the late 1980s, baryoniB decays were studied extensively release compared to the latfd9]. This is in contrast to the
around the early 19902—-13 with the focus on the two- mesonicB decays where two-body decay rates are usually
body decay modes, e.®3—pp, AA. Up to now, none of comparable to the three-body modes. The large ratB%f
the two-body baryoni® decays have been observed. Indeed,—D* “pn and B°—~D* “ppn™ observed by CLEO indi-
most of the earlier predictions based on the pole model ocates that the decayd— baryons receive comparable con-
QCD sum rule or the diquark model are too large comparegriputions fromB— A .pX andB—[D]NN’X, where[D] de-
to experimen{14,19 (see Table)l notes any charmed meson. By the same token, it is expected

In order to understand why the momentum spectrum OEhat for charmless barvoni decavsB—s B.B, are the
producedA . in inclusive B decays is soft and why the two- . . y ysB—p(mBiB, —
dominant modes induced by tree operators aBd

body decay modes, e.®3—{A.,S.{p,A}, have not been ; — L .
observed, Dunietf16] argued that a straightforward Dalitz —(m.%",p)B1(Bz, €.9.,B—pAp, are the leading modes
— induced by penguin diagrams.

plot for the dominanb— cud transition predicts the d in- In thi K ‘ harmful b ic decas:
variant mass to be very large. The very massivkq objects n_this work-we ] ocus oh charmiu aryonlf: ecas
would be usually seen a&nm(n=1) if the cd forms a —AcPX. The experimental results are summarized24g

charmed baryon. This explains the observed agfmomen-

tum spectrum and the nonobservation/ofp decay. Since B(B™—Apm)=(6.2£2.7)x10"%,

the very massive d q could also be seen @®*)NX, the

baryonic processeB— D™*)NN’X would be likely sizable. B(BY— A p7?)<5.9x10 4,

Indeed, CLEO has recently reported the observatiobf

—D* " pn at the 102 level andB°—D* "ppn" at the BB Apr* 7 )=(1.3+0.6)x10 3,

10 4 level [17]. Theoretically, the three-body decay modes

B—>_D* “NN andB®—p~ (7 )pn have been recently stud- BB~ —Apm 7°)<3.12x10°3, (1.1)
ied in[18,19.

A similar observation has been made by Hou and Soni

. . . =) N — 4 .
[20]. They pointed out that the smallness of the two-body:°9€ther with the upper limiB(B"—Ap) <2.1x10 " Itis

— i hat th - i . ificall
baryonic decayB— B,B, has to do with the large energy evident that the two-body mode is suppressed. Specifically,

_0 - —_ - — — . . .
release. They conjectured that in order to have larger bar))’-ve shall studyB"— Ap _andB _>_Acp77 (p~)in det_all n
onic B decays, one has to reduce the energy release and %Iidel’ to understand their underlylnggecay mechanism. It has
the same time allow for baryonic ingredients to be present ifeen advocated that tfiedecay toAp+=’s is suppressed
the final state. Under this argument, the three-body decay-relative toA.p [10]. We shall see that this is not the case.
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TABLE I. Predictions of branching ratios for some two-body baryddidecays in various models. We
have normalized the branching ratios|%,,/V.,|=0.085. The predictions given ii1] are carried out in
two different quark-pair-creation models: local and nonlocal. Experimental limits are taker I

[11]
[3] [7] [9] [10] Nonlocal Local Experiment

B A 4x10°% 85x10* 1.1x10°° 1.7x10°° 1.9x10° % <2.1x10°*

B'—pp 42x10°% 1.2x10°% 59x10°% 7.0x10® 29x10°® 2.7x10° <1.6x10°°

B AA 3.0x10°°® 1.2x10°6% 23x10° <2.3x10°°

B-—A p 15x10°* 29x107' 3.2x107% 7.2x10°7 8.7x10°°% <1.5x10°*

The layout of the present paper is organized as follows. In Ge

Sec. Il we first study the two-body charmful dec&®y Hetr= N VepVideiOr+c O J+He, (23
— A.p to update the prediction of its branching ratio. We
then turn to the three-body decaBs- A .p7(p) in Sec. lll. with 0. =0,+0, andc. = 2(Ceff+ eff)

A detail of the MIT bag model for the evaluation of baryon-

to-baryon weak transition matrix elements is presented in the
and nonfactorizable parts:

The decay amplitude cI3°—>AC p consists of factorizable

Appendix.
Il. TWO-BODY CHARMFUL BARYONIC DECAY B°—Ap A(B®— A p)=A(B%— A¢ P)facrt A(B®— Ag P) nonfact
We first study the two-body baryonic decB)— A p to (2.9

update its prediction and understand why it is suppressed
compared to three-body modes. To proceed, we first writgvith
down the relevant Hamiltonian

Gk
(B _’Ac p)fact_\/ivcbv da2<Acp|(Cu)|0><O| db)|Bo>

Gk
Her= 2 VebVid C1(p)Oa(p) +Co( 1) Oa(p) ]+ H.c.,
(2.5

(2.9

- — _ eff . .
where O,=(cb)(du) and O,=(cu)(db) with (gqs) where a,= 02 +c]'/N.. The short—d|stance_ factorlzab_le
_ (1= 75),. In order to ensure that the physical am- contribution is nothlng but th&\V-exchange diagram. This
=017,17¥5)02. N O Py W-exchange contribution has been estimated and is found to
plitude is renormalization scale and-scheme independent, be very small and hence can be negle¢td3]. However, a
we include vertex corrections to hadronic matrix elements : !

. e . . direct evaluation of nonfactorizable contributions is very dif-
This amounts to modifying the Wilson coefficients (2] ficult. This is the case in particular for baryons, which, being

made out of three quarks, in contrast to two quarks for me-
Ci(w), sons, bring along several essential complications. In order to
1 circumvent this difficulty, it is customary to assume that the
nonfactorizable effect is dominated by the pole diagram with
low-lying baryon intermediate states; that is, nonfactorizable
s and p-wave amplitudes are dominated By low-lying
(2.2) baryon resonances and ground-state intermediate states,

N H I g ] © and th respectively[10]. For B°—~A.p, we consider the strong-
where the anomalous dimension matyix” and the constant interaction procesB°—>2+(*) p foIIowed by the weak tran-

matrix r in the naive dimensional regularization and 't (%)
sition %, A¢, whereX} is a3~ baryon resonancesee
Hooft—\Veltman schemes can be found[22]. The super- e b 2 bary o
Fig. 1. ConS|der|ng the strong coupling
script T in Eq. (2.2) denotes a transpose of the matrix. Nu-
merically we havect™=1.168 andcS'=—0.365 [22]. It _ _ _
should be stressed the§" andcS" are renormalization scale '98ps, ¥s, Yspbet Oepsy st Ypds, (2.6
and scheme independénor later purposes we write

c cSf=c +— (O)Tln—+r
1(m)—cy () . “

Ci(u),
2i

Qg my .
Ca ) —C5"=Co(p) + E( Y(O)Tm; +rT

the pole-diagram amplitude has the form

For the mesonic deca— M;M, with two mesons in the final
state, two of the four quarks involving in the vertex diagrams will
form an ejected meson. In this case, it is necessary to take into
account the convolution with the ejected meson wave function. where

A(EOHACH) nonfact:UAc(A"' Bys)v p: 2.7
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_ evaluate the PV matrix elemeriis«, 2 However, it is
BO 2:+(*) A+ ] c’tc
b ¢ known that the bag model is less successful even for the

b_ - C
— Sd At —a
B c . —
u \ physical noncharm and nonbottofn resonance$23], not
71(\ P mentioning the charm or bottogi~ resonances. In short, we
P (@)

know very little about the; ~ state. Therefore, we will not
evaluate the PV matrix eIemengEAC as its calculation in

the bag model is much more involved and is far more uncer-

1; £ . tain than the PC ong24].
—0 Ae o Using the bag wave functions given in the Appendix, we
B (C — find, numerically,

< < p

d u X;=—1.49<10"° Ge\?, X,=1.81x10 % Ge\~.

(b) (2.12

FIG. 1. Some pole diagrams fgoﬂACEwhere the symbo®

: - The decay rate OB*)B:LEZ is given by
denotes the weak vertefa) corresponds to nonfactorizable internal

W emission, while(b) to the W-exchange contribution. F(B—»Blgz)
2,2
980p3; * Py, O80p3,; as A, 08 _ Pe A2 (mg+m; +my) Pcz
A=———t P gt P 5y 2 . -
m, —ms; my,—Ms, ™ (Ey+my)(Ex+my)mg
o 2[(E1+m1)(Ez+mz)+p§]z

correspond tos-wave parity-violating (PV) and p-wave +|B]| (E-m)(E,+mym2 | (2.13

B

parity-conserving PC) amplitudes, respectively, and

POw £y — where p. is the c.m. momentum, an#; and m; are the
<AC|Hefﬂzb )= Ur sy Usy energy and mass of the baryéh, respectively. Putting ev-
_ erything together we obtain

(A HE|ZE ") =iup byx i uss. (2.9

2
BOps

6

(2.149

The main task is to evaluate the weak matrix elements and B(B®—Acp)pc=7.2x10"°
the strong-coupling constants. We shall employ the MIT bag
model[23] to evaluate the baryon matrix elemefgge, €.9., The PV contribution is expected to be smaller. For example,

[24,29 for the methodl Since the quark-model wave func- it is found to bel'™V/T"P°=0.59 in[10]. Therefore, we con-
tions best resemble the hadronic states in the frame wheg@ude that

both baryons are static, we thus adopt the static bag approxi-

mation for the calculation. Note that because the four-quark . .
operatorO . is symmetric in color indices, it does not con- B(B°—Ap)<1.1x10"°
tribute to the baryon-baryon matrix element since the

baryon-color wave function is totally antisymmetric. From
Eq. (2.3 and the Appendix we obtain the PC matrix element

502*2

(2.15

The strong couplingBopE; has been estimated ji0] using
the quark-pair-creation model and it is found to lie in the

e 4 rangeggops - = —(6-10), recalling thagy ,yy~14. We shall
=—— 0o —(Xq+ . . —

Asphe \/EVCbV“dC \/E(Xl 3X)(4m), (210 oo in Sec. NI A that the measurementBf — A p7~ can

be used to extract the couplirgg3+pAb which in turn pro-

where vides information ONggops - At any rate, the prediction
R (2.15 is consistent with the current experimental limit 2.1
X1:J r2drlug(r)vy(r)—ve(ruy(r)] X 10 * [21]. Note that all earlier predictions based on the

0 QCD sum rule[7] or the pole mode[10] or the diquark

X[ug(r)vp(r) —vga(r)up(r)], model[11] are too large compared to experimésee Table

I). In the pole-model calculation ifl0], the weak matrix
R element is largely overestimated.
Xy= fO rzdr[uc(r)uu(r)+Uc(r)vu(r)]

X[ug(rup(r)+vg(novp(r)] (2.11) 2In the bag model the low-lying negative-parity baryon states are
made of two quarks in the grounds], eigenstate and one quark
are four-quark overlap bag integraisee the Appendix for excited to Py, or 1P3,. Consequently, the evaluation of the PC
notation. In principle, one can also follo\24] to tackle the  matrix element for; ~-1* baryonic transitions becomes much in-
low-lying negative-parity>§ state in the bag model and volved owing to the presence oP},, and 1P, bag states.
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-0 L0 T
= u + B Ab’ 2:b
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=
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FIG. 2. Some pole diagrams f& — A.p7~ where the symbol
@ denotes the weak vertet@) and (b) correspond to factorizable
external and internalV-emission contributions, respectively, while
(c) to nonfactorizable internal-emission diagrams. There are two
pole diagrams corresponding to the quark diagrartcin

Ill. THREE-BODY CHARMFUL BARYONIC DECAYS

A B >Apm

PHYSICAL REVIEW D 65 054028

element(A.p|(cb)|B~). Thus we will instead evaluate the
corresponding low-lying pole diagrams for exteridlemis-
sion, namely, the strong proceBs — A {*’p, followed by
the weak decap (*)— A .7~ [see Fig. 23)]. Its amplitude is
given by

Ge

— A
AlZ_EVUdV:bgB+pAbfwal UAc{flb C(mi)[pr~pAc

+Ba(my,— My ) 1ys+ 0, > (M2)[ 2, pa,— Ba(my,

+my ) vy

, (3.2
P(patpR)2—m3,

where we have applied factorization to the weak deggy
— A7 and employed the form factors defined by

(A (pal(ch)|AD(PA,))
:UAC{ ffbAC(pfr) Yuti —AUWDZ

faote(p?)

my

b
ApAc

9, %(p?)
+ie—T

b b
(3.3

where P»=Pa,~Pa, Note that the; ™~ intermediate state
Af makes no contribution as the matrix element

(A/(cb)|A}) vanishes. Likewise, the intermediate states
32 and32* also do not contribute t4, under the factoriza-
tion approximation because the weak transition

A¢l(cb)|2 ™)y is prohibited asS,, andS} are sextet bot-
< b b

The quark diagrams and the corresponding pole diagrarﬁé’m baryons wherea . is an antitriplet charmed baryon.

for B-— A pm~ are shown in Fig. 2. There exist two dis-

tinct internal W emissions and only one of them is factoriz-

able, namely, Fig. ®). The externaW emission diagram,

Fig. 2(a), is of course factorizable. Therefore, unlike the two-

body decayB®— A_p, the three-body mod8 — A pm—
does receive sizable factorizable contributions:

A( B_HACEW_)fact

G _ _
=LV Vigda(m|(du)|0)(Acp|(ch)|B~)

2
+ay(m|(db)|B™){(Apl(cu)|0)}=As+A,,
(3.1

where naivelya;=c%+cS"/N, and a,=cS"+c®"/N;, to

which we will come back later. Unfortunately, in practice we _
do not know how to evaluate the three-body hadronic matrix a=2f,

To evaluate the factorizable amplitude, as shown in

Fig. 2b), we apply the parametrization for tiBe— 7 matrix
element,

(7 (p,)|(db)|B~(pg))
=F5"(q%)(pg+P.) . +[FE(G?)

2 2
mB_mTrq
2 )
q M

-F"(9?)] (3.9

and obtain

G _
AZZTZVudV:b azuAc[(apﬂ—"f— b) - (pr+ d) YS]vp '
(3.9

where

TR0 + 2P (OFE (1) (my +mp)/my

054028-4
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facP(g2)=g,*"(g2)=—0.07, 3.8
b=(mAC—mp)ffCP(t)[F?”(t)+[F§”(t) 3 (qm) gz (qm) ( )
for the A.-p transition atqﬁq=(mAC—mp)2.
—2f cp(t)F T(t)(py Since the calculation for thg? dependence of form fac-
¢ tors is beyond the scope of the nonrelativistic quark model,
we will follow the conventional practice to assume a pole
dominance for the form factay? behavior:

2
—FET

—pp»pwlmAc+f§°p<t>FS‘”<t><m§—mi)/mAc,

c=2g; P(OFE7(1) + 29, P(OF (1) (my —mp)/my L (1ayme"
f(0®) = f(am| T=gzme |
d=(mAC+m,»gﬁ‘*’(t)[F?”(t)ﬂFS‘”(t) g
—Um/ A
2 2 g(q2)=g(q?n)(—zl_q2/mA) : (3.9

71— 20, P(OFE(1)(py,

1
t

—Pp)-Palmy + ggcp(t)Fg”(t)(mé—mi)/mAC, meson with the same quantum number as the current under
3.6 consideration. The function

2712 \N

andt=0= (P~ P)>=(Pa,*+Pp)* G(q) = | L9 Moole (3.10
The form factorsf; and g; for the heavy-to-heavy and 1—q2/mr2Jole

heavy-to-light baryonic transitions at zero recoil have been

cpmputed using the nonrglativistic quark mofd#8]. In prin- plays the role of the baryon Isgur-Wise functidfw) for the
ciple, heavy quark effective theojHQET) puts some con- 5 o— Ag transition, namelyG=1 atq?=q2 . The function
straints on these form factors. However, itis clear that HQET,(,y has heen calculated in the literature in various different
is not adequate for our purposes: the predictive power of,,dels [28—33. Using the pole masses\,=6.34 GeV,
HQET for the baryon form factors at ordemiy is limited ma=6.73 GeV for theA,— A, transition, it is found that
only to the antitriplet-to-antitriplet heavy baryonic transition. G(qz) is consistent with the earlier soliton-mode8] and

Hence, we will follow[26] to apply the nonrelativistic quark MIT-bag-model [29] calculation of {(w) for n=2 [26].
model to evaluate the weak current-induced baryon form facg, .o et 4 recent calculation o) in [33] yields

tors at zero recoil in the rest frame of the heavy parent

baryon, where the quark model is most trustworthy. This

qguark-model approach has the merit that it is applicable to Hw)=
heavy-to-heavy and heavy-to-light baryonic transitions at

maximum g? and that it becomes meaningful to consider

1/m, corrections as long as the recoil momentum is smalleand this favors=1. Therefore, whether thg? dependence
than them, scale. It has been shown [i@6] that the quark- is monopole or dipole for heavy-to-heavy transitions is not
model predictions agree with HQET for the antitriplet-to- clear. Hence we shall use both monopole and dipole depen-
antitriplet (e.g., A,— A, E,—E.) form factors to order dences in the ensuing calculations. Moreover, one should
1/mg. For sextetX,—3; and Q,—{ transitions, the bearin mind that the? behavior of form factors is probably
quark-model results are also in accord with the HQET preimore complicated and it is likely that a simple pole domi-

2 1.23+ 0.4/

Tio (3.1

dictions (for details se¢27]). Numerically we hav¢27] nance only applies to a certaiif region, especially for the
heavy-to-light transition. For th& .-p transition, we will use
frote(q2) =g, e(q2)=1.02, the pole massesy,=2.01 GeV andn,=2.42 GeV, and as-

sume dipoleq? dependence.

For the form factorsFE‘I(qz) we consider the recently
proposed Melikhov-StectMS) model based on the constitu-
Aphe, 20 Aphg 21 ent qugrk. picturg 34]. Although the form_ factog® depen-

(am)=9," “(ay)=—0.03, (3.7 dence is in general model dependent, it should be stressed
that F27(g?) increases withg? more rapidly tharF§™(g?)
for the Ay-A, transition at zero recoit;=(m,, —m, )%  as required by heavy quark symmetry. We shall see below
and[26] that the predicted decay rates are insensitive to the choice of
form-factor models.
ffcp(q%):g?cp(q%)zo_go, ~ Thus far we have only discussed factorizable contribu-
tions. The nonfactorizable effects are conventionally esti-

Ae Ae mated by evaluating the corresponding pole diagrams. The
foP(dh) =05 (g5 = —0.21, processes

favte(g2)=ga""(g2)=—0.23,

054028-5
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B™— 7 +B*O cinity of order 18 can accommodate the observed branching
— ratio of B-—A.p7m  [see Eqg.(1.1)]. It follows from Eg.
—p+Ac, (3.15 that|ggoys +|~4.3, which is close to the model esti-

Py,
_ — mate of 6—10 given if10]. It is likely that the quark-pair-
B —A:.tA . . . . .
i creation-model calculation of strong couplings is more reli-
—p+7 (3.12 able for their ratios than their absolute values.

) o We have checked explicitly that the results are fairly in-
are some examples of the pole diagrams shown in Fi@$. 2 sensitive to the choice d8— 7 form factors. For example,
and 2d); they correspond to nonfactorizable interndl e have computed the branching ratios using the two differ-
emission. Presumably these nonfactorizable contributiongnt form-factor models given if87] and found that the dif-

will affect the parametea, substantially. ference in rates is at most at the level of 5%.
_The total decay rate for the proceBs (pg)—Ac(P1) Evidently, the calculated branching ratios are in agree-
+p(p,) + 7 (p3) is computed by ment with experimentl.1). There are several reasons why
1 1 the three-body decay rate Bff — A p#~ is larger than that
=— _3j |A|2d mizd mgs, (3.13 of the two-body ond8°— A p. (i) The former decay receives
(27)” 32mg external and internalV-emission contributions, whereas the

color-suppressed factorizallé-exchange contribution to the
latter is greatly suppresse(.) At the pole-diagram level, the
1 1 3., propagator in the pole amplitude for the latter is of order
I'= 2n)7 ﬁzf |AI2dE,,dmg;, (3.1  1/(mZ—m?), while the invariant mass of the\(;p) system
B can be large enough in the former decay so that its propaga-
+pj)2 with ps=p,.. For a givenE,,, the range ofm§3 is  pression(iii) The strong-_coupllng constant far,—B ™ p is
fixed by kinematics. Under naive factorization, the parametetarger than that fok, —B%p.
a, appearing in Eq.3.1) is numerically equal to 0.024,
which is very small compared to the value a$=0.40
—0.55 extracted fronB°—D%*) 70 decays[35] and |a,)| i
=0.26:0.02 inB—J/yK decay[36]. As stated beforeg, Naively it is expected thal .pp~ has a larger rate than
may I’eceivle sizable contributions from non.factorizable pOIeACH’]T7 due to the three po'arization states for ihmeson'
diagrams Figs. @) and 2d). Therefore, we will treaf, as a The calculation forB™—A.pp~ is the same as that for

free parameter and taka,=0.30 as an illustration. For __ A h f th i el
strong-coupling constants a simple quark—pair—creatioﬂ3 —Acpm except that two of the matrix elements are

or

B.B —Appp~

model yields(see Appendix C of10] for detail replaced by
|gB+pAb|:3\/§2|gBopE;|- (3.19 (p”[(dw)]0)=f,me} (3.179

Hence, the strong-coupling const¢g§+pAb| is much larger gnd
than |gBop2;|. Putting everything together we obtain, nu-

merically, . ;
_ (p71(db)[B™)= ———¢,,ape* PP, V*"(0?)
B(B~—Apm) Mgt m, * ’
*.
_[(10.0%+0.04-0.8r)x10°* for n=1, i (mB+mp)8;A?”(q2)—%
(5.524+0.04-0.6r)x10°* for n=2, B
Bp/ ~2 8*'pB
9.2x10°* for n=1 and gg+ps, =16, X (Pt P, A" (1 )—Zmp—qz—
- 4.9x10 4 for n=2 and Us+pa, = 16,

(3.16 Xq,[AS(a%) — A ()], (3.18

wherer=gB+pAb/18 and the first two lines show explicitly

the contributions from extern&l emission, internaWemis-  whereq=pg—p,= Pa,tPp and
sion, and their interference, respectively. We find that the

externalW emission and internalV emission contribute de-

structively (constructively if the baryonic form factorg? ABP(q?) = Mg +m, AB?(q?) — mg—m, ABP(q?)
dependence is of dipolamonopolg form. From Eq.(3.16 3 2m, S 2m, 2197
we find that the strong-coupling constagy+p,, in the vi- (3.19

054028-6
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Obviously the calculation is much more involved owing t0 js |arger than that OBf—>Ac57T7 by a factor of 2.6. We
the presence of the four form factox§ Ao, A;, andA,  have shown and explained why the three-body charmful
compared to the pion case where there are only two formparyonicB decay in general has a larger rate than the two-

factorsFo andF;. body one.
A straightforward but tedious calculation yields Finally, our present study is ready to generalize to other
BB —A Bpf) charm_ful baryon_ic B decays, e.g.,B—AA,Z.N, B

¢ —AA7(p), 2 .N7(p), ..., etc. Experimentally it would
(2.6r2+0.02-0.3r)x 102 for n=1, be interesting and important to measure these hadronic de-

“ 1 (1.5240.02-0.2)x10°3 for n=2, cays.
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vious case, the contributions from extervdlemission, in- 547 204 NSC90-2112-M-033-004.

ternalW emission, and their interference are shown explicitly

in the first two lines of the above equation. Again we have

checked explicitly that the predictions are insensitive to the APPENDIX
form-factor models for th&-p transition. Note that the pre-

dicted branching ratio is consistent with the current limit on In this appendix we evaluate the baryon matrix elements
B~—Apm 7° [see Eq(1.1)]. The ratio in the MIT bag mode[23]. In this model the quark spatial
. (1.)].

wave function is given by

[(B™—Acpp~
( PP 44 (3.2 )
(B~ —A.pm) ’ N_,; ( ijo(Xr/R)x
Sip 312\ _ [ -
for n=1 or 2 is independent of the strong coupligg+pAC (47R°) ‘/;J 1(Xr/R)o Ty

and hence its prediction should be more trustworthy. Experi-

mentally it is important to search for tieedecay intoACHp‘ iu(r)y
and have a refined measurement\qfp=~ in order to un- = v(r)o-Ty (A1)
derstand their underlying decay mechanism.

IV. CONCLUSIONS for the quark in the ground &, state, wherg, andj, are

) spherical Bessel functions. The normalization factor reads
We have studied the two-body and three-body charmful

baryonic B decaysB®—A.p and B~ —Apm (p~). The

factorizableW-exchange contribution t8°— A .p is negli- N X
gible. Applying the bag model to evaluate the weljA 7 [20(0—1)+mR]Y%sinx’
transition, we find B(B°—Ap)=<1.1x 10*5|g,30p2g/6|2

with 98%p3; being a strong coupling for the decay, wheree=(o—mR)/(w+mR), andx=(w?—m?R2)Y2 for a

—B% and the predicted branching ratio is well below the quark of massn existing within a bag of radiuR in modew.
current experimental limit 22104, Contrary to the two- For convenience, we have dropped in EA2) the subscript
body mode, the three-body deCBY—>ACE'n'_ receives fac- 1 for X, andR. The eigenvalue is determined by the
torizable external and interné¥-emission contributions. The ranscendental equation

external W-emission amplitude involves a three-body had-

ronic matrix element that cannot be evaluated directly. In-

stead we consider the corresponding pole diagram that mim- tanx= X _ (A3)
ics the externalVv emission at the quark level. It is found that 1—mR— (x*+m?R?)2

the factorizable contributions tB~ — A p7~ can account
for the observed branching ratio of ordetx@0 4. The
strong coupling|gB+pAb| is extracted to be of order 16,

which in turn implies|gBong|~4.3 under the quark-pair-

2

(A2)

In terms of the large and small componeua(s) andv(r) of
the 1S;, quark wave function, the matrix elements of the

o two-quark operator/,(x)=q’vy,q and AM(x)za’ YuYs4
creation model assumption. The decay ratdBof— A .pp~ are given by

054028-7
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(q'|Volg)=u"u+v'v, 1
= —[duuys+(12)+(13)], (AT)

N
pT 7
where abcys=(2a'blc’'—a'blct—a'blc)/\6, abcya

=(a'blct—a'blc’)/y2, and {j) means permutation for

PUATAN — (117 11— T poo the quark in place with the quark in placé. Applying Eq.
(q'|Alg)y=(u'u=v'v)o+2v'vro-r. (A4) (A7) yields

(@'|Aglay=—i(u'v—v'u)o-r,

(@'|V]g)=—(u'v+v'u)eXr—i(u'v—o'ur,

The four-quark operatori)l—(cb)(du) and 02—(Cu)
><(db) can be written asOq(x)= 6(cb)1(du)2 and O,
—6(cu)1(db)2, where the subscripton the right-hand side

(AZTIbicb1pbiebayl2g 1)=0,

of Oy, indicates that the quark operator acts only onitihe it _ i
quark in the baryon wave function. It follows from E@4) (A¢ T|b1cb1bb dbzu(Ul Uz)|2b = 6’
that the PC matrix elements have the form
- 1
[ rearcaiosl(eby@w oy (AL 11bLbabldbanlS 1= S

1 - >
:(—X1+X2)—§(Xl+3X2)g-1.0-2, 1
(A& T1bIeb1ubIgban(0r- o2)[ S 1) == ﬁ
[ rear(aisi @b eaasan o)

1 o In the above equatioblq, (b1q) denotes a quark creation
=(X1+X,)— §(—Xl+ 3Xy)o1-0,, (A5)  (destruction operator acting on the first quark in the baryon
wave function. It is easily seen thatA[|O,|3;)=

where the bag integrals are defined in E2j11) and use has —(A¢ |0,y ) and hencéA [0, |3 )=0, as it should be.
been made of The PC matrix element in E¢2.10),

an i
j erirj:?Jf dQ, (AB) (AJ[0P93p)=——= .

6
and those terms odd inhave been dropped since they van-
ish after spatial integration. Note that we have applied théhen follows from Eqs(AS) and(A8).
isospin symmetry on the quark wave functions—namely, For numerical estimates of the bag integrdlsand X5,

(X1+3X,)(4), (A9)

ug(r)=uy(r) andvy(r)=v(r)—to derive Eq.(A5). we use the bag parameters
We also need the spin-flavor wave functions of the bary-
ons involved such as m,=my=0, mg=0.279 GeV, m.=1.551 GeV,
L1 my,=5.0 GeV
AcT=%[(cud—cdu)XA+(12)+(13)], b= - '

x,=2.043, x,=2.488, X,=2.948, x,=3.079,

1
.
ol ﬁ[buu)“ﬂlz)ﬂl?’)]’ R=5.0 GeV 1, (A10)
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