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1. Introduction 
,'• ·,; ~' 

Nowadays the investigation ofseinileptonic (s.l.) decays of baryons 

containing a single heavy quark has a great popularity [1 ]- [17]. First, 

it is a unique tool to determine of Cabibbo~Kabayashi~ Ma.Skawa matrix 

clements and also an original source to probe hadronic, structure .. One 

has to remark that the experimental programs concentrated mainly.,qn 

,charm baryons [1, 2). For example, recently direct observations of the 
I , • ' ' - . •. ; -' 

s.l. decay of At in the decay channels At -+ Ae+ X and At -+ Af.l+ X 

have made using the 1lRGUS a~t~ctor at th~ DORIS .II e+e.:.; stor~.ge 
ring [17]. At the present time, the experimentalresearch of s.l. decays 

of beauty baryons is pl'arined. 

Second, new them:etica.l ide<~.s in heavy qua{·k physics were horned 

[1]-[16]. Particularly, Isgur and Wise have disc<?vered an additional kind 

of QCD spi~-flavour symmetry [3]-[5]. The Isgur-Wise ~ymm~try inan.

if~st~ its~if inQCD \vh~n the ~nk.Ss of l1eaiy q~1~1;k mQ goes t~· infinity 

(mQ ·~. oo). By' ex})loiting this symmetry, n1odei-indepen'dent predic-
, /,: • • • > ' - • '. :\ • • j 

tions for some heavy~hadwn weak form fac~'ors and relations between 

them lmve been obtained [3]-[5]: It '~as shown that for~ factors aris

ing in he~vy-in~son decays with ~ pseudoscalar.meson P in.the. initi~l 
state and pseudoscalar P or vector 11 ones in. the fi~al 'siate~ are d~-

• • • • ~ • •• • ; .. • ~ < ' \ ; ' • : • ' "' 

fined by a singl,e universal function ~(w) of argument. U} with ~(1) = 1 

[3]. Dim.ensi~~i~ss quantity w is the dot pl:O·duct of the f~ur-~elocities' of 

the initial ·~nd final 
1he'a.v):~l1~.dr~n s~ates.' Tl1c I~gur~Wise ·f~~'~tio~i ~{~) 

- ': .\ '-- . " • : _: ' J c •• • ' ' • • • ~. ~ '. • 1: ' • ..~ ' " 

was calculated in the framework. of the Valence Quark Model (QM) .[5], 

Relati~istic bscilat~/Mod~l· (ROM) [10], QCn'sum 'RJles (QCD 'sR) 

[l5(and Q~ark Co~firie~ent )M<ld~({QCM) [1;6].· it ~v~' found'ih~t· t~e 

,;:----- -- . 

l f:tn.c.:.: .. , n<t1l.Cll ,1m:;rrryt ' 
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valence quark model gives the following result for the function ~(w): 

~QM(w) = exp[-0.63(w- 1)]. {1) 

The ~Junction obtained in the ref. [10] is 

2 w-1 
~RoM(w) = --exp[-(2p2 - 1)--], p ~ 1 (2) 

- . w+1 w+1 

The explicit form of QCD SR form factor can be approximated by the 

formula 

eQcv(w) ~ exp[-0.37v'w2- 1] 

And finally, the result of the Quark Confinement Model is 

eQcM(w) = 0.4 · ~(w) + ~' 
1+w 

1 . 
~(w) = ..J ln[w + vfw2= 1] 

w2 -1 

(3) 

( 4) . 

+ t+ 3+ ·-Th~ s.l. decays of -~ heavy baryons to 2 and 2 h,e~vy baryon 

final states have been considered in [4] in the limit of large he~vy quark . . 

masses. It was shown that the heavy-baryon weak form factors may be 

expressed in this limit through the three universal unknown functions 

:~(~·), 17(w) and r(w) . The exclusive ·s.l. decays of heavy baryons have 

,beenworked out by J.G. Korn~r and collaborators (se~,[2], [12]-[14]) in 
' I ~ . . \ .. 

the r~la:ivistic spectator quark model. 

In the papers (16],[18]-(25], we have developed the Quark Confine

ment Model (QCM) based on some assumptions about the hadroni,zation 

and co~finement of light quarks. By assuming hadrons to be ~ol~~rless 
".. ', . ' . : .. ~ '. . ' 

excitations of quark-gluon interactions, the transition. to h~dron vari

~bles in· the QCD functional was made foll~~ing [26] .. : Th~; ha:dr~n in

teractions are d~scribed by quark diagrams averaged ove~\;c~um gluon 
• • • • ; ••• ' ~ . -~ >" • 
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backgrotmds. The confinenient ·hypothesis n1eans that .this aYeraging 

leads to. that quarks do not appear in the ohsen·ahk~ hadron spectrum. 

Strong, weak and elect romagnctic interactions of hadrons (both mesons 

and baryons) can be described in the QCl\I from a unified point of Yiew. 

The calculations [1S]-[2:l] of low-energy meson and baryon processes have 

shown that the model reproduces the quark structure of light hadroi1s 

quite accurately. 

An extensiou of the QCl\I to heavy quark physics has been done 

in [16, 2'1]. It was basrd 011 that lw;1vy quarks weakly interact \\'ith 

vacuum background llclds, a11d t.lwrdoi·e, the\· can be considered as the .. . ' ' · . 
static Fermi particles \\'ith large (:onsi.ituent masses. :\t ·the same ti1~1e, 

interactions of the light. quarks are defined by the confinement forces. 

The form factors of the s.l. hea.vy meson decays were calculated. The 

heavy quark limit mQ --+ oo ( ~sgur- \Vise symmetry) for these form factors 

was examined in paper [IG]. 

In this paper, we calculate the weak foni1 factors of s.l. decays A~ --+ 

At and ~t --+ ~t+ within \he QCI\1. \Ve _obtain explicit. ('Xpressions 

for these form factors and ana.lyse them at. IJcavy qu;1rk "limit (lsgur

\Vise symmetry). By making usc these form factors we compute the 

decay rates r, diffcrentia.l .(/-distributions dr I dq2 and lepton Ec-spectra 

dr /dEc. It is found out that the form factors obtained in the Isgur

Wise limit behave similar like to those in the explicit calculations. This 

confirms that the Isgur- \Vise symmetry works well for t.he b-e transition. 

_ Vle compare our results with the calculations performed in t.he relat.i\·ist.ic 

spectator' quark model [12, I •l] w.it.h various shapes of t.h(~ f(n·m factors .. 
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2. Kinematics of Semileptonic,Decays of Heavy Baryons 

In this Section we give the main kinematical values defining the 

semileptonic decays of heavy baryons with quantum numbers: spin J = t 
and positive P-parity 

Bb(P) -+ Bc(P') + e(kt) + v(k2), (5) 

where Bb(P) is a heavy baryon contarhing a b-quark, Bc(P') is a h~avy 
baryon containing a c-quark. The total momentum of a lepton pair is 

·' 
q =:= _k1 + k2. We will neglect an electron mass in what follows. For masses 

of beauty and charm baryons we will use the following notations: mBb 

and mBc, respectively. 

The corresponding matrix element has the following form 

M(b-+ c)= ~~cBc(P')A~'(p,p')~b(P)f~'(q) 
where aF = 1.1664 · I0-5 GeV-2 is the Fermi constant, 

f~' :=.ilv/~'(1 -ls)ue is a lepton current, ,. 
Vbc is. the Kobayashi-Mascawa matrix element. 

(6) 

The v~rt~x function A~'(p, p') can be decomposed into a combination 
> : • ~ • 

of six relativistic form factors. Usually, two sets of heavy-baryon weak 

form factors are used 

A~(p,p') = F1(t)l~' + F2(t)v~' + F3(t)v~ 

+ at(thl'ls + a2(t)v~'15 + a3(t)v~15 (7) 

where vi' =.pl'fmBb, v~ = p~fm8c are the four-velocities of beauty and 

charm baryons, respectively, or 

Al'(p,p') = ft(t)ll' + h(t)iu~'vqv + !J(t)ql'· 

+ f4(thl'ls + fs(t)iu~'v qv/5 +fa(t)q>ts (8) 
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The form factors F; and a; are related to J;, i = 1, ; .. , 6 on mas;-sheii "bY 
the following way 

f 
_ F- .. mBb·~ mBc ( F2 . . /. F3 .)· 

1- t+ --+--' 
. 2 ffiBb- mBc . 

• i , ' , ~ ~ : I • • ' ' < , • , ,_ : < ( 

f _ 1 ( F2 F3 ) f _ 1 ( F2 F3 )· , 2-- --+-- ' 3--.----- ' 
2 mBb mBc 2 ffiBb mBc 

F -. a' ' n:Bb .:.... mB~ '( 'a.· 2 C/i ) 
J4- 1- -- + -- ' 
,' : ·, . , t. 2. mBb mBc ~ 
! . .. . : ' •· '· . ~ ' ' ' ' 

r . 1 (:a2 a·3· .. )· · r .- 1 ( a_2 . .. ·, a3). J5 =- --+ --· J6-- ·--;- --
' 2 mB~ · ni8c. ' · 2 . mBb mBc . 

The sJ. dec~y widtl1s are calc~l~ted according to' the formula 

l"· 

m~ 

r =·Jatdr dt 
0 

(lr, 1 . a2 _ : 
dt = 38471'3 m{ IVbcl2 

R(t), 
Bb 

where m± = mBb ± mBc· The function R(t) is equal to 

R(t) = 2vt:J;CJ~. [(m:- t). Cfi(t)(2t + 71l!) 
.. :· ~ ·,- . ; . : .· .' < . ·: . i ' ' . J .; j' ~ ) ; : _l . ' 

+ Ji(t)(2m! + t)~ ~ 6ft(t)h(t)m+t) 

+ (m!- t) · Cfl(t)(2t + m:) + fi(t)(2m:_ + t)t 

+ , ~f4(t)fs(t)m~t)],- · . Q±·=;=,.m~ :;;.t 

'i "'(9) 

I ~ 

(10) 

(11) 

H~~e the.prbdt1~t 6(the Q~ and·Q_ is the well-knowri'triadgl~fui-.~ti~~' 
~+ .q~ ~ A(m~~' m~c'~)·.·. ' .. ;· •, .• ··' ·. . ·:'·, '' '• 'll''' ;;:' !j _,-,' ,.,_ 

Differential electron Ee~spec~r.a dr fdEt f<?rs.I.- decays of b~ryons i~ 
/ ~··.'; ·l-''l ,- / .. : f,,, ',-:1: .',; '(')'.), (:'t~')-·~~J 
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defined as " ~, ' 

dr 1 Q2 tmaz 

dEt = 1671".3 m~6 llicl2 J dtT(t, Et), 
0 

where Et = pktfmB6 is the lepton energy in parent rest frame 

(p= 0) and ·, 

'i 

T(t, Et) 
. t 

- f;(t)[mB6 (mB6 - 2Et)(tmax .-:-- t) + 2Q-] 

(12) 

2 \ t' . . 1 
+ /2 (t)t[-mB6(mB6 - 2Et)(tmax- t) + 2Q_ + 2Q+Q-] 

Here 

+ · fi(t)[~.B6(mB6 - 2Et)(tma~- t).~ ~Q+] : (13) 

2 t 1 l + /5 (t)t[-mB6 (mB6 - 2Et)(tmax- 0 + 2Q+ + 2Q+Q-

ft(t)f2(t)tm+Q- + f4(t)fs(t)tm_Q+ 

E£ax- Et 
tmax = 4mBbEt . m8~ - 2Et' 

2 Emax mB - m2 
l ' = b Be 

2mBb 

i; . . . . . 
3. The Semileptonic Decays of Heavy Baryons in the 

Q'CM. 
' 

The Quark Confinement Model (QCM); a relativistic quark model, is 

based on some assumptions about hadronizati~n and quark c~nfinement. 
··; -· ~ .) ·- :; :: ~ ·_ · -: · ~; ·- _, -;. · , · · . " ; >. 6. ,_ >:; L·; : H ~ .. 

A more detailed description of the QCM is given in. papers ,(18]-[23]. In 

this section, main notions of the QCM for applicati~~; ~{physics of s.l. 
; '.: ·'.~ ~-"(~ . .,_ .::-· ., ·•. \. ,d·, . ~ .. _.:,._· -~'' :_; i;"j-j., ~-- ••• 

decays 'of heavy baryons will be given. We consider two typical processes 

6. 

I 
\. 

~1 

i\~ -t Ad, +e- + il,and ~t :~ :~t+ +e:- + il as exa:rp.ples of ht:;~yy-baryon 
'· I' ; , I,,. ' , .. ,· ' , 

decays with spin ~flight quarks 8 =:= 0 and S = 1, respectively. The heavy 
. ) • . ' ' - ; . • " 'j••· •·• 

baryons AQ. and ~Q cont(ti~ antisymmetrical ( Q { qq} A) and symmetrkal 
. ' ' . ; ,- ' ·' . ' ~ ' . " ~ 

( Q{ qq} s) spin _combinatio11s of light quarks, respectively. ; Their masses 
; 1 . -~ ; ' 1 ' ; ' ) ~ l • > • • 

are taken f~om the Particle Data G.roup [27]: 

mAt= 2.28 GeV, 

mEt+ = 2.45 Ge V, 

mAo = 5.60 GeV 
b 

mE+= 5.73 GeV 
. b . 

. (i4) 

Dynamical description of hadron processes in the QCM is based on in

teraction Lagrangians of hadrons with. quarks .. Particular .. interaction 

Lagrangians of i\Q and ~Q-baryons with quarks have the following form 

LBq = 9BqBQJBq + h.c. (15) 

where'Bqis the baryon field (i\Q or ~Q), 9B;ds the co~pling,const~nt. 
The JBq are the three-quark curr~nts with. the quantum numbers 

of baryonsAQ. and EQ· !it has b~en shown[19, 20]'thatther~ are two 
' . ,,:)''' ·:+ ., 1: 

independent sets of three-quark currents for baryons with JP = ~ . In 

particular, for i\Q and ~Q :baryons we have · 

* Tensor variant 
' ' '.,,' '. 

JAq = C:abc. [Qa(ubC,.-/dc) + --/Qa(ubCdc)], 

JEq = C:abc. allv, .. /Qa(ubCa~'vuc), (16) 

* Vector variant 

JAq id::: c:abc ." tQ~(ubc~sdc) ~ '-/Cr(u~ci~) ~ ~-Y~'Qa(ubCI~'·ldc)] 
JEq = C:abc ·[p/5Qa(ubC[~'uc), (17) 

- where a, b, c are colour indices, C = 1°12 is the matrix of charge conju

gation; Q = c or b quark. 

7 



S.l. decays ofh'eavy baryons are des~ribed in th~ Q"CM by quark di

agrams (Fig.1a):.' The heavy quarks were ~ugg~stecl t~ describe as us~~l 
Fermi particles [16, 24] because they,weakly interact with external back

ground fields whereas the behaviour of light qui~k~ ar~ g~verned by con

finement mechanism. According. to· thi~ assuiu~tion, a vertex functi~n 
Ap.(p, p') corresponding to diagram Fig:1a is .'Nritten as 

,.,J. .. .· . 3 . 

Ap.(p,p') = 6lJ9Bb9Bc34i2 j d4x1j d4x2j d4_x3o(?= xi)e-ip(xt-x3)+p'(x3-x2) 
.c· ·· . . · a=l ' ' 

I:cr1r2ftSb(xt- x3)0p.Sc(x3- x2)f2 j davacii~~~2 (Xt, x2!B~ac), (18) 
r1r2 . . . · .. ..· 

where 

. , n~~~2 (x~, x2!Bvac) = J.davactr[f~ S(xtx2!Bvac)r;s(x2xt!Bvac)]. 

,. 
The coupling constants 9BQ in (18) are determined from the compos-

if~~e~s c~ndition [18, 28]: . . . . 
t • . . ' 

ZBQ = 1 + g1~E~Q(mBQ) =·o; (19) 

where E~Q is the derivative of the. heavy baryon mass operator which is 
defined as . . ' 

EBQ(p) - 6/1 · 24 i j d4xtj d4x28(xt + x2)e-ip(x1-x2
) . (20) 

, L cr1r2 ftSQ(Xt -:-. x2)f2 Jdavacii~~~2 (x~, x,~IBva~). 
~~ . . ·. 

f( ... 

:;~,.'.Y 

8 

')o 

r. 
Here 

ev- pazr 

f q =.P- p' 

Op. 

-p'~ ~ l-P 
B r' r' c . 2 

-p' 
Be = 

(a) 

ev- patr 

tq=p-p' 

o· p. 

-p 

r2 

(b) 

Bb 

Bb 

Fig.1 Heavy-Baryon Weak Form Factors in the.QCM. 

SQ(Xt- x2) =< OIT(Q(x)Q(y))!O >= i(p- mQt
1
8(x- y), 

is the heavy quark propagator with mass mQ, and . . ' ' . . ' ~ ' ,. ' 

S(xt, x21Bvac) =< O!T(q(x)q(y))!O >= i(p+ $vact
1
8(x- y), 

·,. 

is the light quarkpropagator in the external background ~eld. 

9 
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duvac is the measure of the averaging over the vacuum background field 

n::ac which is defined as [19, 20] 

J duv = G(z)·= a( -z2) + zb( -z2), 
v-z . (23) 

where the confinement functions are chosen to be [18]-[23] 

a(u) = ·j du11 2 
v = 2exp{ ~u2 - u}, (24) 

v +u 

J 
1_.; 

b(u) = du"v2 +u :=2exp{-u2 .+0.4u}. (25) 

The Dirac matrices r 1<2>, r~<2>, the flavour coefficients Ih and the 

coefficients cr1r 2 come from the interaction Lagrangians of heavy baryons 

with. quarks (see, formula (16) and (17)). The ~oefficients cr1r2 and If 

are equal to 

and 

cr1r2 = 

1, rt = r2 = S,P,T 
-1, r1 = r2 = v 

-1/4, r1 = r2 =A 
-1/2, r1 = P, r2 =A 

1/2, r1 =A, r2 = P 

I = { 1, for AQ ---+ AQ' transition 
f 2, for EQ ---+ EQ' transition 

It was propose<;! in ref. [20] to use the Quark-Diquark Approxima

tion of the Three-Quark Structure of Baryons under calcualtion of the 

integrals (18) and (20): 

J duvacii~~~2 (XtX21Bvac)---+ D(xt- X2) 

where D(x1 - x 2 ) is considered to be the diqmirk propagator 

· j d4k 

1 
.. · · · · ·ar1r2· 

D( _ ) _ __ d · -ik(x1-x2) ___ _ 
Xt X2 - (27r)4i . Uve ! •• v2A'fy -;-:-, k2 

10 

(26) 

(27) 

J 

).. 
' ,I 

j· 
' 
:r. 

. . . 

This assumption essentially ·simplifies calculations because it allo\vs one 

to replace two-loop quark diagrams drawn in Fig;1a to one-loop quark-
·-·-"" ! 

diquark diagrams showed in Fig.1 b. From the physical point of view 

this prescription may be justified by that the baryons containing the 

only heavy quark may be considered as. two-particl,e systems Qd where 

d is a· light diquark. This approximation can be realized for each of two 
' • < • c ' 

three-quark currents (see, formula (16) and (17)) independently. It was 

shown [20] that the tensor current gives more best description of the 
. . . 

experimental data. So in this paper we will work only with T-variant 

of the Quark-Diquark Approximation of the Three-Quark Structure of 

Baryons. The adjustable parameters for T-variant are turned out to be 

equal to Av = 827.7 MeV and 

drlr2 = { 1, rl =.r2 = s, p 
2 · g'-'Otg"f3, r 1 = r 2 = T 

Using this approximation gives the fe>llowing expressions for the vertex 

(18) and the self-energy (20) functions: 

A'-'(p,p') =. 6IJ9Bb9Bc L cr1r2dr1r2 J (::~4ib(-k2 ) 
r1r2 . · 

(28) . 

1 1 r1 ,o'-' r2 
me- ~- p mb- f- p 

and 

J d
4 k 1 rlr2 . . -2 r .. r2 

EBq(P) = 6If L crtr2d (2rr)4ib( -k ) t mQ- f- p 
.G~ . -

(29) 

Here and further, all masses and momenta are given in the units of the' 

dimensional parameter Av. 
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. The typical four-dimensionalintegraLjn the·e~pressions (28) and (29) 

(30) 

is :calCulated in a standard; manner(s~e; [1( 24]): 
(i) Th~ transition to the Eucliaea~ region is pe~formed for the internal 

mokenturri· k0 --+ ik4, · P --+ -k1 and e'x:tedial ones p0 ~ ip4, 

P
2·..:.....·_p2·.. . 
~ E' ~ 

(ii) The integration over sphere angles is carried out using the formula: 

1r 

J sin2 e dO _ 7r . 2 
r + cos e - [r - v'r2=1] 

0 . . 

(r ;::: 1); (31) 

(iii) The analytical continuation to the physical region over exter.nal mo

mentum is fulfilled. 

Finally we have 
-00 

'I(p2
) = j dub(u)C(u; p2

, m~), (32) 

0 

where 

' 

C(u,x,z)= v(u+z-x)2+4ux-(u+z x) 
· 2x · 

It is to be remarked that in our approach baryon masses are not di

rectly related to quark masses. We assume that the light quarks have no 

the fixmasses at low energy. Their masses are smeared by a background 

field so that the quarks do not appear in the observable hadron spec

trum. In_other words we do not solve any equations on the bound states 

~hi~h could gi~e us t.he, relations' bet~een hadron and quark (or diquark) 

masses. ,The hadron masses are taken from the experiment. Generally 
' , < ~ '< • ~ ' ' . 

speaking, the parameter l:l = m 8 q- mQ is not the binding energy from 

this point of view. To avoid the uncertainties connected with the choice 

12 
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of this parameter, we suppose that the mas_s of heavy baryon containing 
.... -i' '- ) >, •• ' • ' • - ~-- ' ': ' ' 

the only heavy quark is equal to the mass' of hea'vy-qu~rk in.aq = mQ. 

It can be justified because· the ·masses of baryons havingthe.same heavy 

quark but the different combinations of light quarks are closed to each 

other (see, e.g. (14)). 

Making use the compositeness condition (19) we get the following 

expressions for the quark;-baryon coupling constan~s 

-2 3 2 2 . 
9Bq = S1r2 lBmBqRo(mBq), (33) 

where 
00 

Ro(x) = J dub(u) Co(u,x)[l- Co(u,x)] 
o vu2 + 4ux ' 

yu2 +4ux- u 
Co(u,x) = C(u,x,x) = . . 

The factor ZB being related to the flavour and T-product combinations 

is equal to 

18 = { 4, for B.= AQ 
· 96, for B = I;Q 

By analogy the vertex function. (28) is computed. We.have 
'' . ' ' ' r 

F{G};(t). 
00 1 

- s!2 1BmBbmBc9Bc9Bb J d:ub(u) /4aF{G}i(u,D(a)) 

Co(ti, D(a)) · 

_ Ju2 + 4uD(a) 

0 . 0 

(34) 

1 00 
. 1 

J II,( m J,, )II,( mj,J I dub( u) ~ daF { (;;);( u, D(")) 

Co(u, D(a)) · 

Ju2 + 4uD(a) 

13 



where D(a) = m1ba + m1J1- a)- ta(1- a): 

The functions F { G}i( u, D( a)) have the following form: 

a. Decay Ag -+ A~ 

- 1( a ) F1 = 1- 2 1--;: -,.i(1- a) C0(u, D(a)), 

- a F2 = --C0 (u,D(a)), 
r 

F3 = -r(1- a)Co(u, D(a)), 

- 1 ( a ) Gt = -1 + 2 1 +-;: + r(1- a) C0 (u, D(a)) 

62 = -.F2, 63 =F3 

b. Decay :Et -+ :E~+ 

F1 = -~[1.- ~(1- ;-- r(1- a))C0(u,D(a))], 

F2 = ~[1- ~(i +2r)C0(u,D(a))], 
- 2 [ 1- a ( 2) ] F3 = 3 1-,,-

2
- 1 +; C0 (u, D(a)) , 

Gt = ~ [ 1-·~ (1 + ~ + r(1- a))Co(u,D(a))], 

G2 = ~ [1-; ( 1- 2r) Co(u, D(a))], 

- 2 [ 1 -a(. 2) · ] G3 = -3 1 + -
2

- 1-; C0(u,D(a)) . 

Here r = mBJmBb· 

14 

Table 1. Form Factors of Ag --+ At Decay 
in the Heavy, Quark Limit. 
~ _,._ ._;, ~' :- ~,,~ ;, . :' : ->···~ .. . ~ ~·,~ " 

Form· . , " : ' ~ '~ Apprmiches: ··.!· ' ' 

Factors QCM Isgur and Wise [4] Korner [2] 

F1 ~(w) ~(w) · FA(w) 

' ·• i J ·:; 

F2 0 0. ; 0 
. ' " '· 

F3 0 0 0 

G1 -~(w) -~(w) -FA(w) 

G2 0 0, 0·;~ ; ••. 
' 

G3 0 0 0 ' . ,: ' . . 

Let us discuss the heavy quark limit mQ = mB~ ~ .~ in thef?rm. 

factors F{G}i(i = i, 2,:3) obtained in the QCM. It is easily to get this 

limit in the typical integral 

00 1 . . 

J
dub(u)Jaa· Co(u,D(a)) 

· Ju2 + 4uD(a) 
0 0 .. 

00 1 ' oo n+! · . 1 

- jdub(u)jda2D1(a) [1 + ~(~)n+t (4D~a)} --~;i:);cl~] 
0 0 n-0 . 2 

00 1 ' ,· 

= j dub(u) j_da 2D~a) [1 + ~( Jn~ta))] 
0 0. . . ·' ' .. · ' . 

- . ~(w) {r;t0(1/m)} 
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where 
... ,'< ~ 

1' '. •!; . 
~(w) = . ln(w+ vw2 ....:.1). 

.. vw2 -1 · ....•. · . 

Here w is the dot product of the four-velocities v = plmb and 
I II v =p me. 

.J 

Table 2. Form Factors of ~t --+ ~d+ Decay 
in the Heavy Quark Limit 

·Form I Approaches 

Factors I OCM I lsgur and Wise [4) I Korner [2) 

Ft ~-~~(w) -H2u;7J{w) + (w- l)r(w)) I -~FA(w) 

' : ~~(w) , ~1](w) 3(w~t)(FL(w) + FT(w)) 

F3 I ~~(w) ~7J(w) 3(}+t)(FL(w) +.FT(w)) 

Gt I l~(w) ~(2w7](w) + (w- l)r(w)) ~FA(w) 

G2 I ~<'P(w) -H7J(w)+ r(w)) - 3(w
2_1){FL(w)- FT(w)) 

a3:·;·.;.-l' ·2.:~~(w) ~(7J(w).+ r(w)) 3(w
2_1)(FL(w)- FT(w)) 

Particularly the form factor F1 in the limit mq --+ oo looks as 

Ft(t) = { , ' '<l>(w),' 

-3 · ~(w), 

for A~ ..:...+ At transition, 

for Et --+ Et+ transition 

16 

Other form factors are shown in Tables· 1 and 2.' Fo~ ~ciriiparison,· ~e givk 

the Isgur-\\fise [4) a~d .J.G. I{o~ner:(2] results. In-the definition of the 

lsgur-Wiseform factor~'we or~it-the coeffic,ient f~nctio~ Cii(w) (see, ref. 

[4]). One has to.remark.that all form factors obtained in the QCM are 

expressedth~~u~h th~ ~~ive;salfun.ction ~-(~) whi~h· is' inde~endent'.~ri· 
. :. ; ,'" i.t }' ~ ; ) 

. the model parameters. It is differed from the heavy mesori form factors 
""' . . . . ~ j ;' ·.: ! • • ' '. • 

having the dependence on the integrals of the confinement functions Ao = 
00 00 

J dua(u) and B1/ 2 = J duy'U_b(u), see (16). , 
0 ," 0 ' . . ' . \'. i . ' ; . ' . .. . ? 

It is easily to express the Isgur-Wise ~nd Korner form factors through 
. i . .'. . ~ ' . ' ' ; ; .\ ~ ' ., ! • · I ~ • , 1 ' , · ' J ~ " 

the function~ (see Table 1 and 2) .. W~have · ·· ·· · ·' 
r ~ , ~ : { 

e(w) = ~(w), FA(w)' = ~(w) ' \J ~.) t ; 

' 
7J(w) '= ~(w), \f ·· Fi(w) 1= ~(wf 

. . 
. r(w) = ~2-~(J), FT.'=. w<'P(~)~ .. 

4. Analysis 
~ \ , ... } ... .-~.· . ····~ r.~~ r· 

In this Section-we discuss numerical results obtained within the QCM 
; ',. . ".· ; _l 

for basic characteristics of s.l. decays of heavy baryons corresponding to 

b--+ c flavo·u~ exchange: the dependence of weak form facto~: F1[:on;the 
j .· ..• 

w-vari~ble, decay rate~ r, differential distributions df 1 dq2 a4d leptonic 

spectra df I dEl. In numerical calculations we will_ take for VI.!: t4~ -y.~ue 
. . . \ . ) 

0.045 as in ref. [12]." ... - .. . · · ·· 

In Fig.2 we present the dependence of the QCM form facto; F1 arising 

in the lprocess Af ._:; At. The explicit form facto~. and its ni~theinatical 
asymptotics in 'the'h~avy quark limit are showed in the reg'lcin 1 ~ w ~ 

- (mBb.:.. mBJ2. Also we plot the forlll 'f~ctors which are Jsed.in the 
• 1 .•• , ·- ···"·' ... ~'··· ·"· .... _._ _____ .;" ',.:.:·."·~--~~····' 4'-~ t~ .. _:. ___ :~--J '~--.;.,_ ___ ,_.; ~·"' ,->"' 1' 

specta,t~r quark:model [12]. _l,n the pape,r (12] th,re~ differe~~- q2'(~~, w)-
dependences of the F1 form factor were considered: 

~ c 
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(i) Dipole and monopole form factor 

Ft(q2 ) = Ft(O) [ ;
2
m}p 

2
]·n.; n -~ 1,'2 

' mFF-q .. · 

(ii) F~rm f~ctor dictated by the Generali~~d V~ctb~ Dominance Model 

(GVDM)' 
2 . . (1)2 

F~(~~) = F1(0) TI c7:'/~ _, 
1'=1 mFF- q 

w~ere_mFF = 6.3~ GeV, m~~ = m;F + (!:.:_;1) · 0.55 GeV 

It must be r~marked the explicit, for~ factor F1 and its asymptotics cJ> 

practically coincide between each ~ther. so in' b -t c flavoui· transition~ of 
heavy baryons Isgur-.Wise symmetry manifests -itself very clearly. Thus 

1/mQ-corrections ,to_the form factors arising in the leading order can 
I ····- , ' 

be neglected. One can see .that the QCM form factors go higher than 
'" ' '"' i ' -~ ' 

1.0 

l,0.9 .. 
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2.5 

the form factors used in ref. [12]. In fact the QCM form factors are in 

qualitative agreement with the monopole forn: factor. 

The values obtained for de~ay rat~s corresponding t~ the tfansiti~ns 
A~--+ At·and Et --+ Et+ are given in Table 3. We make comparison of 

our results with ones obtained in the spectator quark model (SQM) [14] · 

and the· free quark model (FQM). 

Table 3. Decay Rates_ of Semileptonic Decays . 
A 0 ---? A+ and :E+ ---? :E++ b c. . b c 

Decay Rate,, r 1010sec-1 
. 

Process QCM 

; SQM [14] FQM 
Explicit results Heavy Quark Limit 

A0 --+A+ b c 10.4 10 5.9 11.9 

E+--+ ~+ . 5.4 ; 4.9 4:3 5.7 b ""'cc 

Differential q2-rates dT I dq2 for s.l. processes A~ --+ At and Et ~ 
Et+ in the region of values q2

: 0 :::; q2 :::; (msb - msc)i ~re. d~a~vn in 

Fig.3,4. The results for Be-spectra· dr f dEt in the region of values Et: 

0 :::; Et :::; E(ax are performed in Fig.5,6. For comparison, the results 

for differential distributions and leptonic spectra obtained by Korner and 
' < ' • ' , • ' ' 

collaborators in ref. [12] and in the FQM are given. One can see that 

our results are more close to the free quark model. 
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