


1. Introduction

The spin-flavour symmetry of QCD [1, 2] discovered by Isgur and’

~ Wise opened the new era for theoretical 1nvest1gat10ns of weak decays

. of heavy hadrons.” Spec1ﬁcally, s.l: decays of mesons and baryons with
~ asingle heavy quark in initial and final states were considered in detail
in " [5, 6, 20). : It is known, in this case the ;symmetry  of Isgur and
Wise takes place: The heavy:baryon decays. with heavy-to- -light quark
transition (Q — ¢ transition) are very intresting, as well... ,

" The research of s.l. decays with @ — ¢ transition were carrled out
in the Fréee Quark Decay. (FQD) [10, 11] which became the traditional
tool for considering the s.1. decays of heavy quarks. However, we have
to note that since a baryon in the final state contains only light degrees

of freedom, we cannot identify the Q —q trans1t1on with weak decay of

- free quark into free quark.. Thus, this approach does not give absolutely

/ accurate ‘predictions for heavy-to-hght quark transitions. The obtained
results in [10 11) can be cons:dered as preliminary estlmates of these
processes o . L . ‘
Qulte a full analysm of Weak decays of baryons contamrng only heavy
quarks has been done in the spectator quark model (SQM) [4]- [9]
: Speclﬁcally, the baryon decays corresponding to the ¢ — s transxtlon :
have been considered in the works [4, 8, 9]. However, the momentum‘
dependence of form factors has not been calculated in the SQM. So,
"input” the SQM use the mult1pole q2 dependence of weak form factors’
of heavy hadrons [5]: =~ - A
* In this paper, we shall consider the s.l. decays of 3 1t ~heavy baryon to |
hght baryon final states in the framework of the Quark Confinement
Model (QCM) [12]- [21]. The exphat expressions for form factors of
these decays will be calculated. Also, we will analyse the lnmt < 1.
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‘Using’ the'obta.ined form factors we will compute basic characteristics

;{‘~'of sl. decays Ag — Ajev and g — T ev: decay rates T, dxﬁ'erentlal e

-dlstnbutxons dr/ dq and lepton Ej-spectra dT'/E;.

| 2 vThe,ma‘in hetione Vof’ the QCM B :

‘The Quark Confinement ‘Model‘ (QCM), a relativistic quark quel,

ie hased on some assumptions about the hadronisation and quark con- -
finement. A more detailed description of the QCM is given in [12]- [21].

A dYna.mical description of hadron pi'ocesses in the QCM.is based =
" on the interaction Lagrangians of hadrons’ w1th quarks Speclﬁcally, the ' s
mteractlon Lagra.ngla.ns of baryons with- quarks have the followmg form o

LB —gBBJB+hc, ' “ ' (1)

. where B is the ba.ryon ﬁeld 9B is the coupling constant. The Jg 1s"'““ r

the’ three-qua.rk current with the qua.ntum numbers of baryon B [14, o
1* has
=17 »

19]).  The three-quark current with quantum numbers JP

two independent representaitions: tensor and vector variants. It was

shown [14] that the tensor current gives a better description’of the -
expenmental data in the QCM. So, i in this work we will use “only T— ;
" variant of the three-quark current as in ref.[14, 20]. In this case, three-
quark currents correspondmg to Aq, Eq~ba.ryons and nucleon N (p, n)

e have the followmg form

8 “bc{Q"(u"C'ysd‘)+75Q“(u"Cd°)} el
gy = eRerpQiCom) (@)
Ty = e®ayd* (ubCa™uf) « S
Jﬂ = eabcauu,ySua(dbCa"udc)
=

R i P

T g T

(0

Fig.l}.‘ Heavy-Baryon Weak Form Factors in the QCM.

where a,b,c are colour indices, C' = 4° 7 is the matnx of the charge

conjugation and Q=s3s,corb quark.’



Thes.l. decays of the heavy to light baryons are described within the
QCM by the quark diagrams (Fig.1). So far as the heavy quarks weakly
interact with the external background fields, in the works [18, 20] it
was suggested to describe the heavy quarks as the usual Fermi particles
whereas the behaviour of light quarks is governed by the confinement
mechanism. Thus, the vertex functlon A;(p,p') corresponding to dia-

gram Fig.1a is written as '
Au(p, P')‘ = 6’;930'93.,341'2 /d4$1 d'z, dﬂta .

5(21. )e—w(zx—ra)ﬂ'(n-’z) Z / do,ec - (3)

=1 T Y.
Iy q(xlaxiileac)o SQ(-‘Ba - 32)P2H5;E ($1,$2|Buac),
- where IIFl 2(31, z2lBuac) = tr [P’

vac (xl, $2tiac)P' (xl ’ $2leac)]
(3) the coupling constants gp, and 9B, are determined from the com-

positeness condition [12, 22]

ZB =1+ QZBE'B(mB) =0, - (4)

where XY is the derivati‘v\)e,cf the baryon mass operator which is defined R

" as

EBQ(p) = 6l;-2 z/d4:t1/ d4$25($1 + zp)e " PF1=22) ()

) TSo(z — z,)T, / dauucﬂfaf’(:tl,xngwc). .
Fll"z ‘

for the heavy ba.ryon and
Zg,(p) = 6l - 24 /d4$1/d4$25($1 + z5)e” —ip(z1-72) (6)

z /dUuacHE.,Ez(l‘l,1‘2|Bua‘c)1‘r q(zlvx2leac)F2 .
| Y &Y .

for the light baryon.

e T R S

Here
So(z1 = 22) =< O]T(Q(21)Q(22))[0 >= i($ — mq)~'6(z1 — 25), (7)

is the heavy quark propagator with mass mgq, and
Se(@1, 73| Byac) =< OlT(Q(ml)g(x2))|0 >= i(ﬁ"' Euac)-l‘s(‘”l _>$2)’ (8)

is the light quark propagator in the external background field.

The confinement hypothes1s concerns the definition of an action of
the vacuum gluon field B,..(z) on the quark fields. Our assumption
consists in that light quarks (u,d and s) do not appear in the observable
hadron spectrum and do not have definite value of mass. They turn

into some quasiparticles w1th quantum numbers of quarks and do not

exist as usual particles.

The analytical structure of measure dauac is deﬁned by the followmg
mtegral (13, 14]

[ =6 =) b, ©

v—2z

where the confinement functions are chosen to be
v

| a(u) = /da"v7+u

. , 1

bu) = [dou— -

= 2exp{—u? - u}, | (10)

;‘:#2exp{—u2+0.4u}. o ay

The Dirac matrices T'y(2), I,y and the flavour coefficients I; come
2 L1(2) !

~ from the interaction Lagrangians of heavy baryons with quarks (see,

formula (1)-(2)) and I; are equal to

I, = 1, for Aq-decay'
F=1 2, for Yg-decay



In ref. [14] it was proposed to use the Quark-Diquark Approzima-
tion of the Three-Quark Structure of Baryons under calculation of the
“integral (3):

/davacI‘l Sq($1,$3|Bvac)O”SQ($3 - $2)F2HP1F2($1, $2leac) —

vac

/davFISu($l et $3)0#SQ($3 - $2)F2Du($1 - x2)a ‘ (12)
where D (:1:1 - $2) is consxdered to be the diquark propogator
d k —|k(.‘l:1-1‘2) dFlF2 :
D (IE] $2) - (27!')4 ’U2A2D _ kz‘, (13)

where AD = 827.7 ,'MeV_a.nd ',

dm‘2={ , = [ =[,=SP
| 2-g"¢”, T1=T,=T.

This assumption essentially 51mphﬁes calculations because it allows
us to replace two-loop quark diagrams (Flg 1a) by the one-loop quark-
diquark diagrams shown in Fig.1b. From the physical point of view,

“this prescription can be juétiﬁed by that the baryons containing the
only heavy quark can be considered as two-particle systems Qd (d is a
light diquark). ' ‘

3. The heavy—to—].ight quark transition

. In the work {20] we eohsidered the decays of heavy baryons contain- '7
‘ing only heavy quark-in the initial and final states. We s'h0wed that
- spin-flavour symmetry proposed by Isgur-and Wise [1, 2] describes the

7 decays of this kind quite accurate. In this connection, it is 1nterest1ng’:,f‘

to consider the decay of the baryon containing the sxngle heavy quark
into’ hght baryon :

There are antisymmetrical (Q{gg} 1) and symmetrical (Q{gq}s) spin
combinations of light quarks (see, formula (2)). We shall consider typi-
cal processes Ag — A{p,n}ev and By — L{p,n}er as examples of the

heavy baryon decays with the spin of light quarks § = 0 and § = 1,

respectively. The corresponding matrix element has the standard f(;rm
G ] ; o
M(Q — q) = —\/gVQqu(p')Aﬂ(p,p')BQ(p)ep(q) (19)

where BQ(p) and B (p) are the fields of heavy and light baryons re-
spectxvely
Gr = 1.1664 - 10~3GeV~? is the Fermi constant,
Ly =u,y,(1 — 75)u.¢ is a lepton current,
Voo is the Kobayashi-Mascawa matrix element.. A
It is known, the vertex function A,(p,p’) can be decomposed into
a combination of six relativistic form factors. Usually, one use the

following combination

Au(p,p) = [+ fo(t)iowg” + f3(t)g.
+  fa(®)vurs + fs(t)ioug s + fs({f)qu% (15)

where t = ¢*

For the calculation of the vertex function Ap(p, ') in the framework
of the QCM we use the Quark-Diquark Approzimation of the Three-
Quark Structure of Baryons. Accerding to formulae (12) and (13) we

have the following expression for A,(p, P )

Au(p,p) = 6ligp,gp, 3, d2 / / dau' , (16)
i s

1 B s
—(zf' B g = uf—k) TIAG, -k

By analogy we get the expression for the mass‘operators of heavy and

by




. light bar’yons o

d k 1 drhir2
Ypy(p) = 61 drivs . r 1
! , frlzre / / mQ— 15—]522A2-k2 (7)’
dk 1 dF1F2 '
Tp, (p)._sl, dnirs T -(18)
" rzr: S ] e g 09

As in the work [20] we sha.ll not dlStlngUISh between mass of the
baryon conta.lnlng a single heavy quark and mass of the corresponding

heavy quark, i.e mqg = mp,. The hadron masses are taken from the
experiment [23].

mp = 5.60 GeV, gy =5.73 GeV,  myy =228 GeV,
Myt+ = 245 GeV, on =1.12 GeV ‘ mg+'= 1.18 GeV,
Using the. compositeness condltlon (4) we get the following expres-

sions for the coupling constants of heavy (984) and light (9B,) baryons
with quarks, respectively (see, Appendix).

o= 3 \ 1

95 = ﬁlsm%QRo(mBQ) TIe (19)
- ) _ ° 3
’gB: = & 2leB /dar(a)a( r(a)mB)
where ( )
ol —«a
re@) = 1+(1- a)z

'C(x,y, z) = ——{\/(x —y+2)? +4zy (x -y+2)}
Vu? 4 4uzx —u.

CO(uax) = C(y,z,z) =

2z
Ro(z) = / 'duvb(y)co(u’;l[j; ic;fu z)]

. The parameter z denotes the ratio between Ab and Ag: A} = A2(1+2).

The factor g being related to the flavour a.nd T-product combinations -

is equal to

In = 4, forB:AQ
B= 96, for B=3,,

The vertex function A,(p, p) (16)kis computed by analogy. In con-
formity with the definition A,(p, p') (15), we get the following expression
for the form factors f;(t) (: = 1,...,6)

£) = Tomaleosad / du / dafin, 0D 0) (20

where

1- C(ua Q?x’m%) ‘ 1
o+l - @+ Qs 1+A-a):
Qe = (1 - a)(mg — amj ) + ot; .

2 2
A2 _ Qs % W
Q"_1+(1—a)z’ T 1+(1 —a)z

D(uaéa) =

| Thé‘functions’ f,(u, Qza) have the féllowing form: |

a. FHDecay Ag— A{p,n}
i = mo(l = a)[l - C(u,mp, Q)] - [a(w) + mp,b(w)] -
fo = —a-a(w)+ C(u,my, Qi) [a - a(w) — mgb(w)]
A= a-aw)—Olu g, @8)- [a-a(w) + meb(w)]  (21)
f4, = "fl, fs = -fs, ; fe = —fz



b. Decay .EQ - E{p,n} '
o= 50—l - Ol i, @)1
[a(w)(mq + 2mp,) + mob(w) - (2mg + mp,)]
Fo= 5law) - @) + 2mo(1 ~ a)h(w) — Clu, i, G2)
.. {a(w)(z ~ ) + mgb(w)(1 — 2a)}] |

fs = -[a(w)(2 +a) — 2mq(1 — a)b(w) — C(u mé, Q) -
{a(W)(2 +a) + mab(w) - (1 + 2a)}]
= _-(1 —a)[1 - C(u,m3, Q%)) - (22)
[a(W)(mQ 2mg,) — mob(w) - (2mq — m3,)]
fo = 3la(w) - @)~ 2mo(1 - )¥(w) ~ O(u, i}, G2)
" {a(w)(2 — &) — mgb(w)(1 = 2a)}] |
fo.= 3la(w)(2+a) + 2m(1 ~ a)b(w) - Clu,m3,Q2)

{G(W)(2 +a) - mob(W)(l +23)}],
where w =y — o(1 — a)Mj . :
There are graphics of differential distributions dl’/dq* and E;- spectra

dT'/dE; in Fig.(3-14). For comparison the analogous graphics for the
decay A} — A obtained in the SQM [4, 8, 9] are given in Fig.(5,11).

One can see, both results are similarly quality. One can see our graph-

cs go in the few times higher than one in the SQM. Probably, this
difference in the results can be explained by a more complex momen-
tum dependence of the QCM form factors than dipole form factors,

which are used in the SQM: The calculated values of the widths of s.l. -
decays of Ag and Tq into light baryons are presented in Table 1. For L :

comparison the results obtained in the SQM (8, 9] and FQD [10, 11]

are given.

10
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Table 1. Decay Rates of Bq — B,ev Decays

. Decay Rate, I'/|Vg,| 10™sec™!
Flavour Process QCM
exchange asymptotic | explicit | SQM [8] | FQM [6)
v results results
b—u A — pev 32.65 148.98 118.
¥, — nev 608.16 395.92
c— s AF — Ay 1.56 0.59 0.23 0.35
SH L Ttey | 426 0.45
c—d A — nev 1.33° | 0.90 ' 0.54
TH — pev: 3.82 0.90-

We also considered the limit- ——“— << 1 (mg — o00). To demonstrate
Bg

the calculation technique of weak baryon form factors we compute the

asymptotics of the typical integral:

, 'k 1

108 = [ 5 [y
1

m — (k —p)? VAL -k -

(23) *

After using the Feynman o-parametrization expression (23) has the

following form

I(p,p")

4 1 |
= /_%/d%o/damé—(;-Qay .

1
[v2A2(a) — k2 - a(-l_ a)p,g]{g)

(24)

11




where

@o=p—a 15,7

CA¥a)=aAl+(1-a)A}

75 using the spherical coordi-

Performing the Wick rotation kg — e
nate system and recalling the definition of the confinement function we

_ obtain .

- I(pp)

il

—/du u/d9s1n9

/ | mq+u Q2 b(z) =
(mQ +u—0Q2%)? + 4uQ?cos? -

2 | 1 =7 i ‘
=g e fay== (%)

mQ+u Q2 ) ‘
/d (md +u— Q%)% + 4uQr bz).

- a)p’2)/A(a); 7 = cos? .

7 As mpy = mqg — 00 Wwe assume mg,Ag, Ap < mg. This allows

Here z = (u — a(1

us to neglect the difference between A, and Ap and to consider that

Ay = Ap, which essentianly simplifies our calculations.

/l'da ];:-2 + dy
(k2 — 2k%7 + ay)? + 4k27(1 + k2 — k?7)’

I(p,p")

where y =1 — ¢2/m}, k? = u/m}.

12

Integrating over the o variable gives us the result

W= e

I(p) =
7'er
[—Ln(k2,y,7') + 'k Ar(kz,y,r)] ,
2y VA
where ‘ '
k?+y)’ +47k*(1 — y)
L k2 — (
n( )y7 T) 1 k2(k2 + 47_) . ,
Ar(k%y,7) = VA (28)

tg—
arc‘g2k2[k2 +4r +y(1 - 27))

A = 167K 1 + k*(1 —7)).

The functions Ln(k?,y,7) and 'Ar('kz,y','r) in the limit mg — oo look

as

In(k,y,7) = 2lnmg

Ar(k2,y,7') = g .

\/—- [In 9 4 2k] (29)

Finally, integrating over the 7 variable we obtain the resulting expres-

Thus, we have

I(p,p) =

sion for I(p,p') in the Isgur-Wise limit y

, lInm | 1.7,
1p,) = 7 / du-ub(u)+§m—%§ [du-wiy(u),  (30)
‘ 0 0 : P v

13



By anology we obtain expressions for the form factors f;(¢) in (20).
They have the following form

a. Decay Ag — A{p,n}

Inmg V64,

i =
! mQy \/mBquR(mBq)
_ V6 Ao+ Byjz
. myy \/mBqBoR(mBq)
fo = V6  Ag— By
mdy \/mBqBoR(mBq)

fio= —f, fs=—fs, fo=-Ff.

b. Decay Lg — Z{p,n}

fi = mo®()
£ = W) (32)
fs = —f2=f5=—f6, f4=f1.
Here
i) = Jarpies (52
() = A2lomg | B

3 mqy mB;R(mBq) ,

4 = /1 dua(u), By = /1 dun/ab(u)

Note, in the hImt - & 1 all form factors are inversely propor-

tional to y, i.e. they have a monopole dependence. The ¢?-dependence
of fi form factors for A} — pev decay in Fig.(2) is drawn. However, it

is to be remarked that explicit form of f;(¢?) is strong different from

14

‘asymptotic one. One can see from the Table 1 and graphics of differen-
tial ¢2-distribution dT"/dg? given in Fig.3,4 the approximation 5}?‘ <1

Q
does not give the right description of the processes with heavy-to-light
quark transition. So the Isgur-Wise limit in the heavy-to-light decays of

baryons is not correct. Analogous conclusion has been done by N.Isgur

in the work [3].

However, one has to note that in the éemileptonic decays of heavy

baryons with a single b-quark in the initial state and a single c-quark

in the final state the Isgur-Wise spin—ﬂavdﬁr éymmet“ry takes place.
Particularly, in our recent paper [20] we have shown that the behaviour
of weak form factors arising in these decays practically coincidés with

the behaviour of their mathematical asymptotics (mg — 00).
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Fig.2
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' ' Appendix

The heavy baryon mass operator is written as

d*k ] dF1F2
/%‘27/"“”“ _(15_ k)r'l’ AL — k2

15

Etl | B (p)




= Amerlrgdflfz / %’; / do, - (A1)
| ) .
[v?(1 + 2) — B?][m} — (¥~ F)°]

The typical four-dimensional integral in the expression (A1)

I(p*) =/‘—ii}3——b£-_—kl— (A.2)

74 my — (k — p)?

is calculated in a standard manner (see, [18, 21]):

(i) The transition to the Euclidean regioﬁ is performed for the internal -

momentum k° — iks, k% — —k% and external ones p® — ips, p* —

_pE)
(i1) The 1ntegratlon over sphere angles is carried out using the formula:

7 sin® 6 :
O/der_l_cose—w[r—\/ 1 (r>1); (A.3)

(iii) The analytical continuation to the physical region over external
momentum is fulfilled.
Finally we have

1) = [ dub(u)C(u, ', md). - (Ad)

Then we have

e T [ Clum?
nOlz = A;mglyTpdi™ / do, / du_(“__P__"lQ)_ =

v¥(1+2)—u o
= AgmQDiTyd™ [ dub(u)C(u, 7,), (A.5)
where
2
~2 P
p.= 1+ 2
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-,Tﬂxenmx '6apHOHOB B nerxue 6apuon

"puouoa, conepxamux onuH T sKJIbI KBapK,’B néerxkue 6apu- '
‘f OHpl, - JIaHHpIE pacnanm paCCMOTpeHH B DaMKax MOJeNIH. KOH-.
. baHMHPOBAHHBIX KBapKoB. quncneﬂm crna6oie. @opm@aKTOpm,

{,Kh OHHH

HonwnenTOHHme pacnanm

HaHo neTanbHOe OHHCaHHe NOJIYJIeNTOHHBIX pacnanoe 6a— i .

LIHPHHB! H nn@éepeﬂuuanbnme pacnpeneneﬂuﬁ nonynenToHme

. pacnanos ‘TAXEJIbIX 5apHOHOB B JerkHe. B’ paﬁore Taxme pac—: -

CMOTpert. npenen mg *.® (npenen Hsrypa—Bause)

Pa6oTa BbIHOJIHEHa B. Ha60pa'ropnu 'reope'mqecxou (busu-

~

- Iperprut O6veifHe HHOTO MHCTHTYTA SA€PHBIX HCCAEI0BAHMIA. 'J.'ly‘6uva 1992
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rSemlleptonlc Heavy—to—nght : i e
'tDecays of Baryons :

.’tory of Theoret1ca1 Phy81cs, JINR

We report our results about semlyeptonlc decays of

”4"»baryons w1th only heavy quark into light baryons.: These,

processes. are considered in the framework - of ‘the Quark
Confinement Model. Weak form factors, decay rates and

‘differential dlstrlbutlons ‘of semileptonic heavy-to—_f‘;‘”
/Myllght baryon decays are calculated The 11m1t mQ )
" is  examined. .

: The 1nvest1gatlon has’ been performed at the Labora—
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