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In the heavy quark limit a heavy baryon which contains two heavy quarks is believed to be composed of a
heavy diquark and a light quark. Based on this picture, we evaluate the weak semileptonic decay rates of such
baryons. The transition form factors between two heavy baryons are associated with those between two heavy
mesons by applying superflavor symmetry. The effective vertices dMbeson and two heavy diquarks are
obtained in terms of the Bethe-Salpeter equation. Numerical predictions on these semileptonic decay widths are
presented and they will be tested in future experimdi®@8556-282(98)00721-9

PACS numbegps): 12.39.Hg, 11.10.St, 13.30.Ce

I. INTRODUCTION that in the heavy quark limit the two heavy quarks
QQ’' (Q=b orc) inside a doubly heavy baryon bind into a

Heavy flavor physics has been an interesting subject fog heavy diquark which acts as a color source and is pointlike
many years. The meson case has been studied much magethe light degrees of freedofi2,4—7. The leftover light
intensively both in experiments and in theory than the baryoryuark moves in the color field induced by the heavy diquark.
case. The existence of three valence quarks in a baryophe size of the heavy diquark is much smaller compared
makes the theoretical study much more complicated. Reyjith the QCD scale. Based on this picture, White and Savage
cently more and more data for heavy baryons which containyna1yzed semileptonic decays between doubly heavy baryons
one heavy quark have been accumuldtedand in the near \yhere the weak transition matrix elements were given in
futu_re we may expect even more data from the CERN terms of the overlap of the Coulomb wave functions of
collider LEP and other experimental groups. Although we doheavy diquarks and the Isgur-Wise function which entered

not have any data for doubly heavy baryons containing twqhrough the application of the superflavor symmé8g]. In

hga_vy quarks at present, It WOUI.d be Interesting to make P'She same direction, Sanchis-Lozano compared semileptonic
dictions on their properties which will be tested in future

: . ; decays of doubly heavy baryons with the analogous decays
experiments. In our previous pap?] we studied the pro- .
duction of a pair of doubly heavy baryons in electron- ©f heavy quarkonids,6]. Furthermore, based on the poten-
o o . : tial model analysis, it was shown that in the preasymptotic
position collisions. It is the aim of the present work to study : ) L )
their weak semileptonic decays quark mass region the spin symmetry is still a good approxi-

The basic problem is how to deal with the transition form ma_r_lﬁg fcr)(r)Sr?éjglétge(i‘vgezaryg;{igrk compose@aindQ’
factors between such doubly heavy baryons where one hea\eg:In be% Spin-1\(oer) OF svi)|{1-0q ) ob'gct Because of
flavor transits(explicitly b—c) with another heavy quark, P QY P Sqq') object.

the light flavor remaining unchanged. Since it is determinec}heI Pt?u!' DEHCID|§, Whe|Q=Qh.|, ﬂ:; c((j:.or btl)( ;hqua_rk can
by nonperturbative QCD effects, the solution is by no mean%n y be in the spin-1 state while farc quar Its Spin may
trivial. The heavy quark effective theoHQET) provides a e either 0 or 1. Therefore,. fromc or bb_ d'qlggk we can
way to appropriately simplify the evaluation of the hadronic ©°"Struct theavy baryon either with S@'n_(zS/Z) or with
matrix elementg3] because by applying the HQET we are SPinz (237). On the other hand, fromc diquark we may
able to find relations among the form factors, and consehave a spirg baryon which is constructed frod,. (v1;;
quently reduce the independent number of these form facr from V,. (2%%), and also a spig- baryon from
tors. It is well known that in the heavy quark limit the extra Vi, (£5%). In the above discussion, we have followed the
symmetries SU(2)X SU(2), manifest and the nonperturba- notation of White and Savadd]. In the present paper we
tive effects are attributed to the well-defined Isgur-Wisewill study the weak transition hadronic matrix elements be-
function&(v-v'), wherev andv’ are the four-velocities of tween these heavy baryons and then give the predictions for
the concerned heavy quarks. their semileptonic decay widths.

There have been some theoretical papers which study the Due to the analogue of a heavy meson and a heavy baryon
properties of doubly heavy baryons. It has been pointed ouwith a heavy diquark, superflavor symmetry is applicable to
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associate the transition matrix elements between two doubly The BS equation for a heavy diquark can be written in the

heavy baryons with those between two heavy mesons. Sidellowing form:

perflavor symmetry was first established by Georgi and Wise

[8] for interchanging a heavy quark and a heavy scalar ob- d*q

ject. Later Carong9] generalized it to the symmetry of in- yp(p)=S;(A,P+ p)f G(P,p,9)xp(q)=—2S:(\,P—p),

terchanging a heavy quark and a heavy axial vector object. (2m)

Since the heavy diquark is not really pointlike with respect to @)

weak transitions, we need to derive the explicit expressions

of the effective verticeDD'W* (D=S or V) by taking WhereS;(j=1,2) are the propagators of heavy quark 1 and

into account the inner structure of heavy diquarks. Obvioushguark 2 in the diquark, respectively, a@{P,p,q) is the BS

these vertices are associated with the bound state propertieguation kernel defined as the sum of all the irreducible dia-

of heavy diquark® andD’. Therefore, some nonperturba- grams concerning the interaction between the two quarks of

tive model has to be adopted. As in our previous w@kwe  the diquark, \;=m;/(m;+m,), A,=m,/(m;+m,), and

apply the Bethe-SalpetéBS) equation model to analyze the m;, m, are the quark massé3.s the total momentum of the

weak transition matrix elements between two heavy di-diquark and can be expressed RsMv where M is the

quarks, unlike the approach of White and Savage andnass of the diquark and is its four-velocity.

Sanchis-Lozano, while we will also apply the superflavor Using the relation

symmetry with which different matrix elements between

heavy mesons or doubly heavy baryons are expressed in

terms of the same Isgur-Wise function. [ A (py Ay (py)
This paper is organized as follows. In Sec. Il we give a Si(p)=i p—W:.+ie p+W —ie

detailed derivation of the transition form factors between two . .

heavy diquarks with a virtualv boson being emitted. Con- .

sequently we obtain the effective currents for heavy diquarkvhere pi=p-v, p=p—pw, W;=\|p|*+mj, and

weak transitions. Then in Sec. Ill we apply superflavor sym-Aj (py) =[W;x#(—p+m;)]/2W;, Eq. (1) can be ex-

metry to give the formulation for the weak matrix elementspressed explicitly as

between heavy baryons and the semileptonic decay widths.

The numerical results will be presented in Sec. IV. Finally

the last section is devoted to summary and discussions. —A{(p)¥

v (1=12,

++ _
Xp (p)_}\lM+p|_Wl+|6
Il. DERIVATION OF THE HEAVY DIQUARK . o
TRANSITION FORM FACTORS XJG(P,IO,Q)[X ()+x""(a)]
Since in the heavy quark limit the two heavy quarks in a d%q $AL(—py)

baryon constitute a heavy diquark, in the decay process this
diquark may be treated as a color-triplet quasi-particle. It is
noted that for applying HQET to associate a baryon case to a
meson case, the diquark should be of pointlike structure. The B
reason for this is that all nonperturbative effects are attrib- _~ —A1(p)¥

uted into a well-defined Isgur-Wise function, therefore the xp (P)= AMM+p+W,—ie

necessary condition is that the diquark is seen by the light

qguark as a pointlike color source. However, it by no means Xf GP.p. ) [x" () +x~ ()]

X(27-r)4p|+W2—)\2M—ie’ ©

4

demands that in the weak transition the weak current sees a (2m)*
pointlike structureless object. On the contrary, there is a _

complicated structure due to the bound state effects of the % YA, (—py) @
diquark. The structure effects of the heavy diquark should be pi—W,—NoM+ie’

described by the bound state equation. Hence we have to

adopt a pl_ausible method to deal with the diquz_ark Strucwr%vherexéi(p)=Af(pt)xp(p)A§(—pt)
effects which are governed by the nonperturbative QCD. In In the heavy quark limit it can be shown that’ (p,)

this section we solve the BS equatiph0] to obtain the + _
bound state wave function of the heavy diquark and ther™(1+#)/2, A, (—p)~(1+¥)/2, and xp~ is small and

give the transition form factors between such heavy diquark§egligible. In+t+he following we will only consider the large
in the weak decay processes. componentyp .

Since the bound state BS wave functions and the transi- SO for a scalar or an axial vector diquark, the BS wave
tion form factors between two heavy diquarks are obtained ifunction can be written in the form
the same framework, in our formulation one does not need to
invoke some phenomenological inputs except the commonly g

. i 1+ 1
filglcc;:rf)ct)zglparameters suchasand « in the Cornell poten XE(D)Z 5 Wqﬁ(p), X\F/’(P)I 5 \/m%/m(p)_
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The superscrip6 and V denote the scalar and axial vector a precise number. The parameters&nd ag are well deter-
diquark, respectively, ang is the polarization vector of the mined by fitting experimental data of heavy meson spectra.

axial vector diquark. From the heavy meson experimental dat&0.18, as=0.4
Now we assume the kerné to have the forn{2,11] [12]. After substituting the form of the kernel E¢B) into
Eq. (1) we have the following form of the BS equation:
and B(D.) = —1 f (VARRVAY d*a, 6
)= vy, ) (VamV2 R, s 6
8mB 1k 3 ~ .
V.(p,q)= [(p—a) 2+ 2]2—(277) 3(pi—ay) where ¢(p;) = ¢(p)(dp/27). The above equation can be
Pe= 00" solved numerically and by applying the relation between
8mBik  d3k &(p;,py) andp(p,) we finally obtain the numerical solution
f T 24 of the BS equation. This solution will be applied to calculate
(k™ u)* (2m) the weak transition matrix elements of heavy diquarks.
The weak transition form factors of heavy diquarks are
and . . L
closely associated with their inner structure. Namely, to
evaluate a transitiotb—c which are constituent quarks of
V(pog)= 167 B the initial and final diquarks, som@?-dependent form fac-
2 il - T 5 o
3(|pi— a2+ p2) tors naturally emerge.

The form factors are process dep_endent. For the semilep-
whereV,; andV, are the parts of the kernel associated withtonic decayDbQ,(u)HDéQ,(v’)+l+ v with the light quark

the scalar confinement and one-gluon-exchange diagram, rgeing a spectator, the fundamental vergxcorresponds to a

spectively[11]. The parameterg; and 3, are different for  radiation of a virtuaM boson, so that
various color states. For mesong;=1, 8,=1, while for

color-triplet diquarks,3, is directly associated to the color g

factor caused by the single-gluon exchange, so it should be p W Nk oueq

0.5. In contrast3; which is related to the linear confinement J 2\/§Vcbc3’ (1-ys)b, (7
cannot be determined yet and we just take it as a free param-

eter within a range of 0—1 in numerical evaluations. As awhereg,, is the weak coupling constant.

matter of fact, later we pick up two typical values 0.5 and 1  The effective currentt , in the expressions of the heavy
for B, for demonstrating the influence of the color factor. In diquark transition matrix elements are calculated by means
fact, the final results are not sensitive to its value, so ouof the BS equation for heavy diquarks.

predictions made with the value within a certain range can For scalar or axial vector diquark transitions, one has the
give rise to a reasonable order of magnitude, although not téollowing four types:

(S’(v’)|JM|S(v)>=2\/MM'[fl(v'v')vl'b-i-fz(v-v')vﬂ], (8)

(V'(v",n") 3NV, m)=2yMM'[f3(v-v")p" v, +Ts(v-v") 7" v, +fs(v-v" ) g0 7 -vu, +Te(v-v" ) 70" 7 vV,

+f7(l)~l)’)77'v,77/I-L+f8(v'l)')77, 'U77,L+f9(U'U’)iEﬂupo”/wﬂpv,U‘Hlo(v‘vl)iEﬂvpoﬂ"}??pvg]:

9
(V'(7",0")3,S))=2YMM ' [f117, + 127" -vv, + 139" v, +Trd €07 0" P07], (10
<S’(U’)|J#|V( 7710)>:2 \/M M,[f1577,u,+flGn'v,v;L+fl77"v,v,u+f18i GMVPUUVUPU/U]- (11)

On the other hand, the effective matrix elements of heavy diquark transitions can be expressed by the BS wave functions
as the following:

d4p d4p/

;E,(p’)FXB(p)S_l(Pz)(ZW)454(IOz—Pé)—(ZW)zx 2m|

(D'(v')lJﬂ|D(v)>=J Tr (12

114007-3
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whereS(p,) is the propagator of quark Z; is the vertex of wave functions along with specific coefficients. The numeri-

N Xo=V2M¢* (p)[(1+4)/2] and o= cal values for the coefficients (1,...,18 in Egs.(8)—(11
— 2M ¢* (p) hys[ (1+4)/2] for scalar and axial vector di- &€ derived by 'Fhe comblnatlon of Eq12) and Eqs.(_8)—
quarks, respectivelyp! andp(i=1,2) are (11). The effective currentd., inducing weak transitions
’ ' ' ’ between heavy diquarks can be expressed as
Pi=MM'v'+p’,  pp=AM'v'—p’, 18
(13 i
p1=AMo+p, p2=\:Mv—p, Lu=2, fidl, (14)

whereM,M’ are the masses of initial and final diquarks. ,
Therefore, the form factorf (i=1, . . .,18) inEgs.(8)—  where the explicit expressions fd" are given in the fol-
(11) can be expressed as an integral of the two diquarkslowing:

IV=5Tw"[Sw), IP=STv")v,\Sv),

Jg\S)ZV'MT(U,)v;\V#(U), J;4)=V’“T(v’)v}\VM(v),

IO=[V'* ("), Joslo V)], I=[V'* (0 )v,]v\[v,V'(v)],

R=V'w)v V()] I =[V'# ("), Vi),

Jg\g)ziemp(,V'aT(v')v”’Vp(v), Jg\lo):ie)\ﬁpUV"ST(v')v"Vp(v), (15
W=V 0)Sw), I =[V'# ()]0 S(0),

IP=[V'* (0" ,]v\SW), I=i€rs0V (v )0 Pv7S(v),

IP=8TwVy(v), IP=ST(0" oo "V, (v),

Jg\lY):S,T(U’)U)\U”uV#(U), Jg\lg):ie)\[;p(,S’T(v’)v”v"TV‘s(v),

whereS(v), S'(v'), V¥(v), andV'#(v’) stand for the ini-  turns into a lepton paity (1). In the process, the factor-

tial scalar, final scalar, initial axial vector, and final axial jzation is perfect, so that the total transition amplitude can be
vector diquark fields in the baryons, respectively. For in-yritten as

stance, the terms ih,, which contribute ta55— 35 are

101,30 In next section we will apply the effective cur-

rents to calculate the hadronic transition matrix elements T~(J|3 |J>|a(_)
with the aid of superflavor symmetry. From the heavy meson “ M/
experimental datas=0.18 Ge\f, as=0.4,m,=4.8 GeV,

m=1.45 GeV. From the BS equation, the numerical resultsyhere J, 3=1y,,, 3,5, andS s, and the contribution from
of M (the heavy diquark mapsorresponding to the various the |eptonic current is

qguarksm;(i=1,2) andB, are listed in Table I.

(16)

TABLE I. Values of heavy diquark masses.

IIl. FORMULATION FOR THE TRANSITION MATRIX B1 0.5 1 0.5 1 0.5 1
ELEMENTS AND DECAY WIDTHS

m,(GeV) 4.8 4.8 4.8 4.8 1.45 1.45

(i) The transition amplitudes. For semileptonic decays, then,(GeV) 4.8 4.8 1.45 1.45 1.45 1.45
process can be described as a transition of a heavy baryam(cev) 9.68 9.74 6.46 6.58 3.27 3.33
into another heavy baryon radiating a virtdlboson which
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Gu — o where Mg is the mass of the scalar diquark afidis the
le= ="u,(p,) y*(1— Ys)v»(p,) for b—cly. charge-conjugation operator satisfyiﬁgly;C: — v, For
22 the spin-1 diquark cag@],

At the concerned decay energy scale, the W-boson propaga-

; : 0
tori/(q*~Mg)(—9,,+4d,d,/M3) can be approximated as T (0)= _( ) 18
—ig,,/M§. In our calculations, we neglect the lepton 21?) V6M | UsCa*Pu gys (a8
masses, and becausdepton p@duction iihard to measure, and
we only discuss the cases ef v, and u™ v, radiation.

Thus we need to derive the forms of the hadronic matrix 1 0
elementgJ'|J,,|J). The effective currents , are derived in Py = ( T ) (19
Sec. II, so we obtain the hadronic transition matrix elements ¥ 2MylgsC

(13,9 by calculatin_g(J’|LM|J) ‘U the d_iquark-quark pic-_ whereMy, is the mass of the spin-1 diquark.

ture. The scalar or @('al vector diquark is treated as a point- Thus the hadronic transition matrix element can be ob-
like object of color 3and spin 0 or 1 with definite form tgined as

factors which are reflected in the coefficieriits of the ef-

fective currents.,, and combines with the light quark to TME<J'(U')|LM|J(U)>

constitute a baryon of spin 1/2 or 3/2. Thus we can use

superflavor symmetry to evaluate the transition matrix ele- = — oo TH (v % 2
ments at the hadron level. In this scenario, there is only one §v-v) T ¥y (v )Z L)), (20

uncertain function which is determined by nonperturbative . ) ) .
QCD, i.e., the Isgur-Wise functio&(v-v'), unlike the case whereI';’s are the corresponding vertices in the effective
for transitions between light baryons where there are man§urrentL,, . In Ref.[8], the authors presented some transition
form factors. Therefore, here we may expect to reduce thaatrix elements with certain effective currents. Here our ef-
uncertainty and improve the prediction power, which is thefective currents correspond to the weak mt_erachd'm.ere
advantage of employing superflavor symmetry. are a total of twelve different weak transition matrix ele-
In the scenario of the superflavor symmefig}, the wave Ments T, (i=1,...,12) (see Table Il in Sec. IV for the

function for a baryon consisting of a scalar diquark would petwelve transitions The explicit expressions for various had-
ronic transition matrix elementg; ,(i=1,...,12) can be ob-

TC/\aMa tained straightforwardly after tedious derivations. Take the
‘1’ :(uyC Ms) (17  first transition in Table 1255355, as an exampleTy,
4 0 ' has the following expression:

1
T1,=(S0L 1250 =§§(v.v')({(—f3v;—f4vﬂ)(2+v-u')+(f50;+fevﬂ)[1—(v-v')2]

—(f7v;+f8vﬂ)(l+v~v')}U’2u2+(f7+f8)(1+v~v’)Uéyﬂug-ki(fgv”v’”—flov”’v")e“&puié'y‘suz

—i(fou' 7+ f107) €45,0U3 Y ¥ Us). (21)
(i) The amplitude square. To calculate the cross section, we need to take square of the an@Q;H¢E§B|2 (i

=1,...,12). In the derivations we take the lepton mass to be zero. Again taking the semileptonicdfea} b5l v as an
example one has

8 — — — - _
> |T1XI}‘|2=§|§(u-v’)|2Tr[A>\Awu’uuu’+Bzu’y)\uun,u’+(A)\Bu’uuy>\,u’+C.T.)

spins
_l_Cpa'CP'o"e N T AT C[JO’DO” Y T "+ CT
xﬁpae)\rﬁrp/o.ru y'uuy” u ( E)\gpo.e)\rﬁrp/o.ru y'uuy® vy u . )

+D’D? 6)\5p0.6)\r5/p/lrlur‘}/5‘yPUU’}/p '}/5 u,][p)\’;pz +p)'3: pﬁ_(ps'p4)g“ ]v (22)

where C.T. means the conjugate term and

For evaluating a radiative decay, one can have similar effective currents with only small changes from that given for weak interactions.
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A)\=(—f3v)’\—f4v>\)(2+v -v’)+(f5v)’\+f60)\)[1—(v 'U,)z]_(f7l)),\+f8U)\)(1+U 'U,),
B:(f7+f8)(l+v 'U’),
CPo=fquPv'7—fiw' v,

DU:fgv,U+flol)(r. (23)

(i) The integration over the final state phase space. Tthat they are expressed in terms of the form fact(s
obtain the partial decay width, one needs to integrate out the-1,...,18) which have been calculated in the BS approach.
phase space of the three-body final state. In the liminpf The concrete forms are obtained by running tebuce

~0, the integration becomes much simplified. computer programs and it is a very lengthy and tedious pro-
It is easy to notice that the amplitude square can be writcedure. The relations betweeR;(i=1,...,6) and f(i
ten in the general form =1,...,18) are very complicated and we will not list them
here.
2 T, |}\|2iEF (P1-P2)(P3-Pa)
R VA N IV. NUMERICAL RESULTS
+F5(p1-P3) (P2 Pa) +Fa(ps-p1) In the relations betweenF;(i=1,...,6) and f;(i
=1,...,18) there is an uncertain function, the Isgur-Wise
X(Pa-P1) + Fa(P3 P2)(Pa- P2) function. Its behavior is controlled by nonperturbative QCD

+F5(P2-P3)(P1- Pa) effects which have tq be dealt with in some_phenomenologi-
cal model. Because in the heavy quark limit the spin of the
+Fe(P3- Pa)s (24)  heavy quark has no effects on the dynamics inside the had-
. ron one expects that the Isgur-Wise function is totally deter-
where p; and p, are the momenta of emitted lepton and mined by the light degrees of freedom. Therefore, the Isgur-
neutrino,p; =mo is the decaying baryon momentum which wyise function between the transition of heavy baryons
can also ben(1,0), p,=m’v’ is the momentum of the de- consisting of two heavy quarks should be the same as that of
cay product which should be integrated overandm’ are  the corresponding heavy mesons. Actually this is the plausi-
the masses of initial and final baryons, respectively, andility of applying superflavor symmetry. Hence we can sim-
Tix (i=1,...,18) have been derived with the help of super-ply use the form of the Isgur-Wise function fBr— D in our
flavor symmetry. numerical calculations for the decay width of heavy baryons
Thus after a simple manipulation, the final form of the which contain two heavy quarks. There are some model cal-
decay width can be writtefin the following expression the culations for the Isgur-Wise function f@—D [13-15. In
spin factor 2+ 1=2 for the spin-1/2 baryon decay while for the following numerical calculations we will use the follow-

spin-3/2 baryon decays2-1=4) as ing simple form given in Ref{13]:
= m’ f(m—m’)zd 1 (26)
16(2s+1)m3Jo % fe)= 1- 0wl

Fot '25 (m2—m’'2+s,) where the constant is taken to bg=1.24. It is noted that
96m different forms of the Isgur-Wise function will give some-

F1
X[Wsz[m2+ m’2—32]+

X(M2—m'2—s,)+S,(M2+m'2—s,)] Wh_at different predl_ctlons'. However, our numencal compu-
b tations show that with various Isgur-Wise function forms the
F3| (M*+s,—m'?) order is not changed. The numerical results for the semilep-

+5S,

tonic decay widths for different processes are listed in Table
II. From the numerical results in Table Il we can see that the
decay widths are around the order 1$-10 1 GeV. It can

48 2m?

Fy Fe
2[(m?—m"2—sp) 2+ m'?sp] + o Sz]

+ 48m also be seen that the results are insensitive to the parameter
XN m2,s,), (25 P
where V. SUMMARY AND DISCUSSIONS

N(a,b,c)=a%+b?+c?—2ab—2bc—2ca, In the present work we discussed the weak transitions
between heavy baryons which consist of two heavy quarks in

and F; through Fg are given in the expressions of the heavy quark limit. We restricted our analysis to the
=|Ti.1%/?/MY, by rearranging the corresponding terms soground states of such baryons. When the mass of the heavy
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TABLE Il. Semileptonic decay widths of doubly heavy baryons 1/my and, especially b corrections must be taken into

(GeV). account. These corrections could be of the ordigep/m.
~0.15 if we ignore the effects of the form factors appearing
B1 1 0.5 at the 1y order in the expansions in HQET for heavy
bb_ be —13 —13 baryons.
Eg/g_’zgg 2.25>< 10_14 2.78¢ 10_14 Secondly, when we consider the heavy diquark, we also
zg/bﬁ Y2 4. 8><10713 4.81x 10713 work in the heavy quark limit, i.e., we negldgt|/mqg terms.
3133 2.72<10 2.69<10 However, the heavy diquark is different than a single heavy
33355 1.29x10°*° 1.41x10° % hadron. The residual momentum in a heavy diquark is not
P 5.20< 1013 5.15<10 1° simply O(Aqcp) [6]. In the Coulomb potential model,
P 8.57x 101 9.61x10 4 |pe|/mg~ as(Mg) [16] while in other potential models
She L wge 1.72x 1013 1.68< 1013 |pi|/mq may have a different behavior with respectrig .
sbe e 2 75x 10~ 13 2 81x 1013 In our BS equation approach, we find that whpp becomes
sbe | yee 1.41x 10~ 13 1.43x 10~ 13 large the BS wave function is strongly suppressed and the
sbe_ yec 8.93x 10~ 14 93210~ 14 average value dip|/mgq is smaller than 0.25. Therefore, the
N 2 88x 1012 2 91x 10" 13 ignorance of p;|/mq terms in our approach may cause about

25% corrections.

In addition, in our numerical calculations we do not dis-
tinguish the masses of heavy spin-0 and spin-1 diquarks.
Since we are working in the preasymptotic mass region, this
quark is much larger than the QCD scalg,cp the two  difference should be smallas discussed in Ref6], this
heavy quarks bind into a heavy diquark and the three-bodgifference is of the order fig in the Coulomb plus linear
system is simplified into a two-body system of a heavy di-potential model
quark and a light quark. The heavy diquark is a point]itce In addition to the above approximations when we calcu-
instance, in the Coulomb potential model, the radius of thdate the effective currents between two heavy diquarks we
heavy diquark is of the order &{(mg)mg, much smaller wqu |n'the' BS equation ap_proach in which the most uncer-
than 1A ocp in the heavy quark limitspin-0 or spin-1 object tain point is the kernel which depends on nonperturbative
to the light quark which is blind to the spin and flavor of the QCD eéffects. Motivated by the potential model we use a
heavy diquark. Therefore, we can apply superflavor Symmeslmple form which has linear scalar confmeme_nt and one-
try which relates the heavy quark, heavy scalar diquark, ang!uon-exchange terms. Furthermore, we use an instantaneous
heavy axial vector diquark. Thus the matrix elements be_approxma‘glon In Fhe kernel. In fche confmement part the pa-

is not fixed and we pick up two typical values of

tween doubly heavy baryons and those between heavy m&&Meters: o th : "
sons are related to each other and can be described by tFLeS and 1. Fortunately, the decay widths are insensitive to

same Isgur-Wise function. To deal with the weak transitiond'S Parameter. Although we cannot estimate the corrections

between heavy diquarks we work in the BS equation apIO these assumptions about nonperturbative QCD effects

proach in the heavy quark limit. We obtain numerical soly-Such as other_ phenomgnological_nonperturbative QCD mod-
els do, we believe that it should give reasonable results based

tions of the BS equation by assuming a kernel which con- X :
tains linear scalar confinement and one-gluon-exchangg” the success of potential models and the successful appli-

vector terms. The numerical solutions are used to obtain th§&tions of the BS equation approach in other cases.

effective currents between two heavy diquarks. These effec- 11€ ISgur-Wise function is another uncertain point since it
tive currents are expressed in terms of the coefficiéris 'S @S0 controlled by nonperturbative QCD dynamics be-
~1,...,18) which can be solved numerically from the BS tween the heavy diquark and light quark and thus its evalu-

equation for heavy diquarks. Then the weak transition matrip@tion i model dependent. To get the numerical results we

elements between heavy baryons are expressed in terms e the simple form obtained in ReAL3]. 'Diffe'rent forms
the Isgur-Wise function andi(i=1,...,18). Consequently o' the Isgur-Wise function may result in different decay

we give the predictions for the semileptonic decay widths forW'dthS'_ However, since the Isgur-Wise funct|o_n changt_es
lowly in the decay region we are concerned with and dif-

Il th ibl I h I h i X .
all the possible twelve decay channels between two hea erent model predictions for it do not differ mu¢h4,15 the

baryons. The decay widths are around the orde . . .
10)13_1@14 GeV Th)(;se predictions will be tested in fu- uncertainty from the Isgur-Wise function should not change

the order of our predictions.

From the above discussion, we expect that we have given
easonable predictions for semileptonic decays of doubly
eavy baryons. On the other hand, since the predictions are
model dependent, future experiments will test the reliability
le our model.

Va— 355 7.76<1071 7.82x10°14

ture experiments.

There are some uncertainties in our work which arise
from both the approximations and the nonperturbative QC
models we have used. First, we have been working in th
heavy quark limit in which physics is greatly simplified and
apart from the form factors between heavy diquark wea
transitions we have only one unknown function, the Isgur-
Wise function from the application of superflavor symmetry.
In reality, however, the masses of heavy quarks are not infi- This work was supported in part by the Australian Re-
nitely large. Therefore, if one wishes to make a precise comsearch Council and the National Science Foundation of
parison of the theoretically calculated numbers with data, th&hina.
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