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Weak decays of doubly heavy baryons: Decays to a system of 7 mesons
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We consider exclusive weak decays of doubly heavy baryons with spin J = 1/2 with production of a
leptonic pair or a set of light mesons. Using the QCD factorization theorem and spectral functions
approach, we obtain theoretical predictions for the partial probabilities of these decays and distributions
over various kinematic variables. According to the obtained results, partial probabilities of some of the
considered decays are large enough to be observed experimentally.
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I. INTRODUCTION

Today the research of doubly heavy baryons takes a
particularly important role in the physics of elementary
particles. For a long time they were not available for
experimental study. In 2005, the SELEX Collaboration
reported [1] the observation of the Z/, baryon in the decay
=1 — pDTK~. This result was not confirmed, but later
the LHCb Collaboration managed to register the doubly
heavy baryon E/;" in the AJK z"z" final state [2].
Thereby we are interested in theoretical research of other
decays of doubly heavy baryons for subsequent experi-
mental verification.

In this paper, decays of ground state doubly heavy
baryons are considered: B; — B,R, where R = uv,, =,
2r, 37, Sz. According to the factorization theorem they are
related to z-lepton decays v — v, R, since in both cases the
system R is produced by the virtual W-boson transition
W — R. As a result, the probability of reaction B, — B,W
is defined by the convolution of the semileptonic differ-
ential width B; — B,ur and spectral function of the
transition W — R. The first process can be described in
terms of form factors of weak decay, which can be
calculated with the help of potential models. Spectral
functions, on the other hand, can be found by analyzing
decays of the z-lepton 7 — v,R.

_*_Anton.Gerasimov @ihep.ru
lalexey.luchinsky@ihep.ru

Published by the American Physical Society under the terms of
the Creative Commons Attribution 4.0 International license.
Further distribution of this work must maintain attribution to
the author(s) and the published article’s title, journal citation,
and DOI. Funded by SCOAP’.

2470-0010/2019,/100(7)/073015(10)

073015-1

The rest of the paper is organized as follows. In the next
section, a description of the theoretical model used in our
paper and parametrization of the form factor are given (see
also the Appendix). Section III is devoted to a description
of the spectral functions. In the next section we give our
numerical results: integrated branching fractions of the
considered decays and squared momentum distribution.
Discussion of the obtained results is given in the final
section of the paper.

II. THEORETICAL DESCRIPTION

Let us consider the reaction
Bl b BzR, (1)

where the doubly heavy baryon B, with spin J =1/2
decays into another doubly heavy baryon B, with the same
spin and virtual W-boson, which then hadronizes into
system R, where R = ‘v, x, 2z, 3z, Sx.

The considered baryons contain heavy b- and c-quarks,
so at the quark level their decays are caused by ¢ — s/d
and b — u/c transitions. A typical diagram of such pro-
cesses is shown in Fig. 1. We should note that there exists
also an unfactorized case, when the light quark from a
baryon takes part in the production of z. However, the
contribution of such a diagram is small due to color
suppression and its calculation is not a subject of this paper.

According to the factorization theorem process, B; —
B,R can be separated into two independent parts: weak
decay B; — B,W and the W — R transition. As a result its
matrix element can be written as

G
M= 7%\/,-,611}1/45”, (2)
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B,

FIG. 1.

where G is the Fermi constant, V;; the Cabibbo-
Kobayashi-Maskawa (CKM) matrix element, constant a;
describes soft gluon rescattering [3], €, is the effective
polarization vector of the W-boson, and the amplitude of
the B, — B, transition is denoted as H".

A. B; — B,W transition

This amplitude can be written as [4]

H* = a(P') |:7”f1(q2) + ia"”Aql—”lfz(qz) +Aq4—ﬂlfs(612>} u(P)

a(P) [wgl @)+ o L) + Z—i%(‘lz)}
< ysu(P). @)

where

o =i(y'y" —y'r")/2. (4)

M, is the mass of the initial baryon, P (P’) is the
momentum of initial (final) baryon, ¢ = P’ — P is the
transferred momentum, and f;(¢?) and g;(g?) are the form
factors of the By — B, transition. The contributions of the
f3 and g3 form factors are suppressed as (m, + my)/mg
and we will neglect them in the following.

In the calculation of form factors we use the quark-
diquark model, in which the baryon is considered to be
built from scalar or axial diquarks (with spin S; = 0 and 1,
respectively) and a single quark. It is convenient to take
those quarks as diquarks that do not take part in weak
decay. It is clear that in this approximation spin and the
internal state of the diquark remain the same and, for
example, in the case of Qgc — QF W~ decay it is required
to consider form factors of the

b(cs)sa = cles)ga+ W™ (5)

transitions. In the above expression, indexes S and A
correspond to the scalar and axial diquark. As a result,
the form factor of this decay is equal to

F(q*) = csFs(q%) 4 caF4(q?), (6)

W, \/

diquark

Typical diagrams for weak decays B; — B,R.

where Fg4(q?) and cg, are the form factors and coef-
ficients of scalar (axial) diquarks, respectively. The form
factors can be calculated in the framework of the potential
model and, according to [4], are determined by overlap
integrals. A detailed presentation of the calculation of the
form factors can be found in [4,5]. As for the coefficients
Cs 4, their values can be determined using Clebsch-Gordan
coefficients.

Let us consider baryon Q. as an example. In this case,
the diquark cc can only have spin S; =1 (the scalar
diquark option is forbidden by the Pauli exclusion princi-
ple), so its spinor wave function can be written as

(cc)a = c1(P)ea (D). (7)

where symbols 1 and | mark states of the c-quark with spin
projections S, = 1/2 and —1/2, respectively. The wave
function of the baryon with full spin § = 1/2 can be written
in the same way:

QL. =ci(Mea(1)s(l)- (8)

In the c(cs) basis, on the other hand, this wave function
changes to

L L[ V3
Qc A —701(”(025)5
tralet@oa)| O

For the baryon Q) , the wave function is

00, = = 2p(t)es)s+ 2bes). (10

From these expressions for decay Qgc — QLR we get

3v2 V2
=—, =—. 11
Cs 4 CA 4 (11)
In the Appendix we show the values of these coefficients
and parametrization of the form factors for all of the decays

considered in our paper.
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B. Spectral function formalism
The width of the B; — B,R decay is equal to

11

=—— | do 2 12
22M1 n+1|M|v ( )

where the Lorentz-invariant phase space d®,, is defined by
the expression

3.
dq)n(q e kl"'kn) = (2”)464 <q - Zk‘) H@;%
(13)

The following recurrence relation holds for this phase
space:

dq2
chn+l(p1 - p2kl'-'kn) = gdq)z(l?l g PzCI)

X dq)n<q - kl--'kn)

2idcl)n(q - ky...k,)
8 27 ’
(14)

where

My + ¢\ M, =/
p= 1= (M) (Mam Vg,
M, M,
and M, is the mass of the final baryon. Summed over

polarizations, the squared matrix element (2) can be written
in the following form:

> IMP = —v2 @I H'H ¢,€) (16)

The decay width distribution over the square transferred
momentum with the help of these expressions can be
written as

ar _Gp o, , 112

dq 2 lj IZM 28 ( %pT—i_H%pL)’ (17)

where p; 7(g?) are (dependent on the final state R)
longitudinal and transverse spectral functions, defined
according to

/dCD,,(q—>k1...k,,) .
£,€
2 n

P 9u)0r(@*) + a,q.0L(q%).  (18)

= (quu -

while squared longitudinal and transverse matrix elements
are equal to

H% = H”HD*<qﬂqy — ngﬂy)
1
=0 (FIM3(=24* + 24*M* — M2 + M2 M?)

+12f1f2° M (¢* = M2)M, = 4f3q*(q* — ¢*M2
+2¢*M% = 2M* M%) + #(M_ + M ,)?
x (=2¢* — ¢*M?* + 2¢*°M?% + M2M?)
+ 129192612M (M3 —qz)(M +M,)
a*(q* +2¢*M?% — > M3 - 2M*M?))
H} = H”H”*q,,qy
=2(fiM2(M2 — @) + giML(M_ - @*)), (19)
where M, = M| £ M,.

III. CALCULATIONS OF
SPECTRAL FUNCTIONS

In several cases the spectral functions can be easily
calculated. For example, for semileptonic decay (see its
diagram in Fig. 2), the effective polarization vector of the
W-boson is equal to

€ (1+7s)u(p). (20)

"

= ﬁbl(k>yﬂ

where p and k are the momenta of final leptons (we assume
that their masses are negligible). It is easy to show that
summed over leptons’ polarization, the square of this vector
is equal to

288

pol

g/,w pk) =+ kﬂpl/ + kup/,t + leyua/)’p k )

(21)

As a result, in this case the longitudinal spectral function
is identically equal to zero (we could expect this because
of the partial conservation of the axial current). For the
transversal one we have

By >

D2

By

FIG. 2. Diagram for semileptonic decay.
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Diagrams for decays to z and p mesons are trivial. It is
well known that amplitudes of the W — 7 and W — p
transitions are defined as

<”|J;4|W> = fakys <p|J”|W> = fpmpe,, (23)
respectively, where f, = 130 MeV, f, =216 MeV, and
m, =775 MeV [6]. As a result we have

P = f25(qF —m2),  (24)

PP) = 2o —m2).  pl)=0.  (25)

For the W — 3z, 4z, Sz transitions, the longitudinal
spectral functions are equal to zero because of the partial
conservation of the axial current. The shapes of the trans-
versal functions, on the other hand, can be determined
using the resonance model (see Fig. 3). The normalization
of these functions can be found using experimental values
of the branching fractions of the 7 — v, + R decays [6-8].
For these processes

H* = a(P, )r* (1 +ys)u)(P;) (26)

G2 1 1

F(T—) I/TR) :72}')1 g

/ dq*(mi + mzq* — 2q4*)pr,
(27)

where m, = 1776 MeV [6] is the mass of the 7 lepton, P, is
its momentum, and P,_is the momentum of the z-neutrino.
Analytical calculations of the corresponding spectral func-
tions are rather complicated, so we made a numerical

mt at
770
w
— W+ o
by
L (c) L

+

us

Diagrams for transitions W — 2z, W — 3z, W — 4z, and W — 5x.

integration using created by our group EvtGen [9] models
[10-13].

In Fig. 4 we show the ¢*> dependence of these spectral
functions. It can be easily seen that the p2* spectral function
has a clear peak in the ¢g> ~ 0.5 GeV? region and a little
bump at somewhat higher energy. These peaks correspond

to contributions of the virtual p meson and its excitations. As

for p(T3 ™. this spectral function has a peak in the g2 ~ 1 GeV?2

region. This peak corresponds to the virtual a; meson shown
in Fig. 3(b), whose mass is m, ~ 1.2 GeV [6]. The same

meson also produces peaks in /7(74”) and p(TSH) spectral

functions. These peaks, however, are shifted to higher
energy region by multibody phase space. It is interesting
to note also that in the case of 4z production both a; and b,
mesons can contribute [see Figs. 3(c) and (d)]. Theoretically
we should consider the interference between these two
channels, but, since in the latter case three pions are
produced in the decay of the narrow @ meson, such
interference can be neglected.

-
0.035 24 ]
0.030F o2 ]
0.025F ]

[ @) 1

G oo0f P ]
S [ 10xp "
0.015f
0.010}

0.005 |
0.000
0

9%, GeV?

FIG. 4. Spectral functions.
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TABLE 1. Masses (in GeV) and decay widths (in ps~!) of initial and final doubly heavy baryons.

B mpg FB B mpg FB B mpg B mpg B mpg

Chns 3.627 33 Ch 3.627 10.0 A} 2.286 o 2.454 e 2.453

Qf 3.65 3.7 =, 10.31 2.7 >0 2.454 BF 2.486 B 2.576

B 10.32 2.7 Q, 10.45 1.2 =0 2471 =0 2.578 Q0 2.695

Bl 6.914 4.1 2. 6.914 11.0 A(I; 5.620 = 5.811 22 5.814

Q) 7.136 45 g 6.914 4.1 T, 5.816 =9 5.793 29 5.935

Ep 6.914 11.0 QY 7.136 4.5 Sy 5.795 By 5.935 Q; 6.046
Comparison with later experimental results [14—17] Gr = 1.166 x 1075 GeV~2,

showed that these spectral functions are well suited for

theoretical description of exclusive decays of B.-mesons, Vua = 0.974, Vus = 0225, Vup = 0.00357,

so we can expect that for the processes in the case studiedin V., = 0.225, Ve = 0974, Ve = 0.0411. (28)

our paper they can also be used.

IV. NUMERICAL RESULTS

For numerical calculation we use values for the Fermi
constant and CKM matrix elements given in PDG [6]:

Values of masses of initial and final baryons are presented
in Table L.

Using the expressions presented in the previous section,
it is easy to calculate the branching fractions of the decays

TABLE II. Branching fractions of cc baryons in percents.
Modes

B, - B, Iy, b p 2r 3r 4r(ex.w) 4n Sn
B AL 0.494 0.377 0.993 0.863 0.208 0.0302 0.0637 22 %1074
EF - Xf 0.45 0.302 1.05 0.9 0.154 0.0101 0.0189 4.0 x 107
B> EF 4.99 8.3 12.3 10.0 0.634 0.0253 0.046 6.0 x 1073
ORI 5.98 6.93 17.6 14.1 0.725 0.0172 0.0307 3.0 x 107
Ef - X0 0.299 0.201 0.698 0.598 0.101 0.00659 0.0124 3.0x 107
Bf - &80 1.65 2.75 4.08 333 0.21 0.00837 0.0152 2.0x 107
Ef. -5l 1.98 2.31 5.86 4.68 0.238 0.0056 0.00999 1.0 x 1073
Qf - 29 0.208 0.293 0.512 0.421 0.0342 0.00166 0.00306 1.0 x 107
Qf. - =» 0.249 0.244 0.711 0.577 0.039 0.0011 0.00199 1.0 x 107
Q. - QY 6.66 11.2 22.6 16.9 0.265 0.00357 0.00479 1.0 x 107
TABLE III. Branching fractions of bc baryons in percents.

Modes
By - B, ly, T p 2z 3z 4r(ex.w) 4z Sz
Ef = A) 0.223 0.0438 0.486 0.415 0.0781 0.00879 0.0187 5.%x 1073
R 0.148 0.0306 0.403 0.332 0.0292 0.00103 0.00188 1.x 107
gy -8 23 0.927 5.84 4.72 0.248 0.00837 0.0151 2.x 1073
). - %, 0.112 0.0233 0.306 0.251 0.0217 7.5x 107 0.00137 1.x 107
2 -5, 0.868 0.353 2.21 1.78 0.0922 0.00306 0.00552 1.x 107
Q- = 0.254 0.0384 0.511 0.443 0.105 0.0148 0.0313 1.1 x 107
Q) - Q 6.03 1.25 16.6 13.6 1.07 0.0344 0.0628 7.x 107
ORI Vi 0.0035 263x107°  237x10%  24x107*  21x107*  27x10%  33x107* 0.0016
Bl - BiF 1.58 0.00803 0.438 0414 0.289 0.268 0.341 0.0703
). > AL 3.0x 1074 5.1 x 1077 43 %1073 50x107° 40x107° 40x107° 4.0x1073 1.6 x 107*
B - X 7.0 x 1074 5.0x 1077 4.6 x 107 50x 107 40x10  60x10 7.0x10 3.1x10™
E). - B 0.603 0.00305 0.167 0.157 0.11 0.102 0.13 0.0267
Q) —Ef 5.0x 1074 9.4 x 1077 8.8 x 107 9.0x10™ 70x10° 70x107 9.0x10° 26x10™
Q- Qf, 1.87 0.00663 0.429 0.407 0.289 0.279 0.353 0.0784
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TABLE IV. Branching fractions of bb baryons in percents.

Modes

By — B, Iy n P 2z 3z 4r(ex.w) 4z Sz
=), =X 0.0043 143 %107  434x10™*  43x10™ 3.8x107%  47x10™ 58 %107 0.00128
g, - &) 2.59 0.00347 0.568 0.54 0.399 0.397 0.499 0.113
g9, — Bt 1.15 6.26 x 10™* 0.128 0.125 0.113 0.141 0.172 0.0499
g, =AY 0.0011 8.3 x 1077 223 x 1074 22x 1074 1.7 x10™* 1.6 x 1074 2.1x 1074 3.1x 1074
gy = 20 0.0022  72x1077 218x 107 22x10™*  19x10* 24x10™* 29x10*  65x10™*
gy, - 29 2.62 0.00349 0.572 0.544 0.402 0.4 0.504 0.115
B — B0 1.16 6.23 x 104 0.128 0.125 0.113 0.142 0.172 0.05

bb " Sbe
Q;, - &) 0.002 1.64 x 1076 451 x 10~ 4.4 x 1074 33x 1074 32x 107 4.1 x 1074 47 x 1074
Q,, — EP 0.0044 144 x 107 453x107*  45x%x10™ 4.x 107  49x10™* 6.x 1074 0.00134
Q- Q) 4.81 0.00702 1.13 1.08 0.792 0.776 0.979 0.216
Q;, - QY 2.13 0.00126 0.256 0.251 0.226 0.28 0.342 0.0966

considered in our paper (see Tables II-IV). We can observe
a perfect agreement with presented in paper [4] results in
the case B; — Byuv, By — By, and B; — B,p decays. It
should be stressed, however, that in the case of the latter
final state the width of the p meson is completely neglected
in this work. It is clear, however, that in some cases such
approximation could be unreliable. As a result, the branch-
ing fractions obtained in the framework of spectral function
formalism (labeled 27 in Tables II, III, and IV) differ from

columns labeled p in these tables). It should be noted also
that depending on the initial and final baryons, the
excitations of the p meson increase the branching fraction
of the B — B,2x decays by approximately 1 + 10%.
The branching fractions of 3z, 47, and 57z production are
given in the last three columns of these tables. One can
easily see that typically these processes are suppressed in
comparison, for example, with single 7 in the final state. It
should be noted, however, that in the case of b quark decay

the results with the p-meson width neglected (see the  (see E;. — E/.", for example) such suppression is not
30
6r S oA 3
o 25
5 -
(26
L T 20 ¢
> &V
§ 4F Iv 8 Iv
o ST e i 15k 10x(5m)
o 3r N
S s
e, g 10f
1k 05
100x(571)
0 - 0.0 n I
0.0 05 1.0 15 0 2 4 6 8 10
q%, GeV? %, GeV?
FIG. 5. ¢ distributions of the E/;" — A/ and &}, — EJ." R branching fractions (left and right, respectively) for R = £v, 2z, 3z, 4,

5z. Note that some curves are scaled as shown in the figures.
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FIG. 6. dBr/dmy, for decays Q. — Elly;, By, — T)ly;, B — Elly,.
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observed. The reason is that in this case the energy deposit
is large enough, so higher ¢ values are reachable. This is
exactly the region where, according to Fig. 4, spectral
functions of W — 4z, Sz transitions are large. In the case of
c-quark decay, on the other hand, only the low g region is
available kinematically and in this region spectral functions
of multiple quark production are small. This effect can be
clearly seen in Fig. 5, where all ¢ distributions are shown
for both the E/;" - A and &} — E/; transitions.

As for distributions over other Dalitz variables, it is clear
that they cannot be obtained in the framework of spectral
function formalism. In the case of three-body semileptonic
decay, however, we can use a well-known Dalitz relation to
calculate it. In Fig. 6, for example, we show the distribu-
tions over the invariant mass of the baryon-lepton pair for
the same decays.

V. CONCLUSION

In the presented paper we have considered exclusive
decays of the ground states of doubly heavy baryons E o,
Qg 0, (Where Q, = ¢, b) with production of the leptonic
pair or the system of charged z mesons. According to
the factorization theorem, the widths of these processes
can be written as a convolution of semileptonic decays
and spectral functions that are connected with a virtual
W-boson transition into a final system of light particles.
The first stage can be described in terms of form factors
of the weak decay, which can be calculated, for example, in
the frame of potential models. The spectral functions,
on the other hand, can be calculated, for example, from
an analysis of z lepton decays.

In our paper we gave analytical expressions for distri-
butions of decay widths over the squared transferred
momentum. Using the known parametrization of form
factors of doubly heavy baryons and spectral functions,
we gave numerical predictions of these distributions and
integrated branching fractions. According to our results, for
some of the processes the branchings are quite large, which

TABLE V. Parameters of form factors f| and f, for cc baryons.

can lead to their experimental observation. It should be
noted that semileptonic decays of doubly heavy baryons
were considered also in a number of other works (see, for
example, [5,18,19]). The results of these works have some
differences with ours, which is caused by the difference in
the form factors’ parametrization. Thereby, we think it is
extremely interesting to try to experimentally observe
marked decays.

In the future we plan to continue our work in this area.
For example, it would be interesting to study the production
of light mesons in decays of excited P-wave states of
doubly heavy baryons. In addition, we plan to create, based
on the presented theoretical models, Monte Carlo gener-
ators that are required for comparison of theoretical
predictions with forthcoming experimental results.
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APPENDIX: PARAMETRIZATION OF
FORM FACTORS

As shown in Sec. II, using results [4] in the case of the
B, — B,W transition, we can obtain the dependence of the
form factors on the squared transferred momentum for
scalar and axial diquarks. In this paper it is more convenient
to parametrize not the form factors themselves, but their
sum,

F(q*) = csFs(q%) + caFa(q?). (A1)
In our paper we use the following parametrization:
F(q*) = FO)(1 + aq’ + pq* +74°).  (A2)

where parameters F(0), a, 3, and y for different initial and
final states are given in Tables V-X.

fi /2
By - B, F(0) a(GeV2?) p(GeV™) 7(GeV~9) F(0) a(GeV2) p(GeV™) 7(GeV=0)
T = AL 0.791 0.386 0.118 0.016 —0.00794 —0.481 —0.405 —-0.2
RIS M —0.467 0.294 0.0331 0.0417 1.04 0.418 0.108 0.037
B> EF 0.914 0.348 0.0818 0.0187 0.0116 1.31 0.513 0.15
ORREECIA —0.538 0.247 0.0384 0.0213 1.11 0.366 0.0863 0.0276
Sy ) —0.661 0.294 0.0332 0.0416 1.47 0.418 0.108 0.037
Ef - &5 0.914 0.348 0.0818 0.0187 0.0116 1.31 0.513 0.15
Ef. -5l —0.538 0.247 0.0384 0.0213 1.11 0.366 0.0863 0.0276
Qf — 2O -0.783 0.406 0.117 0.0191 0.0214 0.194 —0.0127 —-0.0214
Qf - g0 —0.462 0.308 0.0495 0.0408 1.05 0.425 0.116 0.0334
Q. - QY —0.754 0.263 0.047 0.0205 1.59 0.376 0.0926 0.0244
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TABLE VI. Parameters of form factors g; and g, for cc baryons.

91 9
B, = B, F(0) a(GeV2) S(GeV™) 7(GeV~9) F(0) a(GeV2) p(GeV™) 7(GeV=°)
BT - AT 0.224 0.235 0.0386 —0.0045 —0.0482 0.845 -1.14 0.295
B> Xf -0.624 0.244 0.0378 0.00399 0.0447 1.61 —1.68 0.321
- EF 0.258 0.208 0.0262 —-28x 107 —0.0608 0.364 0.289 —-0.16
B> EF -0.728 0.216 0.0305 0.00386 0.0783 0.649 0.331 —0.187
S ) —0.883 0.244 0.0378 0.00399 0.0632 1.61 —1.68 0.319
Ef — =50 0.258 0.208 0.0262 -2.8x 107 —0.0608 0.364 0.289 —-0.16
BEf - ED —0.728 0.216 0.0305 0.00386 0.0783 0.649 0.33 —0.187
Qf. - =0 -0.222 0.249 0.0375 —0.00273 0.0535 0.733 —0.778 0.103
Qf - 29 —0.618 0.253 0.0398 0.00308 0.0511 1.3 —0.874 —0.133
Qf - QY -1.02 0.225 0.0329 0.00381 0.119 0.671 0.297 —0.159
TABLE VII. Parameters of form factors f| and f, for bc baryons.

fi /o
B, — B, F(0) a(GeV™?)  B(GeV™) 7(GeV~0) F(0) a(GeV~?) B(GeV™) 7(GeV~9)
Ef =AY 0.554 0.421 0.205 —0.0498 —-0.297 0.425 0.211 —0.05
-2 -0.32 0.406 0.107 0.0123 1.54 0.453 0.155 —0.0203
El. — &) 0.627 0.405 0.118 —0.00891 —-0.301 0.423 0.131 —0.0101
2 -3 —0.453 0.407 0.107 0.0123 2.17 0.453 0.155 —0.0201
B -5 0.627 0.405 0.118 —0.00877 —0.301 0.423 0.13 —0.00994
Q) —-E; —0.554 0.41 0.23 —0.0655 0.313 0.416 0.263 —0.0857
Q. - Q —0.512 0.366 0.0841 0.013 2.38 0.416 0.121 —0.00663
gl - Xt —0.094 0.118 0.0027 -3.91 x 107* 0.124 0.232 —0.0196 3.63 x 107*
gy - BiF 0.771 0.0531 0.00247 -1.02 x 107* —0.0579 0.0459 3.56 x 107* 1.02 x 107*
B - Af —0.104 0.194 —0.0165 3.17 x 10~ —0.0262 0.265 —0.0254 5.63 x 107*
). - Zf —0.0664 0.118 0.00268 -3.9x 10 0.0875 0.232 —0.0196 3.64 x 1074
g — Ef 0.771 0.0531 0.00247 -1.02x 10 —=0.0579 0.0459 356 x 107*  1.02x 107*
Q- B —0.0944 0.203 —0.0191 4.09 x 10~ —0.0239 0.26 —-0.0269 6.38 x 107*
Q) - Qf, 0.745 0.0544 0.003 —1.52x 107* —0.0669 0.0497 0.00135 3.14 x 1073
TABLE VIII. Parameters of form factors g; and g, for bc baryons.

91 92
B, - B, F(0) a(GeV™?)  p(GeV™) 7(GeV™0) F(0) a(GeV™?)  p(GeV™) 7(GeV~9)
Ef = A) 0.147 0.295 0.0589 —0.0201 —0.095 1.32 —0.664 —0.0546
g - -0.414 0.292 0.0462 -0.0124 0.174 0.816 0.194 —0.479
By -8 0.167 0.275 0.042 —0.00782 —0.11 1.11 —-0.251 —0.0448
). - %, —0.586 0.292 0.0461 —-0.0123 0.247 0.814 0.199 —0.482
2 -5, 0.167 0.275 0.0419 —0.00779 —0.111 1.08 -0.225 —0.0543
Q- = —-0.146 0.296 0.0642 —-0.0226 0.104 1.23 -0.717 0.00824
Q) - Q —-0.67 0.272 0.0407 —0.00635 0.32 0.181 1.08 —0.654
R M —0.139 0.123 —0.00335 -1.2x10™*  -0.00321 0.171 0.0308 —0.00178
Bl - BiF 0.511 0.0474 0.00162 —2.64 x 1075 —0.0669 0.057 0.00324 -1.53 x 107*
). > AL —0.0428 0.166 —0.00808 6.56 x 1076 0.0194 0.17 —0.0141 2.58 x 107*
B - X —0.098 0.123 —0.00336 -1.2x107*  -0.00226 0.172 0.0307 —0.00178
E). - B 0.511 0.0474 0.00162 —2.64 x 107 —0.0669 0.057 0.00324 -1.53x 107
Q) - Ef —0.0378 0.205 —0.0143 1.97 x 1074 0.0186 0.181 -0.017 3.59 x 107
Q- Qf, 0.493 0.0491 0.00209 —6.17 x 107> —0.0713 0.0578 0.00424 -2.55x 107
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TABLE IX. Parameters of form factors f; and f, for bb baryons.

fi /2
B, = B, F(0) a(GeV™2)  B(GeV™) 7(GeV~9) F(0) a(GeV2)  B(GeV™) 7(GeV=°)
g2 -3 -0.0751 0.254 —-0.0267 6.45 x 107 0.207 0.194 -0.0253 7.04 x 10~
g5, - &) 0.592 0.0674 0.00469  —4.29 x 10~* —-0.266 0.0701 0.00503  —5.03 x 107*
=), - =5  —0.00381 —0.858 0.0343 0.0124 0.527 0.0711 0.00515  —5.22x10™*
g, > AY  —0.101 0.168 -0.0213 5.62x 107  6.04 x 10~ 0.169 -0.0218 5.83 x 107
g, = X0 -0.0531 0.254 -0.0267 6.45 x 107 0.146 0.194 -0.0253 7.03 x 107
g, — B9, 0.592 0.0674 0.00469  —4.29 x 10~* —0.266 0.0701 0.00503  —5.03 x 10~*
g, — &2 —-0.00384  -0.861 0.0361 0.0122 0.527 0.0711 0.00514  —522x107*
Q,, —»E)  —0.098 0.165 -0.0216 5.84 x 107 0.00121 0.167 -0.0221 6.03 x 10~
Q,, - &) —0.0527 0.248 -0.0271 6.75 x 107 0.146 0.186 -0.0248 6.96 x 107
Q,, - Q) 0.586 0.0689 0.00465 —4.5x 107 -0.27 0.0713 0.00496  —523 x 10~*
Q,, - QY  -0.00302 -1.0 0.032 0.0167 0.527 0.0723 0.00508  —5.43 x 10~*
TABLE X. Parameters of form factors g; and g, for bb baryons.
g1 92

B, > B, F(0)  a(GeV?)  B(GeV™)  y(Gev™d) F(0)  a(GeV?)  B(GeV™)  y(GeV™)
), >  —0.116 0.208 -0.022 526x 107 —0.0231 0.122 -0.015 3.78 x 1074
g, - &) 0.376 0.0606 0.00387 -3.02x107*  —0.0131 0.11 0.00769 -5.88 x 107
) AN -0.312 0.0595 0.00368 —275x107*  —0.0448 0.0527 0.00293 —-2.69 x 107
g, —» A) —-0.0336 0.204 -0.0225 551 x107* 0.0112 0.243 -0.026 6.28 x 107
g, — X0 -0.0822 0.208 -0.022 526 x 107 -0.0163 0.122 -0.015 3.77 x 1074
gy, = 29 0.376 0.0606 0.00388 -3.03x10™*  —0.0135 0.109 0.00759 -5.81 x 107
g, > 20 —0312 0.0594 0.00368 —276x107*  —0.0454 0.0528 0.00294 -2.7x107*
Q,, - & —-0.0331 0.204 -0.0231 5.75 x 107 0.0107 0.245 -0.0269 6.67 x 107
Q;, — B —0.0801 0.208 -0.0226 55x10%  -0.0161 0.117 —-0.0149 3.84 x 107
Q- Q) 0.371 0.062 0.00389 -3.09x10*  —=0.0152 0.111 0.00592 -5.31x 107
Q;, - QP  —0308 0.0608 0.00368 -28x 10  —0.0436 0.0523 0.00304 -2.82x 107
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