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Final-state phases inB\ baryon-antibaryon decays
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Enrico Fermi Institute and Department of Physics, University of Chicago, Chicago, Illinois 60637

~Received 5 March 2003; published 22 May 2003!

The recent observation of the decayB̄0→Lc
1p̄ suggests that related decays may soon be visible ate1e2

colliders. It is shown how these decays can shed light on strong final-state phases and amplitudes involving the
spectator quark, both of which are normally expected to be small inB decays.
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I. INTRODUCTION

Phases inB decays arising from final-state interactions a
an important gateway to the observation of directCP viola-
tion. The pattern of decays toDp, D* p, Dr, and related
states has been elaborated recently by the CLEO@1,2#, Ba-
Bar @3#, and Belle@4–6# Collaborations. Some amplitude
for decays involving the weak subprocessb→cūd obey
isospin triangle relations. In certain cases these trian
have nonzero area, indicating non-zero final-state phase
tween different contributing amplitudes@7#. Some decays
governed by the Cabibbo-suppressed subprocessb→cūs
also involve amplitude triangles with apparently non-ze
area, though not yet at a statistically significant level@7,8#.
One would expect this behavior if flavor SU~3! is a good
symmetry forB decays.

The decays ofB mesons to charmed baryon–charmle
antibaryon pairs also obey simple isospin relations a
flavor-SU~3! regularities @9,10#. Models for these decay
@11–15# have been published that allow estimates of th
rates. The recent observation of the decayB̄0→Lc

1p̄ by the

Belle Collaboration @16# with a branching ratioB(B̄0

→Lc
1p̄)5(2.1920.49

10.5660.3260.57)31025 indicates that
such processes are within experimental reach at exis
e1e2 colliders. ~Many early models@11–14# overestimated
branching ratios to baryon-antibaryon final states but con
useful theoretical techniques.! The present paper indicate
how these data may be useful in elaborating final-s
phases among different amplitudes contributing to the
cays. It also indicates how one can test for suppressio
decay amplitudes involving the spectator quark.

We shall discuss the decomposition ofB̄0→Lc
1p̄ and re-

lated decays into invariant amplitudes of flavor SU~3! in Sec.
II. The triangles formed by these amplitudes, and their s
nificance for final-state interactions, are discussed in Sec
We conclude with some experimental prospects in Sec.
Conventions for the quark composition of baryons are giv
in the Appendix.

II. INVARIANT AMPLITUDES OF FLAVOR SU „3…

The weak Hamiltonian giving rise to the subprocessb

→cūd transforms as theI 51, I 3521 member of an octe
of flavor SU~3!. TheB mesonsbq̄(q̄52ū,d̄,s̄) form a 3* .
@Recall that (2ū, d̄) is an isodoublet.# Thus the SU~3! rep-
resentations of the initial state are those in the product
0556-2821/2003/67~9!/094017~7!/$20.00 67 0940
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3* 3853* 16115* . ~1!

The Lc
15c@ud# belongs to a flavor-SU~3! antitriplet (3* )

along with theJc
15c@su# and theJc

05c@sd#. The brackets
indicate antisymmetry with respect to flavor. For decays t
final state of a 3* charmed baryon and an octet antibaryo
all three representations in Eq.~1! occur. Hence there mus
be three independent invariant amplitudes of flavor SU~3!
characterizing such decays. Similarly, in the Cabibb
suppressed decays governed byb→cūs, the weak Hamil-
tonian transforms as the strange charged isodoublet mem
of a flavor octet, so the invariant amplitudes are the sam

Charmed baryons belonging to a flavor-SU~3! sextet (6)
also have been seen, consisting of an isotripletSc

11

5cuu, Sc
15c(ud),Sc

05cdd, an isodoublet J8c
1

5c(us), J8c
05c(ds), and an isosingletVc

05css. The pa-
rentheses indicate symmetry with respect to flavor. Simila
one can consider not only octet but also~anti!decuplet anti-
baryons. In Table I we summarize the SU~3! representations
that contribute to each class of decays.

An economical tensor notation was utilized by Sava
and Wise to describe these processes@10#. We illustrate with
the 3* 18 final state. We use subscripts to denote the co
ponents of a 3* representation of SU(3)f and use super-
scripts to denote the components of a 3 representation.
B mesons, in a 3* representation as mentioned, can then
written as (2B2, B̄0, B̄s

0)[Bi . The charmed baryons in
3* representation can be expressed as (2Jc

0 , Jc
1 , Lc

1)
[(Jc) i . The octet of charmless baryons, on the other ha
can be represented by a two-index tensor:

Nj
i [S 2S0/A21L/A6 S1 p

2S2 S0/A21L/A6 n

2J2 J0 22L/A6
D .

~2!

TABLE I. Invariant amplitudes in the direct channel contribu
ing to B→ ~charmed baryon!1~antibaryon! decays via the subpro

cessb→cūd or b→cūs.

Charmed baryon
Antibaryon

3* 6

8 3* 16115* 3* 16115*
10* 6 3* 115*
©2003 The American Physical Society17-1
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The weak Hamiltonian responsible for the Cabibbo-favo
quark subprocessb→cdū and the Cabibbo-suppressedb
→csū, belonging to an SU(3)f octet as mentioned above
can similarly be written as

H j
i ;~dū!Vud1~sū!Vus5S 0 0 0

Vud 0 0

Vus 0 0
D , ~3!

where Vud and Vus are the Cabibbo-Kobayashi-Maskaw
~CKM! matrix elements:Vus /Vud.l.0.2256. The effec-
tive Hamiltonian for the decaysB→JcN can be written in
terms of invariant amplitudesa, b andg @10#:

Heff5aJc
i Ni

jH j
kBk1bJc

i Hi
jNj

kBk1gJc
i BiHk

j Nj
k , ~4!

where we sum over repeated indices. Expanding the
would give us the amplitudes for the relevant processes.@Re-
member to multiply each amplitude by (21)nū, wherenū is
the number ofū quarks in the antibaryon.#

Two equivalent notations are helpful to visualize possi
relations among invariant amplitudes. The second is part
larly relevant when certain dynamical assumptions are ma

~1! The process 3* 38→3* 38 in the crossed channe
reads

3* 33→118D18F→838, ~5!

whereD andF denote the two ways of coupling an octet
a pair of octets. The singletS and octet amplitudesD andF
~suitably normalized! are related toa, b, andg by

a5D1F, b5D2F, g5S2
2

3
D. ~6!

TABLE II. Invariant amplitudes in the crossed channel contr
uting to B→ ~charmed baryon!1~antibaryon! decays via the sub

processb→cūd or b→cūs.

Charmed baryon
Antibaryon

3* 6

8 118D18F 8D18F110
10* 8 8110
09401
d

m

e
u-
e.

TheS, D, F notation is that~aside from normalization! used
by Li and Wu @9#. In Table II we summarize the SU~3! rep-
resentations that contribute to each class of decay, includ
also sextet charmed baryons and antidecuplet antibary
We see, of course, that the number of invariant amplitude
the same as in the direct channel.

~2! A topological expansion of amplitudes@17,18# yields
three invariant amplitudes, of which two are associated w
the subprocessb→cdū or b→csū, with an additional light
quark-antiquark pair produced from the vacuum@Fig. 1~a!#,
and one is associated with the exchange processbd̄→cū or
bs̄→cū, in which two such pairs are produced from th
vacuum@Fig. 1~b!#. We call the first two amplitudesa1 and
a2 and the third amplitudeaE ~to denote exchange!. Explicit
definitions of these amplitudes are given below. Consider
amplitudes for B to decay to 6 quarks (cqw8 qv and
q̄s q̄w q̄v) via color-suppressed processes as shown in
1~a!. With thec quark staying at the top, there are 2 perm
tations for$qw8 qv% and 6 permutations for$q̄s q̄w q̄v%. Thus
there are 12 possible color-suppressed diagrams contribu
to a specific amplitude. The amplitudes of the 12 diagra
are denoted byAi jk

lm , where lm is a permutation of$w8 v%
and i jk is a permutation of$s w v%. The color-suppressed
amplitude forB to decay to a charmed baryon and an an
baryon is then a weighted sum of the 12 amplitudes, with
weights being the products of the coefficient ofcqlqm in the
quark composition of the charmed baryon and that ofq̄i q̄i q̄k
in the quark composition of the antibaryon. It turns out th
each color-suppressed amplitude is a linear combination
a1 anda2, with

a15
1

2
~A[sw]v

[w8v]1A[sv]w
[w8v] !, ~7!

a25
1

2
~A[ws]v

[w8v]1A[wv]s
[w8v] !. ~8!

HereA[ i j ]k
[ lm] [(Ai jk

lm 2Ajik
lm )2(Ai jk

ml 2Ajik
ml ) and 1/2 is merely a

normalization factor. Similarly,Ei jk
lm is used to denote the

amplitude forB to decay to 6 quarks via an exchange proc
as shown in Fig. 1~b!. Here lm is a permutation of$v1 v2%
andi jk is a permutation of$w v1 v2%. Since the two quark-
t
TABLE III. SU(3) f predictions of the amplitudes forB→ an SU~3! 3* charmed baryon and an octe
antibaryon. CF5 Cabibbo favored; CS5Cabibbo suppressed.

CF decay Amplitude CS decay Amplitude

B0→Lc
1p̄ a11aE Bs

0→Jc
1S2 l(a11aE)

Bs
0→Jc

0J0 2a2 B0→Jc
0n̄ 2la2

Bs
0→Lc

1S2 2a1 B0→Jc
1p̄ 2la1

B0→Jc
0S0 2(a11a21aE)/A2 Bs

0→Jc
0S0 2l(a11aE)/A2

B0→Jc
0L (a12a21aE)/A6 Bs

0→Jc
0L l(a112a21aE)/A6

B0→Jc
1S2 aE Bs

0→Lc
1p̄ laE

B2→Jc
0S2 2(a11a2) B2→Jc

0p̄ 2l(a11a2)
7-2
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antiquark pairs (qv1
q̄v1

andqv2
q̄v2

) are both produced from

the vacuum,aE should not depend on the ordering ofv1 and
v2. One finds that all exchange amplitudes forB to decay to
a charmed baryon and an antibaryon are multiples of

aE5
1

2
~E[v1v2]w

[v1v2]
1E[wv2]v1

[v1v2]
2E[wv1]v2

[v1v2]
!. ~9!

The topological decompositions of the amplitudes are p
sented in Table III. They are in agreement with those
tained from Eq.~4! if we set

a152g, a252b, aE5a1g. ~10!

In particular, if processes involving the spectator quark
suppressed, as has been argued for heavy-quark decays~see,
e.g., the discussion in@18#!, one expectsuaEu!ua1u,ua2u, and
hence an approximate symmetry

a52g. ~11!

We shall explore the consequences of this relation in the n
section.

More generally, the topological amplitudes contributing
each type of process are summarized in Table IV. For dec
to 618, bothqw8qv andqv1

qv2
are symmetrized and there

fore

b15
1

2
~A[sw]v

(w8v)1A[sv]w
(w8v)!, ~12!

TABLE IV. Invariant amplitudes in a topological expansion fo
B→ ~charmed baryon!1~antibaryon! decays via the subprocessb

→cūd or b→cūs.

Charmed baryon
Antibaryon

3* 6

8 a1 , a2 , aE b1 , b2 , bE

10* c d, dE
09401
-
-

e

xt

ys

b25
1

2
~A[ws]v

(w8v)1A[wv]s
(w8v)!, ~13!

bE5
1

2
~E[wv1]v2

(v1v2)
1E[wv2]v1

(v1v2)
!, ~14!

where A[ i j ]k
( lm) [(Ai jk

lm 2Ajik
lm )1(Ai jk

ml 2Ajik
ml ) and E[ i j ]k

( lm) is de-
fined in a similar way. Note that, ifqv1

andqv2
are identical,

only one term in Eq.~14! contributes. For decays to 3*
110* , there is no exchange diagram sinceqv1

and qv2
are

antisymmetrized in a 3* charmed baryon butq̄v1
andq̄v2

are

symmetrized in a 10* antibaryon; and

c5A(swv)
[w8v] /A2[(

s
~As$swv%

w8v 2As$swv%
vw8 !/A2, ~15!

where the sum runs over all permutationss of $s w v%. For
decays to 6110* ,

d5A(swv)
(w8v)[(

s
~As$swv%

w8v 1As$swv%
vw8 !, ~16!

and dE5E(wv1v2)
(v1v2) is defined in a similar fashion. In Table

V–VII we summarize the corresponding amplitudes for d

FIG. 1. Diagrams forB → a charmed baryon and an antibaryo
~a! Color-suppressed diagram.qw85d for Cabibbo-favored decays

and qw85s for Cabibbo-suppressed decays;q̄w5ū. ~b! Exchange

diagram.q̄s5d̄ for Cabibbo-favored decays andq̄s5 s̄ for Cabibbo-

suppressed decays;q̄w5ū.
.8
TABLE V. SU(3)f predictions of the amplitudes forB→(6 charmed baryon1 octet antibaryon!. Only
Cabibbo-favored decays are shown.

Decay Amplitude Decay Amplitude

B̄0→Sc
0n̄ 2(b21bE)a B2→Sc

0p̄ 2(b11b2)b

B̄0→Sc
1p̄ (bE2b1)/A2 B2→J8c

0S2 (b11b2)/A2

B̄0→J8c
0L (b22b113bE)/(2A3) Bs

0→J8c
0J0 b2 /A2

B̄0→J8c
0S0 (b11b21bE)/2 Bs

0→Sc
1S2 b1 /A2

B̄0→J8c
1S2 2bE /A2 Bs

0→Sc
0S0 2b1 /A2

B̄0→Vc
0J0 bE Bs

0→Sc
0L (b112b2)/A6

aThe branching ratio for this mode is predicted to beO(1027;1026) in a pole model@15#.
bA branching ratio of (0.4520.19

10.2660.0760.12)31024 is measured forB2→Sc
0p̄ by the Belle Collaboration

@19#. This sets a 90% C.L. upper limit 0.9331024, to be compared with the 90% C.L. upper limit 0
31024 set by the CLEO Collaboration@20#. A prediction based on the pole model of Ref.@15# agrees with
these limits.
7-3
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Z. LUO AND J. L. ROSNER PHYSICAL REVIEW D67, 094017 ~2003!
cays to 618, 3* 110* , and 6110* , respectively. These ar
equivalent to the decompositions presented in Ref.@10#, but
we find the present notation convenient for seeing what h
pens when we assume that the exchange amplitudes
small. We do not show the amplitudes for Cabibb
suppressed decays~which can be looked up in@10#!, since
these decays generally involveJc8 , Vc or Bs

0 , none of
which is easy to observe or produce in experiments. Furt
more, the branching ratios for these decays are expecte
be only a few percent of those for the Cabibbo-favored on

III. TRIANGLE RELATIONS

In all the processes we consider, the charmed baryon
spin 1/2. Since the decaying particle has spin 0, and pari
not conserved in the decay, there are two independent am
tudes, labeled by the helicity of the charmed baryon. T
following triangle relations are valid for each. The parit
conserving~PC! and parity-violating~PV! amplitudes are
linear combinations of the two helicity amplitudes. In som
models~see, e.g.,@13#!, one of the amplitudes~e.g., PV! may
be absent or suppressed with respect to the other. In
absence of final-state phases, one can show that the tria
formed by the square roots of three decay rates has zero
if and only if the PC and PV amplitudes for the three dec
processes form similar triangles. Indeed, zero final-s

TABLE VI. SU(3) f predictions of the amplitudes forB→(3*
charmed baryon1 antidecuplet antibaryon! ~Cabibbo-favored de-

cays!. Note thatA(B̄0→Jc
1S* 2)50.

Decay Amplitude Decay Amplitude

B̄0→Lc
1D2 2c/A3 B̄0→Jc

0S* 0 c/A6

B2→Lc
1D22

2ca B2→Jc
0S* 2 c/A3

Bs
0→Lc

1S* 2 2c/A3 Bs
0→Jc

0J* 0 c/A3

aBranching ratios of (1.8720.40
10.4360.2860.49)31024 and (2.4

60.620.17
10.1960.6)31024 are observed forB2→Lc

1p̄p2 by the
Belle @19# and CLEO@20# Collaborations, respectively. SinceD22

decays almost exclusively top̄p2, the branching ratio forB2

→Lc
1D22 should be less thanB(B2→Lc

1p̄p2). The pole model
of Ref. @15# predictsB(B2→Lc

1D22)51.931025.
09401
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phases and similar PC and PV triangles are two neces
and sufficient conditions for the triangle formed by th
square roots of three decay rates to have zero area. The p
is given below.

Suppose thatsi
25uci u21uv i u2 ( i 51,2,3) are thedecay

rates for three processes, withci andv i being the PC and PV
amplitudes, respectively. Assuming that these amplitudes
isfy triangle relationsc11c25c3 andv11v25v3, we have

s3
25s1

21s2
212Re~c1c2* 1v1v2* !

<s1
21s2

212~ uc1uuc2u1uv1uuv2u!

<s1
21s2

212Auc1u21uv1u2Auc2u21uv2u2

5~s11s2!2,

where the second inequality is due to the Cauchy-Schw
inequality. Obviously, the equalitys35s11s2 holds if and
only if there are no relative phases both betweenc1 andc2

FIG. 2. Triangles forA(B0→Lc
1p̄)5a and related amplitudes

described in Table III. Note thata5a11aE , b52a2 and
g52a1.
TABLE VII. SU(3) f predictions of the amplitudes forB→(6 charmed baryon1 antidecuplet antibaryon!
~Cabibbo-favored decays!.

Decay Amplitude Decay Amplitude

B̄0→Sc
11D22 2dE

a B2→Sc
1D22 d/A2

B̄0→Sc
1D2 (2dE1d)/A6 B2→Sc

0D2 2d/A3

B̄0→Sc
0D0 2(dE1d)/A3 B2→J8c

0S* 2 2d/A6

B̄0→J8c
1S* 2 (2/3)1/2dE Bs

0→Sc
1S* 2 d/A6

B̄0→J8c
0S* 0 2(2dE1d)/(2A3) Bs

0→Sc
0S* 0 2d/A6

B̄0→Vc
0J* 0 2dE /A3 Bs

0→J8c
0J* 0 2d/A6

aThe branching ratio forB̄0→Sc
11D22 should be less than that forB̄0→Sc

11p̄p2. The latter is measured
to be (2.3820.55

10.6360.4160.62)31024 and (3.760.860.761.0)31024 by the Belle @19# and CLEO @20#
Collaborations, respectively.
7-4
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and between v1 and v2, and the relation uc1u/uc2u
5uv1u/uv2u is satisfied. One then hasuc1u/uv1u5uc2u/uv2u
5uc3u/uv3u.

In what follows we shall assume that, by studying dec
distributions, one has been able to separate out the indivi
rates for parity-conserving and parity-violating transitions,
the individual rates for charmed baryon helicities61/2. In
the case of amplitude equalities~rather than triangle rela
tions!, total rates as well as individual ones will of course
equal.

A. 3*¿8 final states

The Cabibbo-favored amplitudes of Table III are deno
by arrows in Fig. 2. For each helicity or partial wave, thr
independent complex amplitudes will be specified co
pletely, up to an irrelevant overall phase, by five lengths
these vectors, leaving two predictions for rates. There will
a discrete ambiguity corresponding to the folding of two a
jacent triangles about their common side.~We do not show
the corresponding figure for Cabibbo-suppressed deca!
We now discuss some individual triangle relations associa
with this construction. These triangles, if shown to have n
zero area, will indicate non-zero relative final-state pha
between their contributing amplitudes.

As a consequence of the isospin of the weak Hamilton
for b→cūd, two invariant isospin amplitudes, withI 51/2
and I 53/2, governB→JcS. The three decay processe
then obey a triangle relation:

A~B2→Jc
0S2!5A2A~B̄0→Jc

0S0!1A~B̄0→Jc
1S2!.

~17!

This relation is somewhat challenging in view of the need

reconstruct theS̄0 through its L̄g decay. However, it in-
volves only non-strangeB mesons, which are the focus o
current studies ate1e2 colliders.

Three triangle relations involve the observedB̄0→Lc
1p̄

decay:

A2A~B̄0→Lc
1p̄!1A~B̄0→Jc

0S0!5A3A~B̄0→Jc
0L!,

~18!

A~B̄0→Lc
1p̄!1A~B̄s

0→Jc
0J0!5A6A~B̄0→Jc

0L!,
~19!

A~B̄0→Lc
1p̄!1A~B̄s

0→Lc
1S2!5A~B̄0→Jc

1S2!.
~20!

The first one is particularly useful since it involves onlyB̄0

decays. The last two relations involve the detection of aB̄s
0

decay, requiring either a dedicated run at KEKB or PEP
~currently running below theBs

0B̄s
0 threshold! or an experi-

ment at a hadron collider.
In the Cabibbo-suppressed sector two isospin relati

stem from theI 51/2, I 3521/2 nature of the weak Hamil
tonian:

A~B2→Jc
0p̄!5A~B̄0→Jc

0n̄!1A~B̄0→Jc
1p̄!, ~21!
09401
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A~B̄s
0→Jc

1S2!52A2A~B̄s
0→Jc

0S0!. ~22!

The first of these involves only non-strangeB’s and noS0’s.
Two additional triangle relations may be written, both i
volving B̄s

0 decays. Since these involve Cabibbo-suppres

decays of the less easily producedB̄s
0 , the corresponding

triangles may not be so easy to construct.

B. 6¿8 final states

The isospin triangles in these processes are

A~B2→Sc
0p̄!5A2A~B̄0→Sc

1p̄!1A~B̄0→Sc
0n̄!,

~23!

which involves an antineutron, and

A~B2→J8c
0S2!5A2A~B̄0→J8c

0S0!1A~B̄0→J8c
1S2!,

~24!

which involves theJc8 states. These were not observed un
quite recently@21# since they decay toJcg. A simple isospin
relation

A~B̄s
0→Sc

1S2!52A~B̄s
0→Sc

0S0! ~25!

involves B̄s
0 decays. Several amplitude triangles not invo

ing isospin can be formed from the relations for 618 de-
cays, but they involve particles which are not especially e
to produce (B̄s

0) or detect (Jc8).
There are several ways to check whether the excha

amplitudebE is much smaller thanb1 or b2. For example,
the decayB̄0→J8c

1S2 occurs only via the exchange ampl
tude, so it would be suppressed in comparison with the o
decays toJc8S. Similarly, the decayB̄0→Vc

0J0 would be
suppressed. If, indeed,bE is found to be suppressed, a usef
amplitude triangle based on the two independent amplitu
b1 andb2 could be formed:

2A3A~B̄0→J8c
0L!1A~B2→Sc

0p̄!52A2A~B̄0→Sc
1p̄!.

~26!

Other such triangles can also be formed, but they gener
involve B̄s

0 decays.

C. 3*¿10* final states

Here a single amplitude describes all decays. The rela

A~B2→Lc
1D22!5A3A~B0→Lc

1D2! ~27!

is a consequence of the pure isospin (I 53/2) of the final
state. The decaysB→JcS* involve both I 51/2 and I
53/2, but these amplitudes are related to one another s
B̄0→Jc

1S* 2 is forbidden. This process could have pr
ceeded only via an exchange amplitude, but the fi
charmed baryon is antisymmetric in its light quarks, whi
cannot couple to the symmetrized quarks in the final anti
cuplet antibaryon. Thus the isospin relation
7-5
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A~B2→Jc
0S* 2!5A2A~B̄0→Jc

0S* 0!1A~B̄0→Jc
1S* 2!

~28!

is implemented as

A~B2→Jc
0S* 2!5A2A~B̄0→Jc

0S* 0!. ~29!

There are no triangle relations, and no tests for a vanish
exchange amplitude since it never contributes in the fi
place.

D. 6¿10* final states

There are a number of isospin triangles involving t
charge states ofB→ScD. One example for which detectio
of final states may be particularly favorable is

A~B̄0→Sc
11D22!1A3A~B2→Sc

0D2!

5A3A~B̄0→Sc
0D0!. ~30!

Another useful relation involves the two charge states
B2→ScD:

A2A~B̄0→Sc
1D22!1A3A~B2→Sc

0D2!50. ~31!

In order that the isospin triangles have non-zero area, bod
anddE must be nonvanishing and have a nontrivial relat
phase. A good test fordE50 is to check whether the deca
B̄0→Sc

11D22 is suppressed in comparison with otherB
→ScD decays. WhendE50, all the rates for processes
Table VII are either zero or related to one another by sim
factors.

Another isospin triangle involving the charge states
B̄0→JcS* is

A~B2→J8c
0S* 2!5A2A~B̄0→J8c

0S* 0!

1A~B̄0→J8c
1S* 2!.

~32!

However, experimentally it is not easy to construct.

IV. DISCUSSION AND SUMMARY

The recent observation of a two-body baryon-antibary
B decay @16# is likely to be the first in a series of suc
decays. We have shown that these processes are capa
providing information on two main questions which ha
been of interest inB meson decays for some years:~1! Are
there significant final-state interaction phases between di
ent decay amplitudes characterized by the same w
phases?~2! Are processes involving the spectator qua
~such as the exchange amplitudes described here by the
fix E) suppressed in comparison with other amplitudes
which the spectator does not enter into the weak Ham
tonian? We have described a number of tests of both th
questions which may be feasible in the near future. In p
ticular, if amplitude triangles formed of total rates for thr
processes appear to have zero area, we have shown tha
09401
g
t

f

e

f

n

e of

r-
ak

uf-
n
l-
se
r-

ela-

tive final-state phases must vanishand that partiy-conserving
and parity-violating transition amplitudes must be in t
same proportion in all three processes. Tests for the sm
ness of exchange amplitudes can be performed by sev
comparisons of rates in Tables III, V, and VII. Other tes
may require separation of helicity amplitudes before be
fully implemented.

Given the value of the observed branching ratio forB̄0

→Lc
1p̄ @16#, which was based on an integrated luminos

of 78.2 fb21, several times the present data sample may
needed to see some of the related decay modes, but th
angle construction in Fig. 2 suggests that at least some o
decay modes to a charmed baryon and an octet antiba
may be observable with comparable branching ratios. Co
bined with the predictions of Ref.@15# and the assumption o
suppression of the exchange amplitudes, Table V indica
that a few other processes~such as B̄0→Sc

1p̄, B2

→J8c
0S2, Bs

0→Sc
1S2 and Bs

0→Sc
0S0) may have branch-

ing ratios of about the same order as the already obse
decay B2→Sc

0p̄. Another decay in Table VI, B2

→Lc
1D22, should also be observable if its branching ra

is of order 1025 as predicted by the pole model of Ref.@15#.
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APPENDIX: QUARK COMPOSITION OF BARYONS

In our convention (Jc
0 , Jc

1), (p̄, n̄), (S2, S0,
S1), (J0, J1), (D22, D2, D0, D1), (S* 2, S* 0, S* 1)
and (J* 0, J* 1) are in iso-multiplets. We recall thatI 2u

5d, I 2d̄52ū. Our convention for theB mesons is:B25

2bū, B05bd̄, Bs
05bs̄.

~1! Antitriplet charmed baryons:

Lc
15~cud2cdu!/A2,

Jc
15~csu2cus!/A2,

Jc
05~csd2cds!/A2.

~2! Sextet charmed baryons:

Sc
115cuu,

Sc
15~cud1cdu!/A2,

Sc
05cdd,

J8c
15~cus1csu!/A2,

J8c
05~cds1csd!/A2,

Vc
05css.

~3! Octet antibaryons:
7-6
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p̄5~ ūd̄ū2d̄ūū!/A2,

n̄5~ d̄ūd̄2ūd̄d̄!/A2,

S25~ s̄ūū2ūs̄ū!/A2,

S05~ ūs̄d̄2 s̄ūd̄1d̄s̄ū2 s̄d̄ū!/2,

S15~ s̄d̄d̄2d̄s̄d̄!/A2,

J05~ ūs̄s̄2 s̄ūs̄!/A2,

J15~ s̄d̄s̄2d̄s̄s̄!/A2,

L5~2ūd̄s̄22d̄ūs̄2d̄s̄ū1 s̄d̄ū2 s̄ūd̄1ūs̄d̄!/A12.

~4! Antidecuplet antibaryons:

D2252ūūū,
te
ns
00

rt

et

09401
D25~ ūūd̄1ūd̄ū1d̄ūū!/A3,

D052~ ūd̄d̄1d̄ūd̄1d̄d̄ū!/A3,

D15d̄d̄d̄,

S* 25~ ūūs̄1ūs̄ū1 s̄ūū!/A3,

S* 052~ ūd̄s̄1ūs̄d̄1d̄ūs̄1d̄s̄ū1 s̄ūd̄1 s̄d̄ū!/A6,

S* 15~ d̄d̄s̄1d̄s̄d̄1 s̄d̄d̄!/A3,

J* 052~ ūs̄s̄1 s̄ūs̄1 s̄s̄ū!/A3,

J* 15~ d̄s̄s̄1 s̄d̄s̄1 s̄s̄d̄!/A3,

V15 s̄s̄s̄.
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