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Two-body weak decays of baryons are studied in a simple SU(4) dynamical scheme. Expressing the decay
amplitudes in terms of eigenamplitudes in s, ¢, and u channels and assuming that the nonexotic intermediate states
contribute dominantly, we find that the Glashow-Iliopoulos-Maiani weak Hamiltonian vanishes for the parity-
violating (PV) decay mode. Starting with the most general weak Hamiltonian (15 ® 15), we then obtain 15 dominance
for the PV mode of uncharmed baryons including ) -, whereas the charmed-hadron decays occur through 15,, 45,,
45’,. For the parity-conserving mode, we obtain 20" dominance of the weak Hamiltonian. However, uncharmed-
baryon decays demand a 15; admixture. We predict null asymmetry for B(3)—B(3*) + P(8), B(3)—B(6) + P(8),
B(3)—D(10) + P(3*), B(3)—B(8) + P(3*), and B(3*)—D(10) + P(8), and for {1;** decays. We also notice that only

% /p *-emitting decays are allowed in the PV mode.
1. INTRODUCTION

It is widely believed that leptonic and semilep-
tonic weak interactions are described by the sim-~
plest model of weak and electromagnetic interac-
tions.! However, the issue of the AI=13 or octet
dominance in nonleptonic weak interactions is not
settled yet. Recent results? on Q- decays indicate
a AI=1 violation of about 20%. The mesonic de-
cays Kg ~ 27 and nonzero asymmetry parameter
a(z* - py) have also defied a simple understanding
for a long time.

Some of the attempts made to understand the non-
leptonic processes are the following. (i) In quan-
tum chromodynamics (QCD), an enhancement of
the AI=1$ piece does occur at short distances but
numerical estimates are too small to account for
the observation. Strong-interaction corrections
due to gluon exchange have been considered by
Shifman et al. to explain this discrepancy.3 Gluon
corrections seem to explain £~ data well also A
(ii) Using duality with nonexotic intermediate
states, an enhancement for nonexotic spurion can
be obtained® which in the Hamiltonian language
means octet dominance of the SU(3) weak Hamil-
tonian. But it has been shown by Ellis, Gaillard,
and Nanopoulos® that similar arguments run into
difficulty when applied to the charmed-particle
decays. For instance, the Cabibbo-enhanced de-
cays belonging to the exotic representations, such
as 207, 45, 45*, 84 of SU(4), are suppressed in
such considerations. (iii) An addition of uncon-
ventional currents”® can explain octet dominance,
Kg—27, and the large asymmetry parameter for
the =* —py decay. For the charmed-hadron de-
cays these currents would introduce a new piece
of the weak Hamiltonian transforming like (45
+45%) in SU(4), which may explain the experimen-
tal features of the charmed-meson decays.® But
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in the presence of these representations the pre-
dictive power of SU(4) is decreased, asnow allthe
representations presentin 15 ® 15 contribute tothe
weak interaction. Moreover, sofar there isno ex-
plicit experimental evidence for these currents.

In an earlier work'” most of the observed fea-
tures of the nonleptonic decays of ordinary bary-
ons have been obtained using simple dynamical
assumptions. The effective Hamiltonian is treated
as a spurion S and the decay B —B'+ P is related
to the process S+ B ~B’'+P. The decay ampli-
tudes are expressed in terms of reduced matrix
elements corresponding to each intermediate state
in all the s, ¢, and » channels. The weak Hamil-
tonian (8 +27) with the nonexoticity of the inter-
mediate states'! and the s-u channel symmetry12
gives well-satisfied results such as the Lee-
Sugawara sum rule for the parity-violating (PV)
as well as the parity-conserving (PC) modes and
$2=0 for the PV mode and v2=%—- $;=v3A? for
the PC mode. The important features of this
model are that it simultaneously, explains the
AI=1 rule for 1" baryons and allows A=} viola-
tion in " decays. In addition, we notice that the
PV decays occur only through the ¢ channel,
whereas the PC decays obtain dominant contribu-
tions from the s and « channels. These results
are inaccordance withtheresults of current-alge-
bra!® and duality arguments.® A similar structure
for the PV and the PC decays has also been obtained
in the constituent-rearrangement quark model.*

Encouraged by the success of our model in
SU(3), we also explored the structure of the weak
Hamiltonian in SU(4) symmetry.’ For the PV
weak decays of hadrons, starting with the most
general Hamiltonian, we find that the Glashow-
Iliopoulos-Maiani (GIM) contributions vanish
totally and the decays occur through 15,, 45,,
45% antisymmetric representations. In par-
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ticular for D-meson decays, we obtain®
n|D°)|(R"7*|D*y=1 and (K’7°|D")=0. The ex-
perimental® branching ratios are B(D* ~K°r*)

- =(1.5£0.6)%, B(D°~K 71*)=(2.2+0.6)%, and
B(D°—~ K°°) = (2.0 +0.9)% whereas the conventional
GIM picture'® gives (K ~n*|D*) = =V 2(K°r°/D° and
&'n* |D*y=0. These antisymmetric representa~
tions may arise through unconventional current”?
or symmetry breaking'’® or may be induced
through gluon excha.nge3 or Higgs-boson ex-
change,'’® or via a Melosh transformation on a
left-handed quark.’c

In this paper we discuss the weak decays of °
and 3" baryons in SU(4) dynamical scheme. Be-
cause of the heavy mass of the charm quark, new
channels open up for the charm-changing decays
of * baryons, e.g., in addition to B(3") - B(3")

+ P(0”) channel, i’ baryons can decay through
B(3") - D(;*) +P(07), B(3")~B(3") +V(17), and

®'[|P||m) Gn]|S||B),
(®|[8]m) n||B"||B),
®'||8][m) on||P||B),

The baryonic intermediate states appear in the
s and «# channels while the mesons are exchanged
in the ¢ channel. We assume that the main con-
tribution to the decays comes through the single-
particle nonexotic intermediate states.!! Thus
only 4*, 20’, 20 baryonic multiplets occur as the
intermediate states in the s and « channels, while
singlet and fifteen-plet mesons are exchanged in
the ¢ channel. Secondly, we assume that the weak
Hamiltonian is symmetric in s and « channels.!?
Mathematically speaking, this essentially amounts
to

B'|[P[|m) (n|[S]|B)=B|[S][m) (||P||B),
(2.2)

i.e., identical reduced matrix elements appear in
s and u channels.

B. Weak Hamiltonian

The general current ® current weak-interaction
Hamiltonian can belong to the SU(4) representa~
tions present in the direct product

15815=1,915; 15, ® 20§ B45, D45% ®84;. (2.3)
The conventional GIM Hamiltonian transforms like
HS™~20”®84 for PV and PC modes.  (2.4)

" In the presence of unconventional currents, the

B(3*)-D(3*)+V(17) also. In the charm sector, we
obtain decay amplitudes for this channel for AC
=AS mode. Out of 3* charmed isobars, @r°, Q%7
Q¥™ are expected to decay through weak interac-
tion. We consider the weak decays of these iso-
bars only. In Sec. II, we present the preliminar-
ies and the method. Sections III-VI describe the
nonleptonic decays of 4” and 3* baryons. In the
last section we give a summary and conclusion.

II. PRELIMINARIES
A. Method

We treat the effective nonleptonic weak Hamil-
tonian as a symmetry-breaking spurion S and the
decay B ~B'+P as the process S+ B-~B'+P,
The transition amplitudes are then expressed in
terms of reduced amplitudes in s, £, and # chan-
nels of the process corresponding to each inter-
mediate state'® |m) and are defined as follows:

for s channel (S+B -~m - B’ +P),
for ¢ channel (B’+B—-m —-S+P), (2.1)
for » channel (B+P —m —~B’'+5).

r
weak Hamiltonian may acquire additional compo-
nents

HYV~15,@45, ®45% for PV mode,
H°~15,9204®84, for PC mode.

(2.5)

However, in our analysis, we consider the most
general weak Hamiltonian belonging to all the
representations, present in the direct product
(2.3). We do not enter into the detailed origin of
these various components and simply obtain sym-
metry constraints on these pieces due to our dy-
namical assumptions.

III. DECAY AMPLITUDES: B(-;— ) B(% *)+ P(07)

Among the charmed baryons, we discuss the
nonleptonic weak decays of B(3*) and B(3) multi-
plets only, since the present mass spectroscopy
of hadrons' allows all the particles except Q2 of
B(6) multiplet to decay to B(3*) through strong
and/or electromagnetic interactions.?

A. The GIM model

The weak Hamiltonian transforms like (20" + 84)
for both the PV as well as the PC modes. In
SU(4), the GIM weak Hamiltonian can be written
as



HY" = 0B B PP ]
+ a[BL, .8 “PRH 3]
+ B, B P
+ a4[ [mb]B[c'd]P'r'nH[“'b]]
+ as[BY .o 1Br7 ' PTHEG 3]

crd]

+ o[ B B PYHEE 1]

+ ailBY,, ,B PG (3.1)

= (B, B P )
+ bz[ﬁff’a]B[evd]PfH(avb)]
+by[ B, ;,BLe PH (%]
+b,[Bg,, ;,BLIPUH (%0
+b5[BE,, fJBM'”PbH(a'b)]

+boBE,, ;1B PIHE

+b. B, o BL IPHE D] . (3.2)

CP invariance demands

ay==ay, ay=-as, az=ag=a;=0,

(3.3)
b4=—b5, b(;:_b’h b1:b2=b3:0
for the PV mode and
ay=ay, a=as, (3.4)

hy=bs, bg=bq

for the PC mode. The nonexoticity of the inter-
mediate states yields

a=as=ag=a;=0, (3.5)

b3=b5=0, b2=b6, 2b1=—b7 for the s Channel,

a=m=m=a=0a=0,
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ai=as=ag=ar=0, (3.7)

b3=b4=0, 2b1='b6, b2=h7 for the # channel.

(¢) Parity-violating decays. It is clear from the
conditions (3.3) to (3.7) that the CP invariance
and the absence of exotic intermediate states for-
bid 20” and 84 components of the weak Hamiltonian
from contributing in all the s, {, and » channels.
Thus the PV decays of the charmed and uncharmed
3* baryons are forbidden in the GIM model. The
same result is obtained for the case of mesonic
decays also.’ But this result is in conflict with
the experiment as the PV decays have been
observed. In the next sections we discuss the
probable origin of these decays from the repre-
sentations other than those present in the GIM
model.

(ii) Parity-conserving decays. We have seen'’
in SU(3) that the #-channel contribution is very
small in the case of PC decays. Small ¢-channel
contributions are understandable here, as only
unnatural-parity Reggeon exchange is allowed in
the ¢ channel of the scattering!® (S+B~B’+1).
Since the contributions described by Regge ex-
change are expected to be considerably small as
a result of the low intercept of the unnatural-par-
ity meson trajectories, individual contributions
from low-lying poles and resonances may be im-
portant as in the nuclear force and in low-energy
7N scattering.

Ignoring the ¢ channel in the PC mode, we ob-
serve that 84 component of the weak Hamiltonian
vanishes when we assume the nonexoticity of the
intermediate states and the s-u channel symmetry
(Eq. 2.2) of the weak Hamiltonian. Thus 20"
dominance of the PC Hamiltonian is obtained,
which expresses all the PC decays of charmed

(3.6) ; :

o and uncharmed baryons in terms-of just one pa-
by=by=b;=bg=br=0 for the f chamnel, rameter. We get the following amplitude rela-
and tions for the uncharmed decays:

1
0 . + N - 1
A7 : z : o = ? :1:0:0
(9.98+0.24) (19.04:+0.16) (-0.65+0.08) (—6.70+0.38) (3.8)

This result has earlier been obtained by Kohara.?! For the AC =AS decays, in addition to the relations
obtained®” at the SU(3) level by assuming 6* dominance, we get the sum rule

(—vO 0l-—4!0> (»——- #‘.—410) (
___(,:.HKOlQ - —-410 l >=<': 41‘_”0 .~+> <,.4/+ |
— »«’: + »—4++> IQZ)

=&’ I

=K |Q3)=(Ein"|E)
= 1Tl|»“~2> =K |23)= @K | 23) =(Eir*

l»«n) (E'KO :I+> (PKOIA”
3 =(NK | E3)

e

(3.9)
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—0 s o Ly Lo Lo
VATt ATy =—VEEK" | 2] ) =—V3/2(=" | 2" )=7§-(E"D°I.=“;) =75 EOFt|ED = —@4;'{"’ =35 (3.10)

Notice that the decay channels B(3) —B(6) + P(8)
and B(3) - B(3*) + P(8) are forbidden. The com-
puted decay amplitudes for the channels B(3*)

-~ B(8) +P(8) and B(3) -~ B(8) + P(3*) are displayed
in Table I.

B. 15 admixture to the GIM model

As we have seen in the last section, the PV de-
cays are forbidden in the GIM model, in conflict
with experiment. In the PC mode although £-=0
is obtained, other decay amplitudes in (3.8) do not
agree with experiment, as % is not zero and A’,
¢ are also off by 25%. In SU(4) symmetry alone
also, the GIM model does not work well, as the

\
Iwasaki relation®
Aoy iEI=1:~3:2 (3.11)

is violated by about 40%. Besides these, the GIM
model faces difficulties in explaining D-meson
decays® and forbids the PV NN7 vertex, whereas
experimentally the parity violation in nuclear
forces (NN7) is well established.”® In order to ex-
plain such discrepancies of the GIM model, the
suggestion to include 15 admixture has been
made !?® This 15 admixture may arise through
incomplete cancellation in (duzs - dccs) due to
large mass difference in « and ¢ quarks.'” 15
weak Hamiltonian has the components

H = A\[Blh g BRI PRHS) + A[BT, 1B PLHE )+ Af[BL 0B P PLH] + A (B}, g B PR HY)

+ Ag[Bln 1 BL TP HE) + AB g, 0B PY HS)+ AJBL 4B P PEHS] + AJBY, B PTHY)

+A9[§E,a]3£ﬁ'C]P2H‘;] +A10[E[l:1,d]B[g'"]P;nH;] .

CP invariance leads to the conditions

A=Ay, Ay==A,, A=A,

(3.13)
A3=A4:A6=A7:0
for the PV mode and
A==A, A=A, Ayj==-A, . (3.14)

for the PC mode. Absence of the exotic interme-
diate states gives
2A,=2A4=A4=A4A,,,
(3.15)
As=Ag for the s channel,

TABLE I. AC=AS, PC decay amplitudes.

15 admixture to

Decay GIM model GIM model
At - Z*q0 23.53 4,59
— Ar* 13.59 2.65
— 20+ —23,53 —4.59
=K 33.28 6.49
~ 3z 13.59 2.65
—~ = 9.61 1.87
50 sk 33.28 6.49
—~ AR 13.59 k 2,65
—x%%0 —23.53 —4.59
—~ =% -27.17 -5.30
— By 9.61 1.87
Ef—32p° 81.51 15.90
—~AD+ 33.28 6.49
-3+ —57.64 -11.24
Nl 81.51 15,90

(3.12)

A, =A;=A,=A;=A,, for the ¢t channel, (3.16)

2A,= 2A2:‘A5=—A1,
(3.17)
Ag==Ag for the u channel.

(i) Parity-violating decays. Under CP invari-
ance, H.® satisfies the Lee-Sugawara sum rule in
all the channels. For the s and # channels, the
following relations are obtained:

B A% 2B AL = VB ED =2VF EQ=—vT Zt=3.
(3.18)

Since T} is found to be zero experimentally,?” the
effective contribution of the s and # channels to
these decays seems to be small. We, in fact, no-
tice that the s-u channel symmetry, leading to

Aj==Ay, A=Ay, Ag=-A,y, A=A, (3.19)

forbids the s and # channels to contribute in the
PV mode. This result is in accordance with the
results of duality arguments® and current alge-
bra.®® Using duality arguments, Nussinov and
Rosner® have shown that for the s-wave decay the
low-energy pole contribution is relatively small
and that the Regge contribution dominates. In the
current-algebra'® framework the PV decays get
contribution from the equal-time-commutator
term which in our analysis corresponds to the

t channel, where the nonexoticity of the interme-
diate states leads to =1 = 0 in addition to the Lee-
Sugawara sum rule

VITE-A%=-2E7. (3.20)
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For the case of the charmed baryons the AC =
+ AS decays are still forbidden. The charm-
changing mode AC =-1, AS =0 occurring in 15,
also remains forbidden even in the presence—o'f
SU(4) breaking, since 15 cancellation seems to
persist for (c -~u«) weak Hamiltonian as the pro-
pagators, for d and s quarks in the expression
sinf, cos @, (@ ddc — ussc), remain degenerate.
Thus in our analysis the charm-changing PV de-
cays of charmed baryons are not allowed in the
GIM picture of the weak interaction.

(ii) Parity -conse'rving mode In the presence of
15 admixture, nonzero EZ is obtained. Assuming
the absence of exotic intermediate states, H 15+20"
leads to a new relation

+_ st o o
VIzt-zt=v3 AL 5.2

(14.91+0,82) (17.61+0.41)

which has earlier been obtained in SU(3) frame-
work!® in s and # channels. Experimental validity
of the relation (3.21) shows that ¢-channel con-
tribution is small. In the presence of ¢ channel, -
a nonzero Al =% contribution appears which may
explain the small AJ =3 violation observed in the
recent =°—~ A7n° experiment.”® We would like to
remark here that the s-u channel symmetric
(Eq. 3.19) weak Hamiltonian'® belonging to adjoint
representations also satisfies the Lee-Sugawara
sum rule (3.21), unlike the 20” part of the weak
Hamiltonian. We can thus conclude that the octet
projections from 15 and 20" at the SU(3) level are
not the same. D/F ratios for these two repre-
sentations are different.?®

The charm-particle decays remain unaffected
owing to the 15, cancellation in the GIM frame-
work. In column 2 of Table I we have listed the
decay amplitudes of charmed baryons in the pres-
ence of SU(4)-symmetry breaking. The values
are smaller than given in column 1, since, due to
the 15 contribution to the uncharmed sector, ef-
fective value of 20” reduced matrix elements is
decreased. -

C. Unconventional interactions

We have shown that the PV charm-changing de-
cays of baryons are not allowed to occur in the
GIM model. The same result has also been ob-
tained for mesonic decays.® But this is in sharp
conflict with the experiment, since the PV charm-
changing D-meson decays have been seen in ex-
periments. A possible way out is to look for other
representations present in the direct product (2.3).
In the following we consider the antisymmetric re-
presentations 45 and 45* which appear in a particu-
lar combinatio-n-, such as 45+45*. The weak Ham-
iltonian in the 45 and 45* ;Eersentations have the

components

[e,f]Pd [ayb]

B, Bl fasb]
PLH 5
Be, , Bl IpiH (art)

c
Le
c
f
e
La»
e
La», (c,d)
c

W, f1pe g Lasb]
ta,r1Be " PLH g

4 fe.d]1 pf gy [a,b]
te.s1Ba P H @)

., a]B[e,f]PdH[ayb]

+da[B[a n BIPLEEN]

d,[B ]
Al ]
dyf )]
[_ B[cyf]PdH[a'b]]
di[ ]
ds[B ]
d| BY ]

(3.22)

Y =d[B,, BRI )
B o PP
+di[ B, ;) BETPLH S ]
]
]

[eof1pd gyla,b)
+d[ [f]B PH[c.d]

(7] (a.b)
+dy[BS, s B IPLH (313

+dg[ B, 1y By PLH ()
+di[BS,, . By P{H ) ]
+d4[ B, o1 B P H(E'c "4)1]-
CP invariance gives the relation
d,=d;, d,=-d,, d,=di, d,=-d.,

ds=dy, dg=d;, di=-d§, dg=dj

(3.23)

(3.24)

for the even-charge-conjugation (C =+1) parity of
weak spurion. The nonexoticity of the intermediate
states yields

2d,=d,, -d,=d,, d,=d,=d,=0,

(3.25)
dy=di, d{=dj=d{=d}=0 for the s channel,
dy=d,=ds=dg=d,=d;=0, (3.26)

=d}=d=d{=d}=d;=0 for the { channel,
dy=d,, d,=d,=d,=ds=0, (3.27)

-2d;=d, dj=d,, dy=d;=dy;=0 for the u channel.

Employing CP invariance and the nonexoticity of
the intermediate states, we notice that 45, 45*
do not contribute in s and « channels and so the
PV decays arise only through ¢ channel. We are
then able to express the decay amplitudes in
terms of two parameters. In addition to the re-
lations obtained earlier®® in SU(3), we have

0=(=1K°|Q;) =(Z;K°| ;) =(Z'K°| 23"
=(2"1K°|Q3) =CE{KO|ZD) = (pR (A7)
=<Z+I_(OIEII>=<AKOLEHI)>._.(EOI?OIEI?>

=(z*1° A7), (3.28)
‘/'3— :lo_n-vl:;) <:(]).ﬂ¢l:2+>+<:0 + '—'I+>’ (329)
(@i ) - (3.30)
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Notice that the weak Hamiltonian allows only those
decays of charmed baryons in which 7* is emitted
and so the decay channel B(3) — B(8) + P(3*) is tot-
ally forbidden in the PV mode. A similar result
has been obtained in the SU(8) quark model.?! In a
quark model, single-quark transition allows only
m*-emitting decays in the PV mode. Thus for the
most general weak Hamiltonian (15+20” +45 +45*
+84), we predict that the PV decays of charmed
baryon in the Cabibbo-enhanced mode, emitting
pseudoscalar mesons other than 7*, would have
null asymmetry. This result presents a good test
of our dynamical assumptions.

The representations 45, 45* may appear in the
weak Hamiltonian in severz;.l—ways such as SU(4)
breaking,'” through the second-class currents® and
the right-handed current,” etc. Although there
is no evidence for the right-handed current (RHC)
involving » and d quarks from the study®® of neu-
tral-current data within SU(2) X U(1), the possi-
bility of a RHC of kind 3y, (1 +y5)c is not ruled
out®3* by any experiments. In the D semileptonic
decays®® the effect of charmed RHC is most
direct. The y distribution of dimuon events in
v, N scattering® do allow a large (V+A) admix-
ture.®® It may therefore be worth looking at pheno-
mena such as nonleptonic decays, which could shed
light on the (V, A) structure of the (cs) current.
But then, in addition to 45 and 45*, 15, component
would also appear in these unconventmnal interac-
tions. 15, can contribute to AC=0, AS=1 and

aC=-1, AS =0. In the case of the uncharmed sec-
tor, the presence of 15, representation allows s
and # channels to contnbute to these decays. We
notice that under the s-u channel symmetry (Eq.
3.19) and the nonexoticity of the intermediate
states, the Lee-Sugawara sum rule remains val-
id in all the three channels; however, Z? now ob-
tains a nonzero contribution through s and « chan-
nels. We would like to remark, however, that the
effective contribution to ! remains small. Ex-
tending our consideration to the SU(8) [effectively
SU(6) for the uncharmed sector] we obtain

s VBA2+3V2%;

: 7 =-0.19+0.02,

(3.31)

whereas the experimental value of =} is 0.07. A
welcoming feature of the presence of 15, is that
the decays ¥* - Py and K-~ 27 are allowed to oc-
cur in the PV mode. Thus a nonzero asymmetry
can be obtained for =*— Py decay.

45, 45* may also contribute to the uncharmed
sector, which gives rise to a nonzero Al=3
contribution through the # channel. For the PV
mode, the ¢ channel relates the discrepancies in
the following manner:

C. VERMA, AND M. P, KHANNA 24
V3/2a% =—(AA+2AE) = A(LS),
(~0.269+0.126) (~0.201+0.162) (0.037+0.136)

where (3.32)

AT =Y2L3-Zi+21,
AA=x/2_Ag+A‘_’,

— -

AR =255~ 52,
A(LS) =v3%;- A2 +25:

Since the PV decay amplitudes of $* baryons obey
the AI=7 rule and the Lee-Sugawara (LS) sum rule,
the contribution from (45 +45*) piece should be
small. Actually if 45, E*-r_épresentations are
considered to be ari_siné_from left @ right current-
current interaction, we find that the AC=0, AS
=-1 decays acquire no contribution from these
representations. Therefore 15 dominance for the
PV decays of uncharmed baryons follows in our
analysis. The charmed-baryonic decays occur
through 15,, 45, 45* pieces. However, the re-
sults (3.28)-(3.: 30) for AC = AS decays remain un-
affected in the presence of 15,

Parity-consevrving decays The parlty conserv-
ing weak Hamiltonian arising from the unconven-
tional left ® right current-current interactions
transform like

HYR~15,@©20" +84 .

We have shown in Sec. III A that the 84 compon-
ent of the weak Hamiltonian vanishes under the
nonexoticity of the intermediate states (Eqs. 3.5—
3.7) and the s-u channel symmetry [Eq. (2.2)] of
the weak Hamiltonian. The effect of 15 represen-
tation is the same as shown in Sec. II E B For the
uncharmed decays the relation (3.21) follows and
AC = AS decay mode remains unaffected.

In order to make our study most general, we
include the antisymmetric representations 15,,

45, 45* in the PC mode too. We observe that
under our dynamical assumptions their contribu-
tion vanishes.

Finally we conclude that the most general weak
Hamiltonian (1 +15+20” +45+45* + 84) forbids B(3)
—~B(3*)+P(8), B(3)~B(6)+P(8), and B(3) ~B(8)
+P(3*) in the PC and the PV modes, respectively,
therefore predicting null asymmetry parameter
for all the two-body decays of B(3) multiplets. In
the PV mode, the most general weak Hamiltonian
allows only 7*-emitting weak decays of charmed
hadrons.

IV. DECAY AMPLITUDES D(% *) > D(%") +P(07)

A. GIM model

The GIM weak Hamiltonian (g(_)"+§é) has the
components
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HZ;?" =al[ﬁm"cDmm p%H Eg:ﬁ ], (4.1) indicating null asymmetry. The Cabibbo-enhanced

— decay mode (AC = AS) also remains forbidden in the
HY=0,[D7D,,, PH &)

+b,(D™D,,,, PLH &)

+05[ D™D, , PLH &3]

+0,[D"D,, PLH 53] (4.2)
CP invariance gives

a,=0, b,=b,=0, b,=-b, for the PV mode, (4.3)

b,=b, for the PC mode, (4.4)
and nonexoticity of the intermediate states leads to
a, =0,
b,=b,=0, for the s channel, (4.5)
b,=b,=b,=0, for the ¢ channel, (4.6)
a,=0, b,=b,=0, for the u channel. (4.7)

Q" decays. Inthe PV decay mode, we notice that
20” does not contribute to the weak Hamiltonian
under CP invariance alone. 84 part of weak Ham-
iltonian also vanishes under Eanexoticity of the in-
termediate states. Hence the GIM weak Hamilton-
ian gives null contribution. In the case of the par-
ity-conserving mode, we notice that @ decays are
forbidden in the s and « channels, and so arise
only through the ¢ channel. Since ¢-channel con-
tribution for the PC decays is expected to be
small, these decays are suppressed. The possible
way out is to add 15 admixtures, arising through
SU(4) breaking.!” It has the following components:

HY=c,[D™D,, PiH"]

mnp
+¢, (D™D, PLH"]
+c (D™D, PiH]
+c, /D™D, PiH?]. (4.8)
CP invariance gives
c,=¢c;=0, c¢,=-c, for the PV mode, (4.9)
c,=c, for the PC mode , (4.10)

and nonexoticity of the intermediate states leads
to

c,=c, =0 for the s channel, (4.11)
¢,=0 for the ¢ channel, (4.12)
¢,=c;=0 for the u channel . (4.13)

Notice that the nonexoticity of the intermediate
states forbids s and » channels and all the PV de-
cays arise only through the ¢ channel. Q~ decays
satisfy the Al= 3 relation:

(E*or7|Q7) == V2(E*1°|Q") . (4.14)

But the PC decays of @~ still remain forbidden,

presence of SU(4) breaking. For the charm sector,
we further include the unconventional representa-
tions 45, 45* which have the following components:

HE=,[DD,, PLH (53]

+d2[EmCdDmnanH Eg:s} ] ) (415)
Y =adl[D"D,, P{H 1))
+d4[D™"D gy PEH &) . (4.16)

CP invariance leads to
d,=di, d,=d,

for the even-charge-conjugation (C =+1) parity of
the PV spurion. The nonexoticity of the intermed-
iate states imposes

d,=d,=0, d{=0 for the s channel, (4.17)
d,=d;=0 for the ¢ channel, (4.18)
d{=d;=0, d,=0 for the # channel. (4.19)

Notice that the nonexoticity of the intermediate
states forbids the 45, 45* part of the weak Ham-
iltonian in the s and # channels. The PV decays
arise only through the # channel. Among the
charmed isobars, the present mass spectrum
may allow isosinglet Q°, QX" Q*** to decay weak-
ly. We obtain

0 =<E*0Kvolgl*o> =(Ef+1?o ]Q;*}
:<E;++I—{olngg++> ,
Q7| Q) =01 |QF) =(Qxm |QF) .

(4.20)
(4.21)

Notice that here also only n*-emitting decays are
allowed. In case of the PC mode, we notice that
the most general weak Hamiltonian (20” +45 +45*
+84) forbids AC = AS Cabibbo-enhanced decays for
QF9,QF",QF" isobars in s and « channels. The
vanishing asymmetries are obtained for these
decays. However, a small nonzero contribution
arising from the ¢/ channel may appear.

So far we have discussed those decays where
the spin-parity of the initial and final baryonic
states are the same. But there are other possible
charm decays such as p(}") decaying to B(")
baryons and mesons. With the advent of charm,
new channels open up in the charm-changing mode
B(E" )~ D(E")+P(07). In this case CP invariance and
the s-u channel symmetry of the weak Hamiltonian
cannot be applied, therefore it becomes hard to
distinguish between the PV and the PC modes.

But we see in the case of B(3' )~ B(4")+P(0") and
D)~ D)+ P(07) that the PV decays occur only
through the ¢ channel and the PC decays acquire
dominant contributions from s and # channels. We
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assume this result to be true here also. In
SU(8) symmetry scheme, it can actually be seen
that all types of PV decays of 1" and &' bary-
ons arise only through the /-channel contribution
of the most general current ®current weak Ham-
iltonian (63 + 720+ 945 +945*+1232). Small ¢-
channel contribution to the PC decays is under-
standable here also, because of the appearance of
unnatural-parity mesonic states.

V. BG*) > DE*) + P(07)

This decay channel is allowed only in AC =-1
mode due to the energy consideration. In the fol-
lowing we discuss only the Cabibbo-enhanced
mode in the GIM model and later include the un-
conventional interactions.

(¢) B(3*)-=D(10) +P(8).. (HZ%0"*%!) amplitudes are
given in Table II(a). If 20” dominance is assumed,
these decays occur throu_gh the s channel only.
The unconventional part (H 3;’"’5*) of the weak Ham-
iltonian allows only the s channel to contribute.
Vanishing #-channel contributions forbid the decays
in PV mode in both the GIM and unconventional
representations. The same result is obtained at
the SU(3) level.?? )

(iz) B(3)-D(10) +P(3%*. The PV decays are
forbidden due to the null ¢-channel contribution.
The PC decays [Table II(b)] arise only through
84 component in s and # channels. Hence 20”
dominance forbids these decays totally. Inclusion
of (45 + ilé*) allows these decays only inthe s chan-
nel, therefore the PV mode remains forbidden.?

(iiz) B(3)-D(6) +P(8). Decay amplitudes for
this mode are given in Table II(c). 20” dominance
forbids the « channel to contribute to tﬁgse decays.
In this channel 20” and 84 give nonzero contribu-
tion in the PV mode. We expect this contribution
to be small as we noticed®” in SU(8) and SU(8),,
framework that all the PV decays of 1" and a
baryons occur through (63 + 945+ 945*) part of the
total weak Hamiltonian. If 20” and 84 represen-
tations are ignored for this mode, we find that
here also only 7*-emitting decays are allowed.

To conclude, we notice that the most general
weak Hamiltonian forbids the charmed baryons to
decay to uncharmed decuplet in the PV mode,
thereby indicating null asymmetry.

VL D) > BG*) + P(07)

We notice that for Q- =7 decays only s-chan-
nel decay amplitudes obey AI=3 rule under our
assumption. Therefore, these decays may acquire
AI=% contribution from ¢ and « channels. The
recent CERN experiment® supports this result
where the contribution of about 25% from the
AI=3 component is observed. For € - AKX~ mode,

the most general weak Hamiltonian predicts anasym-
metry e@ - AK") to be zero,’” which is in good
agreement with the experimental value:

@(Q3)=0.06+0.14.

The decay amplitudes of °, QX*, and QF** for
the PV and the PC modes are displayed in Table
II. From H,***, the decay amplitudes acquire
zero contribution in the s channel. In the ¢ channel
only n* -emitting decays are allowed. We obtain
null asymmetry for charmed singlet isobar Q}**.

VII. VECTOR-MESONIC DECAYS

In addition to the decay channels discussed,
other channels, emitting vector mesons, i.e.,
B(7)=B(:9)+V(17), Bz")=DE)+V(17), D(3)
- D(£)+V(1), and DE*)~ B(3*)+ V(1) are also
possible in the charm-changing mode. Results
for these channels can be obtained from cor-
responding pseudoscalar mesons replaced by
vector mesons as follows:

7=p, K~K* D-D*,
F—F* n—=Vg 7'~V

Here also the most general weak Hamiltonian
predicts null asymmetry for B(3")—~B(3")+ V(1)
decays of B(3) since B(3)-~ B(3*)/B(6)+ V(8) and
B(3)—~ B(8) + V(3*) are forbidden in PC and PV
modes, respectively. Similarly the decays
leading to D(10) uncharmed decuplet are for-
bidden in the PV mode. In the PV mode only
m*-emitting decays are allowed to occur.

VIII. SUMMARY AND CONCLUSIONS

We have observed that a simple assumption
such as the absence of exotic intermediate states,
etc., leads to most of the observed features of
the uncharmed hadronic decays. In particular with
the SU(3) weak Hamiltonian 8 +27 it gives experi-
mentally well-satisfied relations such as the Al
=4 and Lee-Sugawara sum rule for the PV and the
PC modes and =*=0 and v2 ¢ - =} =v3 A% for
the PV and PC modes, respectively. It allows
simultaneously a AI=3 rule violation for the @~
decays as required experimentally.

Encouraged by the success of the assumption
in obtaining these results, we have extended our
study to the weak decays of charmed hadrons in
SU(4). We note that the GIM contribution vanishes
for the PV weak decays. In SU(4), the PV decays
of uncharmed hadrons may occur through 15
admixture, which can arise through SU(4) break-
ing.!” But the PV decays of charmed baryons
seem to arise through 15,, 45, 4_5* antisymmetric
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TABLE IIL, D(%+)——>B(1§+)+P(O'). Note: All the decays are forbidden in the s channel.

NEIS=nonexotic intermediate state.

t channel u channel
Hamiltonian 20” 84 45+ 45% 20” 84 45+ 45%
NEIS 15 15 15 20 20/ 20 20 20
Q' -=% _aAT 2N3 0 INS —INT 23 —2N3  —2/3
Q- EEY —2NZ 2NET 0 2/3vZ 0 2/3VZ -2/3VZ -4/3VZ
~EE"  —2/6 2/V® 0 0 2/N6  2N6 -2/ 0
— Q) -2/3  2A3 —2WN3 0 0 0 0 0
— =%+ 0 0 0 INT —-1N3 —-2N3  —2AF —-2N3
Q)+t —~EiD* 0 0 0 2/V6 0 2/V6 -2/ 26
—E{D* 0 0 0 0 22 2/N2 —2NZ 22
—E3*K -2 2 0 0 0 0 0 0
representations of the weak Hamiltonian. This decay channels B(3*)—~D(10)+ P(8), B(3)—~B(8)
type of structure for the PV weak Hamiltonian +P(3%), B(3)—-D(10)+ P@*) are forbidden in the
can be obtained through SU(4) breaking'” or PV mode, whereas the channels B(3)~ B(6)+P(8),
by including unconventional currents such as the B(3) - B(3*)+ P(8) obtain zero contribution in the
right-handed current” and the second-class cur- PC mode. Thus we predict null asymmetry for
rents.? In this paper we have not gone into the these channels. In the allowed channels, the most
details of the origin of these terms and have ob- general Hamiltonian allowsonly 7/p*-emitting
tained the results with symmetry considerations. decays in (39~ D(3*)+P(07)[V(17)] and B(3%)
We notice that the PV weak decays occur pre- ~ B(3")+P(07)[v(17)] in the PV mode. This pro-
dominantly through the ¢ channel. vides a good test of our model. We predict null
In the case of PC mode, we have ignored the asymmetry for Q}** decays also.
t-channel contributions, which are expected to Finally, we conclude that although the conven-
be small owing to the presence of unnatural- tional weak Hamiltonian works well for the un-
parity eigenstates, having low Regge intercept. charmed sector and the PC decays of charmed
For the GIM model, we obtain _2_9” dominance baryons, the PV decays of charmed baryons seem
for the PC Hamiltonian. However, 15 contri- to occur through unconventional weak interactions.
butions are demanded by the present data on un-
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APPENDIX A

Following are the reduced matrix elements for the different modes.

(a) B(3)-B(E)+P(07)
H:

s channel (207 ||15]|m)(n ||15]]207), m =4%,20,20},,20,, 204,204, 36%, 60*, 140",
¢ channel (15 |[15]|m)om ||20'%(|207), m=1,15,,15,,,15,,, 15,,,207,45,45%,84,

u channel (20'||15||m)m ||15]|207), m =4*,20,20],,

20/
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202,20, 36%, 60*,140” ;
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HY":
s channel
t channel
u channel
H2:
s channel
t channel
u channel
HY:
s channel
t channel
u channel
H*:
s channel
t channel

# channel

SATISH KANWAR, R. C. VERMA, AND M. P. KHANNA

(207 [|15 | [m)m [|20” [|207), m =4*, 20 20;,36%,60%, 140",
(151|207 ||m)m ||207* ||207), m=15,15,,20",45,45%,175,
(207|207 ||m)m ||15]]207), m =4*,207,20;,36%, 60*, 140" ;

(207 |15 ||m)(m ||84]]|207), m =20,20/,20;,36%, 60*140" ,
(15 [|84 ||m)tm ||207*||207), m=15,,15,,45,45*,84,,84,,175,
(207 ||84||m)im ||15 ||207), m =20,20], 205, 36%, 60*, 140" ;

(207|]15 ||m)m ||45||20"), m=20,20,20;,36*, 60%,140; ,1407 ,
(15 ||45* ||m)m ||207*||20"), m=15,,15,,20",45F,45%,84,175,
(207 [[45* | |m)(m |[|15||207), m = 4*,20}, 204,365, 365, 60%, 140" ;

(207 |15 ||m)m ||45*||207), m =4*,20], 205, 36%, 36X,60%,140”
(15 ||45 ||m)(m ||207*||207), m=15,,15,,207, 45, 45,,84,175,
(207 ||45 ||m)om |15 ||207), m =20,204,20;,36*, 60*, 1407, 1407 ;

(b) D(3)=D(3") +P(07)

HY:
s channel
t channel
u channel
HY":
s channel
¢t channel

u channel

Hﬁ?:
s channel
¢ channel
u channel
H:
s channel

t channel

u channel

H*:
s channel
t channel

u channel

(20 ||15 ||m){m |15 ||20), m =20,20",120,140",
(15 ||15||m)om ||20* [|20), m=1,15,,15,,84,
(20||15||m)m [|15]|20), m =20,20",120,140";

(20|15 ||m)m [|207 ||20), m=140",
(15207 ||m)(m ||20*][20), m=15,
(20|20 ||m){m |15 ||20), m=140";

(20|15 ||m)m ||84]|20), m=20,207,120,140",
(15|84 ||m)tm ||20*||20), m=15,84,,84,,300,
(20 ||84 ||m)m | |15 ||20), m =20,20",120,140";

(20|15 ||m)Gn ||45 [|20), m=120,140",
(15|]45* ||m)om ||20*||20), m=15,84,
(20 |]45% ||m)m |15 ||20), m=20",140";

(20 ||15 ||m)n ||45* ||20), m =207, 140",
(15|45 ||m)Gm ||20% ||20), m=15,84,
(20 ||45||m)Gm ||15 ||20), m=120,140";
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() B(Z)=D(E")+P(0)
HY:
s channel (20|[15||m)Gn ||15][207), m=20,20;,20;,140",

t channel (15 ||15]|m)(m ||20*||207), m=1515,,45%, 84,

u channel (20]]15||m)m ||15 ||207), wm =20,20;,20;,140";

HZOII:
s channel (20 |[15||m)¢n |[207[[207), m =20,140",
t channel (15||20”||m)én ||20*]|207), m=15,45%,
u channel (20]20”||m)Gn |[15([207), m =36* 140"

H%: v
s channel (20 ||15||m){m ||84]]|207), m =20,20",120,140",
t channel (15 ||84||m)ém ||20%||207), m =15,45%,84,,84,,256,
u channel (20|84 ||m)m ||15]]|207), m=20,20;,20;, 60*, 140";
HS:
s channel (20|15 ||m)(m [[45][20), m=20,20",140;,140;,120,
t channel (15 |[45*||m)(m ||20%|]|207), m=15,84,45%, 45% 256,
u channel (20]45% ||m)Gn ||15]]207), m=4*,207,20;,36%,140";

H45*
w
s channel (20 ||15 ||m)(mn ||45* ||20), m=207,140",
¢ channel (15 |[45||m)(m ||20%||207), m=15,84,
u channel (20|45 ||m)m |[15]|207), m =60%,140";
@ D) ~B(E")+P0)

H15.

15
s channel (207||15||m)(m ||15]]|20), m =20,20;,20;,140",
¢ channel (15|[15]|m)m ||207*||20), m=15,,15,,45,84,
u channel (20" ||15||m)(m ||15]|20), m=20,20;,20;,140";

H2O":
s channel (207||15||m)Gm ||207||20), m =36% 140",
¢ channel (15[[20” ||m){(m||20"*||20), m=15,45,
u channel (20" [[20”|[m){n [|15]|20), m=20,140";

HE:
s channel (207|[15||m)m ||84]|20), m =20,20{,20;, 60*, 140",
t channel (15|84 ||m){m ||207*||20), m =15,45,84,,84,,256,
u channel (20|84 ||m)m ||15]|20), m =20,207,120,140";

129
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[

s channel (20’|[15]|m)(m ||45]|20), m =60%, 140",
t channel (15]|45%||m){m ||207*|]20), m =15,84,

u channel (20 |[|45% ||m)m |[15]|20), m =20",140" ;

s channel (20’||15]|m)(m ||45%||20), m =4*,20],20;, 36%, 140",
t channel (15 ||45||m)én ||207*||20), m =15,45,,45,,84,256,
u channel (207]]45]||m)(m ||15]|20), m =20, 20’,1407,1407,120.

APPENDIX B

For the PV decays, the representation (6* +15) at the SU(3) level gives the following sum rules.

(1) B(3*)~B(8)+P(8):
0={(="1°|A})=

= (=07 2% = (=°n| (%,

r4
1

- <EO1T(-' Ai¢>:<EOK+lA;+>

(pK“lA'*)=<E‘K° 2= V8 (AR |2{%) = V2 (2K |5;°)

=-V372 (A7

(._.o + l~,+>_ _ <._.
(#1) B(3)—=B(8)+ P(3%):
0=(

25y = (=D |E;)=
Q).

M ichy)

5;>=<E°D*
(i43) B(3)—~B(3*)+P(8):
0=(z;"m|=3)=(E{"n]|=;
<:{+7T+ Ei)= <:,o +l
[K |2 =- <:;*K°]9;>.
(i) B(3)~B(6)+P(8) :
0=(Z"K"|z3) = (% n°lz*>=<z*n!z*>=<sz‘;1<* =),
- OrRO |y =VaE T
CiK° =y = EIK"IQQ-

Cry

Ep)= <Q(1)7T* Q,
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