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Final-state phases inB— baryon-antibaryon decays
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The recent observation of the dec§9—>A§Hsuggests that related decays may soon be visibk at
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 smaéldecays.
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I. INTRODUCTION 3*x8=3*+6+15". (D)

Phases ifB decays arising from final-state interactions areTne A * = c[ud] belongs to a flavor-S(3) antitriplet (3)
an important gateway to the observation of diré® viola- along \c/vith the= " =c[su] and the=°=c[sd]. The brackets
. — G —C .
tion. The pattern of decays ©w, D*m, Dp, and related  jqicate antisymmetry with respect to flavor. For decays to a
states has (;oeen”elaborated”retz)cent!y by the CLEQ), IBa('j final state of a 3 charmed baryon and an octet antibaryon,
Bar [3], and Belle[4~-6] Collaborations. Some amplitudes 5| three representations in E@l) occur. Hence there must

for decays involving the weak subprocebs-cud obey pe three independent invariant amplitudes of flavor(BU

isospin triangle relations. In certain cases these trianglegharacterizing such decays. Similarly, in the Cabibbo-
have nonzero area, indicating non-zero final-state phases b§u

. I ) Uppressed decays governed WCUS, the weak Hamil-
tween different contributing amplitude¥]. Some de(iiys tonian transforms as the strange charged isodoublet member

governed by the Cabibbo-suppressed subprotessus  of a flavor octet, so the invariant amplitudes are the same.
also involve amplitude triangles with apparently non-zero Charmed baryons belonging to a flavor{8Usextet (6)

One would expect this behavior if flavor 8) is a good  _ 3" =c(ud),3%=cdd an  isodoublet ='*
1 c 1<~ 1

= c
symmetry forB decays. =c(us), E’gzc(ds), and an isosingleﬂ‘C):css The pa-

The decays o8 mesons to charmed baryon—charmlessrentheses indicate symmetry with respect to flavor. Similarly,

antibaryon pairs al_s_o obey simple isospin relations an%ne can consider not only octet but alemtidecuplet anti-
flavor-SU3) regularities[9,10. Models for these decays . baryons. In Table | we summarize the @Urepresentations

[11-15 have been published that allow estimates of the'rthat contribute to each class of decays.

rates. The recent observation of the de&dy- A p by the An economical tensor notation was utilized by Savage
Belle Collaboration[16] with a branching ratioB(B®  and Wise to describe these procedddd. We illustrate with

—>A§H):(2.19f8-igt 0.32£0.57)x10°° indicates that the 3*+8 final state. We use subscripts to denote the com-

such processes are within experimental reach at existingonents of a 3 representation of SU(3)and use super-
e"e™ colliders.(Many early model§11—14 overestimated scripts to denote the components of a 3 representation. The
branching ratios to baryon-antibaryon final states but contaif® mesons, in a 8 representation as mentioned, can then be
useful theoretical techniqugsThe present paper indicates written as B, BO, Eg)zsi_ The charmed baryons in a
how these data may be useful in elaborating final-statg* representation can be expressed as=C, 2., AJ)
phases among different amplitudes contributing to the de=(z),. The octet of charmless baryons, on the other hand,

cays. It also indicates how one can test for suppression fan pe represented by a two-index tensor:
decay amplitudes involving the spectator quark.

We shall discuss the decomposition&ff— A /p and re- _S0 24 A/6 s+ D
lated decays into invariant amplitudes of flavor(8Jun Sec. ) N
II. The triangles formed by these amplitudes, and their sig- N}E -= 39 \/§+ A/\/é n :
nificance for final-state interactions, are discussed in Sec. lll. -5 =0 —2A/6
We conclude with some experimental prospects in Sec. IV. 2)
Conventions for the quark composition of baryons are given
in the Appendix. TABLE |I. Invariant amplitudes in the direct channel contribut-

ing to B— (charmed baryor-(antibaryon decays via the subpro-
Il. INVARIANT AMPLITUDES OF FLAVOR SU  (3) cessb—cud or b—cus.

The weak Hamiltonian giving rise to the subprocéss Charmed baryon 3* 6
—cud transforms as thé=1, 1,=—1 member of an octet Antibaryon
of flavor SU3). The B mesonsq(q= —u,d,s) form a 3. 8 16115 3 16415
[Recall that (- u, d) is an isodoublet.Thus the SIB) rep- 10¢ 6 3* +15¢

resentations of the initial state are those in the product
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TABLE Il. Invariant amplitudes in the crossed channel contrib- The S, D, F notation is thataside from normalizatiorused
uting to B— (charmed baryont-(antibaryon decays via the sub- by Li and Wu[9]. In Table Il we summarize the SB) rep-

processh—cud or b—cus. resentations that contribute to each class of decay, including
also sextet charmed baryons and antidecuplet antibaryons.
Charmed baryon 3* 6 We see, of course, that the number of invariant amplitudes is
Antibaryon the same as in the direct channel.
(2) A topological expansion of amplitud¢47,18 yields
12* 1+82+8F BD;fFlg 10 three invariant amplitudes, of which two are associated with

the subprocess— cdu or b—csu, with an additional light
guark-antiquark pair produced from the vacu[lﬁlg 1(@)],

The weak Hamiltonian respon5|ble for the Cabibbo-favoredand one is associated with the exchange probelsscu or
quark_subprocess—mdu and the Cabibbo-suppresséd bs—cu, in which two such pairs are produced from the
—csu, belonging to an SU(3)octet as mentioned above, vacuum[Fig. 1(b)]. We call the first two amplitudea; and

can similarly be written as a, and the third amplitudeg (to denote exchangeExplicit
definitions of these amplitudes are given below. Consider the
0 00 amplitudes forB to decay to 6 quarksc@, g, and
H}N(dU)Vud+(SU)Vus= Vg 0 0, 3)  9sqw q'v) via coIor—supprgssed processes as shown in Fig.
Ve 0 0 1(a). With the c quark staying at the top, there are 2 permu-

tations for{q,, q,} and 6 permutations fdigs q,, g,}. Thus
where V4 and V4 are the Cabibbo-Kobayashi-Maskawa there are 12 possible color-suppressed diagrams contributing
(CKM) matrix elementsVs/V,q=\=0.2256. The effec- to a specific amplitude. The amplitudes of the 12 diagrams
tive Hamiltonian for the decayB—Z N can be written in  are denoted b)A”k, wherelm is a permutation ofw’ v}
terms of invariant amplitudes, g8 andy [10]: andijk is a permutation ofs wuv}. The color-suppressed
ik i ik i Link amplitude forB to decay to a charmed baryon and an anti-
Heir= aZNiH B+ BEHINBi+ yEBiHIN],  (4)  paryon is then a weighted sum of the 12 amplitudes, with the

where we sum over repeated indices. Expanding the Sur\T/]ve|ghts being the products of the coefﬁuentoqum in the

would give us the amplitudes for the relevant procedses. ~ duark composition of the charmed baryon and thagofdy
member to multiply each amplitude by-(1)™, whereny is in the quark composition of the antibaryon. It turns out that

— . . ’ ! each color-suppressed amplitude is a linear combination of
the number ofu quarks in the antibaryoh.

n with
Two equivalent notations are helpful to visualize possible g @ da,,
relations among invariant amplitudes. The second is particu-

larly relevant when certain dynamical assumptions are made. =—(A w v] +A{‘;V oy, 7)
(1) The process 8xX8—3* X8 in the crossed channel v]
reads
3*x3—-1+8,+8-—8X8, (5) =—(A"" Sl afwl), (8)

whereD andF denote the two ways of coupling an octet to "

a pair of octets. The singl@and octet amplitude® andF  Here AlTk= (AR — Al%) — (AT — jlk) and 1/2 is merely a
(suitably normalizeplare related tax, 8, andy by normallzatlon factor. SlmllarIyEIJk is used to denote the
amplitude forB to decay to 6 quarks via an exchange process
as shown in Fig. ). Herelm is a permutation ofv, v,}

2
a=D+F, p=D-F, y=S-3D. © andijk is a permutation ofw v, v,}. Since the two quark-

3

TABLE IIl. SU(3); predictions of the amplitudes fB— an SU3) 3* charmed baryon and an octet
antibaryon. CE Cabibbo favored; CSCabibbo suppressed.

CF decay Amplitude CS decay Amplitude

B A/ p a;tag Bl-E S N(aytag)

Bl E0E° —ap B*—E%n —\a,

BlA[ S —a B-E.p —Aay

B =30 —(a;+ay+ag)/\2 B 290 —Nay+ag)/\2
290 (a;—a,+ag)/\6 Bl EIA \(a,+2a,+ag)/\6
—EIST ag B—Alp Aag

B~ _>H02— —(aytay) B~ —E% —Magtay)
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_ TABLE IV. Invariant amplitudes in a topological expansion for (a) (b)
B— (charmed baryont(antibaryon decays via the subprocebs ¢ b - c
—cud or b—cus. / R Oy
Qv 9y,
Charmed baryon 3* 6 qs < _ < _
Antibaryon I %Vz
I g &y
8 a;, az, ag by, by, be Qs v &

10* Cc d! dE

FIG. 1. Diagrams foB — a charmed baryon and an antibaryon.
(a) Color-suppressed diagram,,,=d for Cabibbo-favored decays

antiquark pairs ‘ﬁvlavl and quavz) are both produced from andg,,=s for Cabibbo-suppressed decayg,=u. (b) Exchange
the vacuumag should not depend on the orderinguofand  diagram.gs=d for Cabibbo-favored decays and=s for Cabibbo-

v,. One finds that all exchange amplitudes Boto decay to ~ suppressed decayg,=u.
a charmed baryon and an antibaryon are multiples of

1
(W'o) 4 A(w'v)
a (E [v1vo] E[vlvzl _ [0102] ). (9) by= Z(A[WS]U [W”]S) (13
ET 2 [vqv,]w [wo,]ug [Wvl]vz

The topological decompositions of the amplitudes are pre- be= E(EE\EHZ) + E\l;,ivj)v ), (14
sented in Table Ill. They are in agreement with those ob-
tained from Eq.(4) if we set where A(!m—(A”k ]|k)+(A|]k “k) and E[|]]k is qe_

a,;=—y, a,=— B, ag=a+y. (10) fined in a similar way. Note that, d, vy andqu are identical,

only one term in Eq.14) contributes. For decays to*3
In particular, if processes involving the spectator quark are 10%, there is no exchange diagram sirgg andg,, are

suppressed, as has been argued for heavy-quark d&E®S  gntisymmetrized in a*3 charmed baryon blqv andau2 are

e.g., the discussion ii8]), one expectfag|<|a,|,|a,|, and
hence an approximate symmetry symmetrized in a 10 antibaryon; and

a="7. (11) E\;VW:;))/\/— Z (A(r{swv} o{swu})/\/_ (15)
We shall explore the consequences of this relation in the next
section. where the sum runs over all permutatian®f {s wv}. For

More generally, the topological amplitudes contributing todecays to 6-10*,
each type of process are summarized in Table IV. For decays

to 6+ 8, bothg,-q, and d,,9,, are symmetrized and there- d= A(swv) E (Aa{swv}+A(r{svw}) (16)
fore
1 anddg=E"1"? is defined in a similar fashion. In Tables
by= > (A{l D+ AL, (12) (woawz) . :
5 (Alsulo T Afsojw): V-VIl we summarize the corresponding amplitudes for de-

TABLE V. SU(3); predictions of the amplitudes fcﬁﬂ(ﬁ charmed baryon- octet antibaryop Only
Cabibbo-favored decays are shown.

Decay Amplitude Decay Amplitude
B—3{n —(by+bg)? B~ —3p —(by+by)°
B'-3ip (be—by)/\2 B —E'JS" (by+by)/\2
B-='%A (b~ by +3bg)/(243) B—E'0E° by /2
B 5050 (by+by+bg)/2 ngzcz- by/\2
B'—E'/3" —be/\2 Bl—3050 —by /2
B QJ=° be B3 A (by+2b,)/\6

@The branching ratio for this mode is predicted to®€10™ "~ 10"%) in a pole mode[15].

PA branching ratio of (0.45325+0.07+0.12)x 10" * is measured foB~—3p by the Belle Collaboration
[19]. This sets a 90% C.L. upper limit 0.83.0" %, to be compared with the 90% C.L. upper limit 0.8
X 10~ % set by the CLEO Collaboratigf20]. A prediction based on the pole model of Ref5] agrees with
these limits.
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TABLE VI. SU(3); predictions of the amplitudes fd@— (3*
charmed baryont+ antidecuplet antibarygn(Cabibbo-favored de-

cays. Note thatA(B°—E/3* ") =0.

Decay Amplitude Decay Amplitude
BO—AJA" —c/y3  BOLEI*O c/\6
B_—>AC+K__ —c? B_%ESE*_ C/\/§
BI-ASIH™ —c/\3 B0 EIE*0 c/\3

Branching ratios of (1.87335+0.28+0.49)x10 * and (2.4
+0.6°319+0.6)x107* are observed foB™—A/pm~ by the
Belle [19] and CLEQ[20] Collaborations, respectively. Sinde ~
decays almost exclusively tan-’, the branching ratio foB™
HAJZ” should be less thaB(B’HAJEn-’). The pole model

of Ref. [15] predictsB(B™—A A~ 7)=1.9x1075.

cays to 6+8, 3" +10%, and 6,+,10*' respectlve_ly. These are FIG. 2. Triangles fOM(EOHA:E):a and related amplitudes
eqw_valent to the decomposmons pr_esented in _ij, but  4escribed in Table Ill. Note thatv=a,+ag, B=—a, and

we find the present notation convenient for seeing what hap)-,: —a,.

pens when we assume that the exchange amplitudes are

small. We do not show the amplitudes for Cabibbo- o )

suppressed decayhich can be looked up ifil0]), since phases a_n_d similar .P.C and PV tr|ar)gles are two necessary
these decays generally invol&/, Q. or B° none of and sufficient conditions for the triangle formed by the
which is easy to observe or producce in expersiments. Furthepduare roots of three decay rates to have zero area. The proof

more, the branching ratios for these decays are expected ) given below.

2__ 2 2 (i —
be only a few percent of those for the Cabibbo-favored ones, SUPPOSe thas=[c;|*+|vi|* (i=1,2,3) are thedecay
rates for three processes, withandv; being the PC and PV

amplitudes, respectively. Assuming that these amplitudes sat-
isfy triangle relation;+c,=c5 andv,+v,=v3, we have

In all the processes we consider, the charmed baryon has
spin 1/2. Since the decaying particle has spin 0, and parity is 5 o o
not conserved in the decay, there are two independent ampli- s5=s1+s;+2Re(C1C5 +vgv3)
tudes, labeled by the helicity of the charmed baryon. The
following triangle relations are valid for each. The parity-

Ill. TRIANGLE RELATIONS

<s2+s5+2([cql[co| +|v4llval)

conserving(PC) and parity-violating(PV) amplitudes are <52+ 82+ 2\[cq |2+ [ 2V[Co P vl
linear combinations of the two helicity amplitudes. In some 12
models(see, e.g.[13]), one of the amplitude.g., PV may =(s;+5,)?,

be absent or suppressed with respect to the other. In the

absence of final-state phases, one can show that the triangle

formed by the square roots of three decay rates has zero arediere the second inequality is due to the Cauchy-Schwarz
if and only if the PC and PV amplitudes for the three decayinequality. Obviously, the equalitg;=s,;+s, holds if and
processes form similar triangles. Indeed, zero final-statenly if there are no relative phases both betweerand c,

TABLE VII. SU(3); predictions of the amplitudes f<§—>(6 charmed baryor antidecuplet antibarygn
(Cabibbo-favored decays

Decay Amplitude Decay Amplitude
B3 AT —dg? B -3 A~ d/\2
B3 A" (2dg+d)/\6 B —3%A~ —d/\3
BY—30A0 —(dg+d)/\3 B -2/ —d/\/6
B/ 3% (213)7de BY—3 X% d/\6
BO— 505 %0 —(2dg+d)/(243) B x{30 ~d/\6
§0_>Q((:)E*O _dE/\/§ BQHE’EE*O —d/Jg

2The branching ratio foB°—3 “A~~ should be less than that f@°—3/ "pz~. The latter is measured
to be (2.38383+0.41+0.62)x 10 * and (3.7:0.8+0.7+1.0)x10 * by the Belle[19] and CLEO[20]
Collaborations, respectively.
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and betweenv,; and v, and the relation|c,|/|cy] ABYLEFS )= — P ABYLEOSO). 29
=|vq|/|v,| is satisfied. One then hag,|/|v.|=]|c,|/|v,] (B~ EoX )=~ V2A(BL~Ecx") 22
=|cal/[vsl. The first of these involves only non-stranB&s and no3 %'s.

_In what follows we shall assume that, by studying decayrwo additional triangle relations may be written, both in-
distributions, one has been able to separate out the 'nd'v'du%lving BY decays. Since these involve Cabibbo-suppressed

rates for parity-conserving and parity-violating transitions, or ) )
the individual rates for charmed baryon helicitied/2. In ~ decays of the less easily producBq, the corresponding
triangles may not be so easy to construct.

the case of amplitude equalitiésather than triangle rela-

tiony), total rates as well as individual ones will of course be
equal. B. 6+8 final states

The isospin triangles in these processes are
A. 3* +8 final states

The Cabibbo-favored amplitudes of Table Ill are denoted ~ “A(B —30p) = V2A(B° -3 ! p)+ A(B*-3n),
by arrows in Fig. 2. For each helicity or partial wave, three
independent complex amplitudes will be specified COM4,hich involves an antineutron. and
pletely, up to an irrelevant overall phase, by five lengths of '
these vectors, leaving two predictions for rates. There will be - =0y -y RO_. =050 RO =+ -
a discrete ambiguity corresponding to the folding of two ad—A(B —EE )= V2AB B X0 ABE Y,
jacent triangles about their common sidé/e do not show (24)
the corresponding figure for Cabibbo-suppressed decayswhich involves theS . states. These were not observed until
We now discuss some individual triangle relations associategyite recently21] since they decay t&.y. A simple isospin
with this construction. These triangles, if shown to have nonyejation
zero area, will indicate non-zero relative final-state phases
between their contributing amplitudes. ABY—3 I3 )=—ABI-3I50) (25)

As a consequence of the isospin of the weak Hamiltonian
for b—cud, two invariant isospin amplitudes, with=1/2 involves BY decays. Several amplitude triangles not involv-

and | =3/2, governnB—Z.3. The three decay processes ing isospin can be formed from the relations fot 8 de-

(23

then obey a triangle relation: cays, but they involve particles which are not especially easy
_ _ _ _ _ to produce BY) or detect E).
— = 0w — _ =0 = - s c
AB =B )= \2AB°—-EX0) + AB—E ). There are several ways to check whether the exchange

17) amplitudebg is much smaller that, or b,. For example,

This relation is somewhat challenging in view of the need tothe decayB®— =3~ occurs only via the exchange ampli-
S0 e + . tude, so it would be suppressed in comparison with the other

reconstruct theX” through itsAy decz_iy. However, it in decays 102’3 Similarly. the deca)B_°—>Q°E° would be

volves only non-strang® mesons, which are the focus of yS 0= Ys c=

current studies atte~ colliders. suppressed. If, indeelg is found to be suppressed, a useful

amplitude triangle based on the two independent amplitudes

Three triangle relations involve the observBB— A p b, coultbe formed
1 2 .

decay:
V2AB— A )+ ABO—E050) = JBAB - EA), 23AB*—E'IA) + A(B~—32p)=22A(B"— 3. p).
(18) (26)

A(§O—>A§_)+A(§2—>ESE°)= \/EA(EO—EQK), cher s&gh triangles can also be formed, but they generally
(19) involve B; decays.

ABP— A p)+ AB = AS )= ABY'—ESS). C. 3*+10* final states
(20 Here a single amplitude describes all decays. The relation
The first one is particularly useful since it involves ori§ A(B‘—>A§Z“)= \/§A(B°—>A§Z‘) (27)

decays. The last two relations involve the detection &a

decay, requiring either a dedicated run at KEKB or PEP-llis a consequence of the pure isosplr=8/2) of the final

(currently running below th&2B? threshold or an experi- state. The decay8—E 3* involve both I1=1/2 and |

ment at a hadron collider. =3/2, but these amplitudes are related to one another since

In the Cabibbo-suppressed sector two isospin relation§°—>EC*§** is forbidden. This process could have pro-

stem from thel =1/2,13=—1/2 nature of the weak Hamil- ceeded only via an exchange amplitude, but the final

tonian: charmed baryon is antisymmetric in its light quarks, which
_ _ _ _ _ cannot couple to the symmetrized quarks in the final antide-

A(B~—Ep)=AB°—En)+AB°—Ep), (21)  cuplet antibaryon. Thus the isospin relation
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AB —E E* )=12. A(BO (C)g*o) + A(goﬂagg*—) tive final-state phases must vanisid that partiy-conserving
and parity-violating transition amplitudes must be in the
(28) same proportion in all three processes. Tests for the small-
is implemented as ness of exchange amplitudes can be performed by several
o comparisons of rates in Tables lll, V, and VII. Other tests
AB™—E E* )=2A(B°—E%5*9). (299  may require separation of helicity amplitudes before being

fully implemented.
There are no triangle relations, and no tests for a vanishing G|ven the value of the observed branching ratio Br
exchange amplitude since it never contributes in the frrst
p [16] which was based on an integrated luminosity

place. of 78 2 b1, several times the present data sample may be
needed to see some of the related decay modes, but the tri-
angle construction in Fig. 2 suggests that at least some other
There are a number of isospin triangles involving thedecay modes to a charmed baryon and an octet antibaryon
charge states cB—>2 A. One example for which detection may be observable with comparable branching ratios. Com-

of final states may be particularly favorable is bined with the predictions of Reff15] and the assumption of
suppression of the exchange amplitudes, Table V indicates

ABP =3 AT+ \3AB —20A7) that a few other processegsuch as B3 p, B~
=3A(B°— —2'%5, B2~3 /3" andB?—3%3% may have branch-
ing ratios of about the same order as the already observed
Another useful relation involves the two charge states ofdecay B~ —>ECp Another decay in Table VI,B~
B —2, A —>A A~ ", should also be observable if its branching ratio
is of order 105 as predicted by the pole model of REt5].

D. 6+10* final states

30A0). (30)

V2AB =S FA™ ")+ \3AB —=30A")=0. (31
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_>2 A decays. Wherdz=0, all the rates for processes in

. - APPENDIX: QUARK COMPOSITION OF BARYONS
Table VII are either zero or related to one another by simple Q

factors. In_our convention Eg, EH. (p.n), &7, 3°,
Another isospin triangle involving the charge states of§+) (:o ~+) (A“ - A, (2*— S0 2*+)
BO—E3* is and (‘*0 ”**) are in iso- multlplets We recall that u

=d, | _d=—u. Our convention for th& mesons isB~
—bu, B°=bd, B%=bs.
(1) Antitriplet charmed baryons:

A(B~ _),_,/02* )= \/_.A(BO '—'rgg*O)

+A(§O_>Erc+§*—)_

32
32 Al =(cud—cdu)/ 2,
F=(csu-cus)/\2,

2%=(csd-cds)/ 2.

However, experimentally it is not easy to construct.

IV. DISCUSSION AND SUMMARY

The recent observation of a two-body baryon-antibaryon
B decay[16] is likely to be the first in a series of such (2) Sextet charmed baryons:
decays. We have shown that these processes are capable of _ .
providing information on two main questions which have ~ ~c —CUl
been of interest iBB meson decays for some yea($) Are
there significant final-state interaction phases between differ-
ent decay amplitudes characterized by the same weak
phases?(2) Are processes involving the spectator quark
(such as the exchange amplitudes described here by the suf-
fix E) suppressed in comparison with other amplitudes in
which the spectator does not enter into the weak Hamil-
tonian? We have described a number of tests of both these
guestions which may be feasible in the near future. In par-
ticular, if amplitude triangles formed of total rates for three
processes appear to have zero area, we have shown that rel8)} Octet antibaryons:

S =(cud+cdu)/y2,
39%=cdd,

2’ =(custcsu/y2,
2'%=(cds+csd/V2,

Q2=css
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p=(udu—duu)/y2, A~ =(uud+udu+duu)/y/3,
n=(dud—udd)/\2, A%= — (udd+dud+ ddu)/+/3,
S~ =(suu—usu)/+/2, A+—ddd.

3%=(usd—sud+dsu—sdu)/2, T ——— ——
%"= (usd—sud+dsu—sdu) S*~=(uus+usu+suu)/3,

3+ =(sdd—dsd)/\2,

S*0= _ (uds+ usd+ dus+dsu+sud+sdu)/\6,

=0
Ll

(uss—sus)/\2,

_ S**+=(dds+dsd+sdd)//3,
=+ =(sds—dss)/\?2,
E*0= — (uss+ sus+ssu)/+/3,

A =(2uds—2dus— dsu+ sdu—sud+usd)//12.

(4) Antidecuplet antibaryons: E** = (dss+sds+ssd)/+/3,

A~ " =—uuu, Q" =sss.
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