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Bottom baryon decays in the pole model
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We analyze the two-body hadronic decays of bottom baryons in the framework of the pole model. We study
the Cabibbo allowed decaysLb

0→Lc
11p2, Lb

0→Sc
11p2, Lb

0→Lc
11Ds

2 , Jb
2→Jc

01p2, and Cabibbo
suppressed decaysLb

0→Lc
11K2, Lb

0→Sc
11K2, Lb

0→Lc
11D2. The calculated values of the decay rate are

compared with the values obtained by Mannelet al. with the factorization approximation using heavy quark
effective theory.@S0556-2821~98!06505-9#

PACS number~s!: 13.30.Eg, 11.30.Hv, 11.40.Ha, 14.20.Mr
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Despite the significant progress made in the study
heavy meson decays, advancement in the arena of h
baryons, both theoretical and experimental, has been
slow @1#. From the theoretical point of view, the dynamics
nonleptonic weak decays of hadrons is expected to bec
simpler as the hadrons become heavier. For example,
factorization approach has been applied to the heavy me
decays with reasonable success. However, the situation i
very satisfactory for the baryon decays: while the hype
decays are described with the help of current algebra@2–7#,
a reliable approach suited for investigating the weak dec
of heavy baryons does not exist as yet. Neither current a
bra nor factorization seems to be the ultimate tool to anal
the heavy baryon decays.

We analyze two-body hadronic decays of bottom bary
in the framework of the pole model, which is more gene
than current algebra since its use is not restricted to the
meson limit and to the pseudoscalar meson final state,
compare the results with those obtained in the factoriza
approach. The pole model has been used earlier in the de
of hyperons@8#, charmed baryons@9# andB mesons@10#. In
the approximation where we assume the baryon pole to m
the dominant contribution, we find that the pole contributi
is not negligible in all decay modes. We only consider t
parity-conserving amplitude because it is not easy to e
mate the parity-violating amplitude in the pole model. Fu
ther, the baryon-to-baryon parity-violating transition va
ishes in the flavor symmetry limit, and so the contribution
the parity-violating amplitude from 1/21 baryons is expected
to be small.

I. FRAMEWORK

We consider the baryon decayB→B81P, whereP is a
pseudoscalar meson, and write@8#

M ~Bi→Bf1Pj !5 i ūBf
~A1Bg5!uBi

fM , ~1!
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A and B are the parity-violating (s wave! and parity-
conserving (p wave! amplitudes, respectively. In the pol
model, one introduces a set of intermediate states into
decay process so that the weak and strong vertices bec
separated. In other words, the process under considera
passes through certain hadronic intermediate states w
can be decomposed into two steps: production of these in
mediate states in the strong process, following which
intermediate baryon then undergoes a weak transition to
final baryon.A andB are then given simply by the produc
of strong- and weak-coupling constants divided by the m
sum and mass difference, respectively, forA andB.

The decay amplitudes are given as@8#

Apole5
aBi→Bl

gBl→Bf Pj

~MBi
1MBl

!
1

gBi→BmPj
aBm→Bf

~MBm
1MBf

!
, ~2!

Bpole5
bBi→Bl

gBl→Bf Pj

~MBi
2MBl

!
1

gBi→BmPj
bBm→Bf

~MBm
2MBf

!
, ~3!

wheregBl→Bf Pj
is the strong-coupling constant representi

the processBl→Bf Pj , and bBi→Bl
is the amplitude with

which the weak transitionBi→Bl takes place. The deca
amplitude is thus determined in terms of the strong-coupl
constants and weak transition amplitudes. The pole diagr
for the processes under consideration are drawn in Fig.

A. Strong-coupling constants

The SU~5! invariant Hamiltonian representing the stron
transitions can be written as

Hstrong5A2~gd1gf !
1
2 B̄@m,n#bB@m,n#aPb

a

1A2~gd2gf !B̄
@m,b#nB@m,a#nPb

a , ~4!

whereB@m,n#a , B̄@m,n#b, and Pb
a are the baryon, antibaryon

and meson quark wave functions, respectively@3#, and
gd(gf) is thed- ( f -! type strong-coupling constant. We tak
gd1gf514 andgd /gf51.5, so thatgd58.4 andgf55.6.
The values of symmetric and symmetry-broken coupl

h
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FIG. 1. Pole diagrams for pionic decays.
ta
-

in
tio
n

rs

p-

ke
s

si-
constants needed for the decays under consideration are
lated in column~ii ! of Table I. The symmetry-broken cou
pling constants are calculated from@11#

gi f j
SB5

~Mi1M f !

2MN
gi f j

Sym,

and are tabulated in column~iii ! of Table I. For the pion-
emitted strong transitions, the above formula for the coupl
constants is equivalent to using Goldberger-Treiman rela
and symmetric values for the axial vector coupling consta
The estimation of the strong-coupling constants is, of cou
suspect, as SU~5! is very badly broken symmetry.
bu-

g
n
t.
e,

B. Weak transition

The flavor symmetric and quark model Hamiltonian re
resenting weak transitions is given by

Hweak5Vil Vjm* B̄@ i , j #kB@ l ,m#kHi j
lm . ~5!

The spurion transforms likeH15
24 @12#. The transition ampli-

tude aLb→S
c
0 is related toaS1→p by SU~5! or by quark

model calculations. For calculational purposes, we ta
aS1→p51.231027 GeV @6#. The weak transition element
are proportional to Vil Vjm* , where Vil are Cabibbo-
Kobayashi-Maskawa matrix elements. The relevant tran
tion amplitudes are listed in Table II.
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TABLE I. Strong-coupling constant values@Symmetric~Sym.! and symmetry broken~S.B.!#.

Strong transition Coupling constant~Sym.! Coupling constant~S.B.!

Sc
0→Lc

1p2
2

A3
gd59.39

23.66

Sc
0→Sc

1p2 2gf510.84 28.28

Lb
0→Sb

1p2
2

2

A3
gd529.39 256.83

Jc
0→Lc

1K2

A2

3
gd56.64

16.78

n→L1D2

A3gf1
1

A3
gd514.08

4.06

L→Lc
1Ds

2

2SA2gf1
A2

3
gdD 5211.50

23.45

Jb
2→J

b

80
p2 A2

3
gd56.64

16.78
II. DECAY RATE

The decay rate is

G~Bi→Bf1P!5
1

4p

uqu
mi

~Ef1mf !F uAu21
Ef2mf

Ef1mf
uBu2G ,

where

uqu5
1

2mi
@$mi

22~mf1mP!2%$mi
22~mf2mP!2%#1/2,

Ef1mf5
~mi1mf !

22mP
2

2mi
,

and
Ef2mf5
~mi2mf !

22mP
2

2mi
.

We can also write the decay rate as

G5C1@ uAu21C2uBu2#,

where

C15
1

8p
uqu

@~mi1mf !
22mP

2 #

mi
2

,

C25
~mi2mf !

22mP
2

~mi1mf !
22mP

2
.

TABLE II. Weak transition amplitude values.

Weak transition Transition amplitude Value~in units of 1027)

Lb
0→Sc

0

aL
b
0S

c
05

1

A6

Vcb

Vus

aS1p

0.0907

Sb
1→Lc

1

aS
b
1L

c
152

1

A6

Vcb

Vus

aS1p

20.0907

Sb
1→Sc

1

aS
b
1S

c
152

1

A2

Vcb

Vus

aS1p

20.1571

Lb
0→Jc

0

aL
b
0J

c
052

1

6
VcbaS1p

20.0084

Lb
0→n

aL
b
0n5

1

A6

Vub

Vus

aS1p

0.0077

Lb
0→L

aL
b
0L52

1

6
VubaS1p

20.000 72

J
b

80
→Jc

0

aJ
b

80
J

c
052

1

A12

Vcb

Vus

aS1p

20.0641
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TABLE III. Decay rates ofLb baryon in units of 10215 GeV. Mannel, Roberts, and Ryzak, Phys. Lett.
259, 485 ~1991!.

Decay Decay rate~Pole model! Decay rate~factorization* )
PC mode only PV1 PC

Cabibbo allowed

Lb
0→Lcp

2 0.22 2.55

Lb
0→Sc

1p2 1.09 0 in HQET

Lb
0→Lc

1Ds
2 6.5131028 12.80

Jb
2→Jc

0p2 0.192 4.21

Jb8
2→Jc8

0p2 0.192 4.21

Jb8
2→Jc

0p2 0.575 0 in HQET

Jb
2→Jc8

0p2 0.064 0 in HQET

Cabibbo suppressed

Lb
0→Lc

1K2 2.0031023 0.20

Lb
0→Sc

1K2 6.8131024 0 in HQET

Lb
0→Lc

1D2 2.0531024 0.55
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For the decay modeLb→Lc1p2, the decay rate for the
parity-conserving mode is not negligible compared to
contribution from the factorization term@13#. However, in
some decay modes, particularly those in which heavy me
is emitted, the pole contribution turns out to be very sm
compared with that of the factorization.

III. RESULTS AND DISCUSSION

The pole contribution to the decay rate of theLb decaying
into a charm baryon and a pseudoscalar meson does
seem negligible compared to the contribution of the fact
ization term in some cases, and so cannot be ignored
constitutes a significant branching ratio. The results are ta
lated in Table III. In some cases, however, it is much sma
than the factorization contribution. It has been observed@14#
r,
e
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that if the strong couplings are mass independent, the p
contribution will be small forb-baryon decays. We find her
that the mass dependence of strong-coupling constants p
an important role in deciding the contribution of the po
terms. The pole terms seem to be important only for
modes when the light pseudoscalarlike pion is emitted.
the modes where heavier mesons are emitted, pole te
make negligible contributions. The measurements on dec
of the b baryon will certainly throw light on the mechanism
of these decays.
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