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CP violation in baryon decay processes is still undiscovered to date. We present a general analysis of the
decay-angular distributions and the corresponding CP asymmetries in cascade decays of the type
H — R(— ab)c, where H is a heavy hadron that decays through weak interactions H — Rc and the
resonance R decays strongly via R — ab. Based on the analysis, we propose to search for CP violation in
the decay-angular distributions in the cascade decay processes B — BM, with B or M subsequently
decaying through strong interactions, where B is the mother baryon, 5 and M are the daughter baryon and
meson, respectively, and M has to be spin nonzero. We also present some typical decay channels in which
the search for such kinds of CP asymmetries can be performed.
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I. INTRODUCTION

In the observable Universe, the density of baryons is by
far larger than that of antibaryons [1], which is a clear
evidence of charge-parity (CP) violation and charge-
conjugate (C) violation, according to Sakharov’s criteria
for the generation of the baryon asymmetry of the
Universe [2]. CP violation has been observed in the decays
of K [3], D [4], B [5-7], and B, [8] mesons, all of which are
consistent with the description of the Standard Model of
particle physics, in which a single C-violating weak phase
in the Cabibbo-Kobayashi-Maskawa (CKM) matrix is the
origin of CP violation [9,10]. Nevertheless, CP violation in
baryon decay processes is still undiscovered in laboratories
to date, despite the fact that many efforts have been made.

In baryon decay processes, the nonzero baryon spin
provides us with more freedom to construct CP violation
observables. The CP asymmetries induced by the decay
asymmetry parameters in the hyperon weak decay transi-
tions %J“ - %JF + 0~ suchasE - Azrand A — praretypical
examples. The decay asymmetry parameters of transitions
%* - %* + 0~ are induced by the interference of the parity-
even S-wave and the parity-odd P-wave amplitudes [11].
They can be measured from the decay-angular distribution if
(1) the mother baryon is polarized and/or (2) the daughter
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baryon decays subsequently via weak interactions. The
decay asymmetry parameter-induced CP asymmetries in
hyperon decays, which have been investigated extensively
on the theoretical side [ 12—-15], are expected to be larger than
those induced by the branching ratios in the aforementioned
hyperon decay channels. Recently, experimental studies on
the hyperon decay asymmetry parameter-induced CP asym-
metries were performed by BESIII and Belle, with precision
at about the one-percent level [16,17]. Moreover, decay
asymmetry parameter-induced CP asymmetries in various
charmed baryon decay channels such as A7 — (A, X°)h+
and X0 — X7z" were also investigated by Belle [17,18].
However, they are still too small to be confirmed exper-
imentally at the current stage for both the hyperon and the
charmed baryon decays. Theoretical analyses of CPA
induced by the decay parameters were also made in bottom
baryon decays such as Ag — AD [19,20], while the corre-
sponding experimental study is still absent in bottom baryon
decays.

Just like the case of the aforementioned decay asym-
metry parameter-induced CPAs, the mechanism of gener-
ating CP violation via the interference between different
canonical amplitudes is a good idea for decay processes
with particles of nonzero spin involved and is comple-
mentary to CPAs corresponding to the partial decay width.
It should be pointed out, however, that the interference
between the parity-even and parity-odd amplitudes can
only show up in the angular distributions of the final
particles when the subsequent decay is also a weak one.
In the situation where the corresponding subsequent decay
is through strong or electromagnetic interactions which
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respect parity symmetry, the interference between parity-
even and parity-odd amplitudes would simply be absent."
Interestingly, for some decay processes, when more than
one parity-even and/or parity-odd amplitude enters in the
decay, the interference between the amplitudes with the
same parity can then show up in the decay-angular
distributions, even when the subsequent decay is a strong
one. We will analyze this in more detail here.

This paper is organized as follows. In Sec. II, we present
the general analysis of the decay-angular-distribution-cor-
related CPAs. In Sec. III, by expressing the decay-angular
distribution in terms of the canonical decay amplitudes, the
interfering behavior between different canonical decay
amplitudes can be seen in a more transparent way. In
Sec. 1V, we present some suggested decay channels in
which the decay-angular-distribution-correlated CPAs are
suitable to search for. In the last section, we make our
conclusion.

II. GENERAL ANALYSIS OF THE DECAY-
ANGULAR DISTRIBUTIONS AND THE
CORRELATED CP ASYMMETRIES

In general, we will consider a mother hadron H decaying
via a weak decay process H — Rc¢ with the intermediate
resonance R decaying through strong interactions R — ab.
The differential decay width of the aforementioned cascade
decay process H — R(—ab)c for unpolarized H can be
expressed as [8]2

dr[l—l]—»R(—»ab)c . 1 1
(21)? 32m}

M

2, (1)

ds ,ds,,

where s;; is the invariant mass squared of the particle i

and particle j system, my is the mass of H, and |[M|?
is the spin-averaged decay amplitude squared of the
cascade decay H — R(—ab)c, which is defined as
IM|* = zswﬁ S duini MG P Here, MG s the
covariant decay amplitude for the cascade decay
H — R(—ab)c; sy is the spin of H and m, is its z
component (the direction of z is irrelevant here since we
are dealing with unpolarized H); and 4,, 4,, and 4. are the
helicities of a, b, and c, respectively. The decay amplitude
squared can be further expressed as [22]

[IMP =" wiPj(cy). (2)

0<j<2sp
J even

'The interference between parity-even and parity-odd ampli-
tudes will show up when there are two resonances with similar
masses but opposite parities [21,22].

One reason why we only consider the unpolarized case is that
the polarizations of the heavy baryons produced on colliders are
still too small to be detected [23-25].

where P; is the jth Legendre polynomial; ¢y = cos 6, with
0 being the helicity angle of particle a with respect to ¢ (or,
equivalently, to H) in the center-of-mass frame of the a & b
system; and sp is the spin quantum number for resonance
R. Note that j can only take even values (from O to 2sp)
because the decay of R is through strong interactions which
respect the parity symmetry [22].

Obviously, all the weights wl/) describe the decay-
angular distributions, i.e., the angular distributions of
the final particles. The weight w(/) for the jth Legendre
polynomial in Eq. (2) can be expressed as

(SR, —SR: SRs SR|SRSRJO>2

Wi = :
|Sup — mp + imglg|?

WIS, (3)

where W) and SU) contain the information for the decays
H — Rc and R — ab, respectively, and can be expressed in
terms of the helicity decay amplitudes as

o = 3~ sk i Se olsusef0) oy p- g

p (Sg> —SR3 Sg> Sr|SRSRJO) L

and

SO — (=) 7Sk (sg, =2 Sg, Al sgsRjO) G 2
A LI
Fwn SRy —SR> SR> SR|SkSRJO)

’

A=dy—y

(5)

with 7 and G*, being the helicity decay amplitudes of
H — Rc and R — ab, respectively; o being the helicity of
R; and “(---|---)” being the notation for Clebsch-Gordan
coefficients. Our definitions of W) and SU) are slightly
different from those in previous works such as Ref. [22],
i.e., with an extra factor ﬁ The motivation
SRo—SR3SR-SRISRSRJO)
for the introduction of this factor is to guarantee that
Wwo =5~ NS ffﬂz and S© = il |gj§lb|2. Moreover,
one can see that all the coefficients in front of the helicity
amplitudes squared in W) and SY) are now simple
rational numbers. One can relax the constraint on j taking
even values in Eq. (2) because SU) automatically equals O
for odd j due to the parity symmetry in R — ab [22].
We will focus on the decay-angular distributions with
respect to the helicity angle 6. To this end, we need to
integrate out s,,. In the narrow width approximation of R,
the differential decay width of the cascade decay H —
R(—ab)c can then be expressed as

1 dFHﬁR(—)ab)c 1 )

D) Yior(oancPi(ca), (6

Chor(oab)e  dcg OS/ZS;R fr(—an)cLi(ca):  (6)
J even
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where yg)_)R(_mb)c can be further parametrized as
}/[l(-l|]1>—>R(—>ab)c = //{lg'lﬂn—)Rcaglab’ WIth j'[E'ﬂ)—>RC and a(R]lab being

defined as

00 (Sr=5R3 Sk SEISRSRJO) W) -
ke (SR, —Sg: Sg» Sr|SrRsR00) WO
and
GO _ (sr =Sk Sk, Srlsksrj0) SV (8)
fab <SR7_SR;SR, SR|SRSROO> S(O) ’

respectively. Here, ag)_)ab are a set of decay parameters of
R—ab. On the other hand, A . (j=1.....2s)
describe the polarization of R, as can be seen from
Eq. 4. They can be viewed as the generalization of
the polarization from spin-half particles to particles of any
spins produced in weak decay processes. We say that R is
unpolarized if 2., =0, for all j = 1,2, ..., 2sg.

The differences between ﬂﬁl re and their CP correspon-

dence ﬂ[% L ¢ re measures of CP violation. One can define

the decay-angular-distribution-correlated CP asymmetries
as [26-28]

N1 .
(NN RO

Note that A(CO;, = 0 by definition. From the experimental

side, the direct observables are
Al = adha) . (10)

from which one can see that the observability of A(Cj}, is

restricted by the values of aﬁ{lu »- In other words, A(Cj,)g can be
observed only when both Ag}, and agla , are not too small.

In practice, the following definition of CP asymmetry
observables is more easily accessible experimentally. The
null points of P;(c,) divide the interval of ¢, € [-1, 1] into
j+ 1 subintervals, which can be ordered from right
(cg = +1) to left (¢y = —1) as the 1Ist, 2nd, - - -, kth, - -,
(j + Dth subintervals. Denoting the event yields of each

*We can further parametrize AMLRC as ﬂ[(H{)_)RC = PE@K‘S_{LRC,
where Pg) are the normalized polarization parameters which are

defined as Pg) = V"‘\jf/'; and KS_{L re can be viewed as the production

ab:
- () Wi
asymmetry ratio and are defined as xp . =78

W)
() _ (=) R (sg,—035R.0|sRSRJO) Sy |2
Wabs = 2o | Trmsmmarimseor— 1 F o

where

subinterval as N and NV for k=1,....j+ 1, the CP
asymmetry observables can be defined as

O "
Ty [N<f>+W} '
k k k

It can be easily seen that A(CO}, is in fact the conventionally

defined CP asymmetries corresponding to the branching
ratios, Acp(H — R(— ab)c).

III. INTERFERENCE BEHAVIOR
OF CANONICAL DECAY AMPLITUDES
IN THE DECAY-ANGULAR DISTRIBUTIONS

Interference between amplitudes with different weak
phases may generate large CP asymmetry parameters,
provided that there is also a large strong phase difference.
Potential final-state interactions may generate such non-
perturbative strong phase differences in different canoni-
cal partial-wave amplitudes [29]. In addition, the
interference behavior is quite obscure in Eq. (4) since
there are no interfering terms between different helicity
amplitudes for the current situation. Consequently, it will
be more transparent to see the interference pattern if we
reexpress YWU) in terms of canonical amplitudes, which
reads

WU = 3" p), ayays (12)

Is,l's'

where a;"’s are the canonical decay amplitudes of
H — Rc and are related to the helicity amplitudes
through [30,31]

s 204+ 1\:z
W E . _ —
'7:62( - (2SH 4 1) <SR’O-’ Ses /IC|SRSCS<O' ’Ic)>

Is
x (1,055,060 = A|lssy(o — A.))a)", (13)

or, inversely,

20+ 1\
o = Z(L)QSR,G; Sos—Aclsp5es(0 = A2))

) 2S[|.|] + 1
x (1,0;5,0 = Ac|lssu(o = A))F oy (14)

and the rotational-invariant coefficient pg‘{)l,s, reads
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) VRI+DEI+)

Pisrs = (253 + 1) (g, —sR,sR,SR|SRSRJ0

Z(_)G_SR (Sr. =03 Sk, 0| sRSRJO)
o

x (1,0;5,0 = A:|lssy(c — A1) Sk, 05 Ses —Ac|SpSeS (06— )
x (I,0;8", (6 = A )|l's"sy(6 = A.)) (S, 03 Sy —Ac|SgSes’ (6= ). (15)

In general, the presence of the interference between two canonical decay amplitudes in certain Y//)

()

properties of the coefficients p, ', .

The following two properties of the coefficients p

is constrained by the
()

15 1¢» Which can be proven with the aid

of the properties of the Clebsch-Gordan coefficients, turn out to be very important for our analysis here:
(1) For a given value of j satisfying 0 < j < 2sp, the indices of the nonzero elements of pgi,)z/s/ fulfill the triangle

inequality (necessary condition):

=V <j<I+T, (16)
ls—s'|<j<s+5. (17)
(2) Zero elements:
) ) jis even,oneof /and /' is even and the other is odd,;
Py =01 {jis odd, both / and /' are even or odd. (18)

The first consequence of property 2 is that—since j can
only take even values in Eq. (2)—the interference between
parity-even and parity-odd amplitudes is absent in the
decay amplitude squared of Eq. (2) when the subsequential
decay of R is strong, where the parity of the canonical
decay amplitude «," is determined according to
M = (=)TIyIIgI,, with I representing parity. This
means that there can only be interference of a;" and a,

in WU
simultaneously for even j (so that a);' and a),
same parity).

Of course, property 1 can also set constraints on the
presence of the interfering terms in W), For example, there
will be no interfering terms between different canonical
amplitudes in W) because, according to property 1, [ = I’
and s = s’ for j = 0. Hence, one has p?sil,s, = §;y0,y When
j=0, so that WO = 2 =5 la"?, from
which one can see that there is no interference between
different canonical amplitudes in w(?), as expected.

For the weak process H — Rc, it can be proved that the
number of independent canonical decay amplitudes, which
is of course the same as that of the independent helicity
decay amplitudes, is in total

1/ !
of Eq. (2) when both [ and [ are even or odd
have the

Neg =251+ 1)(2s5 + 1) —k(x+ 1), (19)

where « = max {s; + s, —s3,0}. Here, s, s,, and s3
represent the spins of the particles involved in the weak
decay, H, R, and ¢, which are ordered according to

s; < s, < s3. Moreover, it can be proved that the number
of parity-even and parity-odd canonical amplitudes will be
either the same (when N, , is an even number) or with a
difference of 1 (when N,., is an odd number).
Consequently, in order for the presence of the interferences
between the canonical decay amplitudes with the same
parity in w'/) for certain j, the number of the independent
canonical decay amplitudes should be no less than 3, so that
at least two of them share the same parity. The first few
combinations of (s, s,, s3) that fulfill this requirement are
O, 1, 1), (0, 1, 2), (Og ;) O, 2, 2), (é é,l) (; ;2)
(%, 1,%), and (5,3,2) with the number of independent
canonical decay amplitudes being 3, 3, 4, 5, 4, 4, 6, and 8,
respectively. Phenomenologically, if we confine ourselves
only to discussions of unstable H dominated by weak
decays, the first four combinations will be the cases of
pseudoscalar heavy meson decays, while the last four
combinations will be the cases of heavy baryon decays.

Take the typical weak transition of the type B — BV
G = 574 17), such as A, — Ap”, as an example, where
the vector meson decays subsequently to two pseudoscalar
mesons through strong interactions. It can be easily seen
that there are four independent weak decay canonical
amplitudes in total, according to Eq. (19). There are, in
total, three WU)’s for j =0, 1, and 2, which can be
respectively expressed in terms of the helicity amplitudes
as well as the canonical ones as

— [P+ IF P+ IFgP + [ Foy P (20)
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W = [Fu = [F_ ] (21)
W = |F P+ |7 - 2(|]-"0%|2 + \FO__;lz), (22)
and

WO = (Jag? + layl + lagP + lagl?).  (23)

W) = % {fzzﬁ (ausay) + 9 (anary)

0t (al%a%) + \@m (al;a;%)} . (24)

W = —(|a1g\2 + |a2%|2)
—2V3% (aola; + alia’fs>, (25)
2 25 243

where the symbol (- - -) means that we take the real part of
the term in the parentheses. From the helicity forms of YW(!)
and W®), one can clearly see that they describe the
polarization of the vector meson V: Note that W)
represents the asymmetry between helicity +1 and —1 of
V, while W®) represents the asymmetry of transverse and
longitudinal polarizations of V. The factor 2 in front of the
longitudinal polarization parts is important and also under-
standable. It reflects the simple fact that the degrees of
freedom for the transverse polarizations (¢ = £1) and the
longitudinal parts (¢ = 0) are different. On the other hand,
the interference behavior between different amplitudes is
easier to see from the canonical forms of W1 and W®).

The differential decay width can then be expressed as’

1 dr 1 Wwas?
Tdeoso 2 T g (o)
1 1 5
= E - ﬁﬂélgvpz(ca)- (26)

Note that S(© and S® are correlated according to

S®/8©) = —\/2. The reason for the correlation is under-
standable. Since the vector meson decays into two pseu-
doscalar mesons, there can only be one independent

helicity amplitude. Both S(*) and S® must be proportional

“The behavior in the expression seems to be different from the
one used in the literature such as in [32]. One can see from
Eq. (13) of Ref. [32] that there are interference terms of S- and
D-waves in the integrated decay width I', while there is no
such term (interference between ap and ay; in our notation) in

Eq. (24). This is because the definitions of the canonical
amplitudes are different. In the current paper, a,, are the canonical
amplitudes in the sense that they transform irreducibly under
SO(3), while the S- and D-waves in Ref. [32] are not.

to the square of this helicity amplitude; hence, they are
correlated. If the relative strong phase differences between
agy and ays and/or a1 and a,; are not small, the contribu-

tions of the corresponding interfering terms to the CP
asymmetries associated with the decay-angular distribu-
tions A(CZI), could be large.

To see the CP asymmetry behavior in more detail, let us

first parametrize the canonical decay amplitudes ;" and

their CP counterparts a," as

al = (asz +al ei<¢w+6f’f>) e (27)
ap = (a;; + aﬂei(‘¢w+ﬁlpxr)) e, (28)

where al. and af are the tree and penguin parts of the
canonical decay amplitudes, respectively; ¢,, and 5.7 are,
respectively, the weak and the strong phase difference
between the tree and penguin parts of the same canonical
decay amplitude a,; and d;, is the overall strong phase of
the canonical amplitudes @,”. The CP asymmetry param-
eters will behave as

A(CJI)J ~ 2sin ¢sz§£,)l’s’ {alTsa{,)s, sin [(51S —Opy) — 5{,’5}

Is,l's'

—alal sin [(515 — 8y + 5;?} } (29)

It is naturally expected (although this is only a possibility)
that the relative strong phases between different canonical
decay amplitudes could be relatively large, compared to the
strong phase difference of the tree and penguin parts with
different weak phases within the same canonical decay
amplitude,

6ls - 5175/ > (‘)‘ﬁT ~ 51[/)5; (30)
This means that the CP asymmetry parameter(s) A(Cjz, will

have a good chance of being dominated by the interference
terms between different canonical decay amplitudes:

() : (/) T P PoT g
Agp ~2singy, E Pisre\@lsayy —ajap, | sin (8 —dyy).
Is#l's'

(31)

Since there is no interference between different canonical

decay amplitudes in A(CO},, it is likely that Ag} for j # 0 will
be larger than Ag),, provided that the relative strong phases
between different canonical decay amplitudes o;, — o,y are

large. It should be emphasized that, in order to get large

Ag}’s, the relative strong phases between different
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canonical decay amplitudes is not enough; the weak phase
¢, and the term aja), — aj.al,, should not be too small
either.

While the presence of the strong phase difference
between different partial-wave amplitudes is an important
necessary condition for large CP asymmetry corresponding
to the decay-angular distributions, it should be pointed out
that this is not a sufficient condition. To see this, let us again
use the decay B — BV as an example. Theoretical analyses
of this type of decay have been performed via the
generalized factorization approach (GFA) for bottom
baryon decays [33-35]. Based on helicity decay amplitudes
obtained from GFA, it can be shown that the canonical
decay amplitudes and their CP conjugates take the forms
a;;, = CyK,; and a@;; = Cy K, where K is the kinematical
part which depends on / and s, and the parameters Cy and
Cy contain the CKM matrix elements and are universal for
all a,. In particular, Cy, and Cy, are independent of / and s.
While we can generate a nonzero direct CP asymmetry
corresponding to the branching ratios, the CP asymmetries
corresponding to the decay-angular distributions, which are
defined in Eq. (11), are predicted to be exactly zero by GFA
because the universal Cy, (Cy) is canceled out in ﬂn(-ﬁ)—ﬂec
(Asq{l #2) SO that AI%L Re = ’15’1{)_, 72+ In other words, there can
be only one CP asymmetry in the approach of GFA, i.e.,
CP asymmetry corresponding to the branching ratios, Ag.
Consequently, it is crucially important to go beyond GFA
for the predictions of CP asymmetry corresponding to the
decay-angular distributions.

IV. SUGGESTED CHANNELS FOR SEARCHING
FOR DECAY-ANGULAR-DISTRIBUTION-
CORRELATED CP ASYMMETRIES
IN BARYON DECAYS

It is very hard to make a concrete prediction of any
decay-distribution-correlated CP asymmetries in heavy
baryon cascade decays. Nevertheless, our analyses provide
some guidelines for searching for such CP asymmetries in
certain decay processes. According to the above analysis,
two of the guidelines are especially important. The first one
is that the number of independent canonical decay ampli-
tudes N, should be no less than 3, which will constrain
the spins of the particle involved according to Eq. (19). The
second one is that j can only take even values from 0 to 2sg,
which implies that s should be no less than 1 in order for
the nontrivial decay-angular distributions (j > 2) to appear.
Of course, the properties of the coefficients pgf ,)M can
provide us with more detailed information on the interfer-
ence of different canonical decay amplitudes in WU).

The above guidelines suggest that we can study the
decay-angular distributions and the corresponding CP
asymmetries in the following two immediate situations.
The first one is that H is a pseudoscalar heavy meson,

which will be denoted as M for this situation. From Eq. (19)
one can see that, in this situation, the necessary condition
for N., > 3 is that the spins of both R and ¢ should be
nonzero and larger than half. As aforementioned, typical
examples for the spin combinations (s, s,, s3) of M, R, and
¢ that fulfill this requirement are (0, 1, 1), (0, 1, 2), (0,3.3),
(0, 2, 2). The simplest decays which can be used to perform
the search for decay-angular-distribution-correlated CP
asymmetries are (1) M — V,V,, with V,; or V, decaying
strongly to two pseudoscalar mesons; (2) M — BB, with
B} and Bj being spin-one-and-a-half baryons and one of
them decaying via strong interactions. Since our main
concern is heavy baryon decay processes, we will not go
through the heavy meson decay processes any further [36].

The second situation, which is our main concern in this
paper, is that H represents a spin-half heavy baryon, which
will be denoted as B in what follows. In this case, since
either R or c¢ is a baryon, in order for N., > 3, Eq. (19)
indicates that the other particle must be a spin-nonzero
meson. In view of the above constraints, we propose to
search for decay-distribution-correlated CP violation in
cascade decays of the following types: (1) B — BM,
M — M{M,, with the spin of the meson M being nonzero;
2) B— BM, B— B'M', with the spin of the baryon
resonance B being larger than % and the spin of M being
nonzero. Here, 5 and B’ represent light baryons, and M,
M', M, and M, represent light mesons.

The first type seems to be more common and more
applicable, among which the most relevant decay type is of
the form B — BV, with a subsequent strong decay of the
vector resonance V — P;P,. Typical decays of the form
B— BV include (1) b — duii transitions: A) — pp(770)*,
A) — N(1520)*p(770)";  (2) b — suii transitions:
A = Ap(770)°, A) — pK*(892)~, AY — N(1520)K*;
(3) ¢ —udd transitions: Af — pp(770)°,
pK*(892)%; and (4) ¢ — us§ transitions: Al — pg,
AF — ZTK*(892)°.

For the second type, B — BM, B — B'M’, where the spin
of the intermediate baryon resonance is no less than %
and the spin of M is no less than 1, typical decays include
(1) ¢ —udd transitions: A} — N(1520)*p(770)°,
B — N(1520)*K*(892)% (2) ¢ — us3 transitions:
Af = N(1520)*¢, A — ZTK*(892)°; (3) the b — duii
transition: A) — N(1520)*p(770)"; and (4) the b — suit
transition: AY) — N(1520)K*. For most of the cases, the

study of AY) and/or AY) for Jj = 2 will be enough since all
the spins of the resonances mentioned in the above
examples are less than 2.

Ef -

V. SUMMARY AND CONCLUSION

CP violation in baryon decay processes has not been
observed yet. In this paper, the decay-angular-distribution-
correlated C P asymmetries for cascade decays of unpolarized
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heavy hadrons are analyzed. By expressing the differential
decay width in terms of the canonical decay amplitudes, we
analyze the general condition for the presence of the
interfering terms between different canonical decay ampli-
tudes. The presence of the interfering terms is important for
the generation of large decay-angular-distribution-correlated
CP asymmetries.

We focus mainly on one typical type of decay, in which
the heavy baryon decays weakly into two daughter
hadrons, with one of them decaying strongly into two
granddaughter hadrons. The analysis indicates that when
the two daughter hadrons are both spin nonzero, there will
be at least two parity-even and parity-odd canonical
amplitudes. The interference between the canonical ampli-
tudes with the same parity properties will be present in the
angular distributions of the final particles. With a possible

large strong phase between different canonical amplitudes,
it is possible that a large CP asymmetry corresponding to
the decay-angular distributions may emerge. We also
present some typical decay channels in which the search
for such CP asymmetries can be performed.
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