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Relative strength of W exchange and factorization contributions in hadronic decays
of charmed baryons
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The nonleptonic decayd; —A"*K~,3*%7% and E*°K* and Q°—E°K°, Q~#", and E*°K° are
studied. The dominant contribution for the former decays comes frothrchange and for the latter decays
the W emission gives the dominant contribution. These decays are especially suitable to determine directly the
scale of W exchange andW emission from the experimental data. We obtai|(192—>E°K°~O.35.
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With the coming of data on two body hadronic decays ofspace for ground state wave) wave functions is set equal to

charmed baryongl—3] the study of such decays is gaining
considerable attentiod—10.. The meager data available at

unity due to the normalization condition. Thus one can ig-

nore resonanced”=1", £~ or other orbital excitations as

present are already begining to distinguish between the varthey would require at least one power of momentuntip
ous theoretical models. The study of hadronic two-body dein order to connect them with the relevant ground state in the

cays of charmed baryons is complicated due to various coneverlap integral,

i.e., one has to go to orderc.

peting mechanisms, such as factorization, pole terms, anSimilarly, in order to connect radial excitations with the
W-exchange terms, each of which has uncertanities of itsorresponding ground state, one would need terms of
own. It is thus desirable to know the relative strength ororder (/c)?; otherwise the overlap integral would be
importance of these mechanisms. The purpose of this papeero due to orthogonality of the wave functions. Thus we
is to study a class of charmed baryon decays which throware left with the matrix elements involvingtwave ground

light on the relative strength dfV-exchange term and the
factorization term.

The W emission for these decays leads to factorization

state of the form(8,*|HP93,1*) and(10,3*|HP93,1 %)
for the s-channel baryon pole andl0,2"|H{96,5") and

i.e., the contribution to nonleptonic decays comes from thé10,2*|H{16,% ") for the u channel baryon pole contribu-

coupling of the weak transitioB.— B with the pion current.
For this case the relevant matrix elements are

(Blay,(1+ys)c|Bc)

whereq=s, d, or u quark. On the other hand, th& ex-
change in the nonrelativistic limit gives the effective Hamil-
tonian equatiorf11]

G

PC F
=— 1
> (1)

vduvcsiZJ, a vy (1=0y-0y) 8(r),

wherea;" converts a quark into au quark andy; converts
ac quark into ans quark. TheW exchange is relevant when
one considers the baryon-pole contributid@orn terms to

the p-wave decay amplitude. Such a contribution involves

the matrix elements of the forgB|H{1B.) which can be
evaluated in the nonrelativistic quark modsIQM) by using

Eqg. (1). It may also be mentioned that the equal time com-

mutator which contributes to ths-wave decay amplitude
also involves these matrix elements10].

We should point out that Eq.l) severely restricts the
stateB or B in (B|H|B.). First we note that in the leading
nonrelativistic limit, onIyH{Z,C as given in Eq.(1) survives
where it is implicit that an overlap integral in momentum
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tions to A;r decay. Now the spin wave functions of
13,%), [6,5%) and 6,37) are respectively

xma=(AN2)[(TL=11)1),  xms=(IN6) = (T1+ 1)1
+2171), xs=(ANB)TTL+(TL+11)1). It is easy to see
that (1-o;-0j) xs=0 fori,j=1,3 or 2,3(3 refers to thec
guark since the two particle spin state in each case is a spin
triplet for which ;- 0j=1, e.g., (105 03)xs=(1/V/3)(1
—02-03)[1(T1+11)+117)=0. Further (+o0;-0;) act-

ing on xma and yys cannot generatgs. In fact

(1= 05 ag)xma=V2[1(LT=11)),
(1= 0y ag) xms= 6| T(LT—=T1))

[and similarly for (1- o4 - o3) ], which when projected on to
Xs, gives zero. Thus all the above matrix elements are zero
except(8,3 "|HiA3,4 %), which gives rise t& " pole ins
channel forA; decay.

For the purpose already stated, we study the nonleptonic
decays ofA] and Q2 into B*P, where P represents the
pseudoscalar octet amef is a member of spig * decuplet.

In addition we also discuss the dec&))—=°K°. These
decays are interesting because for the decays
AL —ATTKT 3% 077 E*0K*, as already seen the domi-
nant contribution comes from the-channel baryon pole
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3", whereas for the decaf@’— Q ~ 7", E*°K% E°K°, the DA —=3*%7%)  1(Fg
factorizatipn contributes. Thus in these decay;, i_t is possible T(A; —ATTK) ~ g(,:—
to determine the scale &f/-exchange andV-emission con-
tributions directly from the experimental data. It may be ~0.23. (8)
noted thatQ? is the only stable baryon against strong and
electromagnetic interactions in the sextet representation dfhe experimental branching ratios are given[hyand[3]:
charmed baryons.

For the decay of the typ®.(p')—B*(p)+P(q), the B(Af —AT"K™)=(0.70.4%, (93
decay amplitude can be expressed as

2
) (phase space factor

w

B(A{ —E*°K*)=(0.2+0.1)%. (9b)

1 m'm* q, —
T= 2 V> ,F—)\u)\(p)[C+Dy5]u(p') (2)  The improved experimental data can test E§3.and (8),
GoPoPo P which are independent of the scale.

. _ , _ , _ We now calculate the decay raf{A; —A**K™). For
where u, is the Rarita-Schwinger spino is the Dirac s eyaluation we needy* and the matrix element
spinor, andg=p—p’. It is clear thatC is the parity- (SFIHEGA ). From SU3) and the experimental value for
conserving p vv_ave amp[ltude and is the parity-violating the decay width['(A**—pm*)~120 MeV , we find
(d wave amplitude.Fp is the pseudoscalar meson decay\/gg*%2 09. On the other hand. the weak m,atrix element
constant F, = 132 MeV), which is introduced here so as to <2+|Hpq'A+'> on using Eq(1) is ,iven by[11]
make the amplitude€ andD dimensionless. The decay rate wite 9 Ea: 9 y

is given by o
F !
1 m|pf? (2T IHA) =| 5 VawVes Vad (10
= — —5—5[(Po+m*)|C|?+ (po—m*)|D|?]. (3
6 m*zF%[(pO )IC[%+ (Po )IDI?]. (3
where[12]
The polarizationa is given by 3(M — M) m2
d'=(Wo|8%(r)| Vo) = ( Ag WMes 1073 eV,
2|p|ReCD* T
4 11

“~ (po+m*)[CZ+ (po—m*)[D[*’
For the numerical value ofl’ we have usedas=0.5,
Since neither the factorization nor the baryon pole can genm,=0.340 MeV, m.=1520 MeV, m,,=m.m,/(m,+m,)
erated-wave transition[at least in the naive quark model ~278 MeV andm,—my~293 MeV. From Eqgs(3), (6),
(NQM)], the amplitudeD =0. Hencea=0. This is in accor-  (10), and(11), using the above value f@™*, we find
dance with the two-particle nonleptonic decays(bf , for

which the experimental value af is zero. (A —A"TK7)~0.46x10" s? (12
Since A belongs to the triplet representation of QY
the matrix element so that
(B*[qy,(1+ ys)c|Ag)=0. (5) B(AJ —=ATTK™)~0.9x10 2 (13

Thus the factorization does not contribute to the decayd® P& compared with the experimental value given in Eq.

Af—ATTKT, 3*077, E*0K*. The dominant contributa- _ 0 oo _
tion to these decays comes from thé pole i.e., from the Let us now consider the decdy.—="K". For this de-
chainA; —3* A+ K™, S*07% or E*°K*. Hence the €& the factorization gives for trewave andp-wave am-

decay amplitudeE for these decays is given by plitudesA andB, the contributions

G =
(SHHWIAL) A.=—|—v v.lc (Mg —mz) Q-2 2
= -1 — x> 0 7 -7 fact udVes| =210 =)d (q )FKa
C=(6,-1,-2)g s (6) 2 v
where the factors multiplying* are given by S(B). It fol- - % a2 E o2
lows that Bfact \/Evudvcs C2(m90+m:)gA (q )FK (14)
F(AJ—E*K") 1 where
T(ATSATTK) =3 (phase space factor
Cc
C,—C._
~0.07 @) CZ:T’ C,=0.7 andC_=1.93.

and In the NQM[13], one obtains
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where the ellipses denote the contribution of other form fac-

= —= 1 .
gi}C“(O)EQSC T=- ﬁ tors. In the NQM, one obtaingl3]
(15 B _ 2\2
=0y = Q- |57M7’50|QO>~ Q *0)= D?A 0= -3
For p wave, 2 and='? baryon poles also contribute. This <Q*|§/MC|QE>~D8°*Q(O)=O. (24

contribution is given by L
For the decay2?— Z*°K°, replaceF , by Fx, C; by C,,

=0|4Pg =0 :;0 PC =10
B = 0~0<” [HW1E2 0~IO<~ [HW1Ec°) mq by mz«, andD;, by —2/2/3,/3. Theu-channel poles
pole™ | 0K0=] (Mzo—Mzo) ogkosg (Mz0—mzo) |’ can contribute to this decay, but since
(16)

<)—1*O|H Cl»—tO )—1/O> 0
el WIl~gci=~¢c
Now PCAC (partial conservation of axial vector currgnt

gives as obtained from EqJ1), their contribution is zero. Hence
9a FQI-E*K%  1(F|2(Cy\?
0=z0=(My + Mz)—, (17) — =5 = —=
9o ko=0= (Mg, _)FK Fa0 ) 3(F,,) (Cl) (phase space factor
- ga ~0.13. (25
9o Koz0= (Mo + M=) = (18)
K On the other hand, we obtain
In the NQM, one obtain§l3] Q0 =*0KO
T2 K) ~0.6 26
22 22 Lo rQ0-E%% (20
ga=— N 9a=—3 (19
F(Q Q" )
Also using Eq.(1), we find ———=4, (27)
=0|4PG =0y _ OF , i i 0 =00
(= |HwC|=c>:EVuchs(—\/§d ) To conclude, thew emission in the decaf2?— Z°K
gives «=0.35 independent of the scale. The scale can be
fixed from its decay width whef)? lifetime is measured
=0 H,o Ge _ , experimentally with accuracy. The recent experimental value
(EOHWIE \/EV”dVCS( Ved"). (20 [14] for the lifetime is 790—55*1 (stah “25(syshx 107 s

’ o i 5 Taking 70=(50—100)x 10715 s, we find the followmg
ence in the symmetry limit, i.emzo=mz, van-
y y =g o' Dpole branching ratios B(Q2— OKO) ~(0.3-0.5)x10"2? and

|shes Thus we ignore the pole contrlbutatlon Neglectlng th(ﬂB(QoHQ )~ (1.2—2)x 10 2. However, in the factor-

q’ de_pendencec(z —mg) of the form factorsgy® = and  ization contribution, the form of the form factors can change
gA° ~= we obtain, from Eq(14), usmgmﬂc—2701 MeV, this contribution. These decays are especially suitable for
L studying these effects. On the other hand, tieexchange
r(Q2—=%0%~0.54x10" s7!, «=0.35. (21) gives the dominant contribution to the decays
A —ATHKT3*07F E*OK*. Here we find
Note that the value of is independent of the scale.

For the decaf2?— Q ~ 7", neithers channel nou chan- B(AJ —=ATTK™)=0.9x10?
nel pole contributes. The factorization contribution is given
by and
Gr Q-0 B(Af -E*°K*)/B(A; —-ATTK™)=0.07.
Dfact_ Evudvcs Cl[Dl\? (q )+ ]Fw,
- - More accurate experimental data on these decays will im-

G prove our understanding &W-exchange contribution to the
F

Cra= Tvudvcs Cl[D?A(fQ(qz)_" - -]Fi, nonleptonic decays of charmed baryons.
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