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I. INTRODUCTION action[17,18 but its advantage consists in the possibility of
The investigation of semileptpni(SL) decays of heayy Zs:r?grlgIgf:);r;yeovcassvvrslsag\g\?gﬁ);gfjt?g;sliSL:hr;eeesglug rlkqs - The
hadrons e_lllows one to determ_me the unkn_own Cablbboénd baryon$ 16,19, and also for heavy-light hadrofigo].
Kabayashi-Maskaw&CKM) matrix elements, i.eVyc and  particularly, in Refs[15,16 the pion weak decay constant,
Vpy in bottom meson and baryon decays. These play a funme two-photon decay width, as well as the form factor of the
damental role in the physics of weak interactions. The CKMy* 70_, 5 transition, the pion charge form factor, and the
matrix elements can be extracted from the inclusive Slstrong NN form factor have been calculated and good
width of heavy hadroil] or decay spectrg?] and from the  agreement with the data has been achieved with three param-
exclusive differential rates oB—D*lv, Ap—Aclv, ...,  eters. Two of the parameters are range parameters character-
extrapolated to the point of zero recpll,3,4]. Other charac- izing the size of mesons and baryons. The remaining param-
teristics of semileptonic decaysomentum dependence of eter is the constituent quark mass. In RéB] the approach
transition form factors, exclusive decay rates, asymmetry padeveloped if 15,16 was applied to a calculation of the elec-
rameters, etg.are also important for our understanding of tromagnetic form factors of nucleons. Some preliminary re-
the heavy hadron structure. sults on SL decays of heavy-light baryons were already pre-
From a modern point of view the appropriate theoreticalsented in20].
framework for the analysis of hadrons containing a single The purpose of the present work is to give a description of
heavy quark is the heavy quark effective thedHQET) th_e _properties of baryons contgining a single heavy quark
[5-11] based on a systematicni$ expansion of the QCD within the framework proposed 5,16 and developed in
Lagrangian_ The |eading order of the HQET expansion[lg,zq. Namely, we report the calculation of observables in
when the heavy quark mass goes to infinity, corresponds tgemileptonic decays of bottom and charm baryons: Isgur-
the case of heavy quark symmetor Isgur-Wise symmetgy ~ Wise functions, asymmetry parameters, decay rates, and dis
[6]. Because of the Isgur-WigéW) symmetry the structure tributions.
of weak currents of low-lying baryons is simplified. The
form factors of these transitions are expressed through a few Il. MODEL
universal functions. Unfortunately, HQET can give predic- . ) .
tions only for the normalization of the form factors at zero ~ We start with a brief review of our approad5,1§
recoil. Once one moves away from the zero recoil point ond@S€d on interaction Lagragians coupling hadrons with con-
has to take recourse to full nonperturbative calculations. ~Stituent quarks andice versa It was found[15,16,19,20
This paper focuses on exclusive SL decays of the grounf@t this approach successfully describes low-energy had-
state bottom and charm baryons. Recently, the activity in thi§Onic properties like decay constants, form factors, etc. Here
field has started to make contact with experiment due to th¥/€ areé going to apply this approach to the calculation of
observation of the CLEO Collaborati¢t2] of the heavy-to- Paryonic observables when the baryons contain a hehvy (
light SL decay mode\ —Ae* v,. Also the ALEPH[13]  ©F €) guark. , _
and OPAL[14] Collaborations expect to observe the exclu- Let _(' =1,2,3) be thesp_atlal four-coordinates of
sive modeA,— Al v in the near future. Therefore, a theo- dUarks with massesn;, respectively. They are expressed

retical study of the SL decays of heavy baryons seems to biirough the center of mass coordinatg @nd relative Jacobi
very important. coordinates §;, ...) as

In [15,16 a model for QCD bound states composed of
light and heavy quarks was proposed. The model is the La- yi=X—3&
grangian formulation of the NJL model with separable inter- zm

m,+mg
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Here 'y, are strings of Dirac matricec=y%y? is the
, «y charge conjugation matrix, ara are the color indices.
The choice of baryonic currents depends on two different
m m cases:(a) light baryons composed from,d,s quarks;(b)
Ya=X+ 351_1+2§2\/§ 2 heavy-light baryons with a single heavy qudrlor c.
zim my+mg In the case of light baryons we shall work in the limit of
isospin invariance by assuming that the masses ahdd
where quarks are equal to each other, im,=my=m. The break-
ing of SU3) symmetry is taken into account via a difference
>imyy; 1/ myy,+mgys Y3—VY> of strange and nonstrange quark massges m#0. Thus,
S5m0 3 Tmem. VL) &2~ . for baryons composed either of or d quarks (nucleons,
it 2 3 2\/§ . .
A-isobay or of s quarks €)-hyperon the coordinates of
guarks may be written as

my
Y2=X+ 3§1m—2§2\/§m2+m3

We assume that the momentum distribution of the con

stituents inside a baryon is modeled by an effective relativ-
istic vertex function Yi=X—2&1,  Yo=x+E—E03, ya=x+ i+ 3.

A2 If a light baryon contains a single strange quark with mass
F(—BE (Yi_y')z) mg and two nonstrange quarks pr d) with a masam each
185 . as inA andX hyperons one gets

which depends on the sum of relative coordinates only in the

configuration space and a cutoff parametgy. Generally y1=x—6§1m,
speaking, the shape of this function should be defined from

an equation on the bound states and will depend on the fla- m

vors of quarks. To reduce the number of free parameters, we Yo=X+3é s——— — £,1/3,
will use the universal functiofiGaussiapfor all flavors with 2m+ms

the different values of parametérg. The Gaussian shape
guarantees ultraviolet convergence of matrix elements. At
the same time the vertex function is a phenomenological
description of the long distance QCD interactions between
quarks and gluons. In this paper we will consider the semiwherey, is the coordinate of the strange quark andand
leptonic decays of baryons with one heavy quatkof c). Y3 are the coordinates of nonstrange quarks.

Thus there are at least three different values Agr corre- For a baryon with two strange quarks and a single non-
sponding to §,d,u), (c,d,u), and p,d,u) sectors. But, as strange quarkas, e.g., in thé&€ hyperon$ one obtains

we show below, the exhibition of the Isgur-Wise symmetry

in the heavy quark limit fig— ) gives thatAg parameter —x—6 ms

should be the same for charm and bottom baryons: Yai=x 512m3+m’

m
Y3=X+3§1m+§z\/§,
S

Eié“(x):gBB(x)fdylf dyzf dy35(x— Eimiyi) Vo= X+ 3¢E L_g 3
Zim 2 12mg+m 2V
2

A
XF| =22 (i—Y))?|Ia(Y1,Y2,ys) +H.c.
18i5

m
y3:X+3§lzm +m+§2 \/3!
S

2
wherey; now is the coordinate of the nonstrange quark and
with Jg(y1,Y2,Y3) being the three-quark current with quan- y, andy; are the coordinates of the strange quarks.

tum numbers of a baryoB: The spin-flavor structure of light baryonic currents with
quantum numberdP=1" andJ”=2" has been studied in
Je(Y1,Y2,Y3) =T10%1(y1)q?2(y,) CT',q3(y3) e 219233, detail in the paperf21-264. It was shown that there are two

(3)  possibilities to choose the baryonic currents with=3 *:

TABLE I. Three-quark currents of light baryons.

Baryon Three-quark current
Proton Jp(Y1.¥2,Y3) =[U(y1)UP(y2) Cv°d%(y3) + ¥°u(y ) uP(y,) Cd(ys) e°
Neutron In(Y1.Y2,Y3) =[d3(y1)d®(y2) Cy°u(ys) + v*d3(y1) d°(y,) Cuc(ys) ]e2C
E~ hyperon IL(¥1.Y2.Y2) =[S(y1)$P(¥2) Cy°d(ya) + ¥°s3(y1)S(¥,) Cd(y3) Je

A° hyperon Jho(y1,Y2.y3) =[S3(y1)uP(y2) Cy®d(y3) + ¥°s*(y1)uP(y,) Cd(y3) ]2
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vector variant  J(y1,Y2.Y3) (" 7)1,1,(Cou)igi,= — 201, (C¥8)ii, T 711, Cigi,]
= 7*¥°0%(y1)q%2(y2) Cy,q%(y3) e 2172%, 4) +4[1i,,(Cys)iyi,* ¥2i,Cig,
tensor variant @(yl,yz,ys) For example, densor currentfor the proton
=" Y0P (Y1) q*(y2) oy, 073(ys) £172%, B I5(Y1.¥2.Ya)=0*" ¥ AUy )UP2(y,) Ca, Uy 3) £ 21727

Both of these forms have been used 26,27 for studying  written in S+ P form becomes

the electromagnetic and strong properties of light baryons. It a a a

was shown that théensor variantis more suitable for the Jp(¥1,Y2,Y3) =4 u(ys)u*2(y2) Cysd™(yy)
description of the data. For this reason we will use the tensor a a a a;asa
current in the approach developed in this paper. For conve- T ysUT(ya) U (y,) Caelyy ) Jematems
nience the tensor current can be transformed into a sum af the Fierz transformed form. After exchanging the vari-
pseudoscalafl';=1,I",=vs in EQ. (3)] andscalar currents  ablesy,« Y in the interaction Lagrangian of the proton with
[['1=1vs,I',=1in Eq. (3)] using the Fierz transformations: quarks we have

2im;y;
=m

int, T Th( Aé 2
Lg" (X)=4gpp(><)fdy1f dyzf dy35(x— )F EE,— (yi—yp)*|[utt(y1)u?2(y,) Cysd®3(ys,)
+ y5uP1(y1)u?2(y,) Cd*3(y3) Je1%2%+ H.c.

=497 p(x) f dé, f d&F(AS-[E3+ E])[UPL(X— 2£,)uP2(x+ & — £,1/3) Cysd®3(x+ £ + £,1/3)

 ysUT(X = 26) UPR(X+ £~ £2\3) CAR(x+ £+ £,13) ]e %%+ Hoc., ©)
|
The Fourier transform of the vertex form factor is defined as £, Mg, — My,
4 4 gl_) gl_ = Ty
d’k; [ d'k; V3 Mg, +mg,

FAR-[E+8]=

(2m*) (2m)*

9 2 52—>§2-
. . 1 2
Xexli_'klfl_'kzgz)F<_AB2_)- Then we have
@) Y1=Yo=X, Y2Zqu:X+3§1—§2\/§,
Table | contains a set afensor currentsfor nucleons,
A° andZE "~ hyperons in thes+ P form which will be used Y3=Yq,=X+3&+ £2\3.

in our calculations.

Next we turn to the discussion of heavy-light baryonic  The problem of the spin-flavor structure of heavy-light
currents. Suppose that the heavy-quark mass is much largearyonic currents was analyzed in Ref8@3—-25. It was

than the light-quark massesng>mg;,Mg,). From Eq.(1)  shown that, in the static limjio— 0 (this is equivalent to the

one then obtains heavy quark limitmg— ), A-type baryons {4, Eq) con-
taining a light diquark system with zero spin may be de-
Y1=Yo=X, scribed by either of the following nonderivative three-quark
currents:
m
=y, =X+3&— 26,13 a2 P bona, b5
Y2=Yq, =X+361726V3 -, Jx, =&**hjuPCy°d°,
dy A2 Q
mq NN =£abch%ubCy0'ySd°,
Y3=Yq,=X+3&1+26,3———, "o

Mg, * M, . L
where hg denotes the effective static field of the heavy
wherey; is the coordinate of heavy quark, apglandy; are  quark.
the coordinates of light quarks; andqg. In the same vein there are two currents fditype bary-
It is convenient to transform the Jacobi coordinates of Eqons (g, g and Qa, 26) containing a light diquark sys-
(1) to remove the light-quark mass dependence tem with spin 1
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JQh =sab°yy5h%SbCyS°,
Vik _ _abc pa b o keC 1 kKZha b ZeC
JQ; =&""hgs’Cy’s +§y yhgs"Crys
Q
‘]}—Zh — abc,y,y ha bC’)/ ’)’S
Tk _ _abq pa b 0. KaC 1 KZha b 02aC
JQ; =g E[hQS Cy°y"s +§'y yhgs’Cy ys
Q

wherek=1,2,3, ()*)2=—3. The currentsiﬂ* (I=V,T) sat-

isfy the spin-3/2 Rarita-Schwinger conquﬁ&] =0. In

TABLE Il. Quantum numbers of heavy-light baryons.

Baryon  Quark content J°  (Syq.lq)  Mass(GeV)
AS c[ud] it (0,0 2.285
B clus] 3t 0,172 2.466
St c{uu} it 1,9 2.453
o) c{ss 3t (1,0 2.719

St c{uu} 3+ 1, 2510
Qe ciss 3+ (1,0 2.740
A b[ud] it (0,0 5.640
= b[us] it 0,172 5.800
s b{uu} it 1, 5.820
Qp b{ss 3t (1,0 6.040

Q
this paper we work with Lorentz-covariant representations of

the HQET heavy-light currents mentioned ab$28-25.
Our currents are listed below:

pseudoscalar variant HJKQ:aachaubCySdC,
Q

8
axial variant JﬁhQHJA 2%, QUPCy*y°d°,
9
vector variant ‘}éhQ—MJXQ=sabcyﬂy5Qasty"s°,
(10
Vik Vi | 1(L)Viu
J * _)\] * +\] * y
on g ey
Jé;éL:SachaSbC’y“SC, (11)
(LHV;p 1 abc u agh 4 v
Jo+ =—g¢ Yy, Q95°Cyrst,
Q
tensor variant :};hQ—dQ £, y5Q3s°Ca#s°
(12)
Tk (L)Tin
R B, L +J
% QQ g
\];;f‘: —ij Sabc’yVQaSbCO"“VSC, (13)
Q
‘]S”)T M 4Sabc,y,u,ya,vaast0_ach.
Q

The current&]S)““(le,T) are orthogonal to the corre-
Q

sponding baryon field with spin 3/2&*-3.)""*=0 and
Q
can, therefore, be omitted in the interaction Lagrandi@n

{} denote antisymmetric and symmetric flavor and spin
combinations of the light degrees of freedom.

We write down the Lagrangian which describes the inter-
action of A baryon with quarks in the heavy quark limit:

2700 =0, AoT1Q* 0 | déy

X f d&oF (AR, [£5+ EDUP(x+ 36~ £,\3)
X CT,dC(X+3&;+ £,1/3) 2P+ H.c., (14)
where
l®Cy° pseudoscalar current
Fhecly= y,®Cy*y> axial vector current

One can see that the heavy quark is factorized out from light
degrees of freedom in this limit. The vertex form factér
characterizes the distribution of and d quarks inside the
Aq baryon. Itis readily seen that the Lagrangia#) exhib-

its the flavor symmetrysymmetry under exchande with

c) if the parameterABQ will be the same for charm and

bottom baryons.

Next we discuss the model parameters. First, there are the
baryon-quark coupling constants and the vertex function in
the Lagrangian(2). The coupling constants are calculated
from the compositeness conditidsee Ref.[30]), i.e., the
renormalization constant of the baryon wave function is set
equal to zeroZg=1-9g335(Mg)=0, with 3 being the
baryon mass operatgsee Fig. 1a) for light baryons and
Fig. 1(b) for heavy baryonk The expressions for the mass
operators of light baryonsSg(p) and heavy-light ones
pIN Q(p) are written as

Thus, for heavy-light baryons with spin 3/2 we use the cur-

rentsJ;. (11) andJ;). (13).
Q Q

In Table Il we give the quark content, the quantum num- B zm: B, Bo :9: Bq

bers (spin-parity J°, spin Sqq» and isospinl 4 of light di-

qguark and the experimentalvhen availablgand theoretical
mass spectrum of heavy barydi8,29 which will be ana-

q

FIG. 1. (a) Light baryon mass operatoth) Heavy-light baryon

lyzed in this paper. Square brack¢t$ and round brackets mass operator.
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) d4k  d%k’ ) (3k+2p)%+3k'? condition: the baryon mass must be less than the sum of
EB(D)=QBJ;27 i F A2 constituent quark masséég<=;m .
. In the case of heavy-light baryons the restriction
AT 1Sy (kk p)FzTr{FQSq( K 2—k) Mg<Z;m, implies that the pararEte‘t{qlqz} must be less
o than the sum of light quark massa§qlq2}< Mg, + Mg, The
'+ last constraint serves as the upper limit for our choices of the
XT38, T) , (15 e PP
parameterA{qlqz} .
4 s 5 ' Actually, the compositeness condition is equivalent to the
So (p)=g2 J dk [ dk 2 9k”+ 3k normalization of the elastic form factors to one at zero mo-
Ba Bo) w2i) A AéQ mentum transfer. This may be readily seen from the Ward

indentity which relates the vertex function with the mass
o [K—kK operator on mass shell. We have
XT'1Sq(k+p)I',Tr 'S, >
d2g(p)
K’ +k Aéﬁsy(p,p)l.ﬁwfgé?ﬁ

2

= Y953 5(P)p-wm,,
XIS, , (16) bmg T b=Mg

(19

with Sy(k) andSq(k) being the light and heavy quark propa-
gators, respectively. All color, flavor, and combinatorial co-
efficients are omitted.

For light quark propagator with a mass, we shall use

where the vertex function is related to the baryon elastic
form factor by

the standard form of the free fermion propagator Ag_py(P.P)=v"Fg(0). (20
_ d?k _ From this the normalization of the form factor mentioned
<0|T[Q(X)Q(Y)]|0>=f o) e kx5, (k), above immediately follows.

The vertex functiorf is an arbitrary function except that
it should make the Feynman diagrams ultraviolet finite, as
_ 1 we have mentioned above. In the papEt§,16 we have
mg—K found that the basic physical observables of pion and
nucleon low-energy physics depend only weakly on the
For the heavy quark propagator we will use the leading ternghoice of the vertex functions. As was mentioned above, in
in the inverse mass expansion. Supp@seMg v is the  this paper we choose a Gaussian vertex function for simplic-
heavy baryon momentum. We introduce the parameteity. In Minkowski space we write

A =M —mg which is the difference between the
{a,a,} {Qa,ay} Q
heavy baryon masM{quqz}EMBQ and the heavy quark

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

ficiently fast such that the conditidik| <mq holds wherek _ ' .
is the virtual momentum of light quarks, one has where Ag is the Gaussian range parameter which may be

related to the size of a baryon. Note that all calculations are
1 Mo+ Mg b +k done in the Euclidean regiork{= —kZ%) where the above
o= (P K = mé— v éo_ oM oo = vertex function decreases very rapidly. It was foundif]

Sy(k)=

k2+k3
AB

k2+k3
AB

So(p+k)=

— 1 lept. pair
:Sv(kaA{qlqz})+o m_ y

(1+9)

2(U . k+ A{qqu})

S,(kAfqua,) = —

In what follows we will assume thaA_EA_uu:A_ddzA_du,
A=A, s=Ay4s. Thus there are three independent param-

eters:A, Ag, andAg.

A drawback of our approach is the lack of confinement.
This can in principle be corrected by changing the analytic
properties of the light-quark propagator. We leave the inves-
tigation of this possibility for future studies. For the time -(K'+k)/2
being we shall avoid the appearance of unphysical imaginary
parts in the Feynman diagrams by postulating the following FIG. 2. Semileptonic decay of heavy-light baryon.
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that for nucleons B=N) the valueAy=1.25 GeV gives a will demonstrate that the requirement of the normalization of
good description of the nucleon’s static characteridiicag- ~ the baryonic IW functiong/(») and &;(w) at zero recoil
netic moments, charge rafiand its form factors in the w=1toone[{(1)=1,¢;(1)=1]imposes the restriction on

spacelike region foQ? up to 1 Ge\2. Here, we will use the  the choice ofAg : Ag =Ag . The expressions for the bary-
value ABqEANzl.ZS GeV for all light baryons. Now we onic IW functions for arbitrary values oiBQ are written as

®(\2A5 AG /(A5 +AG), o)
\/q)(ABbil) \/q)(ABcvl)

{w)= (21)

) 1 X2[1+2y+4y26(1—6)]
P(AggW)=Ag fdxxfo (y+1>2f f‘”{ Neg B[3+ay+ay%6(1-0)]  4(1+y)?

mZ  3+4y+4y20(1—0
ex;{—24y 3 y+ay o )/

A, 1+y \

X[1+2¢(1-¢)(0—1)]

6x7[1+ 2¢(1—¢)(m—1)]—12x£)
Ao/ |

It is easily seen that(1)=1 only when ABbzABC. The parametelABQzABb:ABc is an adjustable parameter in our

calculations.
Thus there are three sets of adjustable parameters in our model: the constituent light quarl«n@dssesnu my and

mg), the range cutoff parametersg (ABq and AB ) and a set ofA{q ay) subsidiary parametersy, Ag, and Aisq. The
parametersn=420 MeV andABq—l 25 GeV were flxed in Ref19] from a best fit to the data on electromagnetic properties

of nucleons. The parameteﬁ%Q, mg, A are determined in this paper from the analysis ofAle— A°+e™ + v, decay data.

The following values are obtainedo=2.5 GeV,m;=570 MeV, andA =710 MeV.

The parameterd s and A s cannot be adjusted at present since at present there are no experimental data on the decays of
heavy-light baryons containing one or two strange quarks.

lll. MATRIX ELEMENTS OF SEMILEPTONIC DECAYS OF BOTTOM AND CHARM BARYONS

In our model the semileptonic decays of bottom and charm baryons are described by the standard triangle quark diagram
(Fig. 2. The matrix elements describing heavy-to-heatsy+(c) and heavy-to-light ¢—s) transitions can be written as
follows.

b—c transition

u(v )Mp(v,0")u(v)
d* [ d%’ K'—k\
_ngng f 2Trrls 2 IS,

c— s transition

d*k  d*k’ k' —k k' +k
U(D)M (p,v")u(v)= ngBf f % ——TrI'iS ( )Fzs( 5

X U(p )T 1Ss(k+p TS, (k,A)Tpu(v), (23)

k' +k
2

18k2+ 6k'2
exp(T) u(v)T,S, (k, A)T'S, (K, A)T,u(v). (22)
Q

;{9k2+3k’2) %9(k+ap’)2+3k’2)
ex ex

A? AZ
Bq Bq

_2m
S 2m+mg

Here Tf ] corresponds to the light quark loop obtained after a standard transformation which involves the charge conjugation
matrix C

! ! !

—k ’ vBgaf K'+k _ ’ ’
5 | (T30)#S4P| = == | =T i S| —— '35,

(cri)““%‘"(

k' +k
2
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Calculational details of the matrix elemeii®2) and(23) are  light baryons is described by two relativistic form factors

given in the Appendix. f, and f,. For example, the typical hadronic current for
We now turn to the discussion of matrix elements of A.— A° transition is written as

heavy-to-heavy baryonic decays. In this paper we consider _

decays of bottom baryons\¢, ¢, 3 , andQ,, ) into pseu-  (A(p')|sO,clA(v))

doscalar charmed baryonsA{, /%, and Q2 and

pseudovector state&{ " andQ;"). The matrix elements =uA(P)[fa(p’-v) +dfa(p’-0)]O,Uy (V).

describing weak transitions between heavy baryons can be

decomposed into a set of relativistic form factors. In the IV. RESULTS

HQL these form factors are proportional to three universal ) ] ) )

functions ¢,&;,&, of the variablew=v-v’, the so-called In this section we give numerical results on the observ-

Isgur-Wise functiond31,32. The function(w) describes ables of semileptonic decays of bottom and charm baryons:
the b—c transitions of A-type baryons. The functions the baryonic Isgur-Wise functions, decay rates, and asymme-
& (w) and &,(w) describe transitions di-type baryons. ty ~ parameters in the  two-cascade  decays
Weak hadronic currents describing the transition of o A= AT+ W[ —ln] and  Ac—AJ—p7]
heavy baryorB,(v) with four-velocity v to a heavy baryon +W[ —ly]. Our model contains a number of parameters.

B((:*)(v) with v’ are written ag31—34 follows. The cutoff parameteABq and the light quark mass\, are
Ap— A, transition taken from a fit to proton and neutron daf]. The cutoff
o L parametev\BQ relevant for heavy-light baryons, the binding
(Ac(v")|bTc[Ap(v))=¢{(@)u(v)Tu(v). energyA=Mg_ —Mg, and the strange quark masg are
Qp—Q,(Q7) transition fixed by comparison with the experimentally measured decay
Af—A%+e*+v,. We have checked that the Isgur-Wise
(Q(v") or QE(U/)|HC|AD(U)> fu_nctions g_l and_ _§2 satisfy _the moo!el-indepe_nd_ent
Bjorken-Xu inequalitieg35]. We give a detailed description
=B_é‘(v')FBE(v)[—§1(w)gW+ E(w)v,v0], of the A{ —A%+e" + v, decay, which was recently mea-

sured by CLEO Collaboratiofi2]. In what follows we will
where the spinor tens@(v) satisfies the Rarita-Schwinger use the following values for the CKM matrix elements:
conditions v,B}(v)=0 and y,B{(v)=0. The spin wave |Vy/=0.04,|V {=0.975.
functions are written as
A. Baryonic Isgur-Wise functions

BA(v) =

7’#+UﬂysuQ (v) for Qg states and In Sec. Il we have intro_duced heayy-light bary_onic cur-
J3 Q rents. We present a full list of possible currertgithout
derivative$ with the quantum numbers of baryod§=3"*
Bg(v)= ug*(v) for Qa states, andJ”=32". For simplicity we restrict ourselves to only one
Q variant of the three-quark currents for each kind of heavy-
whereug, (v) is the usual spin-1/2 spinor and the spinoright baryon:pseudoscalar currentg) for Aq-type baryons
Q andvector currents(10),(11) for (2o-type baryons. A justi-
o €fication of this procedure may be taken from the QCD sum
Ward indentity between the derivative of the mass operatorule analysis of25] where it was found that, using tlaxial
of heavy-light baryons and the vertex functid®2) with currentfor A baryons andensor currentsor Qg) bary-
I'=vy, andv=v’ ensures the correct normalization of the ons, one obtains results which are not very different from the
functions{(w) andé;(w) at w=1. ones with thepseudoscalar currersind thevector currents
In the heavy quark limit the matrix element of the transi- The direct calculation of the IW functions with currer&
tion of heavy baryon containing a scalar light diquark intoand(10),(11) gives the following results:

ug*(v) is the usual Rarita-Schwinger spinor. Note that th

Fo(w) Fi(w) Fo(w)

{o)=c777 &lo)=c =5

Fo(D) ' e 2O E 24

0 0 d 1 1 -
o= [ Caxx| | o [ dor(w) et -63(8)(4n3- 2]

y2

1+y|

xexp[ —~1228(B) $(1— ¢)(0—1) ~6S(B) (x— N) >~ 24u%(1-26)?

where
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2 1 XZB
Mo 6S(B)(1+y) +4(1+y)2[1+2¢(1_ b)(w—1)],

Ro(w)=

_ 2 1 X’B AV
x2 R —Ry(1
Rz(w)zz(l—_i/)zﬂl_d’):%,
B mg — A

= 2 —_ = — — = —_— = —
B=1+2y+4y°0(1-96), S(B) 3+3(1+y)’ Mg Ao’ A v
A_II mass-dimension variables are scaled by the paramegerHence the IW functions depend only on two parametgfand

\. We reiterate that the functiordsand &, are normalized to one at zero recoil due to the existence of a Ward identity relating
the vertex function with the derivative of the heavy-light baryon mass operator as discussed affer Egntrary to this the
normalization of thet, function is model-dependent. In our model the vady€l) satisfies the inequality©£,(1)<<1/2 and
depends on the choice of the paramejggsand \ .

It is easy to show that the baryonic IW functions can be rewritten in the form

©

> CEAND ()

N=0 In(w+ \/w?—l)
{(w)=—= <®y(0)= —————,

&1y N
NE:O CyA () In(w+ \/a)z—l)
<Py(w)= —F—=—=—,

> Ci
N=0

&Y N _
Nzo CNATEN(@) = P alw)] CDO(a))—Cl)l(w)_ 1 {wln(a)-l—\/wz—l)

52((‘)): w—1 - (1)2_1\ w2—1

- ~1].
(w—1) >, CAN
N=0

Here

1 de
(DN(w):JO[l+2(w_1)¢(l_¢)]|\]/2+1$¢0(w) for VN=0,

(2\6)NT'(N/2+1) sV2i(g)
N 1N f f Y Try)? SR 2ma)Ae=0 FoLnde,

1
6S(A(1+y)

1
TS Ary)

N

1“(N)=j0 dttN"lexp(—t) is they function.

N
+1

B
245(B)(L+y)”’

N +1)L
248(B) (1+y)?"

— 2
Ag=pgt

2
A'fl

B
245(B)(1+y)*’

Note that{(w) and ,(w) become largest when =0:
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{(w)=&1(0)=Dy(w). (25

An increase ofx leads to a suppression of the IW functions in the physical kinematical region of the vaviabée, in the
region

2 2
Mg, Me,
(26)

=< =< p—
1< 0<wnay

2M BQM B(’?
The radii of the form factorg and ¢, are defined as

Flo)=1—p2(w—1)+ ..., F={4¢. (27)

It is easy to show thap} and pZ, have the lower bound

1 @2 1, 1 @) 1 -
=— - = = — — = _
Pe=3TeM 173 PaT 3 NI T 3 (28)
since the integral
(M N)=Jld6dexfwﬂS(,8)xM 24 N + P ex — 6S(8)X(X— 2\ ) — 24u2y]
100 T o 1) Fam 125(p)(1+y) " 4(1+y)? Ha
|
is always positive. ) 2+ w2 5
As was shown if35], the IW functions¢; and £, must 1(w)<B(o)s —3—&(0). (32
respect the two model-independent Bjorken-Xu inequalities.
The first inequality From the inequalitie$31) and (32) one finds an upper limit
for the function¢;(w):
2+ w? ) (w?—1)? 5
1=2B(w)= —Z—&i(o)+—F—&(w) E1(0)=<V3I(2+ w?). (33

2 3 The results for the IW functiong(w) andé;(w) are plot-
+§(“’_“’ )é1(w)éx(w) 29 ted in Figs. 3—7 in the physical region<lo< w .. The
function &;(w) is shown for the two caseéa) decay of2,
baryon and(b) decay ofQ}y, baryon. In Figs. 3 and 4 we

is derived from the Bjorken sum rule for semileptorfi, L . .
decays to the ground state and to low-lying negative-parit)ﬂemonsuate the sensitivity of tifefunction on the choice of

excited charmed baryon states in the HQL. The inequalitfhe parametera. and A when one is varied and the other
(29 implies a second inequality, namely a model-one is fixed. Belowin Sec. IV B) we will show that the best
independent restriction of the slopmdiug of the form fac-

tor 1.0
fafw) Ag=2.5 GeV
1 2
p% =3~ 36(L). (30 09 1
Let us check whether our IW functiors and &, respect 3 0.8 1
these inequalities. First, the inequality0) for the slope of bt
the &, function can be seen to be satisfied because from Eq. 0.7 |
(28) one haSpng 1/3 and furthe,(1)>0 from Eq.(24). é
To check the inequality29) we rewrite it in the form 0.6 3
. [ 4
5
2 2 1 2 2
12B(w) = 3 £(0) +3[wéi(0) — &(0) (0= 1] 0.5 Lot

1.0 1.1 1.2 1.3 1.4
(Y]

(31

One can show that the combinationwé;(w) _ _
—&(w)(0?—1) satisfies the following condition:  FIG. 3. {() function.(1) A=600 MeV.(2) A =650 MeV.(3)
El(w)<wé(w)—E(0)(0?—1)<wé (o). Hence A =710 MeV. (4) A=750 MeV.(5) A=800 MeV.
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FIG. 4. {(w) function. (1) Ag=2.5 GeV.(2) A;=2.0 GeV.(3)
Ao=1.7 GeV.(4) Ag=15 GeV.(5) Ag=A4=1.25 GeV.

description of the experimental data far, —A°+e + v,
decay is obtained with the choice of parametarg=2.5

GeV, A=710 MeV, andms=570 MeV. In Fig. 3 the/(w)

function is shown forA values between 600 MeV and 800
MeV, where the parameteY is assumed to be 2.5 GeV. It

is seen that an increase df leads to a suppression of the
baryonic IW function{. In Fig. 4 the dependence gfon the

value Ag is plotted for A=710 MeV. One can see that a
decrease of\ leads to a suppression ¢fw). In Fig. 5 we
give the best fit for the IW function { (Ag=2.5 GeV,

A =710 MeV). For comparison the results of other phenom-

enological approaches are shown too where we compare wi
results obtained from QCD sum rulé24], IMF models
[38,39, MIT bag model[40], a simple quark modglSQM)
[42], and the dipole formul&39]. Our result is close to the
QCD sum rule resulf24]. For quick reference we want to
remark that in the physical region our functigrcan be well
approximated by the formula
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FIG. 5. {(w) function.(1) SQM (Ref.[42)). (2) QCD SR(Ref.
[24]). (3) Our result A=710 MeV; Aq=2.5 Ge\. (4) Dipole
(Ref. [39]). (5) MIT bag (Ref. [40]). (6) IMF (Ref.[39]). (7) IMF
(Ref.[38]).
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FIG. 6. & (w) function (S, decay. (1) A=600 MeV. (2)
A =650 MeV. (3) A=710 MeV. (4) A=750 MeV. (5) A=800
MeV.

1.7+ 1w

1+ w (34

{(w)=

In Figs. 6 and 7 we analyze the dependence of thg, form
factor. We exhibit the dependence & w) on the choice of

A for 3, baryon decaysFig. 6) and for(}, baryon decays
(Fig. 7). For both cased g is put equal to 2.5 GeV. In the
analysis of the(), form factor we useng=570 MeV. We
also present results on the upper lirf#®) for the function
rﬂ(w). In Fig. 7 we also compare to a simple quark model
calculation of[43]. We want to emphasize that for both
casesy |, and(), baryon decays, ouf; does not exceed the
upper limit (33) except in a narrow region of very small

(unphysical values of A: A< 60 MeV. Thus we conclude
that the Bjorken-Xu inequality is respected by our model.

1.0

0.9
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FIG. 7. &(w) function (Q, decay. (1) A;=800 MeV. (2)
A5 =900 MeV. (3) A(s5=1000 MeV. (4) A(s4=1050 MeV.(5)
A{SS}::L].OO MeV.
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TABLE IIl. The charge radiup? of A, baryon atA,=2.5 GeV.

I(MeV) 600 625 650 675 700 710 725 750 675 690 800

p? 104 109 112 122 130 133 138 147 159 168 1.76

The results for the charge radii are listed in Tables IlI-VI for various sets of the adjustable parameters. For comparison we
quote the results for the charge radii predicted by other phenomenologlcal appr0a§h$04 (IMF mode) [39],
pg— 1.78 (dipole formula [39], p{—2 28 (MIT bag mode) [40], pg—l andpg =1.02-1.18 (simple quark modgl[42,43,

andpg 0.55+0.15(QCD sum rules[44].

B. Rates, distributions, and asymmetry parameters
in b—c baryonic decays

In this section we present on numerical results for rates, distributions, and asymmetry parameterb-inctli@vor
changing baryon decays. The standard expressions for observables of semileptonic decays of bottonidemaypmates,
differential distributions, leptonic spectra, and asymmetry paramédtax® simple forms when expressed in terms of helicity
amplitudesH, ,  [36,28, where\; is helicity of the final state baryon andy is the helicity of the off mass-sheW boson.

The HQL helicity amplitudes describing transitions of bottom baryon into charm ones are expressed through IW functions in
the following way:

([ {(w), Ap— A, decay

1
—gT(w), Qp— Q. decay

Halig =-2yMM;(Vow— 1+\/w+1)><<
i\/?EgT(w), Q,— O decay,

\

([ {(0)[M No—1FM_Jo+1], Ap,— A, decay
1
1 g[M+Vw—1§L+(w)1M—§L7(w)\/w+1], Qp— Q. decay
H.ly=——=X{
2 VWmax— @ \/E .
?[M+Vw—1§L:(w)1'\/|7§|_j(w)vw+1], 0, — ¢ decay,

i;: F28(0) VEMM{[Vo— 17 Jo+1], Q,—Q decay,

where
M. =M;=M;, gnglw_gz(w2_1)1
fofl(wiZ)—éz(wz—l), éL;=§1(w11)—§z(w2—l),

MZ+M?2
Omax— 2MiMf .

The decay rates of semileptonic decays are then given by

1 d“’ﬁ’ do do * dw * do + do ’ (35

®max dir dI’ dFT+ dFT_ dl—‘L_'_ dl—‘L_
)

TABLE IV. The charge radiu:p? of Ay, baryon atA =710 MeV.

Ag (GeV) 125 13 14 15 1.6 1.7 1.8 1.9 2.0 2.1 2.3 2.5

p? 293 282 263 247 231 215 20 187 175 164 146 1.33
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TABLE V. The charge radiU$§1 of X, baryon atA5=2.5 GeV.

I(MeV) 600 625 650 675 700 710 725 750 675 690 800

p; 105 109 112 122 132 135 138 150 159 168 180

where the indice§ andL denote partial contributions of transversgy= *+1) and longitudinal X,y,=0) components of the
current transitions. Partial differential distributions are given by

I

|Hi%tl|2 for —— — transition
dr'r 2 2
— :wa 1+ 3+

do IHiloal®+IH 3200 for — — 5 transition,

dr'y G2 M3
+ F f
do :Kw|Hi%O|21 Kw:W|Vbc|ZF(wmax_w)\/w2_l-

Tables VII-XI list our predictions for the semileptonic EM_ 2B, + M, (@ma— o)
rates of beauty baryons. In Table VII we present the results cos) = c ,
for total and partial rates for variols—c decay modes. The M AC\/wz— 1
adjustable parameters are chosen wg=570 MeV,
Ag=25 GeV, A=710 MeV, A;=850 MeV, and M2 —Mm2 E, EMCE,

max__ Ay
=

ZIVIN

As¢=1000 MeV. In Table VIIl we compare our results for E Omin(E)) = Omax— 2
total rates with the predictions of other phenomenological
approaches: constituent quark modl28], spectator quark

model[37], and nonrelativistic quark modpt1]. The depen- Our results on leptonic spectra in semileptofiig— A tran-

p ” o in i o,
dence of the total rates on the paramettfs\s, andA g S't'g?nsaﬁ‘re S vsgvn Icr:]onls%dgr the cascade decamt
are shown in Tables IX—XI. Y b

] S 0 . — — A J[—As7m]+W[—1»] which is characterized by a set of
The differential distributions foAy;— A e v decay are

My My —2E

plotted in Fig. 8. . sis of the asymmetry parameters is presente[8&2§. In
Leptonic spectrall'/dE, are calculated according to the terms of helicity amplitudes the asymmetry parameters of
sum nonpolarizedA,, decays &,a’,a”,y) and polarized\ , de-
cays (p,yp) are given by the following expressions:
gr dry  dry  dry, dry PP

+

dE,_ dg ' dE ' dg ' dg

(36) Hr+HD Hp Hi-2H;

THITA] Y THIv2H] T Y T HIt2H
Expressions for partial leptonic spectra are given by

AT oy __2H, _HroHC _ 2Hy
dE*zf doke(1+CoM)H. L. 42, YTHITHD “PTHTAHD TPTHIAHD

| “)min(EI) (37)
dl—‘L+ Omax Hile ]J2+|H |2 thlH O|2_._|H 0|2

,ZJ' doke(1-co20)?H. L|? T 121" F A2 HL 120" 1A -120"
dE| omin(E)) 2

H,=Re(H_ 1 HIpit HiadHE 101,
2 2
- :
KE= ()3 Vodl g (@max @), H, =Re(HiaH 1120

TABLE VI. The charge radiuspg1 of Oy, baryon atA5=2.5 GeV.

A_{ss} (Mev) 800 850 875 900 925 950 975 1000 1025 1050 1075 1100

pézﬁ 144 158 166 174 182 192 202 212 225 239 256 279

asymmetry parameters. The formalism and a detailed analy-
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TABLE VII. Decay rates of bottom baryor(@ 10'° sec 1) for
|Vbc|:0'04'

Process Fow It Iy, Ty Ty Ty, T
A8—>A*e’vie 539 2.07 053 154 332 0.11 321
E0-Efe v, 527 2.02 054 1.48 325 0.11 3.14
Spo3ite 223 0.33 0.08 0.25 190 1.49 041
Qg_@gef,,_e 1.87 0.29 0.08 0.21 158 1.26 0.32
PIRGES Se **e*v_e 456 2.07 054 153 249 1.09 1.40
Qgﬂﬂ'goe’v_e 401 189 053 136 212 095 1.17

TABLE VIII. Model results for rates of bottom baryon@n

10'° sec™ 1) for |V, =0.04.

Process

Refl37] Ref.[41] Ref.[28] Our results

AOHAJ'e’v_e
_’g"‘-‘ce Ve
DI S Ve
Sp—3it e v,
Q, 0% v,
Qgeﬂgoe*v_e

5.9
7.2
4.3

54

51 5.14 5.39
53 521 5.27
2.23

4.56
2.3 1.52 1.87
3.41 4.01

TABLE IX. Dependence of rates o for |V =0.04.

A (MeV)

Process 600 650 710 750 800
AS—Ate v, 610 583 539 519 474
zgﬂzéﬂfefv_ 2.51 2.39 2.23 211 1.92
2;_,2: ++e—76 4.99 4.81 4.56 4.35 4.03

TABLE X. Dependence of rates af for |V, =0.04.
As (MeV)
Process 760 800 850 900
=0 .Z'e 1, 5.81 5.58 5.27 4.93
TABLE XI. Dependence of rates O!T{SS} for |Vpd =0.04.
A_{ss} (MEV)
Process 900 950 1000 1050 1100
0; —0% v, 209 198 1.87 172 154
4.44 4.23 4.01 3.75 3.43

O, -0 % v,

56
16
— dr/dw
|
§ 12 r
S T, /de
]
p— 8 L
3
=
S
= dTr/de
dFL+/dw an/d&)
O i L L L L L L T L I
1.0 1.1 1.2 1.3 1.4
W

FIG. 8. Differential distribution.

We evaluate the average magnitudsse Table XII of the
asymmetry parametergd),{a'), etc) as results of separate
o integrations of numerators and denominators. We found
that the results weakly depend on the behavior of Ahe
baryonic IW function.

For example, it may be seen from the analytical expres-
sion for the asymmetry parametef,

fwmaxda)gz( a))(wz_ 1)(wmax_ o)
1

fwmaxdwgz(w) Jo?— U 0?— 14+ 20(wmney— ®)] |
1
(38)

We give also in Table XlI the results of the IMF approach
[39] and dipole mode]39]. One can see that our results are
closer to the results of dipole model. It follows that the be-
havior of the IW function forA,— A . transition(see Fig. %
is found to be similar to the dipole function used in the
dipole model.

C. Heavy-to-light baryon decays

In this subsection we consider the heavy-to-light semilep-
tonic modes. In particular the process, —A%+e* + v,
which was recently investigated by the CLEO Collaboration
[12] is studied in detail. In the heavy mass limihg— =) its
transition matrix element is defined by two form factdks
andf, (see Sec. I)l. Assuming identical dipole forms for the
form factors(as in the model of Kmer and Kraner [36]),
CLEO found thatR=f,/f;=—0.25+0.14+0.08. Our form
factors have different?> dependences. In other words, the
quantityR=f,/f, has agq? dependence in our approach. In

TABLE XlI. Asymmetry parameters o\, decay.

Model a a’ a” y ap Yp
Our -0.76 -0.12 -053 056 039 -0.16
Dipole[39] -0.75 -0.12 -051 057 037 -0.17
IMF [39] -0.71 -0.12 -046 061 033 -0.19
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5 -0.10
'% dr/dE,
$ 4 I 1
_ o —0.15 ®
IO 3 dFL_/dEl \ [ 3
[<B] i o 4
n Y=
2 || 5
S .l dr'r_/dE, e —0.20 ¢ )
5) I
S Lr dry. /dE, -0.25 |
’UO ‘ .‘..Hdrh/.‘

0.0 0.5 1.0 1.5 2.0

-0.30

E, (GeV)

w

FIG. 9. Leptonic spectrum.
FIG. 10. Form factor ratioR="f,/f, for A; — A%+e* v decay.
Fig. 10 we plot the results foR in the kinematical region (1) A=650 MeV. (2) A=710 MeV. (3) A=725 MeV. (4)
1< w<wnyy for different magnitudes of thd parameter. A =750 MeV.(5 A=775 MeV.(6) A=800 MeV.

It is seen that larger values df lead to an increase of the
ratio R. The best fit to the experimental data is achieved fomproaches are tabulated. Note that the flavor-suppression fac-
the following set of parametersns=570 MeV, Aq=25 {or for the modes ElE e v, Ag—>pe‘v_e, and
GeV, andA =710 MeV. In this case the dependence of the A'—ne' v, is equal to 1{2.
form factorsf,, f, and their ratioR are shown in Fig. 11. Finally, in Table XIV we give the predictions for the av-
Particularly, we get f1(g3,,)=0.8, f»(q3,)=—0.18, erage magnitudes of the asymmetry parameters for the cas-
R=-0.22 at zero recoil =1 or q2=qr2nax) and cade decay\,—AJ—pm]+W[—Iv,] which are expected
f1(0)=0.38, f,(0)=—0.06, R=—0.16 at maximum recoil to be measured in the near future by the COMPASS Collabo-
(0= wmax OF 2=0). Note that our results fag?_, are close ration [47]. For comparison, the results of papé@6] for
to those of the nonrelativistic quark model41]: R=f,/f;=—0.25 are also given. The results of both ap-
fl(qfna)):()_75,fz(qfna)):_o_ﬂ,R:_o_zg_ proaches are in a good agreement that again may be ex-
Our result forR agrees well with the experimental data Plained by similar(dipolelike) behavior of the weak form
[12] R= —0.25+0.14+0.08. The predictions for the decay factorsf; andf; in our model and in the pap¢8é.
rate T(A; —A%"1)=7.22x10"° sec’! and for the

asymmetry parameter, =—0.812 also coincide with V. CONCLUSION
the experiment: [e,,=7.0+2.5x10'° sec'* and ai™ We have developed a relativistic modéb,16,19,20 for

=-0.827 59299 respectively, as well as with the result of QCD bound states composed of light quarks and a heavy
[41] T =7.1x 10" sec . Note that the agreement with the quark. In fact, th!s model is th.e Lagrgngian formL_JIation of
experimental rate measurement crucially depends on the ué@e NJL model with separable interactifi,18 and its ad-
of the A° three-quark current in its S8)-flavor symmetric ~ vantage consists in the possibility of studying baryons as
form (see Table)lwhich leads to the presence of the flavor- three-quark states as multiquark and exotic objects. We have
suppression factoN, ,=1//3 for Af =A% v,. If the _used our approach to study the properties of baryons contain-
SU3) symmetric stru::ture oh® hyperon is not taken into ing a single heavy quark. We have calculated the observables
. + 0+ of semileptonic decays of bottom and charm baryons: Isgur-
account the_ predl_ctec_i rate fok; —A"e" v, becomes t0o Wise functions, asymmetry parameters, decay rates, and dis-
large (see discussion in Refi28,41)). - tributions. We obtained analytical expressions for the baryon
In Table XIIl we present our predictions for some modes,\;  functions: { (Ap—A, transition, & and &
gsemileptonic heavy-to-light transitioiior A ;=850 MeV, (Qb_)Qé*) transition. We checked the model-independent

A(s¢=1000 Me\). Also the results obtained in other ap- Bjorken-Xu inequalities for thé; and¢, functions and their

TABLE XIII. Heavy-to-light decay rategin 10'° sec™?) for |V, ]=0.04,|V.{=0.975.

Process Quantity Ref37] Ref.[41] Ref.[45] Ref. [46] Our Expt.[29]
A:—>A°e* Ve r 9.8 7.1 5.36 7 7.22 7925
E0-E ey, r 8.5 7.4 9.7 8.16
Al—pe v, T/|Vy,|? 6.48x 107 7.47x 107

Al —ne' v, T/|Veql? 017107  0.26x1C?
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1.0 of the paramete. We have also applied our model to the

I calculation of heavy-to-light semileptonic decay processes
motivated by the recent experimental observation of the
AJ — A%y, decay by the CLEO Collaboratidi2]. Note
that this decay was used for adjusting the model parameters:
the strange quark massg, the range cutoff parameter

ABQ, and the mass shift paramet&r The success in repro-
ducing the correct experimental raf{A; — A% v,) re-

0.0 £, quires the use of tha° three-quark current in the 38)-
-/// flavor symmetric form(see Table )l Predictions for other
%/’W semileptonic heavy-to-light rates are also given. Finally, we

have given predictions for the asymmetry parameters of the
P cascade decay,— A —pm]+W[—Iny].
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APPENDIX: THE CALCULATION TECHNIQUE

To elucidate the calculation of the matrix elemef®®) and(23) we consider the two generic integrals in a Euclidean space

fd“kEf die [ OkE+3ke’ 9(ke+ap’)?+3kg? L L
l1(pe” We) = AR, ex AR, m?+ (ke +Kkg)?/4 m?*+ (ke—kg)%/4
o 1 1 2m (A1)
7 =5 o= ’
mZ+(Ke+Pe)? kepe— A 2m-+mg
o) d*ke [ d*kg p( 18KkE + kL 1 1 1 (A2)
Wg) = — 5 - ] X 7 — —
2(Wg Aé m?+ (ke +kg)*/4 mz"'(kE_kE)Z/A'kEUE_A Keve—A

where « is defined in Eqg.(23). The final light baryon state carrying the Euclidean momepfais on mass-shell:
pL?=—M'2. The dimensionless variableg is defined asvg=vg-p/M’'=—w.

The first integral appears in the calculation of heavy-to-light form factors, the second one in the calculation of the
heavy-to-heavy case.

Scaling all momentum variables in EGA1) by ABq and Eq.(A2) by ABQ and using the Feynman parametrization

= fxdaf exp—ahA),
0

we have

TABLE XIV. Asymmetry parameters o\ ;. decay.

Model a a’ a” vy ap vp

Our -0.81 -0.13 -0.56 0.50 0.40 -0.15
Korner and Kraner [36] -0.82 -0.13 -0.56 0.47 0.39 -0.14
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d%ke [ dkL

(=M% ) =20 [6(1+ R exif ~3or?(1+ R -om 2e?] [ - [ “agy--apap) [ F[ S

xexr{—3(1+ R)(1+,83+,84)(

Xex;{ —3(1+RU(B)(1+Bo)| ket

e g s,

vEﬁ1+p’Er1) } X4_3(1+R)t(ﬁ)

— B4

}

[B1+M ,,32_/\_(1+,32)]2

1+,82 1+,82

18M’
FOM (LRI + ) ex"[ g, e~ M’rz)—12mZ(1+R)i'i3B3i4;4
—3(1+R)t(B)(4mP— A2) |ex — 3(1+R)t(B) Bo(m2— (M’ —A)?)], (A3)

o) =403 124 et ~7am?) [ - [ “ap, -apatip) f o

d4k'
= exr{ (1+,33+,34)( E+kE%

}

x exy — 6t(B) (Ke+veBy +veB2)2lex — 6t(8)( B+ Ba— A)2+12t(B)(We+ 1) B185]

(Bs—Ba)? —
Xex;{—Zmzm—6t(,8)(4m2—A2)} (A4)
The notation is as follows:
Ag 3+4(Bs+ Ba)+4B3B
__ 9 _ 3 4 3P4
A
B 3a B 3a
" TR TP 2R
After a change of variables fde:, kg and integrations we arrive at
d d
|1(—|v|'2,—w):32/\Bq exq—36m§(1+R)—9m'2a2]JO JO (1+ﬁ£134 (f‘jrﬂz)z exd —3(1+R)t(B)
— 3(1+R)t
Bt~ X9l — 2 2 e, K1+ ) - oM (1RSI w-1) £
18M'«a , (Bz—Ba)? —
xex;{— 175, (WB;+M r2)—12m2(1+R)m—3(1+R)t(ﬂ)(4m2—A2)} (A5)
— 2 d:81
o-w)=6ang, ext 7] [ [ "L O, o188y, M- 12(8) - 1118
(B3—Ba)? —
xexp{—24m21+ﬂ vy —6t(,8)(4m2—A2)}. (AB)

[1] M. Shifman, N.G. Uraltsev, and A. Vainshtein, Phys. Rev. D [5] D. Politzer and M.B. Wise, Phys. Lett. B06 681 (1988.

51, 2217(1995.
[2] B. Blok and T. Mannel, Phys. Rev. b1, 2208(1995.

[3] M. Neubert, Phys. Re45 259 (1994; A.F. Falk and M.

Neubert, Phys. Rev. @7, 2965(1993.

[4] J.G. Kaner and D. Pirjol, Phys. Lett. B34, 399(1994; J.G.
Korner, K. Melnikov, and O. Yakovlev, Z. Phys. 68, 439
(1995.

[6] N. Isgur and M.B. Wise, Phys. Lett. B32 113(1989; 237,
527 (1990.

[7] G. Lepage and B.A. Thacker, frield Theory on the Lattice
Proceedings of the International Symposium, Seillac, France,
1987, edited by A. Billioreet al.[Nucl. Phys. B(Proc. Supp).

4, 199(1990)].
[8] E. Eichten and B. Hill, Phys. Lett. B34, 511 (1990.



364

[9] B. Grinstein, Nucl. PhysB339, 253 (1990.

[10] H. Georgi, Phys. Lett. 40, 447 (1990.

[11] F. Hussain, Phys. Lett. B49, 295(1990.

[12] CLEO Collaboration, G. Crawfordt al,, Phys. Rev. Lett75,
624 (1999; CLEO Collaboration, T. Bergfelet al, Report
No. CLEO 94-4, 1994unpublished

[13] ALEPH Collaboration, D. Decampt al,, Phys. Lett. B278
209 (1992.

[14] OPAL Collaboration, P.D. Actoet al, Phys. Lett. B281, 394
(1992.

[15] I.V. Anikin, M.A. Ivanov, N.B. Kulimanova, and V.E. Lyubo-
vitskij, Phys. At. Nuclei57, 1082(1994.

[16] I.V. Anikin, M.A. Ivanov, N.B. Kulimanova, and V.E. Lyubo-
vitskij, Z. Phys. C65, 681 (1995.

[17] T. Goldman and R.W. Haymaker, Phys. Rev. 23, 724
(1981).

[18] H. Ito, W.W. Buck, and F. Gross, Phys. Rev. 45, 1918
(1992; R.D. Bowler and M.C. Birse, Nucl. Phy#582, 655
(1995.

[19] M.A. Ivanov, M.P. Locher, and V.E. Lyubovitskij, Few-Body
Syst.21, 131(1996.

[20] M.A. Ivanov and V.E. Lyubovitskij Proceedings of
HADRON-95World Scientific, Singapore, 1996. 396; V.E.
Lyubovitskij and M.A. Ivanov, Proceedings of
“BARYON'95” (World Scientific, Singapore, 1996p. 547.

[21] B.L. loffe, Nucl. Phys.B188 317 (1981).

[22] Y. Chung, Nucl. PhysB197, 55 (1982.

[23] E.V. Shuryak, Nucl. PhysB198 83 (1982.

[24] A.G. Grozin and O.l. Yakovlev, Phys. Lett. B85, 254(1992);
291, 441(1992.

[25] S. Groote, J.G. Kimer, and O.l. Yakovlev, Phys. Rev. B4,
3447(1996.

IVANOV, LYUBOVITSKIJ, KORNER, AND KROLL

56

[26] G.V. Efimov, M.A. Ivanov, and V.E. Lyubovitskij, Few-Body
Syst.6, 17 (1989.

[27] G.V. Efimov, M.A. Ivanov, and V.E. Lyubovitskij, Z. Phys. C
47, 583(1990.

[28] J.G. Kaner, D. Pirjol, and M. Kraner, Prog. Part. Nucl. Phys.
33, 787(1994.

[29] Particle Data Group, L. Montanet al, Phys. Rev. [0, 1173
(1994.

[30] G.V. Efimov and M.A. IvanovThe Quark Confinement Model
of Hadrons(IOP, Philadelphia, 1993

[31] N. Isgur and M. Wise, Nucl. Phy®8348 276 (1991).

[32] H. Georgi, Nucl. PhysB348 293(1991.

[33] T. Mannel, W. Roberts, and Z. Ryzak, Nucl. Phia855, 38
(1991

[34] F. Hussainet al,, Nucl. Phys.B370, 259 (1992.

[35] Q.P. Xu, Phys. Rev. @8, 5429(1993.

[36] J.G. Kaner and M. Kraner, Phys. Lett. B75 495(1992; P.
Biataset al, Z. Phys. C57, 115 (1993.

[37] R. Singleton, Jr., Phys. Rev. £8, 2939(1991).

[38] X.-H. Guo and P. Kroll, Z. Phys. G9, 567 (1993.

[39] B. Konig, J.G. Kaner, M. Kraner, and P. Kroll, Report No.
DESY 93-011, 1993unpublishegl

[40] M. Sadzikowski and K. Zalewski, Z. Phys. &9, 677 (1993.

[41] H.-Y. Cheng and B. Tseng, Phys. Rev.53, 1457 (1996.

[42] B. Holdom, M. Sutherland, and J. Mureika, Phys. Rev4®)
2359(1994.

[43] M. Sutherland, Z. Phys. 83, 111(1994.

[44] Y.-B. Dai et al,, Phys. Lett. B387, 379(1996.

[45] A. Datta, Report No. UH-511-825-95 1995, hep-ph/9504429
(unpublished

[46] C.W. Luo, Report No. Alberta-Thy-32-96, 19@énpublishegl

[47] COMPASS Collaboration, G. Bauet al, Report No. CERN-
SPSLC-96-14, 1996unpublishedl



