PHYSICAL REVIEW D VOLUME 57, NUMBER 9 1 MAY 1998

Exclusive nonleptonic decays of bottom and charm baryons in a relativistic three-quark model:
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Exclusive nonleptonic decays of bottom and charm baryons are studied within a relativistic three-quark
model with a Gaussian shape for the momentum dependence of the baryon—three-quark vertex. We include
factorizing as well as nonfactorizing contributions to the decay amplitudes. For heavy-to-light tran@tions
—qud the total contribution of the nonfactorizing diagrams amount up-&% of the factorizing contribu-
tions in amplitude, and up te-30% for b—cud transitions. We calculate the rates and the polarization
asymmetry parameters for various nonleptonic decays and compare them to existing data and to the results of
other model calculation$S0556-282(198)03807-7

PACS numbgs): 12.39.Ki, 13.30.Eg, 14.20.Lq, 14.20.Mr

I. INTRODUCTION From a theoretical point of view thé\; —p¢ and A
—J/yA decays are simple inasmuch as they are described

During the past several years there has been significamly factorizing quark diagrams alone. Their study can shed
progress in the experimental study of nonleptonic decays dfght on the nature of the nonleptonic interactions and may
heavy baryong1]. New results on the mass spectrum, life- serve as an additional source for determining the Cabibbo-
times, branching ratios, and asymmetry parameters in thEobayashi-Maskaw#CKM) elements and the values of the
decays of the heavy baryons, , 3., E., Ag, ... were short-distance Wilson coefficients in the effective nonlep-
reported by various experiments by the ALEPH, ARGUS,tonic Lagrangiar{7—11]. In the near future one can expect
ACCMOR, CLEO, OPAL Collaborations, etc. The heavy large quantities of new data on exclusive charm and bottom
baryon mass spectrum has been determined with good prediaryon nonleptonic decays which calls for a comprehensive
sion (within an accuracy of a few percenf\s to nonleptonic  theoretical analysis of these decays.
branching ratios, the accuracy of the measurements does not There exist a number of theoretical analyses of exclusive
exceed 25-30 % even for the better studied Cabibbo-favoredonleptonic heavy baryon decays in the literat(gee, e.g.,
decay modes\ [ — A%+ 7+ andA S —p+KP. For the decay Ref;.[lg—zﬂ) including predictions for their angular decay_
Ag—>J/z,//A and the Cabibbo-suppressed dedgy— pe the d|str|b_ut|ons. The anaIyS|s.of nonIe.ptomc.baryon decays is
experimental errors are even larger. The first observation dfomPplicated by the necessity of having to include nonfactor-
the A} —p¢ decay was reported by the NA32 Collaboration izing contrlputlops. Om=T thus has to go beypnd the fagtorlza-
[2]. They quoted a branching ratio (A7 —pg)/B(AL tion approximation which had proved quite useful in the
—pK~77)=0.040+0.027. A more recent measurement of

analysis of the exclusive nonleptonic decays of heavy me-
+ : sons. There have been some theoretical attempts to analyze

FheAc —>p.¢ decay rate bY the CLEO Collilboranon resHIted nonleptonic heavy baryon decays using factorizing contribu-
in-a- ra+t|o of branching ratiosB(A; —p#)/B(Ac  tions alone[26], the argument being that-exchange con-
—>ODK 7")=0.024+0.006* 0.003[3]. The baryonic decay tripytions can be neglected in analogy with the power sup-
Ap—Jl A was first observed by the UAL Collaboratipfl.  pressed W-exchange contributions in  the inclusive
The measured branching ratio was found to BEA]  nonleptonic decays of heavy baryons. One might even be
—J/yA)=(1.4+0.9)% [1]. The OPAL Collaboration ob- tempted to drop the nonfactorizing contributions on account
tained an upper limit for the branching ratio @&(AJ  of the fact that they are superficially proportional toN1/
—J/yA)<1.1%[5]. Recently the Collider Detector at Fer- However, sincé\. baryons contaimN. quarks an extra com-
milab (CDF) Collaboration has reported a much smallerbinatorial factor proportional tdl. appears in the amplitudes
value for the same  quantity B(Ag—>J/¢A) which cancels the explicit diagrammatid\l/factor[14,17.
=(0.037£0.017+0.004)% from a larger data sampl6]. = There is now ample empirical evidence in ttess sectors
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that nonfactorizing diagrams cannot be neglected. For exWe have suppressed color indices(ip. M is the mass of
ample, in the charm sector the two observed decays hadron,P is its total four-momentum, an.rne) Brabg s
—E% " andAJ —3 7 can only proceed via nonfactorizing Mg denote the flavor part of the hadronic wave function.
diagrams. Their sizeable observed branching ratios may thusnalogous formulas for the final state hadronic wave func-
serve to obtain a measure of the size of the nonfactorizingons can easily be derived from E(). They can be found

contributions. in Ref. [14]. Note that the BS spin wave functiof$) con-
In the present paper both factorizing and nonfactorizingain an additional “projector” factor

contributions to exclusive nonleptonic decays of bottom and

charm baryons are taken into account. The decay amplitudes

are studied within a relativistic three-quark model with a 1 b+ 1

Gaussian shape for the momentum dependence of the Vi=—(P+M)=——, (2

baryon-three-quark vertex. It is shown that the total contri- 2M 2

bution of the nonfactorizing diagrams can amount to up to

~60% of the factorizing contribution for heavy-to-light tran- _ . . , o,

sitions and up to~30% for b—c transition in amplitude. Wherev is the “on-shell” four-velocity of hadron, i.es

We calculate branching ratios and asymmetry parameters for 1- The factorV.. ensures that in the c.m. frame only the

bottom and charm baryon nonleptonic decays withinlthe ~ POsitive-energy components of the full BS wave function

grangian spectator mod@pproach which genera”zes the survive, as it should indeed be, when the quarks are nonin-

spectator quark model approafp8,29. We compare our teracting.

results with existing data and other theoretical approaches. Once the explicit form of the hadron wave functions is
The layout of the paper is as follows. In Sec. Il we presengiven, the transition matrix elements for weak decays are

details of ourLagrangian spectator modelpproach. In Sec. parametrized by a few overlap integrals in terms of the spin-

[l we discuss the calculation of the matrix elements of non-independent spatial part of the hadron wave functions. Pre-

leptonic decays of bottom and charm baryons. In Sec. IV weiously, the overlap integrals have been treated as phenom-

present the results of our calculations. Section V contains ownological parameters to be determined from a fit to

conclusions. experimental datf14].
In order to go beyond the approagh4] one has to de-
II. MODEL velop a microscopic approach to the overlap integrals ap-

. _ i pearing in the expressions for the decay amplitudes or,
A systematic and comprehensive analysis of weak seMizqivalently, one has to specify the form of the hadron-quark
&hansition vertexhadronic BS wave functignincluding the
explicit momentum dependence of the Lorentz scalar part of
this vertex. In the Lagrangian model considered in this paper
his dependence is given by the baryon form factor which
appears in the nonlocal interaction vertex coupling the bary-

inside the hadrons is neglected ons to the three quarks. The Lagrangian model has been

The quark-hadron Bethe-Salpet&S) wave function sat- successfplly appli_ed to the description of a wide class qf the
isfies the free-quark Dirac equation in each quark index, i.elow and intermediate energy hadron phenomena both in the
the quarks are assumed to be noninteracting. With the use §ght [30-33 and heavy[34] quark sectors. _ _
the “equal-velocity” assumption the equations of motion for I its present form, this model is not immediately appli-
the wave functions of the individual constituent quarks in thecable to the study of the heavy baryon nonleptonic decays
baryon can be rewritten in terms of the hadron velocity, thussince it does not reproduce the results of the spectator model
imposing restriction on the possible form of the hadronic BSanalysis[14]. The purpose of our present investigation will
wave function[14,15,28,29 The explicit form of the BS consist in embedding, step by step, the spectator model spin
wave functions for hadron in the initial state is given by  structure in our Lagrangian approach. Put differently, we at-

tempt to reformulate the spectator model using the Lagrang-

carried out within the spectator quark modé#,15,28,29

which is based on the “equal-velocity” approximation
[28,29. Namely, it is assumed that all quarks inside a hadro
have equal velocities coinciding with the velocity of the had-
ron. In other words, the internal relative motion of quarks

+

o 1 ian language in order to be able to calculate all quantities
== BABC:M{[(P+M)'}’SC]ﬁYUQ(P)Ba[bCJ appearing in the description of the nonleptonic decays of
heavy baryons with the use of the Feynman diagram tech-

+cycl(a,a;8,b;y,0)}, nique.

Let us begin with the formulation of the basic notions of
+

1 the Lagrangian model taking into account at every step the
JP=7: BABC:M{[(PJr M) v,ClgUn(P)Brabg spin structure imposed by the spectator picture.
The problem of the choice of baryonic currents was dis-
+cycl(a,a;8,b;y,0)}, cussed in Ref.34] (see also Ref$35—39 and[40—-42). Let
us briefly review the basic notions. Suppose that a baryon is
JP=0*: M2=[(P+ M)yS]ff/\/lg, a bound state of three quarks. bet(i=1,2,3 be the position

space four-coordinate of quaikwith massm;. They are
b 5 8y b expressed through the center of mass coordingtead the
=171 Mp=[(P+M)E] M, (1) relative Jacobi coordinateg, . ..) as



5634 IVANOV, KORNER, LYUBOVITSKIJ, AND RUSETSKY 57

m,+ mg TABLE I. Quantum numbers of heavy-light baryons.
y1=X—3¢&; )
Z m, Baryon Quark content  JP (Sqq+1qq) Mass(GeV)
I
A c[ud] i 0,0 2.285
=N clus] i 0,12 2.470
=0 1+
m; ms =h dds] i (0,1/2 2.466
y2_x+3§12 “263 ms’ =0t clus R T 2.470
= M ¢ clds L2 2.466
50 c{dd} i (1,9 2.453
g cfss i (1,0 2.704
m; m; AD blud] ir (0,0 5.640
ya=X+3&; +2£,\3 , -0 2,
o m,+mg =} bus] i (0,1/2 5.800
T Q, b{ss L (1,0 6.040

which depends only on the sum of the relative coordinates
2 m;y; squared in the coordinate space and on a cutoff parameter
where x= : ' 1:1 M2yt Mays Ag. Generally speaking, the shape of this function should be
2 m 3\ mytms determined from the bound state equation and may depend
™ on the flavors of the quarks involved. In order to reduce the
number of free parameters we will use a common Gaussian
function for all flavors but we allow for flavor dependent
_ values of the cutoff parameteky. The Gaussian shape
52:y3 yz_ () guarantees ultraviolet convergence of the matrix elements.
2\/§ The vertex function models the long distance QCD interac-
tions between quarks. For the present application, there are at
least three different values foAg corresponding to the
In the case of light baryons we shall work in the limit of (s,d,u), (c,d,u), and ,d,u) sectors. However, in order to
SU(3) invariance by assuming that the massesiaf, ands  recover the Isgur-Wise symmetry in the heavy quark limit
quarks are equal to each other in E8). The breaking of (my—c) the cutoff parameteA has to be the same for
SU(3) symmetry through the position space variable$via ~ charm and bottom baryons.
a difference of strangeg and nonstrangen quark masses: The Lagrangian describing the interaction of baryons with
ms—m=#0) was found to be insignificar{t34]. Thus, for the three-quark current is written as
light baryons composed af, d, or s quarks the coordinates
of the quarks may be written as

1]

Lg‘t(x)ngg(x)f d)ﬁf dyzf dys

Yi=X—2£1, Yo=x+E—En3, ya=x+&+E43.
Z m;yi 2
B
X8| x— Fl = i—Y))?
For a heavy-light baryon witlm;>m,, m; one has in- E ( 18i2<1 =) )
stead [ m

X J Y2,Y3)+H.c., 4
Y1=Yo=X, y2:yq12X+3§1_§2\/§1 8(Y1,Y2,Y3) (4)

whereJg(y1,Y2,Y3) is the three-quark current with quantum
Y3=Yq,=X+3&+ 63 numbers of a baryoB:

We assume that the momentum distribution of the con-  J(Y1:¥2,¥3) =T'10%(y1)q*(y2) CT'2q%(y;) *1%2%.
stituents inside a baryon is modelled by an effective relativ- ®

istic vertex function given by Here I'; , are strings of Dirac matricesG=19°y? is the

charge conjugation matrix areg are the color indices. The
2 strong coupling constamjg in (4) can be calculated frortine
= EZ (yi—yi)? compositeness conditiofsee Refs.[34,37-39), i.e., the
8= 7 ) renormalization constant of the hadron wave function is set
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equal to zeroZy=1—gZ35(My)=0, with 3, being the is completely equivalent to the compositeness conditsee
hadron mass operator aid,; denotes a hadron mass. Note d|s|c::)uss[ct))? in hR?f[34])-f iaht and h iaht b .

that the latter condition is equivalent to the well-known rela- ~9SSIDI€ choices of light and heavy-light baryonic cur-
tivistic normalization condition for the hadronic Bethe- '€NtS have been studied in Ref85-39 and[40-43. For

) . the octet of light baryons, for th&-type heavy-light baryons
SalpeterBS) wave function. However, for technical reasons(AQ’ =) with a light spin zero diquark system, and for the

it is more convenient to use the normalization condition forQ_type heavy-light baryons(¥q, 3.o) with a light spin one
the elastic vector form factor at zero recoil which, of course diquark system the currents are written as folld&4]:

Light baryon currents
vector variant I8 (Y1,Y2.Y3) = 7*7° 0%y 4%2(Y2) C,q%(y5) s21%2%, ®)
tensor variant JB(Y1,Y2,Y3) =" y°qP1(Y1)0*(Y2) Co, G (Ya) £ 2172%,

Heavy-light baryon currents

pseudoscalar variant JKQZSabCQaubCySdC,

axial variant J/XQZSameQanCV’WSdC,

vector variant J\éQZSabCMVSQaSbCV“ s‘, J\égzsachaSbC)’“ s%,

tensor variant JBQZSabC%WsQaSbCUWSCa J:z;g:_iSabC%QaSbCU“”SC- (7

In Table | we give the quark content, the quantum numbers In what follows we shall work with the momentum space
(spin-parityJ®, spin Syq» and isospinl 44 of light diquark, representation of the interaction Lagrangians. Performing the
and the experimentdlhen availablg and theoretical mass requisite Fourier transformation, e.g., for the case ofAle
spectrum of the heavy baryofis, 15| analyzed in this paper. baryon we obtain

Square brackets. . .] and curly bracket$. ..} denote an-

tisymmetric and symmetric flavor and spin combinations of _

the light degrees of freedom. The masses of the light baryons EK"Q(F)):QIAB Aq(p)f dle dsz dp3f dklf dky

are taken from the Particle Data Gro(DG) book[1]. ¢

Next we write down the Lagrangian which describes the X 8(ky—3(pa+ p3)) (ka— 3(P3s—P2))
interaction of A baryon with quarks in the heavy quark ) o
limit (mo—), i.e., to leading order in the i, expansion: ki+k3
© ° X8| p=2 i |F| =5 | T1Q%Pu°(p)
i AB
Q
£T;(X)IQAQXQ(X)F1Qa(X)J’ dflf dé, X CT ,d%(p3)e?*°+H.c., 9
X F(Aéq- [£2+ £2])uP(x+3¢&;— £,\/3)CT, wherep and p;,p,,p; are the momenta of the baryon and
the constituent quarks, respectively. The relative momienta
X dO(x+3&;+ £,4/3) 22+ H.c., (8) andk, may be expressed in terms of the quark momgmnta

in a standard mann¢B4].
For our purposes we also need the effective Lagrangians

where that describe the coupling of pions, kaons, and the vector
mesonsp, ¢, and J/¢ to their quark constituents. In this
|®Cy° pseudoscalar current, paper we also assume that the mesons are pointlike objects,
I'eCr,= i 5 . i.e., their interaction with the constituent quarks are de-

vu®Cy*y> axial vector current. scribed by a local nonderivative Lagrangian

One can see that the heavy quark is factorized from the light

degrees of freedom in this limit. The vertex form factor LM(p)=gMM(p)f dplf dp28(p—P1~P2)

characterizes the distribution of and d quarks inside the .

Aq baryon. It is readily seen that the Lagrangi@hexhibits Xq(p)'mAma(pz) +H.c., (10

the heavy quark flavor symmetfgymmetry under exchange

b with ¢) if the parameter\g  is the same for charm and where T, and \y are spin and flavor matrices. In other
bottom baryons. words, we choose the effective meson vertex functions to be
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constants in momentum space. This is a reliable approxima- M

tion for the light mesons. For heavy mesons we expect that ﬁ Ps=P1-P2
form factor effects in the meson vertex become important.
This prevents us from extending the present approach to
cases with heavy mesons in the final states, such\as

— Al +Dg . In general the form factor effects in the decays
involving heavy mesons in the final state are expected to
suppress their rates relative to those obtained from a point-
like vertex. Exclusive nonleptonic bottom baryon decays in-
volving heavy mesons form the subject of a separate piece of
work.

To reproduce the spin amplitude structure of the spectator
(or static quark model analysig14,15 we assign the pro-
jectorV,=(¥+1)/2 to each light quark field in the baryon-
quark vertex, where is the “on-shell” four-velocity of had- - (K'+k)
ron as in Ref.[14]. The conjugate antiquark fields in the
mesons are multiplied by the projectér =(—v¢ +1)/2. We
shall also use the static approximation ford, ands quark

Bgig)

Diagram I

propagators o, .
_ 1 Bo(g Bq
(OT{a0a(y}0)=—6Yx-y), (1D
q
where A, is the free parameter having the dimension of
mass. We choose this parameter to have the same value ]
for u andd quarks and a different valu&, for the strange Diagram IL:
qguark. The model obtained with the use of the above pre- . .
scriptions will be referred to as thieagrangian spectator ki =krp ke = ktps
modelin what follows. ks =- (k' + k") + ps/2 ks = k"-p3/2
An important property of the Lagrangian spectator model ks = k"+ps/2 ko = k"+k'-k-ps/2
is that the structure of the interaction Lagrangians of light
and heavy-light baryons with quarks is simplified. Namely, k o0, k
the different options for the choice of baryon currents all P2 pi
become equivalent. For example, the vector and tensor forms By, By
of the interaction Lagrangians df =1/2" light baryons are T
completely equivalent. For the proton the interaction La- ke
grangian takes the form \l/p3
21,2 M
i - k1+ k2+ kiko Diagram IL:
£ =4g,p(p) [ ik, | diF| 125 ”
Bq ki = k'+p2 k; = k+p1
XV uti(k; +p)u2(ky)Crys ks = - (k + k") - ps/2 ke = K'-k'+k+ps/2
= k- k = k” 2
XV, d%(—k;—kp)e®1%2%+H.c. ks = Kops/2 o = KR/
29,p(p) | dk, | dkoF 12k§+k§+klk2 p P
=20,P(p f 1 f 2 — : !
Aéq Bo) Bo
XV y*y°d?i(ky+p)u2(ky)Cy,
X V+ ua3( - kl_ k2)8a1a2a3+ H.c. (12)
In Appendix A we provide a full list of the effective inter- Diagram [II:
action Lagrangians for light baryons in the Lagrangian spec-
tator model. ki = K+p2 ks = ke+ps
In the Lagrangian spectator model the leptonic coupling ks = - (k' 4 k")+ps/2 ky = - (k+ k")-ps/2
constants ;. andf are determined by the integrals k; = k’-ps/2 ke = K'+ps/2
f :Ncgw 1 f ik f :Nch 1 f L"k FIG. 1. Diagrams contributing to the matrix element of heavy
T 47?2 M A2Jregm?’ T am? MAAG)reg 2 baryon nonleptonic decay: factorizing diagrdh, nonfactorizing

(13 diagrams(ll ), (llp), and(lll).
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%@+@
=eX 2
Ag

Ncng 1 J d*k B Ncgﬁ 1 J d*k where Ay is the Gaussian range parameter which is related

42 quTAZ reg 72 42 MﬁAAS reg w2 to the size of a bar_yon. Ijoie tzhat all calculations are done in
(14) the Euclidean regionkf=—k&) where the above vertex

function decreases very rapidly. We consider two different

Equations(13) and (14) contain the ultraviolet divergence Valueés of theAg cutoff parameterAg for light baryons
since the mesons in our scheme are pointlike objects. Teomposed from light §,d,s) quarks andAg, for baryons
regularize these quantities we introduce an ultraviolet cutoftontaining a single heavy quark or c). The requirement of
parameterA.,;. In order to reduce the number of free pa- the unit normalization of the baryonic IW functior )
rameters in the model we relate the cutoff parameter in Eqsndé;(w) at zero recoikw=1 (£(1)=1, &(1)=1) imposes
(13) and(14) to the parameterd andAg appearing in static the restrictionA g = Ag_. This can be seen by expressing the
light quark propagatofl1) via Acy=Aq,Aq,/(Ag, T Ag,)-  paryonic IW functions for arbitrary values dfs_ as

Hereq; corresponds to the flavor of the light quark being the °
constituent. After that we get

The meson coupling constardg andgy Eg. (13) are deter-

KE+K3
mined fromthe compositeness conditip84] which reads 12

2
B

D(\2A5 A /(AR TAG) ©)

{(w)= (17
JN /N (AA )3/2 w \/CI)(ABb,l)\/q)(ABC,l)
fﬂ_: CA, fK= C—S_ (15)
B 27 (A+Ag)?

oo 1
_ A6 a2
Substituting experimental values fér = 131 MeV andf cD(ABQ’W)_AE‘Q(")H)JO douO dxex;{ 18

= 160 MeV in Egs.(15 we obtain A=1.90 GeV and

A=3.29 GeV. A
For the heavy quark propagatsg we will use the lead- —36uX(1-X)(w— 1)+36UAB

ing term in the inverse mass expansion. SupposeM BoV Q

is the heavy baryon momentum. We introduce the parameter

A{q 4.4=Mioq.q,;— Mg Which is the difference between the Equation(17) shows that one recoved§1)=1 only when
12 12 Ag =Ag_. As was mentioned above, the parameztvagQ

—ABC is one of the adjustable parameters in our cal-

heavy baryon mas#lqq,q }—MBQ and the heavy quark

mass. Keeping in mind that the vertex function falls off suf-

ficiently fast such that the conditidi| <mq holds  is the CUIat'O” _ , , _
virtual momentum of light quarksone has Thus there is the following set of adjustable parameters in

our model: the cutoff parametersg (ABq andABq), and a
set of A(q q,) binding energy parametera:, A5, andA s .

Mo+ M BQw +k
So(p+k)= -3 2 2
mQ—(er k) Mg — M B~ 2M BoV k—k 1. MATRIX ELEMENTS OF WEAK DECAYS OF HEAVY
BARYONS
=5,(k A )+O(i The weak nonleptonic decays of bottom and charm bary-
110} Mg ons are described by the diagrams 1, lll,, and Il in
Fig. 1:

o (1+4) Diagram | corresponds to the so-called factorizing contri-

Sv(k,A{qlqz})z —-_——. (16) bution. Diagrams Y, I, and Il correspond to the nonfactor-
Z(U’k+A{q1q2}) izing contributions. The vertice® , @ ®0,, correspond to

the nonleptonic interaction described by a standard effective
In what follows we will assume thaA=A,,=Agq=Agq,, four-fermion Lagrangian[7—11 For b—cud and c—sud
A=A = Ads Thus there are altogether three independentransitions the effective four-fermion vertices réad

parametersz\ AS, andASS

The vertex functionF in the baryon-quark interaction . . .
Lagrangians is an arbitrary function except that it should " the terminology o{26] diagram I corresponds to factorizable
render the Feynman diagrams ultraviolet finite as was menextern_al and interndlv emission, I} t9 nonfactorizable intermnalv
tioned before. 1130—34 it was found that the basic physical er2n|55|0n, and jand Ii .to nonfactorizabléV exchange.
observables of pion and nucleon low-energy physics depend /& €mploy the notation
only weakly on the choice of the vertex functions. In the
present paper we choose a Gaussian vertex function for sim- _( 0 _')
plicity. In Minkowski space we write T '



5638 IVANOV, KORNER, LYUBOVITSKIJ, AND RUSETSKY 57

ranging from—0.47=0.15 to —0.60+0.22. A detailed dis-

Leti=—=VepVid €1(c210,b%)(d%20 ,u2) cussion can be found in R€fL0]. A first calculation of the
\/— Wilson coefficients; for bottom hadron decays was done in
— — Refs.[7,8]. A more refined analysis of the renormalization
+05(c*10,b%)(d*20 ,u1)] coefficients within various renormalization schemes can be
G found in Ref.[10] where it was shown that the value of the
\/ \/Td[cl(salo Cal)(uaZO d@2) coefficient a; depends weakly on details of calculations:
\/— a;=1.01+0.02 (in accordance with phenomenological
.= — analysi$. The coefficienta, is more sensitive to the choice
+63(5%10,6%2)(u*20,d*) ]+ H.c., of the renormalization scheme and ranges from 8095 to
0.20+0.05.
O0,=7,(1+ys). (18) The matrix elements describing heavy-to-heaby—c)
Here c,,c, are short distance Wilson coefficients for i’:cl)r\llssheavy-to—ligthﬁq) transitions can be written as fol-

—cud transitions anct],c5 are the Wilson coefficients for Heavy-to-heavy transitiorFactorizing contribution dia-
c— sud transitions. It is well known that the factorizing con- gram I:
tributions are proportional to the following two linear com-
binations:

G
TfBT)(i)BC‘FM: Evcbvqlq2X+<Bc|‘]v+A|Bb> <M|‘]V+A|O>
c
a,=Cy+ > =C;+&Cy, (19
N 4 4
V+A Ne! gBQ dk [ d'k"
‘.l W =
a2:C2+ N_:C2+ §C1 (20) m
[
18k%+6(2k’ +k)?
and the same faa; andaj. HereN, is the number of colors Xex;{ >
and &= 1/N, is the color singlet projection factor. Phenom- ABQ
enological considerations of the nonleptonic decayd aind — — —
B mesons give the following values for the Wilson coeffi- Xu(vo)l'zS, (k,A)O¥S, (K,A)I' u(vy)
cients:
XTHT5(1+d,)(1+46,)T1]. (21

a;~1.2+0.10~c;, a;~—0.5+0.10~c, [11], )
! ! 2 2 [11] For the matrix elements of the current operalﬁ?A sand-

a;~1.05:0.10,  a,~0.25+0.05 wiched between one-meson stdfd| and the vacuumoO)
we use the standard definitions:

(see, e.g., references [10). (MP(P3)|A#|0)y=fpP% for the pseudoscalar mesons,

The phenomenological results for the coefficiem}s can be
seen to correspond to a suppression of ti, 1érm in Eq.
(19). A straightforward calculation of these coefficients in Here x,. = a, for transition with a charged meson in the final
the leading logarithmic approximation has been performed istate andy_ =a, for transition with a neutral meson in the
Refs.[7,8,10. For D-meson decays it was shown that thefinal state.P; and M are the four-momentum and the mass
coefficient a] is weakly dependent on the choice of the of the meson, respectivelyp is the leptonic decay constant
renormalization scheme for fixed values of the renormalizaof pseudoscalar meson, ahg is the decay constant of vec-
tion scale and the QCD cutoff parametaej:=1.31 = 0.19  tor meson intee* e~ pair. Forfp andf, we use the experi-
(in accordance with phenomenolggyn contrast to this the mental value$l]: f, = 131 MeV,fy = 160 MeV,f, = 237
value ofaj strongly depends on the renormalization schemeMeV, fy, = 405 MeV.

(MY(P3)|V#|0)=fyMge# for the vector mesons.

Nonfactorizing contributionsdiagram 1};

I, +

Gr Nc'ga ]y d*k [ d*k’ d4k”
TBb*}BC-F M \/EVCbVq]_q2 (471_)6A f f

y 9k2+ 9k’ 2+ 3(2K" + 2k’ —Kk— p3)2+3(2K" + k' — p3)?
ex
AéQ

XU(v2)T5S, (K, A)OHS, (K, A)T1U(v ) THTH(1+8,)Ty(1+85)0,(1+8)T1]. (22)
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Here gy is the meson-quark coupling constant which is calculated with the use of the compositeness condition. The Dirac

structurel’y, specifies the mesonic final state, iEy=iys for pseudoscalar mesons ahg,= v, for vector mesons.
Diagram |I|;;

' Ge Ne! g8, Iu d*k [ d*k’ d4k"
TLb —V Vi
B,—B.tM \/E cb q1q2(4 )6A f f

" 9k?+ 9K’ 2+ 3(2K" +k+ p3) 2+ 3(2k" + 2k— k' + p3)?
ex
A%,

XU(vo)T5S, (K, A)OHS, (K, A)T1u(vy) THT5(1+6,)0,Ty(1+83)(1+8,)T1]. (23)

Diagram IlI:

11
TBbHBC+ M

Gr ; Nc'gs Im d*k [ d*k’ d4k” 9k2+ 9k’ 2+ 3(2k" —k— p3) 2+ 3(2K"— k' + p3)?
\/—Vcbvqlqz 6 f f f 2
2 (4m)°Aq, A%,

><u_(v2>rzsv2<k,A_>0ﬂsvl<k,A_>r1u<v1>Tr[rg<1+w2>ou<1+wl>r1m(1+w3>].

(24)
Heavy-to-light transitionFactorizing contribution diagram 1.
fac _ Ge t V+A V+A
TBQHBquM_ EVQqVqquXi<Bq|J# |BQ><M |‘Jp, |0>1
Vi N 'QBQQB d*k d“k’ 9k2+3(2k’ +k)? (3k+2p,)%+3(2k’ +k)?
<Bq|‘J,u |BQ>_ 4 J J 2 2
(4m)"AqAqAq A A
><u_<p2>r20#svl<k,A_>r1u<vl>Tr[rg<1+wzxworﬂ. (25)
Nonfactorizing contributionsdiagram I}
0 Ge N Nc'gs 98,9m d*k [ d*k’ d"'k” 9k2+3(2k”+2k’—k— Ps3)?
TBQHB Y \/— quq1q2(47T)GA A j f f A%Q
L (3K +2py)2+3(2K"+ K —p3)? | — — , ,
AZ u(p2)T20#S, (K, AT 1u(v) T (1+8,)P(1+43)0,(1+4 )T ].
(26)
Diagram I\
T Gr Vi Nc'gBQgB ]y d*k [ d*k’ d4k” 9k%+3(2K" +k+ p3)?
Bo—Byq M Qq d,9, 6 f f f 2
2 (4m)°AgAq, A%,

(3k" +2p,)%+3(2k"+2k— k' + p3)?
+ A2
Bq

u(p2)T20#8, (k,A)T'1u(vy)

XTHT (1 +8,)0,T(1+d3)(1+6,)T}]. (27)
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Diagram III:
T :%V i Nc!'9s,98,9um fd“kf d“k’fd“k” 9k2+3(2K" — kps)?
P Bat M2 TN (47)0A A g A,

(3k +2p,)2+3(2K"— k' +p3)?

A2

u(p2)T,0%8,, (K, A)T'1u(vy)

XTHT5(1+6,)0,(1+8 )T y(1+d35)].

Details of the calculation of the matrix elemerisl)—(28)
can be found in Appendix B.
Below we list the

u(py) - . .u(py)Tr ..

(28)

Lorentz-spinor parts
.] of the individual diagrams where (MleMs)[u_'yﬁ'yS(zéz-i-1)OM($1+1)U]

Vector-to-scalar diquark transitions

Diagram IL;

one has to differentiate between the various possible light

diquark transitions. M, M,, andM; denote the masses of
the initial and final baryons, and the meson, respectively.

Scalar-to-scalar diquark transitions

Factorizing diagrantl):
(M1M Mg)vb[u(d,+1)0, (61 + 1)Ul Tr ys(#o+1)

X ($1+1)y5]=8Q u(M_~M  ¥5)ulu, /m,—0

=8M3u(1- ys)u. (29)
Diagram IL;
(MM M3)[u(d5+1)0 ,(#1+ UlTr ys(d,+1)
X y5(b3+1)0,(61+1) ys]
=16M Ul — P — ¥5Q. IIm,m,—0
=16M3u(1— y5)u. (30)
Diagram I\
—(M;M,M3)[u(d,+1)0,(4,+1)u]
XTrlys(¥2+1)O0,ys(d3+1)(d1+1)ys]

=16M,u[ D, — ¥5Q. Julp, m, 0

=16M2M,u(1— ys)u. (31)
Diagram III:

(MM M3)[u(d,+1)0,(#;+1)u]

XTrys5(b2+1)0,(d1+ 1) ysys(d3+1)]
3
=32M 1M2)241 MiU‘}’5U|M2/M1H0:32M§M2U75U-

(32

XTrlyp(b2+1) ys(d3+1)0,(d1+1) ys]
=16M,u[3P — 7’5Q+]U|M2/Mﬁo
= —16M3u(3+ ys)u.

Diagram Ii;:

(MMM 3)[uy?y5(8,+1)0 (6, +1)u]
XT yp(b2+1)0,vs(b3+1)(d1+ 1) ys]

= —48M,u[D, — ¥5Q-+ 1ulm, im0
= —48M2M,u(1— ys)u.
Diagram III:

(MMM g)[uy?y5(8,+1)0 (6, +1)u]
XTryg(b,+1)0,(b1+ 1) ysys(d3+1)]

3
= —96(M1M2);1 MiuysUlm,m,—o

=—96M iM ZU_’)’su.
Vector-to-vector diquark transitions
Factorizing diagrantl):
(MM M3)usTuy*y*(6,+1)0,(41+ 1) ¥*y°u]
XT ya(b2+1)(d1+1)yg]
=—8Q,u(BM_+M , ¥5)Uly,/m, 0

= —8M3u(3+ y5)u.

(33

(39

(39

(36)
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Diagram IL; Factorizing contribution:

(MMM a)[Uy*y3(8,+1)0, (8, +1) ¥#yu] Q.

Diagram I M,=cwxipr(M _“rb
XTH yo (621 1) ¥ ($3+1)0,,($1+1) y4]
M+/;D'7’5)f(M1,M2,M3)- (41)

=48M U[3P . — ¥5Q. 1uly, v, 0 . -
Nonfactorizing contributions

= —48M3u(3+ ys)U. (37 Ha(M1, M5, M
Diagram IL,: M, zcwc,z'(l'—z’s’)(P+/ﬁ+
Diagram I, @ 4M1M; 2
_ _ Q* 5
(M1MoM3)[Uyey*(6,+1)0,,(81+1) Y#7°u] Q+/i, - Y IMy, 42
XTryo(62+1)0,ys(d3+1)(41+1)yg] _ Ho(My,M,,M3) o+
B Diagram I},: M,,bzcwc,Tle(D+/PIb
=—48M,u[3D ;. + ¥5Q- Julm,/m, 0 )
B —Q+/|(|2b'75)|\/|2, (43)
= —48M2M,u(3+ ys)u. (38)
. . H3(M1,M3,M3)
Diagram III: Diagram Il M,,,zcwc,W
12
(M1MoMg)[uy“y*(#2+1)0,(#1+1) P y°u] i .
XD M(MMo)Z - 75 44
XTH Ya(#o+ 1)0, 61+ 1) 757 (d5+ 1)] &4 MMMy 49
3 Here,CW=GF/\/§VQQ,(q)V31q2, fp (P=, K) are meson

=—284 MM M;uysu . . . ,
AMy 2)21 175Ul w0 leptonic decay constants;.=c;—c, and/ED,/'ﬁ;,/,?;,

oy, — /ﬁ+, /ﬁf, /' are flavor coefficients whose values are
= — 288M2M U ysU, (39) b b

listed in Tables I(a) and Ii(b). The full list of expressions for
where the form factors f(M{,M,,M3), Hs(M{,M,,M3), and
H3(M1,M,,M3) appearing in Egs(41)—(44) is given be-
Q.=(M;+M,)?— M;f, P,=(M,+M3z)?—M f low. At the present stage we only give a complete analysis of
the Cabibbo-favored nonleptonic decays only for "1/2
D,=(M;+M3)?-M § —1/2* 4+ 0 transitions. In addition to these decays we shall
. . also consider the factorizing processes with vector mesons
_The relations Eqs.29)—(39) are in a complete agreement Af—pe andA2— /A which were recently measured by
with the result of spectator model analy$ist]. Note also e CLEO[3] and CDF[6] Collaborations.

that the contributions arising from the diagramg anhd Il b—sc transitions

can be seen to be down by the helicity flip facté {/M,)

in agreement with the result ¢14]. R(w,A) M2+M3—M?2
The general invariant matrix element describing exclusive f(w)= — w=——————

weak nonleptonic decays of heavy baryons "H21/2* R(1,A) 2M M,

+0~ is given by one
Ry(w,ALA) 8 Agg

M:M|+M||a+M||b+M|||EA_’}/5B, (40) Hl(w):dltl(r) (|:2’3)’
VR(1LA! ATy 9mV3 A3
where the amplitudeM,, My, My, and M, are deter- R(LADR(LAT W\/— (45)
mined from the diagrams I, JIIl,, and llI, respectively. Our
results are given in the following form. where

R(w,A)= f:duufoldaexp{— 180 1+2a(1—a)(w— 1)]+36u/T/ABQ},

Ry(w, A", AT)= fowduufoldaexp{—72u2[l+2a(1—a)(w— 1)}

X exp{14au(Afa+ AT (1— @) A, —4321°(a”+ (1~ )*)}.
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TABLE 1l. (a) Flavor coefficients for heavy-heavy decayG=£cossy, S=sinde, dp=0p— 6,, Where
0p=—11° is the —#»’ mixing anglg. (b) Flavor coefficients for heavy-light decay<£coss., S
=sind, tan. = 1+ tandp-ry2, cot. =1+ cotdp-r 2, Sp=0p— 6, , Wherefp=—11° is thep— 5' mixing
angle, §,=35°).

Decay o Zfp /ﬁ; /l?: /ﬁ’; /'?; At
A AT -1 -1 -3 : 2 2 -2
1
A—Sgm 0 0 \/_5 - E E 23
2 23 2 2
AQ—3270 0 0 _‘/_§ _ _\/_5 _\/_§ 2.3
2 23 2 2
3 1 V3 V3
AQ—30 0 0 _£ - g y°
b— 27 5S 2@5 5 S 5 S 2.6S
3 1 V3 V3
AJ—32n' 0 0 £ S -~ - -2
b—2c7 5 C 2@c 5 C 5 C J6C
AS—E KO 0 0 —1 3 0 0 -2
1
A%—E0KO 0 0 \/_5 - 0 0 —243
b c 2 2\/§ \/—
EOElaw -1 -1 -1 3 0 0 0
=HENC I 0 0 _\3 _ 0 0 0
b c 2 2\/§
=0_,50,.0 0 0 1 1 1 1 0
oo 22 22 22 22
Ep—Edn 0 0 ' s ' s ' s ' s -2C
oo 22 22 22 22
Ep—Ecn’ 0 0 ! C ! c ! C ! c -2S
oo 22 2\2 2\2 242
B0 5070 0 0 \/_E 1 \/_5 \/_5 0
2 23 2 2
—0 = 3 3 3 3
:8—>:C°n 0 0 is is _is _is —2\/§C
22 2\2 22 22
o 3 3 V3 V3
EN—Ey 0 0 —ic —ic —cC —CcC -243s
22 22 242 242
B AJKT 0 0 0 0 1 1 ’
E0-3lK™ 0 0 0 0 _E _‘/_§ 23
2 2
2030 0 0 0 0 0 0 2.6
=0 O 0 1
200 0 0 NE % 0 0 0
Ep—Eom -1 -1 3 3 0 0 0
Ep—El7 0 0 0 0 E \/_5 0
2 2
B, -3k 0 0 0 0 -3 2 0
Q; -0 -1 3 0 0 0 0 0
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TABLE Il. (Continued).

(b)

Decay /b s /ﬁ* /l?* /ﬁ; /l?; an
Ag—A%mt -1 -1 -3 2 2 2 -2
Al 3077 0 0 _‘/_§ .t _\/_5 _\/_§ 2.3
2 243 2 2
Af=3tq0 0 0 \/_5 L \/_5 \/_§ —2\3
2 2.3 2 2
3 1 V3 V3
AF =37 0 0 _\/_—. __—_.s 2. X2, .
c n 5 S-cot, 23 S.cot. 5 S > S \/§ S
1 V3 V3
A =3ty 0 0 > c. . ¥ X -3
c n C-tan_ 2\/5 C-tan, 5 C 5 C \/§ C
— 3 3 3 1
A —pK° = = - = 0 0 0
¢ V6 V6 V6 3
2
AF—>BOKT 0 0 0 — 0 0 —2.6
c % NG
3 3 3 3
(A Ja " —— = 0 0 = = 0
G V6 V6 V6
3 3 3 3
Ef 20" = - 0 0 - - 0
‘ V6 V6 V6 V6
EOAKRY 3 3 1 0 : : >
1
g0y _ N3 3 0 - _E _E 23
2 2 3 2 2
= _ 2
237K 0 0 0 NG 0 0 -2\6
20500 0 0 ‘/_5 .t \/_5 ‘/_§ 0
2 2.3 2 2
=0__ =0 3 1 V3 V3
Ec— 8B 0 0 - R - — .
cTET 2Sc0L 2\/§SCOL 28 28 J6-C
=0 = 1 V3 V3
2050 0 0 \/_5 . - _ N2 = :
c n > C-tan_ 2\/§ C-tan, 5 C 5 C \/é S
3 3 3 1
Be-Ewt - -2 - — 0 0 0
’ NG 6 6
Q95K ~1 3 0 0 -3 1 0
A0p00 1 1 b L L L 2
V2 V2 22 2\2 2\2 2\2
3 3 3 1 0
Ap—pK = = = - 0 0
’ V6 V6 V6 6

[43,44. In our approach they are expressed via a single uni-

Hered,=1 andd;=0.5exp9M%2A2 ]. The parameterd’
Q versal functionf (w):

and A" correspond to initial and final baryons, respectively.
The parameters;(r), wherer=A/Ag, are given in Table
1 (a). Q.+
It is well known that there are altogether three IW func- {(0)=81(0)=E(w) (1T 0)=1(0) MM,
tions {(w), &;(w), and &,(w) describing current induced
ground state to ground state transitions. H&r@) describes
Aq-type baryon transitions anflo-type baryon transitions

=f(w)wT+1, f(1)=1. (46)
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TABLE Ill. (&) Factorst;(r) for heavy-heavy decaysC(
=coS%p, S=sindp, Sp=0p—0,, Where §p=—11° is the p— 7’
mixing angle, 6, =35°). (b) Factorsy(r) andt;(r) for heavy-light
decays.

@

TABLE lll. (Continued.

IVANOV, KORNER, LYUBOVITSKIJ, AND RUSETSKY

Decay ta(r) ta(r)
A—AS 7™ 1 1
A—3ta 1 1
AJ-327° 1 1
AY—30y riJcz 2+ 1y \ct i+ &
AQ—30y r2/JSr2+C? 3 Sr2+C?
AJ—EKO (1+1)2/4 (1+1)%4
AJ—E KO (1+1)2/4 (1+1)%4
EbHE;’ITi 1 1
BBl 1 1
E0Eon° 1 1
20-2% r2/JC?.r2+ S r3\C% 12+
Ep—Edn r2Sr2+c? %S+t
205040 1 1
E0-ELy ¥ JCT S 13 CT i+ S
Ep—Edy rAYSa2+C? r3Sr2+C?
E—AJK™ (1+1)%/4 (1+r)%/4
203 K- (1+r)%/4 (1+r)?/4
Eg_)ng_O 0 (1+r)2/4
Ep—QK° (1+1)%/4 0
B, —E% 1 1
E,—Er 1 1
Ep =3 (1+1)%/4 0
Qy—Qcm 1 1
(b)
Decay Xt ta(r) t3(r)
A+*>AO7T+ 3_,’_1 1 1
3r
Af =307 34-} 1 1
3r
2 1
AF =3t 70 — = 1 1
¢ '3
2 1
AF—3F —t= 1
¢ 7 '3
2 1
A+_>E+ ’ s 1 1
e 7 '3
A —pK? 1 (1+0)2\ri4  (1+1)2r/4
2r 1
Ad—EKY 33 (1+0)2r/d (1+1)2\r/4
2
B 3K 3t3 (1+r)2rl4  (1+1)2r/4
2 1
Er B0t —— 1 1
¢ 33
2
29 AP 3t3 (A+0)2\F4  (1+1)2\r/4

Decay to(r) ta(r)
2 r
29-30K0 3t3 (1+1)2r/4 (1+1)2\r/4
_ 2 r
R T 3+3 (1+1)2r/4 (1+1)2r/4
2 1
205070 —+ — 1 1
¢ 3 3r
2 1
E0-E° il 1 r
¢ K 3" 3
2 1
2050 i 1 r
o= 3 3
BOE At 21 1 1
3 3r
- 2r 1
Q2 =%° 2+3 (1+1)2r/4 (1+1)2r/4
AP A070 3 E 1 1
3r 3
2
Aj—pK™ 1 Lenia  (LFDNTA

This result coincides with the prediction of largesN\pCD
[45] and reproduces the result of the spectator quark model
[15].

Heavy-light transitions:

f(M11M21M3)
Rep(MiMo M5, &) 8RE 1 R_A_EQ
VR(L,A) (1+R) Vx(r) Aéq’
(47)

Rep(M1,M2,M3,A)

o A
=f daexp[ —9a%(1+ R)+18aA—(1+ R)
0

Bg
" 12aR M, 4R M3
ex (o wAB +R+1A2 ,
Q BQ

Hi(MlaMZ!M.?HX)

tI(r) RHi(M17M21M31~/T) 4 AéQ
- (i=2,3,

V() 1+RrVRA) 973 AP

where
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TABLE IV. Branching ratios(in %) in nonleptonic decays 1/2-1/2"+0~ of heavy baryongheavy-
light transitiong. Numerical values of CKM elements and Wilson coefficiemt4; = 0.975,|V, 4 =0.975,
|Vup|=0.0035,a;=1.3,a;=—0.65.

Process Kmer, Xu, Cheng, Our Experimeft]
Kramer[14] Kamal[22] Tseng[24]

Af A7t 0.76 1.67 0.91 0.79 0.790.18

A 307" 0.33 0.35 0.74 0.88 0.88 0.20
=30 0.33 0.35 0.74 0.88 0.88 0.22

Af—=3ty 0.16 0.11 0.48 0.17

Af =3ty 1.28 0.12

A} —pK® 2.16 1.24 1.30 2.06 22 0.4

A§—>E°K+ 0.27 0.10 0.31 0.3% 0.09

3 +KO 5.11 0.35 0.67 3.08

~+_>:0 * 2.80 2.66 3.12 4.40 1:20.5+0.3

29 AKO 0.11 0.32 0.24 0.42

E0-30KO 1.03 0.08 0.12 0.20

B3 KT 0.11 0.11 0.27

23570 0.03 0.49 0.25 0.04

E3-E 0.21 0.28

BBy 0.74 0.31

Ed-E at 0.91 1.52 1.10 1.22

00 EKO 1.10 0.08 0.02

AQ— A0 4.92<107°

AJ—pK~ 2.11x10°4

TABLE V. Asymmetry parameterse in the nonleptonic decays 172-1/2"+0~ of heavy baryons
(heavy-light transitions Numerical values of CKM elements and Wilson coefficiefitg;d =0.975,|V |
=0.975,|Vp| =0.0035,a;=1.3,a5=—0.65.

Process Kmer, Xu, Cheng, Our Experimeft]
Kramer[14] Kamal[22] Tseng[24]
Al —Am* -0.70 -0.67 -0.95 -0.95 -0.980.19
S 0.70 0.92 0.78 0.43
Fo3ta0 0.71 0.92 0.78 0.43 -0.450.31+0.06
AF—3"g 0.33 0.55
AF =3ty -0.45 -0.05
Af—pK® -1.0 0.51 -0.49 -0.97
Al —EKT 0 0 0
L 3*KO -1.0 0.24 -0.09 -0.99
E;—>=0 + -0.78 -0.81 -0.77 -1.0
20 AKO -0.76 1.0 -0.73 -0.75
20,30K° -0.96 -0.99 -0.59 -0.55
EO3TK 0 0 0
EdEO7° 0.92 0.92 -0.54 0.94
20.E% -0.92 -1.0
E0E%) -0.38 0.32
BB ot -0.38 -0.38 -0.99 -0.84
Q9 E°K? 0.51 -0.93 -0.81
A= A0 -1.0

AJ—pK~ -0.88

5645
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TABLE VI. Invariant amplitudes in the decag; —A=" and  five nonleptonic decaysA;_d\oﬂ-*, A;r_>2077+, A;r
AT =370 (in units of GV, V gX 1072 GeV?). + + = - .

c FVesVud —3*70 Al —pK® and A —E°K*. Moreover, in the fit
we impose the conditiop?=1 on the slope of the baryonic
Isgur-Wise function. The fit yields the following values for
these model parameten&‘Bq=3.O37 GeV,ABQ=2.408 GeV,

0.8 2.7 0.9 2.3 —
CLEO Il [46] -3.070; 127735 13777 -17.3'35 A =0.9 GeV. One has to remark that the valugg andAg,,

Reference Af—ATt Af—3* a0
A B A B

Xu and Kamal22] 2.1 20.8 2.9 6.0 are the phenomenological parameters which in principle are
Cbeng and T§en§23] 35 13.2 24 -14.6 related to the size of a baryon. However their magnitude is
Korner and Kraer[14]  -1.9 139  -13 -9.9 not strongly constrained by the experimental values of
Our -4.2 9.0 12 -17.2  paryon observables and allows for the variation in a rather

wide range. Note that the obtained vaLﬂgQ=2.408 GeV
— is close toABQ=2.5 GeV coming from analysis of semilep-

Ry, = jwdaex 36a2(1+R)(3R+4)+ 72&%(1+ R) tonic heavy baryon decays in a relativistic three-quark model
0 Bg which uses the constituent quark masis®§. As to the cut-

off parameter in the light-baryon vertex, in RE83] it was

M, R M3 demonstrated that the experimental data both for the dimen-
—12aRow _AB + 1+R _Az , sionless(nucleon magnetic momentas well as dimension-
Q Bq ful (nucleon charge radiiobservables can be described suc-

cessfully, using the value of the paramelftse;_s,q from the

interval ~ (1-3) GeV provided the constituent quark mass is
properly fitted. In particular, for the vaIu@Bq=3.037 GeV,

with the constituent quark masg,=315 MeV, we obtain for

. A
Ru,= fo daex{ 36a%(1+ R)(3R+4)+ 7203 —(1+R)
Q

M3+M3 R M3+6M3 the nucleon magnetic moments and charge radi=2.62

—12aR ex 2 (experiment 2.79 u,=—1.61 (experiment—1.91), rf=
AB Ml 1+R A . N E p

Q Bo 0.82 fm (experiment 0.8&0.01 fm), (r?);=-0.188 fn?

(experiment—0.119+0.004 fn?), rg" =0.74 fm (experiment
0.86+0.06 fm), r,"{'=0.76 fm (experiment 0.88 0.07 fm).

The parameterA: and XSS cannot be determined at present
due to the lack of experimental information on the decays of
heavy-light baryons containing one or two strange quarks.

V. RESULTS For the time being we fix them at the valués=1 GeV and

Ags=1.1 GeV. The masses of hadrons are taken frbyh5).
In this section we give our numerical results for the decayin what follows we will use the following values for the
rates and the asymmetry parameters in the nonleptonic deabibbo-Kobayashi-Maskawa matrix elemewts, [1]:
cays ofAq, Eq, and(Qq baryons. Let us specify the model
parameters. Our model contains the following set of param-

The parameterg(r), to(r), andtz(r) are given in Table
11 (b). The terms proportional toM ; — Mz)/ABQ in the ex-
ponents in Eq945) and(47) have been dropped for physical
reasons.

eters: the cutoff parameterss  and Ag, and the binding [Vep| =0.04,  [Vydl = Vo =0.975,
energy parameters\( A andA.J. Three of the parameters
(ABq, ABq, andA) are used to fit known branching ratios of |Vid =~|Ved =0.22, |V,p/=0.0035. (48

TABLE VII. Decay rates and asymmetry parameters in heavy-heavy transitions. Numerical values of
CKM elements and Wilson coefficient®? ;| =0.04,|V,4 =0.975,a,=1.03,a,=0.10.

Process I' (in10¥s™Y @ Process I' (in10%s™Y a

A—AF 7™ 0.382 -0.99 E0—Eon 0.014 0.94
AJ—Sim™ 0.039 0.65 Ed-E%y 0.015 -0.98
AJ—3070 0.039 0.65 E0-Ey 0.021 0.97
A3y 0.023 0.79 B0 ALK 0.010 -0.73
A—=30y 0.029 0.99 B3 iK™ 0.030 -0.74
AJ—EXKO 0.021 -0.81 20,300 0.021 0

AJ—E KO 0.032 0.98 20-0%° 0.023 0.65
EVEla 0.479 -1.00 Ep—Eom 0.645 -0.97
Ey-Eita 0.018 0.61 By —Elm 0.007 -1.00
E0 B0 0.002 -0.99 By 3K~ 0.016 -0.98
20-E2% 0.012 0.8 0, -0 0.352 0.60

I

E0EYy 0.003 0.71
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TABLE VIIl. Decay A7 — A #™": contribution of nonfactorizing
diagrams(in % relative to the factorizing contributipn
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TABLE X. Predictions forA; —p¢ decay rate for different
values of the Wilson coefficiers .

Amplitude Diagram
I, y Mo+ I
A -29.8% -18.5% -48.3%
B -32.4% -15.9% -48.3% -13.9%

The Wilson coefficients are taken to hg=1.03,a,=0.10,
a;j=1.3, anda;=—0.65.

In order to check on the consistency of our approach, we

shall prove that the Isgur-Wise functiods and &, satisfy
the model-independent Bjorken-Xu inequalitjds]. As was
mentioned in Sec. lll the baryonic IW function§ ),
é1(w), and &,(w), corresponding to\ o-type and()o-type

heavy-heavy weak baryon transitions, are expressed via a

single universal functiori(w) [see Eqs(45) and(46)].

The IW-functions ¢; and &, must satisfy to the two
model-independent Bjorken-Xu inequalities[#V]. The first
inequality reads

2+ w?
3

2_1 2
o)+ )

1=

2
+ §(w—w3)§1(w)§2(w). (49

The inequality(49) implies a second inequality, namely, a
model-independent restriction on the slofsadiug of the
form factor &1(w):

2 dgl(w)

ph=— (50)

1 2 1
= —— = .
- 3 362( )

From the inequality(49) we find an upper limit for the
universal functionf (w)

[ 2
§1(w)$1 or f(a))$ m,

which we impose as a condition.
From the inequality(50) for the slope of the function
&1(w) we see thabélzo. For the choice of model param-

eters corresponding the best fithe universal functiofi(w)
and the slope of thé; satisfy to the Bjorken-Xu inequalities
(49) and (50). In this case the charge radii of theand &
functions are equal to 0.84. Our form factor functifw) is
well approximated by the formula

(51)

TABLE IX. Decay AJ— A 7~ contribution of nonfactorizing
diagrams(in % relative to the factorizing contribution

Amplitude Diagram
I, Iy o+ 11
A -13.9% -6.2% -20.1%
B -14.3% -5.8% -20.1% -8.5%

Ratio of interest B(po)/B(pK™7") (in %)

CLEO[3] 0.024+0.006+0.003
NA32 [2] 0.04+0.03
Korner & Kramer[14] 0.05

Cheng & Tsend25] 0.016
Datta[27] 0.01

0.022 (@3=-0.30
0.030 (@;=-0.35
0.040 @}=-0.40
0.050 @}=-0.45
0.062 @;=-0.50
0.075 (@;=-0.55
0.090 (@;=-0.60
0.105 @}=-0.65

Our

2 1+0.68/w

flaw)~ 1+w

(52

In Table IV we present the branching ratios of the decays
AS—A7", AL =307, AL 3770 Al —pK® and
A —E°K™ which are described nicely using a three-
parameter fit. Our predictions for the other heavy-to-light
decay modes are listed in Table IV. In Table V we give the
calculated values for the asymmetry parameters in the non-
leptonic decays of 1/2charm and bottom baryons into octet
of light baryons and pseudoscalar mes@uisns and kaons
The relevant formulas for the decay rates and the asymmetry
parameters in terms of the invariant amplitudeandB are
listed in Ref.[14]. For comparison in Tables IV and V we
quote the results predicted by other phenomenological ap-
proaches. It is seen that rates of decays which proceed only
via the nonfactorizing diagrams are not suppressed. In Table
VI we list our predictions for the parity-violatingX) and
parity-conserving B) amplitudes in the decays; —Aw™
andA; —3 " 7% in units of GV, eV, ¢X 1072 GeV?2.

TABLE XI. Predictions forAgHJ/sz decay rate for different
values of the Wilson coefficierd,.

Ratio of interest B(AJ—J/yA) (in %)

UAL [1,4] 1.4+0.9
OPAL [5] <11
CDF[6] 0.037+0.017+0.004
Cheng & Tsend25] 0.011
Cheng[26] 0.016

0.027 @,=0.10

0.061 (,=0.15
our 0.108 f,=0.20

0.169 (@,=0.25
0.243 (@,=0.25
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In Table VII we give the predictions for the rates and the V. CONCLUSION
asymmetry parameters in the nonleptonic decays of bottom

baryons into charm baryons with the use of the same modjpl We Ihivi StUd'ed. the hexclusn:jellnrc])n;)epton|c _cli_ﬁcaé/s of
parameters. A clear pattern emerges. The dominant rates afg2vy-lght baryons into charm and light baryons. The decay

into channels with factorizing contributions. Rates which"@€S and the asymmetry parameters have been calculated. It

proceed only via nonfactorizing diagrams are small but notvould be interesting to test our predictionsbr-c transi-
negligibly small. The total contribution of the nonfactorizing tions in future experiments.
diagrams can be seen to be destructive. The sum of nonfac- We have shown that rates of decays which proceed only
torizing contributions amounts up to 30% of the factorizing via the nonfactorizing diagrams are suppressed but not com-
contribution in amplitude. Using7(A,)=(1.14+0.08) pletely suppressed for both cases of heavy-to-light and
X 10" %2 s[1] we predict a branching ratio of the modg, = heavy-to-heavy transitions. We have analyzed in detail the
— A7 to be (0.44-0.003)%. If one neglects the nonfactor- nonfactorizing contributions to the decay amplitudes for the
izing contributions for this mode as was done[26] one  transitionsA; —A#" and Ab— A 7. It was shown that
would obtain an enhanced rate Bf=0.665x 10'° s™1. The  the total contribution of the nonfactorizing diagrams are de-
prediction for the asymmetry parameter remainsrat—1  structive. They amount to up te-60% of the factorizing
and is thus not affected by such an omission. contribution in amplitude of heavy-to-light transition and up
In Tables VIl and IX we analyze the nonfactorizing con- to ~30% of the factorizing contribution in amplitude bf
tributions to the decay amplitudes for the transitiohs —¢ transition. Finally, we give the predictions for the’
—Ax" andAJ—AS 7. Itis seen that the total contribu- —p¢ and AQ—J/yA decays for various values of the
tion of the nonfactorizing diagrams are destructive. They camnda} parameters.
amount to up to~60% of the factorizing contribution in The generalization to the channejs —i++1-, i+

amplitude of heavy-to-light transition and up t630% of .3+, 0~ and {*—1*+1" involving the ground, sztate

the factorizing contribution in amplitude &f—c transition.  partners of the mesons and baryons in the final state is
Also we calculate the values for overlap integrl$i,, and  straightforward and will be treated in a subsequent paper. In
Hs for these modes. They turn out to be equalfte0.51,  this paper we have only discussed the Cabibbo favored de-

H,=43 MeV, and H;=14 MeV for A:HAgTJr ind f cays induced by the transitiols—cud with a light pseudo-

=0.61, H,=24 MeV, andH;=12 MeV for Ap—Ac 7 .  scalar meson in the final state. There are also a number of
For comparison we quote the results for overlap integralgaphibbo favored decays with heavy mesons in the final state
evaluated for the decaj; —A =" in Ref.[14] : f=0.34,  which include the decays induced by the quark transitions

H>=40 MeV, andH;=—4 MeV. o b—ccs. The treatment of heavy mesons in the final state
+In Tables X Oand XI we present the predictions for the eqyires some refinements in our simple Lagrangian specta-

Ac—p¢ and Ay,—J/yA decays for various values of the tor model. Again, exclusive nonleptonic heavy baryon de-

a, anda; parameters. As mentioned before these processegys involving heavy mesons in the final state are the subject

are described by the factorizing diagram alone. The correof a future publication.

sponding weak hadronic matrix elements in the spectator ap-

proximation have a trivial spin structure given by the matrix

Q w- For this reason the asymmetry parameter for these tran- ACKNOWLEDGMENTS
sitions does not depend on the model parameters and can be
expressed through the hadron masses M.A.l, V.E.L. and A.G.R thank Mainz University for the
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In particular, the asymmetry parameter in the dedgy
—p¢ is equal to—0.26 anda=0.21 for AJ— J/ YA transi-
tion. It is seen that for the accepted value of the Wilson
coefficienta,=0.10 our approach gives the prediction for

the branchingB(A%— J/A)=0.027 which is consistent ~ APPENDIX A: HADRON-QUARK INTERACTION
with the recent CDF dataB(A%—J/yA)=0.037+0.017 LAGRANGIANS
+0.004[6]. For the rare decayj; —p¢ our approach for Below we present a complete list of hadronic interaction

the accepted value of the corresponding Wilson coefficientagrangians used in the calculations. We start from the con-
a;=—0.65 yields the branching ratiB(p¢)/B(pK~7") sideration of various possible couplings of three quarks in
=0.105 which overestimates the known experimental datshe light baryons. It is well known that there are five possible
from CLEO[3] and NA32[2] measurements. nonderivative forms of such coupling for octet bary¢88]
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. DK a; _a a
Pseudoscalar variantB™q mllq m22C y5qm3ssala2a3s kmpmg
. DK a a a:
Scalar variant B¥™My Q1 072 C oy e %172k

. . ~K a a a
Axial vector variant B'“”ly"qmllqmz2 Cyuysqmz‘salaza%kmzm

: kmy MMy 4 581 82y NMg a3 _ajaraz.kmpn
Vector variant B\ My qmlqmz)\i Cv,q e 13283 kmy
. B K m a a nm a
Tensor variant Bkm?\i nh(f’”)fsqmllqmzz?\i *Co qum?’ssalaza%kmz", (A1)

whereB¥™ is the baryonic octet matrix
39/\2+A% 6 s- -
Bkm_ s ~392+ A% 6 _
p n —2A% /6

| |

0

I

(A2)

It is well known [37,3§ that these five forms can be com- rgag/219240a, ag agagmay
bined in the two linearly independent 8) invariant com- [BEV R aT]elq™(CysV ) mea™]
binations calledvector variantandtensor variant/see Egs. 1
6)]. =SBV q*]®[q*(CysV ) "92q2]
In order to reproduce the results of the spectator model in
the Lagrangian formulation, one has to modify the baryonic +[§a1(7u75\/+)a1a4qa4]®[qas(cyﬂ\/”asazqaz]}_
currents writing them in terms of the “projected” quark
fields, replacingg— V. q, whereV ,=1/2( + 1) is the pro- (A4)
jector introduced is Sec. Il. With the use of the “on-shell”
conditionsBV, =B andv?=1 it is easy to verify that there Here (;) denote the spinor indices.
exist simple relations between various interaction For SU3) octet of light baryons the interaction

Lagrangians obtained from E@¢AL) via the substitutionry  |agrangians are listed in Table XII. The interaction

—V.q:
TABLE XII. Light baryon Lagrangians.
Rk a; .a a K .
5 le+qm11qm2‘2Cy5v+qm338a1a2a38 et Baryon Lagrangian
P gpﬁ'y/‘ YV d31u22C Y,V udsg 2%
= — @‘ml vV q;llq?sz ')’,,,’}/5V+q:1333 a18283, km2m3, _ 2_gppV+ualu32Cy5V+dasgalazaa
: —gany* YV, uttd®2Cry,V, d*gi1%%
B' = —20,nV, d0d%CysV , uts?12%
B M5V Ol A2 C V., g f122%g kMM =0, s+ o AR
b ? —gs+2 Yty V+Salua2C'yMV+ua3galazas
=—20y+% Vv, u21y22C gV  s¥3g 18223
E . gE _E B 7# 75V+ Saldazc yyv+da38 a axag
B' =20+-3 V. dA1d22Cy.V , s¥3g?12283
Bkm)\imml'y“'y5V+q3nl qfnz )\?”‘30y“V+q;38a1a2a38km2n ” 192 V. yeV, %
o ’ \/;920207“75V+sal(uazcyﬂv+das

+d%2Cy,V, u) g%
= \/Egzog)v-%— (d*1u®2CrysV %
+UAdP2C ygV/ , %) s 1223
AT VEGroA%p# V. (Uhd%Cy, V%
—d®y22C VMV 4 5%3) g2182%3
= —\/6g,0A°V, s21U22C y5V , 023212233
gaogo Y%V, ud1s?C ¥,V 4 8% 81%2%
= 29205V, s%15%2C v,V , use 212283
BT yRyPV, dUs?2Cy,V  sTptdds
2g=-E "V, s45%CysV , ds %%

1

ZBkm)\:nnhUMyy5v+Q:qllqzqzz)\?mgco-ﬂll

XV g3 p2i2Rsgkmn, (A3)

Il
)

Since thevectorandtensorlLagrangiang6) are completely
equivalent to each other on the baryon mass shell one can_
start with either of them. Note that theector and pseudo- = g
scalar forms of interaction Lagrangians transform into each
other under Fierz transformatiofien baryon mass shell

I m
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TABLE XIll. Heavy-light baryon Lagrangians.
Baryon Lagrangian
Aq 'gAQKQQaIUaZC75V+da38alaza3
EQ gEQE‘_QQaluazC»ySV+5338313233
Oz E_QQalda2C75V+sa3salaZa3
=Q
1 —
%ngEQy”YSQaluaZCnV+Ua3831a2a3
IS 1 —
%ngEQy”Y‘r’QaldaZCnV+daSSalazaS
1 5 5
ﬁngEQY”Y Qa1uazC7#V+dasga1azas
Eé 9565_(’?7#75Qa1uazcyﬂv+5338313233
Oz E_(’3 y*y°Q31d32C V.V s%e2182%
=Q
Qq

1

V6

90 Qor*¥y°QUSHCy,V  shagtts

Lagrangians for heavy-light baryons are given in Table XIll.
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1 for nucleons
k=1{ r(2/3+r/3) for Aland the triplet o hyperons

r2(2r/3+1/3) for the doublet ofE hyperons.
(A6)

APPENDIX B: THE CALCULATION TECHNIQUE

To elucidate the calculation of the matrix eleme(g$)—
(28) we consider the four relevant integrals in Euclidean
space corresponding to the factorizing contributions ftom
— ¢ and heavy-light transitions and the typical nonfactoriz-
ing ones coming from the diagram,ll The calculations of
the nonfactorizing contributions from diagrams, land 111
can be carried out analogously.

Factorizing contributionlf— c transition:

d*ke [ d?k!
||2HC(CUE)ZJ _2Ef 2E
ar

v

18Kk2+6(2kL+ k)2
Xexp — A2
B

1 1
X — —.
Kevig— A Keve— A

(B1)

The meson-quark-antiquark interaction Lagrangians are

listed in Table XIV.

The baryon-quark couplinggg are determined from the
normalization condition for vector current. For heavy-light

baryons they are given by

6
s N As, _
e (4m)* 18Aq A,

Ro. (A5)

whereA, andA . are light quark cutoff parameters aRg,
1 2 0
is the structure integral which depends on the rAtYoXBQ

® A
RQ:J duuexp — 18u®+36u—
0 Ag,

In the case of light baryons the couplings are given by

8
i N A, »
o (4wt 27Af
where
TABLE XIV. Meson Lagrangians.
Meson Lagrangian
™ gﬁ7r+a'ysd+ H.c.
K gk[ K uiy?V, s+K%iy®V,s]+ H.c.
¢ 9gbuS(Y'—v)V,s
Iy 9uy(IY) Loy —vH)V,C

Factorizing contribution @— q transition:

d*ke [ d*K!
19 we Mo = [ [

a a
9k2 + 3(2kL+kg)?
xXexg — e
B
[ (3Ke+2pae) 2+ 3(2KL+Ke)?
Xexg — >
1
X (B2)
kEU]_E_A

Nonfactorizing contributionl§— c transition:

d*k d*k. [ d*K
|RJFC(wE,M2):j 2Ef ZEJ 2E
T T T

OK2 + 3( 2K+ 2KL — ke — p3E)2]

AZ
B

xXexg —

X exp

[ Ok2+3(2Kp + ke — ng)Zl
2
1 1
X — —.
kevie— A Kgvoe—A

(B3)

Nonfactorizing contribution @— g transition



|S;q(wE,M2)
[ d%g [ dke [ d¥kg
B 7T2 ’7T2 ’772
9k2+ 3(2KL+ 2ki— ke — p3g)?
AgQ

xXexp —

(3KE+2pop)?+3(2kg + ke — pap)?

xXexg — A2
Q

1

N P—— (B4)

kEU 1E— A

The final light baryon state carries the Euclidean momenta b—»C(
—M3. The dimen-
sionless variablevg is defined asvg=v - pZE/M = —w.

Scaling all momentum variables in the above integrals by

P,e With the mass-shell conditiorp3.=

ABQ and using the Feynman parametrization

1

we have
* » d*ke [ d*kg
G C(wE):4AGBQf0 dafo dﬂf w? ) a?
X ex] — 18k2— 24k 2]

2
Xex;{ - ((ﬁl—sﬁ) + ?(wE"_ 1)

A
+2(a+ﬁ)r],

B

= [ d%e [ d*k¢
197% wg ,M,) =2A}, f daf £ £
QJo w?

xexd —9(1+R)k2—

o

121+ R)k?]

a?—12Rawg— 36RM3
9(1+R)

+2 A
o—
ABQ

d*ke [ d*kg [ d*kE
(e =an [ aa [ os | [ 2

72 a+B)2
]k,’zz]exp{—7k'é2—( A

x exd —12kZ— =

a’+ BZ
12

+7—§(wE+1)+2(a+IB)A——

K: fo daexp — aA), (B5)
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w d*ke [ d*k. [ d*k.
199 M =2A11f d J EJ EJ £
NF (@g,Mp) Bo a -2 72 -2

x exd — 12kZ—3R(3+4R)k{?

3 R(1+R) knz
3+4R

a?— 12Rawg—9IM2 A
—~ +2a—
9(1+R) Ag,

After integration ovekg, kg, andkg we arrive at

AgQ oo 1
=—f duuf dxexp — 18u?—36u%x(1—X)
122 Jo 0

1)+ 36u A
X(w— )+ A_BQ

IR7%(~Mz,~ )

2A7Q fw
=—— | du
36°(1+R)3Jo
xXexg —9(1+R)u?+181+R)u .
B
Q
1R |v|2+ 4R M3
xXexp — UwK Rt 1 A2 ,

15F%(—w )——j duuf dx

X exf — 72u%— 144u’x(1—x)(w—1)]

A
X ex;{ 1440 — — 432017 x%+(1-x)?]|,
B
Q

All
1R 9(— M3, — ——— | d 36(1+R
(- @)= 2162R2(1+R)f uexil —36(1+R)

A
><(3R+4)u2]exp[ 721+ R)uT—
B

Q

1R M, R M3
““’AB R+1A2
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