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Charm-conserving strangeness-changing two body hadronic decays of charmed baryons

Mohinder P. Khanna
International Centre for Theoretical Physics, Trieste 34100, Italy
and Centre for Advanced Study in Physics, Department of Physics, Panjab University, Chandigarh 160014, India®
(Received 14 October 1993)

The charm-conserving strangeness-changing two body hadronic decays of charmed baryons are
examined in the SU(4) symmetry scheme. In addition to the 20" Hamiltonian, we consider a 15 piece
of the weak Hamiltonian which may arise due to SU(4) breaking or due to some nonconventional
dynamics. The numerical estimates for decay widths of some of the modes are presented.
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I. INTRODUCTION

The hyperon nonleptonic weak decays have so far
evaded our complete understanding [1]. It is expected
that the hadronic decays of the charmed and heavier
baryons will be simpler and their study would help in
the understanding of the nonleptonic decay processes, in
general. Recently, the study of hadronic two body decays
of the charmed baryons has gained some attention [2]. It
is primarily due to the fact that some data on these de-
cays have already started coming and more experimental
information on these decays is expected in the near fu-
ture. The scarce data [3] which are available at present
are already beginning to discriminate between the mod-
els.

In this paper, we study the heavy flavor-conserving
weak decays of charmed baryons such as ZE. — A7
and Q. — ZE.m. These decays are singly Cabibbo sup-
pressed. But, since the enhancement of the strangeness-
changing Hamiltonian is more than the one for the
charm-changing decays the suppression of the charm-
nonchanging strangeness-changing decays of the charmed
baryons may not be as much as given by the Cabibbo
factor and so these decays may be observed in the near
future as more data come from the ARGUS and CLEO
Collaborations as well as from CERN and Fermilab ex-
periments. Further, these decays could be of theoreti-
cal interest, as they are described by the same Hamilto-
nian which is responsible for the hyperon decays and may
throw some light on the dynamics of the hyperon decays.
Cheng et al. [4] have studied these decays in the heavy
quark approximation with the help of chiral perturbation
theory. They have assumed that the ¢ quark does not
participate in the weak interaction and acts as a specta-
tor. We feel that their approximation is far from realistic.
We study these decays in the framework of SU(4) sym-
metry, a limit opposite to the one considered by Cheng
et al. In the SU(4) limit ¢ quarks and u quarks play a
role on the same footing. The reality will be somewhere
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in between. We also study some of the charm-changing
decays in the same framework with the hope of learning
about their departure from SU(4) symmetry considera-
tions. The amplitudes we obtain are of the same order
of magnitude as in Ref. [4], though some numbers are
different.

II. WEAK HAMILTONIAN

The hadronic part of the weak left-handed quark cur-
rent

Jy = @y,(1 —vs5)(dcosf + ssinf)
+&7,(1 — v5)(scos@ — dsin#) (1)

transforms like the 15 representation of SU(4). The gen-
eral weak current x weak current Hamiltonian

~_G_ gt
Hw = 2\/E(J Ji+He) (2)

may thus belong to the SU(4) representation present in
the direct product

15x15 =1+ 154 + 155 + 20" + 45 + 45" + 84. (3)

Because of the symmetric nature of the Hamiltonian,
only the representations 1, 155, 20", and 84 contribute.
The singlet cannot contribute to the strangeness- or
charm-changing decays. It is also a specific property of
the Glashow-Iliopoulos-Maiani (GIM) Hamiltonian that
bilinears in current do not contain adjoint representation
in the exact SU(4) limit. Therefore, 15 does not con-
tribute also. The GIM Hamiltonian thus transforms as

HEPM = B39+ . @

A. Hyperon decays

The experimental data on hyperon decays imply that
the nonleptonic Hamiltonian is dominated by the octet
of SU(3) whereas the current X current picture assigns
equal strength to the 8 and 27 representations of SU(3).
Further, within the framework of the conventional theory
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it has not been possible to fit the s-wave and p-wave hy-
peron decay amplitudes simultaneously in any consistent
manner, even if the octet dominance is assumed. The en-
hancement of the octet piece due to the renormalization
caused by the strong interaction has been proved [5,6],
but the numerical estimate of the enhancement factor is
below the required value. The solution to the problem
seems to require the addition of a new nonconventional
SU(3)-octet piece of the weak Hamiltonian for nonlep-
tonic decays. Several attempts to generate a new piece
through Higgs-scalar meson exchange [7], the introduc-
tion of right-handed currents [8], and specific sponta-
neous symmetry breakdown [9] have been made in the
past. In these attempts it has been assumed that the new
nonconventional octet dominates the nonleptonic Hamil-
tonian for the parity-violating part. It has also been sug-
gested [10] that there may be a AI =  parity-violating
quark tadpole piece of the Hamiltonian due to an s —d
self-energy (W-loop) transition, which cannot be trans-
formed away.

We believe that the effective Hamiltonian for the non-
leptonic decays must contain both the current-current
theory octet and a nonconventional octet. At the SU(4)
level, since the 15 representation of SU(4) is not con-
tained in the current-current Hamiltonian [11], the en-
hanced octet must be a part of the 20" representation
of SU(4). A nonconventional octet piece is phenomeno-
logically equivalent to a tadpole model [12] and hence

J

HY = a,Bf, y B P HISY + a, B2, B PEH[™)

+asB , Bled PR H
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belongs to the 15 representation of SU(4). This octet
cannot contribute to the parity-conserving process be-
cause the tadpole term in the Hamitonian can be trans-
formed away [12]. Hence the only term contributing to
the parity-conserving baryon decays is the enhanced con-
ventional octet belonging to the 20" of SU(4). This octet
gives a reasonable fit to the observed PC amplitudes.
The parity-violating decays, however, can obtain con-
tributions, in general, from both the conventional and
nonconventional octets belonging to the 20" and 15 rep-
resentations of SU(4), respectively.

B. Charmed baryon decays

In the very first work on the nonleptonic weak interac-
tions in SU(4) [13], it was observed that the 20" domi-
nance works up to about 40%. The SU(4) breaking thus
plays an important role at least in the parity-violating
mode. The 155 representation may reappear through
the SU(4) breaking [14] or as argued above through other
considerations. We shall include the admixture of 15 in
the weak interaction. The most general weak Hamilto-
nian for B; - By 4+ P decays is then given by

HG™ = HEY" + Hi? + HY, (5)

where

le.d]

+aa BT B PR HY + asBY, y BEPPHY + ao B, BI™M PEH(SY + o B Bl PRHIS, (5a)
5c e, a,b Hc e,d a b) c, d rr(a,b)
Hg‘;l:blB[e’f]B[ 'ﬂPgH( )+b2‘B[f,a]B[ ]P'fH +b3 af)B( f)PbH( d)
+b4B[ea’f]B[c f]PdH(a b) +bsB [ ] [d f]Pb H a b) + bGB[e f]B[e d]PfH((a;) n b7B[e a]Bl[,e,f]P;iH((:,,‘g))’ (5b)
Hy = A\B7 B PLHE + Ay '(zd]BLC’d]P,ELHg + A3B7; B> P; HY
+44B, BEPTHY + AsBE, 4B™" PTHy + AeBy, B P HY + A7 Bf? 4 BiY PYHy
+AgBY,  BISIPTHY + Ao BT} 4B PPHY + AvoBY, 4 Biv™ P HY, (5¢)

where B£a’b],Pf, and H[[a:]],H((:;) H{ denote 20’

baryon, 15 meson, and 20", 84, 15 weak spurions, re-
spectively. CP dominance demands

a, = —a4,az = —as;az = ag = ay = 0, (63)
b4 = —~b5,b6 = —b7;b1 = bz = bg = O, (Gb)

Ay = Ay, Az = —Ag, A5 = Ag, A3 = Ay = Ag = A7 = 0,

(6c)

for the PV mode and
ay = a4,0a2 = as, (7a)
b4 = b57b6 = b77 (7b)

Ay = —Aq0, Az = Agjas = — Ay, (7c)

[

for the PC mode. We ignore the 84 piece of the weak
Hamiltonian because for the AS = 1 decays it is not
enhanced. For AC = 1 decays also it is usually ignored
though it may contribute in those processes. But we do
not consider them here in detail.

III. DECAY AMPLITUDES AND DECAY RATES

The matrix element for the baryon decay process is
written as

M = —(BsP|Hw|B) = up,(A + vs)us.¢p, (8)
where A and B are parity-violating and parity-conserving
amplitudes respectively. For the Cabibbo allowed (AC =
AS = 1) mode the effective weak Hamiltonian is



49 CHARM-CONSERVING STRANGENESS-CHANGING TWO BODY . .. 5923

Hef = G cos® Oc[@y, (1 — v5)d][57v* (1 — vs)el, (9)

2V2

whereas for the AC = 0,AS = 1 mode which we are
considering, it is

G ) _ _
Heff = — cosfc sinOc [y, (1 — vs)d][57* (1 — ¥s)u]

2V2

G cos O¢ sinfc[ey, (1 — vs)d]

2v2
x [8v*(1 — s)c]. (10)

Therefore, only Hi3 = —H3{ is nonzero in AC =
0,AS = 1 processes. The decay width is computed from

T = C1[|A]* + C2|B|?, (11)
where
_ lal (mi + mg)* —mp
Cl - 8T m,2 ’ (lla‘)
R 2 _ 2
¢, = \mi=my) —mp (11b)

(mi +my)? +mp’

4l = g/ = (g = mp)2)m? = (ms +mp)?]
(11c)

m; and my are the masses of the initial and final baryons
and mp is the mass of the emitted meson. For the de-
cays under consideration C; is very small due to p-wave
suppression (for example, for the decay 22 — A7, it is
0.00075), so that the contribution to the width from the
parity-conserving mode may be ignored. We, therefore,
need to consider only the parity-violating decays.

IV. RESULTS AND CONCLUSION

The expressions for the decay amplitudes in terms of
the parameters are given in Tables I, II, and III. In ad-
dition we get V2(EF — Af7n% = (EY - Af7~) and
(R0 - Err~) = —v/2(Q2 — E%7°). The values of the
parameters (2a; — A;), (2a2 — Ap), and Ay are calcu-
lated from the experimental values of the hyperon decay

TABLE I. PV decay amplitudes for hyperons. Each entry
displays the appropriate coefficient. Experimental values are
in units of 1077,

Decay —(2a1 + A1) (2a2 — A9) A  Expt. value
- 1 4
A — pr 0 7 -~ 3.25 £0.03
st - nrt 1 0 0 0.14 +0.03
T - nr 1 1 0 4.27 +£0.01
+ 0 1
2T > prw 0 -7 0 —3.29 £0.11
== - 2 i
ET =5 Ax 0 7 7 4.49 +0.02

TABLE II. AC = 0,AS = 1 PV decay amplitudes for
charmed baryons. Each entry displays the appropriate coeffi-
cient. Computed values are in units of 107".

Decay (2a1 — A1) (2az — As) Az Comp. value
B> Afn -1 -3 1 —4.1
BY 5 Afn~ -ﬁ 715 —% 1.8
Q5 Efn~ —ﬁ -% —% -2.5
Q0 5 EHn" % -7 V2 —4.4

amplitudes which we have taken from Ref. [15] and have
listed in the last column of Table I. The values for the
parameters turn out to be 4.6, —0.81, and —0.14, respec-
tively, giving a fit to about 5% whereas 20" dominance
works up to 40% [13]. They are then used to estimate the
decay amplitudes for the charm-conserving strangeness-
changing decays of charmed baryons. The computed val-
ues are given in the last column of Table II. We are able
to give here only a very rough estimate of the decay am-
plitude for the charm-changing decays in the fourth col-
umn of Table III. This is because the contribution to the
charm-changing decays comes only from the 20" part of
the weak Hamiltonian and we are not able to disentangle
its contribution from that of the 15 piece in the hyperon
decays. We estimate these amplitudes by assuming that
the hyperon decays are dominantly described by the 20"
Hamiltonian, which as already recognized [13] very early
is a bad approximation. Also we feel that these val-
ues are overestimated because the enhancement of the
20" piece of the weak Hamiltonian due to the strong in-
teraction renormalization for the charm-changing decays
would be less than that for the strangeness-changing de-
cays. Further, in the charm-changing decays, the fac-
torizable contributions are important. The factorizable
contributions are explicitly symmetry breaking and so
cannot be calculated from symmetry considerations. We
do not discuss the charm-changing decays here. They
have been already extensively analyzed recently, particu-
larly by Cheng and Tseng, Korner and Kramer, and Xu
and Kamal in Ref. [2]. Further analysis will be called
for when data become more precise, as there are several
competing terms and only data will be able to decide on
their importance. The factorizable contributions for the
hyperon decays and for the AC = 0,AS = 1 charmed

TABLE III. AC = AS = 1 PV decay amplitudes for
charmed baryons. Each entry displays the appropriate co-
efficient and is to be multiplied by cotfc. Computed values
are in units of 107",

Decay a; az Comp. value
+ 70 2
AF = Ant 0 0 0
+ +,.0 2
Ac - X" 0 73 15
A} - E°Kt 1 0 0.5
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baryon decays are, however, expected to be negligible as
they are proportional to the mass difference of the initial
and final baryons. This contribution to the amplitude for
['(E} — A} n°) has actually been estimated in Ref. [4]
to be 3.4 x 1078, So we feel that our considerations for

strangeness-changing decays are reasonable. Our esti-
mates for these decay widths are

[(EF - AF7%) = 1.5 x 1071° GeV, (12a)

[(E2 - Afn™) =2.7x 10715 GeV, (12b)

I'(Q.— Ef77) =15x 1071 GeV. (12¢)

The phase space for the decay Q. — Z.f7~ is too small
for it to have any significant width. The order of magni-
tude of these numbers is the same as in Ref. [4], though
some numbers are different.
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