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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 decays)—A;+7~, AJ—=S +7, Ap—A +D;, E, »E2+ 7, and Cabibbo
suppressed decayd— A +K~, Ap—»37+K~, A~ A +D". The calculated values of the decay rate are
compared with the values obtained by Manaehl. with the factorization approximation using heavy quark
effective theory[S0556-282(98)06505-9

PACS numbgs): 13.30.Eg, 11.30.Hv, 11.40.Ha, 14.20.Mr

Despite the significant progress made in the study ofA and B are the parity-violating § wave and parity-
heavy meson decays, advancement in the arena of heawpnserving p wave amplitudes, respectively. In the pole
baryons, both theoretical and experimental, has been vemodel, one introduces a set of intermediate states into the
slow[1]. From the theoretical point of view, the dynamics of decay process so that the weak and strong vertices become
nonleptonic weak decays of hadrons is expected to becomgeparated. In other words, the process under consideration
simpler as the hadrons become heavier. For example, thgasses through certain hadronic intermediate states which
factorization approach has been applied to the heavy mesqan be decomposed into two steps: production of these inter-
decays with reasonable success. However, the situation is npfediate states in the strong process, following which the
very satisfactory for the baryon decays: while the hyperonntermediate baryon then undergoes a weak transition to the
decays are described with the help of current algépr&],  final baryon.A andB are then given simply by the product
a reliable approach suited for investigating the weak decaysf strong- and weak-coupling constants divided by the mass
of heavy baryons does not exist as yet. Neither current algesum and mass difference, respectively, foand B.
bra nor factorization seems to be the ultimate tool to analyze The decay amplitudes are given [&3
the heavy baryon decays.

We analyze two-body hadronic decays of bottom baryons ag _.g0s _.B.p. OUg_B Pag B
. . . ole__ i | | 7 i mj m f
in the framework of the pole model, which is more general APOP= Mg+ Mg) Mg +Mg) ()
than current algebra since its use is not restricted to the soft (Mg, +Meg, (Mg, +Mg,
meson limit and to the pseudoscalar meson final state, and
compare the results with those obtained in the factorization gpole_
approach. The pole model has been used earlier in the decays (Mg —M B) (Mg_—Mg) '
of hyperong 8], charmed baryong9] andB mesong10]. In ' "
the approximation where we assume the baryon pole to leh’J\"ﬂfi?heregBIHprj is the strong-coupling constant representing
Fhe dommaln? confcnbuﬂon, we find that the pole cont'rlbutlonthe processB,—B;P;, andbg g is the amplitude with
is not negligible in all decay modes. We only consider the i

parity-conserving amplitude because it is not easy to esti\-NhICh the weak transitiorB;—B, takes place. The decay

mate the parity-violating amplitude in the pole model. Fur-aMPlitude is thus determined in terms of the strong-coupling
ther, the baryon-to-baryon parity-violating transition van- constants and weak transition amplitudes. The pole diagrams

ishes in the flavor symmetry limit, and so the contribution to'cor the processes under consideration are drawn in Fig. 1.
the parity-violating amplitude from 172baryons is expected

bBi—>B|gB|—>Bij gBiaBijme—»Bf

()

A. Strong-coupling constants

to be small.
The SU5) invariant Hamiltonian representing the strong
I. FRAMEWORK transitions can be written as
: . — 1n[m,n]b a
We consider the baryon dec@8~B’+ P, whereP is a Hswong= V2(9a+91)3B Bim.niaPo
seudoscalar meson, and wiji —
P & + \/E(gd_gf)B[m’b]nB[m,a]nPSa (4)
M(Bi— B¢+ Pj)=iug (A+Bys)Ug dm, @D where Bimnja, BI™"?, and PZ are the baryon, antibaryon,

and meson quark wave functions, respectivgBj, and
04(gs) is thed- (f-) type strong-coupling constant. We take

*On leave of absence from Panjab University, Chandigarngq+g;=14 andgy/g;=1.5, so thatgy=8.4 andg;=5.6.
160014. The values of symmetric and symmetry-broken coupling
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FIG. 1. Pole diagrams for pionic decays.
constants needed for the decays under consideration are tabu- B. Weak transition
Ialyed in column(ii) of 'Iral:;Ie '('j Ihe symmetry-broken cou-  Thg flayor symmetric and quark model Hamiltonian rep-
pling constants are calculated frdrid] resenting weak transitions is given by
2l |
sg_ (Mi+M¢) o0 Huweak= VirVimB!" By mHi[" - 5
gifj T oMy gify >

The spurion transforms likel2g [12]. The transition ampli-

and are tabulated in colum(iii) of Table I. For the pion- tude ap,—32 1S related toas+ ., by SUS) or by quark
emitted strong transitions, the above formula for the couplingnodel calculations. For calculational purposes, we take
constants is equivalent to using Goldberger-Treiman relatiofs +_.,= 1.2X 10"’ GeV [6]. The weak transition elements
and symmetric values for the axial vector coupling constantare proportional to V“V}‘m, where V; are Cabibbo-
The estimation of the strong-coupling constants is, of courseKobayashi-Maskawa matrix elements. The relevant transi-
suspect, as S8) is very badly broken symmetry. tion amplitudes are listed in Table Il.
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TABLE I. Strong-coupling constant valugSymmetric(Sym) and symmetry broke(S.B)].

Strong transition

Coupling consta(®ym)

Coupling constan(S.B)

S0 Alw

0 +
Seod,m
A3 im™

=0 +1,—
B.—AK

n—A*D"

2
—=0q=9.39
\/égd

29;=10.84

2
———=g¢=—9.39

V3
2
§gd:664

1
39+ —=gq=14.08
V3

2
—(ﬁgf+ ggd) =-11.50

2
394=6.64

23.66

28.28

—56.83

16.78

4.06

—3.45

16.78

_(m—mg®—mj
2mi '

I'=C,[|A]*+Cy[BJ?],

[(m;+mp)®—m]

|| 2 :

2_ 2
(M —me)*—mp

Il. DECAY RATE
. Ei—m¢=
The decay rate is L
[(Bi—B,+P) |q| (E m) |B|2} We can also write the decay rate as
— B+ = A \Ef f
where
where
lal= —[{m = (mg+mp)H{m?— (mg—mp) %},
(m;+mp)?—m3
Ef‘l‘ mf_Z—mi
2:
and

TABLE Il. Weak transition amplitude values.

2 2"
(m;+mg)“—mp

Weak transition

Transition amplitude

Val(i® units of 10°7)

Ag—>28
So—-A7L
PINEES e

Ag—>

1 Vg
0=
aAng \/—Vusa2+
1 Vg
As+pa+=— a
S AL \/—Vus S tp
1 Vg
agrst=——=—2a
PO \/_Vus Stp
aAgEg__6 cbaE*p
1 Vyp
a2+
"6 Vus
1
ANAT g VubBstp
"0 1 Vcb
ag g0=— —ay+

0.0907

—0.0907

—0.1571

—0.0084

0.0077

—0.000 72

—0.0641
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TABLE lIl. Decay rates ofA,, baryon in units of 101° GeV. Mannel, Roberts, and Ryzak, Phys. Lett. B
259, 485(199)).

Decay Decay ratéPole model Decay rate(factorizatiort*)
PC mode only PV+ PC

Cabibbo allowed

A=A 0.22 2.55
S 1.09 0 in HQET
AJ—AIDS 6.51x 108 12.80
Ep—Eom™ 0.192 4.21
By —En 0.192 4.21
By —Edn 0.575 0 in HQET
By —E07 0.064 0 in HQET

Cabibbo suppressed

AJ—ATK™ 2.00x1073 0.20
A=K 6.81<10* 0in HQET
A—AID™ 2.05<10°* 0.55

For the decay modé\,— A.+ 7, the decay rate for the that if the strong couplings are mass independent, the pole

parity-conserving mode is not negligible compared to thecontribution will be small fob-baryon decays. We find here

contribution from the factorization terfil3]. However, in  that the mass dependence of strong-coupling constants plays

some decay modes, particularly those in which heavy mesoan important role in deciding the contribution of the pole

is emitted, the pole contribution turns out to be very smallterms. The pole terms seem to be important only for the

compared with that of the factorization. modes when the light pseudoscalarlike pion is emitted. For

the modes where heavier mesons are emitted, pole terms

make negligible contributions. The measurements on decays

of the b baryon will certainly throw light on the mechanism
The pole contribution to the decay rate of thg decaying  of these decays.

into a charm baryon and a pseudoscalar meson does not

seem negligible compared to the contribution of the factor- ACKNOWLEDGMENTS
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