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ABSTRACT: We study the K g—K 2 asymmetries and C'P violations in charm-baryon decays
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two-body doubly Cabibbo-suppressed amplitudes of charm-baryon decays, with the one in
AF — ng, ;, as a promising observable. Besides, it is studied for a new C'P-violation effect
in these processes, induced by the interference between the Cabibbo-favored and doubly
Cabibbo-suppressed amplitudes with the neutral kaon mixing. Once the new CP-violation
effect is determined by experiments, the direct C'P asymmetry in neutral kaon modes can
then be extracted and used to search for new physics. The numerical results based on
SU(3) symmetry will be tested by the experiments in the future.
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1 Introduction

Charm physics plays an important role in studying the perturbative and non-perturbative
QCD and searching for new physics with special structure in the up-type quark sector.
Unlike the charmed meson decays with fruitful results during the past decades [1], the
study of weak decays of charmed baryons has been made little progress both in theory
and in experiment until a few years ago when some new measurements were performed by
the Belle and BESIII experiments [2—-11]. Charmed baryon physics is becoming intriguing
with more data available and collected by Belle (II), BESIII and LHCb. Charmed baryon
decays provide an ideal laboratory to study the heavy-to-light baryonic transitions [12-19]
and test the flavor SU(3) symmetry [20-27]. They also provide the essential inputs for the
decays of b-flavored hadrons decaying into charmed baryons to determine the CKM matrix
element |V 3| [28, 29]. In this work, we will study charmed baryon decays into neutral kaons.

Under the flavor SU(3) symmetry, the ground states of A7, = and =0 form an anti-
triplet, all of which decay weakly. In the Standard Model (SM), the charmed baryon
weak decays are classified into three types: the Cabibbo-favored (CF) decays, the singly
Cabibbo-suppressed (SCS) decays and the doubly Cabibbo suppressed (DCS) decays [30].
It can be generally expected that the branching fractions of the CF, SCS and DCS modes
are of the order of 1072, 1073 and 10™4, respectively. Due to the small branching fractions,
the DCS decays are more difficult to be observed compared to the CF and SCS decays.
The first and only evidence of DCS transitions of charmed baryons is found in a three-body
A} decay by the Belle collaboration [10],

BR(A} — pKt77)/BR(A} — pK 7)) = (2.35+£0.27 £ 0.21) x 1073. (1.1)

But none of the two-body DCS processes has been observed to date. The two-body DCS
decays play an essential role in understanding the dynamics of charmed hadron decays,
since the multi-body decays are difficult to be studied in theory. Besides, new physics
might contribute to the relatively small DCS amplitude, leading to a much larger direct C P



violation compared to the SM prediction [31-34]. Therefore, it is important to search for
the two-body DCS amplitudes of charm-baryon decays. Except for the direct measurement
on the DCS processes, the two-body DCS amplitudes can also be revealed by the Kg — Kg
asymmetry in charmed baryon decays into neutral kaons. The Kg — Kg asymmetry is
induced by the interference between the CF and DCS amplitudes, which has been studied
in D meson decays [33, 35-41]. In this work, we investigate the K — K9 asymmetry in
charmed baryon decays, and find that the one in AT — ng 1, is the promising observable
to search for two-body DCS charm-baryon decay amplitudes.

CP violation can occur in charmed baryon decays into neutral kaons. It is an essential
element to interpret the matter-antimatter asymmetry in the Universe [42] and provides
a window to search for new physics beyond the SM. CP asymmetries have been well
established in kaon and B meson systems [30]. In the baryon sector, the only signal of
CP asymmetry is found in A) — pr—at7t with 3.30 [43]. CP violation in charmed
baryon decays has not been observed up to now. In some literatures, the C'P violation
in charm decays into neutral kaons have be studied [31, 34, 44-48]. In ref. [49], a new
measurable C'P-violation effect is found existing in D meson decays into neutral kaons,
except for the known indirect C'P violation in K° — K’ mixing and direct C'P asymmetry
in charm decays. The new effect is induced by the interference between the CF and DCS
amplitudes with the mixing of final-state mesons. In this work, we will show that the new
C P-violation effect also exist in charmed baryon decays. Once the new effect was well
determined in experiment, the direct C'P asymmetry could be obtained and used to search
for new physics.

Numerically, the dynamics of charmed baryon decays is always difficult to describe,
due to the sizable non-factorizable contributions [12-27]. In order to estimate the K9 — K9
asymmetry and C'P asymmetry, we analyze the decays of charm-baryon anti-triplet into
light baryon octet and pseudoscalar octet based on the flavor SU(3) symmetry, in which
those universal parameters are extracted from the available data. Our results are well
consistent with the measured data and can be tested by Belle II, BESIII and LHCb.

This paper is organized as follows. In section 2, we discuss the K g — Kg asymmetry in
charmed baryon decays into neutral kaons and its search for the DCS transitions. The cor-
responding time-dependent and time-integrated C'P asymmetries are studied in section 3.
The numerical analysis is given in section 4. And section 5 is the summary.

2 K9 — K9 asymmetry

In the charmed hadron decays into neutral kaons, the interference between the Cabibbo-
favored (CF) and the doubly Cabibbo-suppressed (DCS) amplitudes leads to the K2 — K?
asymmetry, an observable to search for the DCS transitions. Specifically, the Kg - K
asymmetry in charmed baryon (B.) decaying into light baryon (B) and neutral kaons is
defined as

I'(B. — BK2) —T'(B. - BKY)
(B, = BK2) +T'(B. — BKY)’

R(B. — BKY ) (2.1)



Due to the fact that the Kg — K asymmetry is not sensitive to the C'P violating effect in
the KO — K" mixing [40], the K2 and K states can be referred as the C'P eigenstates

1
ﬁ

under the convention CP|K?) = —|KO>.
The CF amplitude of B, — BE" and the DCS amplitude of B. — BK" decays read as

1

|K§) = 7%

(K% -K"). 1K) = —= (1K +K%), (2.2)

A(B. — BK") = Tep eierticr)  A(B, — BK®) = Tpg e'(#pos+ines) (2.3)

where 7cr (Tpcs) is the magnitude of the CF (DCS) amplitude, and dcr (dpcs) and
ocr (¢pcs) are the relative strong and weak phases, respectively. The decay amplitudes
of B, — BK% and B, — BK% are then

1 ; 1 ;
A(B, — BK2) = —T; U¢postipes) _ _—_ i eHécrticr)
( S) \/§ DCS € \@ CF € (2 4)
1 ; 1 ; )
A(B. — BK?) = —T; i(¢pcs+dpes) 4 o ei(écrticr)
( L) V2 DCs € /2 CF€
Similar as ref. [40], the ratio between the DCS and CF amplitudes are defined as
. = BK® -
M = Tfel(¢+5f)’ (2.5)
A(B. — BK ")

where r¢ = Tpcs/Tor, ¢ = ¢pcs — ¢cr and 6 = dpcs — dcr. The parameters ¢ and d¢
depend on the individual processes, while ¢ is mode independent in the SM. It is found
that if the DCS amplitude vanishes, ry = 0. In the SM, r is expected to be proportional
to the ratio |V Vis/ViVua| ~ A* ~ O(1072), and the weak phase is negligibly small, i.e.,
¢ = Arg[—V\Vus/ViVud) = (—6.2£0.4) x 1074, The K2 — K? asymmetry can be further
reduced as [40]

1—17r 6.6f2—]—|-7” o052
fZ fz
— rye’flL+ + rrel
052 1 f16f2

R(B. — BKg’L) = ~ —2rcosdy, (2.6)
which is expected to be of the order of @(1072), being measurable in experiments.

The K3 — K9 asymmetry could be used to search for the DCS decays in charmed
baryon decays. If the DCS transition is absent, i.e., 7y = 0, the K% — K? asymmetry shall
vanish. Thereby, a non-zero experimental result of R(B, — BK% 1), namely 7y # 0, can
be taken as the evidence for the DCS transitions of charmed baryons. In fact, since the
branching fraction of A} — pK?Y is measured as [9)]

Br(Af — pK2)exp = (1.52 +0.08 £ 0.03)%, (2.7)

it can be expected that A — pK 2 has a branching fraction of the order of one percent, and
thus might be measured with large data sample. Therefore, the corresponding Kg — K%
asymmetry can reveal the DCS amplitude of A7 — pK?°.



In the following discussions, we will see that the Kg — Kg asymmetry in the decays
of Af — ng’ ; is a promising observable to search for the two-body DCS amplitude of
charmed baryon decays. At BESIII, only Al can be produced due to the energy limit. At
Belle (II) and LHCb, the productions of =
smaller than AJ. For the two-body A decays into the light baryon octet and a pseudoscalar
meson, the only two DCS modes are A} — pK? and A} — nK*. In the latter mode,
neutron is always difficult to be detected in experiments. On the contrary, A} — pK°
can be revealed by the Kg — Kg asymmetry in A} — pK?g’ 7, with Kg detected with a

+ and ZY with an additional strange quark are

high efficiency at Belle (II). In the decay modes of A} into the baryon octet and a vector
meson, and the baryon decuplet and a pseudoscalar meson, the DCS transitions include
A — pK*0 nK*t ATK? AYK*. Among them, the decays of A} — nK*t(— K*70)
and Af — K°A*(— pr%) suffer from the low efficiencies of detections of neutrons or 7°.
The modes of AT — pK*%(— K*7~) and Af — KTAY(— pr~) are actually included
in the measured three-body DCS decay Af — pK™n~ [10], while a partial-wave analysis
requires much more data. In short, the Kg — Kg asymmetry in Af — pK& ; decays is of a
priority to investigate the two-body DCS charm-baryon-decay amplitudes in experiments,

especially at Belle (II).

3 CP asymmetry

C'P violation can occur in the charm decays into neutral kaons, induced by the interference
between the CF and DCS amplitudes with the K° K mixing. As pointed out in [49], there
exist three C'P-violation effects in charmed meson decays, i.e., the indirect C'P violation
in KO~ K° mixing, the direct CP asymmetry in charm decays, and the effect from the
interference between two tree (CF and DCS) amplitudes with neutral kaon mixing. It is
also worthwhile to study the C P-violation effects in the charmed baryon decays.

Unlike eq. (2.2), the indirect C'P violation in K" — K’ mixing should be taken into
account for the study of C'P violation effects in charmed baryon decays. Such that the K g
and Kg states are

—0
K¢S 1) =plK% Fq/K), (3.1)

where p = (14¢€)//2(1 + |€]?), ¢ = (1—€)//2(1 + |€]?), and € is a small complex parameter
characterizing the indirect C P asymmetry in the K — K mixing system, with the values
of le] = (2.228 4 0.011) x 1072 and its phase ¢, = 43.52° +0.05° [30]. In experiments, the
Kg state is actually reconstructed by 777 ~. The time-dependent C'P asymmetry in the
decay chain of B, — BK (t)(— 7" 7~) reads as

sty = 0Tt

(3.2)

with Trr(t) = T'(B. — BK(t)(— 7nt7n7)) and Trr(t) = (B — BK(t)(— 7ntn™)), where
the intermediate state K (t) is recognized as a time-evolved neutral kaon K°(t) or Fo(t),
and t is the time difference between the charmed baryon decays and the neutral kaon



decays in the kaon rest frame [47, 49]. The amplitude of A(B. — BK (t)(— 77 ™)) can be
deduced as

A(B,—BK(t)(—»ntn7)) = A(B. — BK°) [g+(t)A(KO — 7r+7r_)+]%g_ (t).A(FO—> T 7T_):|

+A(B:. — B?O) [g+(t)A(KO —rtrT) +§g, (t)A(K® — 7r+7r_)] ,

(3.3)
in which g, and g_ describe the flavor preserving and flavor changing time evolutions,
respectively,

)= = _Z(mL_EFL)t:l:, —Z(ms—il—‘s)t 3.4
g:l:( ) 26 26 ) ( )

with the mass mg (mr) and the width T's (T',) of the K2 (K?) meson.
Neglecting the tiny direct CP asymmetry in K° — 7777, ie., A(FO — atnT) =
—A(K°® — 7t77), the time-dependent C'P asymmetry is approximated as

Acp(t) = [ABp(t) + Af(t) + ABL ()] /D(2), (3.5)

with D(t) = e 1'st(1—2rf cosd cos ¢) +e TLt|e|2. The first term Ag;(t) in the numerator
denotes the C'P violation in neural kaon mixing [47],

Ag;(t) = 2Relele st — 2711 (Rele] cos(Amt) + Imle] sin(Amt)), (3.6)

—0
with I'= (T's +'1)/2, Am = my — mg. It is clear that A5, (¢) is independent of ry, i.e.,
independent on the DCS amplitude. The second term A%, (¢) is the direct CP asymmetry
induced by the interference between the CF and DCS amplitudes,

AL (1) = 2¢7 STy sin 6 sin ¢. (3.7)

The third term A%, (¢) originates from the interference between the two tree (CF and DCS)
amplitudes with the neutral kaon mixing,

ABYL(t) = —4r cosgsindy (Im[e]e‘rst—e_rt(Im[e] cos(Amt)—Rele]sin(Amt))). (3.8)

A (t) has been missed in the literature of studying D meson decays [31, 34, 46-48] in
which the DCS amplitudes are assumed to be zero, and was first pointed out in [49] as
a new CP-violation effect. It arises from the mother decay and the daughter mixing.
Its physical meaning can be depicted in figure 1, a schematic description of the chain
decay, taking AF — pK(t)(— nt7~) as an example. AL%(¢) is from the interference
effect between the Cabibbo-favored amplitude of AT — pK  with neutral kaon mixing
5 = K°(t) — 7F7~, and the doubly Cabibbo-suppressed amplitude of A} — pK°
without kaon mixing K° — K°(t) — nt7~. Equivalently, the new C'P-violation effect is
also from the interference effect between the amplitudes of Af — pfo without kaon mixing
K - Fo(t) — 7t7~, and A} — pK? with kaon mixing K° — Fo(t) — w7, The weak
phase of A%,(¢) is from the (daughter) kaon mixing, €, while the strong phase is from
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Figure 1. Schematic description of the chain decay A} — pK(t)(— mt7™).

the (mother) charm decays, d¢. Its mechanism is more complicated than for the ordinary
mixing-induced C'P asymmetry in, for instance, the D%(t) — KK~ mode, in which both
the oscillation and decay take place in the mother particle DY(¢). Besides, A% (¢) isn’t
the direct C' P asymmetry in charm decays, since it doesn’t vanish as ¢ — 0. In order to
dir

investigate the direct C'P violation A¢}(¢) which is tiny in the SM due to the smallness of

-0 .
and thus sensitive to new physics, it is necessary to extract AL, (t) and AL, (¢) from the
CP CcP

total C'P violation, seen in eq. (3.5). Thus it is worthwhile to study A%Y%(¢) in the relevant
processes. In eq. (3.8), neglecting the weak phase in charm, i.e., setting ¢ — 0, only r and
§¢ are required to predict the values of AR, (¢), since € is well determined in experiment.
Fortunately, ry and d; can be obtained by the data of branching fractions, which will be
discussed in section 4.

From egs. (3.6) ~ (3.8), it is found that Ag;(t) and A% (¢) vanish at t = 0 and
Acp(t =0) = AT (t = 0) = 27 sind; sin . (3.9)

In the SM, Acp(t = 0) is of order of 107 since ry ~ O(1072) and ¢ ~ O(107*). Such
an order is far beyond the precision limit of the forthcoming experiments, Belle II and
LHCb upgrade. However, in some new physics models, the weak phase difference can be
large, which results in a larger Acp(t = 0). Thereby, an observation with nonvanishing
Acp(t = 0) would be the signal of new physics [49]. Unlike the SCS processes, in which
the precise measurement of the C P asymmetry cannot discriminate new physics due to the
ambiguities in estimating the penguin amplitudes, the measurable direct C'P asymmetry
in B, — BK (t)(— nt7~) indicates new physics effect because of its tiny value in the SM.
The time-integrated C'P asymmetry is covered by the bare asymmetry with a time-
dependent function, F(t), introduced to take into account relevant experimental effects,

Jy¥ dt F(t) [T (1) + AZ5(0) + ARL(1)

Acp(0,00) = Jo~ dt F(t) D(t)

(3.10)



In this work, we adopt the approximation in [47]

1 ti<t<ty,
F(t) = ! 2 (3.11)
0 t >t or t<ty.
Eq. (3.10) is reduced as
2rysind s sin ¢ 2Rele] — 4Zmle|ry cos ¢psindy
Acp(ti, t2) ~
1 —2rycosdycose 1 —2rpcosdycose
Imle]+2Rele]r ¢ cos ¢psin d
[C(tl) o C(tQ)] + Re[[e]]fQZmHT; coscbsiné; [S(tl) B S(tQ)] (3 12)

75T (1 + 22)(e~t1/7s — e~12/7s)

in which z = Am/T, ¢(t) = e [cos(Amt) — = sin(Amt)], and s(t) = e [z cos(Amt) +
sin(Amt)]. The first term, being independent of ¢ 2, corresponds to the direct C'P asym-
metry in charm decays. In the rest part of eq. (3.12), the terms proportional to ry represent
the new effect AY,(¢1,t2), and those without r; are the CP violation in the neutral kaon
mixing.

In the limitation of t; € 7¢ < to < 77, e 111 = e I'stt =1 and e 1?2 = ¢ Tst2 = (.
The time-integrated C'P violation then reads as

2rysindysing  2(Rele] —2Zmle]rycospsindy)

Acp(t1 K 15 Lty L 1)

- 1—2rycosdfcos¢ 1—2rfcosdfcosg
Wi 2 Im[e]+2Rele]ry cosqbs?néf 2  (3.13)
1422  TRele]—2Zmle]rscospsindy 1+a2
Under the approximation of Zmle]/Rele] ~ —z/y and y ~ —1 [47], we get
—2Rele] + 2rfsindy sin ¢ — 4rImle] cos ¢ sin §
App(ty < 75 < ty < 1) ~ [e] + 27y sin &5 sin ¢ — 4ryTm/e] cos psin ¢
1 —2rycospcosdy
= [Alp + Alp + AZp]/D. (3.14)

Considering the sizes of €, ry and ¢, the interference between charm decays and neutral
kaon mixing A%, is expected to be of the order of O(107~73). Such an order is much
larger than the direct C'P violation in charm decays.

In eq. (3.14), the 27 cos ¢ cosdf term in the denominator cannot be neglected, since
the new C'P-violation effect, 4r;Zmle] cos ¢ sindy, is a sub-leading contribution which is at
the same order as the term in the denominator by expansion to be 47 ;Rele] cos ¢ cos dy.
The 27 cos ¢ cos §; term can be determined by the measurement of the K g — K9 asymmetry
since the weak phase ¢ is tiny in the SM,

R(B. — BKg}L) ~ —2rfcosdf ~ —2rfcos g cosdy. (3.15)

In the case of DT — W*ng decay, the term in the denominator is one order of magnitude
smaller than the new C P-violation effect and can be neglected [49], since R(DT — 7t KY)
is measured to be small [41]

R(DT — n"K§ ) = 0.022 +0.016 + 0.018. (3.16)



But in the case of AT — ng, the contribution from the denominator can only be deter-
mined by the measurement of the K g — K% asymmetry.

The time-dependent and time-integrated C'P violation in A} — ng can be measured
by Belle II and LHCb. In order to extract the new CP-violation effect A?}}D, we propose
an observable,

AACP(Kg,p, 7T+) = ACP(A;’— — ngv) — ACP(D+ — 7T+ng)
~ AZp(AS = pKg) — ABp(DT — wtKY)
—0
~ AEp - DAY - pKY) — DD 7t KY)]. (317)

where D in the last line is the denominator of eq. (3.14). The CP violation in neutral
kaon mixing is mode-independent and thus cancelled between the ones in AT — ng
and DT — 7T KY. As discussed above, the direct C'P violation is negligible. Therefore,
the new CP-violation effect can be revealed in AACp(Kg,p,w+). It can be measured at
LHCb by combination of the raw asymmetries A,.y with those in CF channels, canceling
the production and detection asymmetries, as

AAcp(K$,p,m") = [Aaw (NS = pKY) — Ao (AS — pK—t)]
— [Araw (DT = 7T K2) — Apaw (DT — K-t ). (3.18)

4 Numerical analysis

In the this section, we numerically estimate the K g -K 2 asymmetries and C'P asymmetries
in charmed baryon decays into neutral kaons based on the flavor SU(3) symmetry. The CF
and DCS processes are model-independently analyzed with the parameters extracted from
experimental data. In this work, we focus on the decays of the charmed-baryon anti-triplet
(29, —=F, AF) into light baryon octet and pseudoscalar octet.

Note that sizable flavor SU(3) breaking effect is always expected in charmed hadron
decays. It is found to be very large in the SCS processes of D decays, like the difference
between D — KTK~ and n77n~. However, the SU(3) symmetry seems to work well in
the CF processes. For example, in the analysis of D meson decays using the topological
diagrammatic approach under the SU(3) symmetry in ref. [39], the fitted results show
that x2/d.o.f = 0.65 for a global fit with only CF processes, while x2/d.o.f = 87 in the
case with only SCS processes. Since we focus on the charmed baryon decays into neutral
kaons in the CF and DCS processes in this work, the SCS processes are not involved in
the global fit. Thus large SU(3) breaking effects can be avoided. Besides, unlike the D°
decays into neutral kaons in which the strong phase difference 67 = 0 in the flavor SU(3)
limit [40, 50-54] and thus A% o sind; is unobservable, 57 and A%, are non-vanishing in
the charged D-meson decays [49, 55, 56]. In charmed baryon decays, it will be found in
the following that the CF and DCS amplitudes are different in the SU(3) decomposition,
inducing non-vanishing d; and Aig},.

The nonleptonic charmed decays are induced by the operators (sc)(ad) for the CF
modes, and (dc)(us) for the DCS modes. These operators can be decomposed into irre-
ducible representations of flavor SU(3) symmetry group. For example, (5¢)(ud) = O +O5,



with Og = £[(5¢)(ad) — (uc)(5d)] and Oz = [(5¢)(ud) + (tic)(5d)]. The perturbative QCD
corrections enhance the coefficient of Og over Otz by a factor of [as(my)/ as(mw)]18/ 2
s (me) fxs (my)) ™22

from Oz, the effective Hamiltonian is expressed as [20, 21, 27]

~ 2.5 [57, 58]. In an approximation of neglecting the contributions

Heg =eH®(6)TueBSME + fH®(6)Tue MSBL + gH™(6)BS M Ty, (4.1)

with the charmed-baryon anti-triplet

T.=(E% -5 AN, Tup=ewT, (4.2)
the light baryon octet,
1 1 y0 +
\/EA + \/52 1 by 1 P
= =0 —/2/3A
and the pseudoscalar octet
T+ J5hs mt Kt
My = T —%WO + %ng K° . (4.4)

K~ K° —/2/3ns

The non-zero elements H?2(6) = 2 for Cabibbo-allowed modes, and H33(6) = 2tan? ¢
for doubly Cabibbo-suppressed modes, where fc is the Cabibbo angle and tan?fc ~
|V Vs / Vi Vual. The coefficients e, f, g are free complex parameters to be extracted from
data of branching fractions.

The partial decay width of charmed baryon decays is

I'(B. — BM) = 2B | 42, (4.5)

2mmp,

where p. is the center-of-mass momentum of the final state particles, mp, and mp are the
masses of charmed baryon and light baryons. The decay amplitudes are expressed by the
e, f, g parameters, with the representations given in table 1. Since only the relative phases
between e, f and g make sense, we take e as real. At the current stage, the available
relevant data include five branching fractions of CF decays of A (shown in table 1) and
the ratio of branching fractions between ZY — AKY and ZY — E~7". So then five free
parameters are fixed by six data via a global fit. Notice that f and g always occur together
as (f 4+ ¢g) in the CF amplitudes, we use h = f + g in the fit to avoid large correlation, and
g can be obtained through ¢ = h — f. Then we find

e=0.67+0.03, |f]=026+0.03, h=f+g=(0.43=+0.06) ' CO7H006) (4 6)

with x2/d.o.f = 0.17, and the phase of f ranges from —7 to 7. One can find the magnitudes
of |e| and |f| are mostly fixed by AT — pK2 and Z°K™T, respectively, where the DCS
contribution in the pK g mode is highly suppressed. The parameter h is also well determined



Modes Representation BRexp(%)  BRgys) (%)
Af — Art %(726 —2f —2g) 1.3040.07  1.30+0.17
AF — XO0gt T5(=2e+2f +29) 1.2940.07  1.2740.17
AF = utqa0 T5(2e —2f —29) 1.2440.10  1.2740.17
A} — pKY % tan? 0o (2g) — %(—26) 1.5840.08  1.36 ~ 1.80
A} — pK? 75 tan® 0c(2g) + J5(—2e) 1.24 ~ 1.67
AF = 20K —2f 0.504£0.12  0.5040.12
20 » =7t 2e 2.240.34
29 — 2070 %(—26 +29) 0.07 ~ 1.81
=0 — AKY ﬁ tan? 0c(—2e +4f + 4g) — \/%(—46 +2f +29) 0.47+0.08
20— AKY  stan’Oc(—2e + 4 + 4g) + s (—de +2f + 29) 0.500.09
20 5 NtK- 2f 0.3140.09
20— NOKY $tan? 0o (2e) — 3(—2f — 29) 0.23+0.07
=0 - ¥OKY 1 tan? 0c(2e) + 3(—2f — 29) 0.20+0.06
EF — 20t —2g 0.01 ~ 10.22
Ef - 2K % tan® o (—2¢) — =5(29) 0.06 ~ 4.84
Ef - 2tKY % tan? 0o (—2e) + %(Qg) 0.00 ~ 4.30

Table 1. Branching fractions and amplitude representations for the Cabibbo-favored charmed
baryon decays. For the modes with neutral kaons Kg’ ;, in the final states, the associated doubly
Cabibbo-suppressed amplitudes are taken into account with the factor of tan?6@s. The ratio of
BR(Z2 — AK2)/BR(Z? — =~ 7T) = 0.210 + 0.028 is also included in the global fit. Our results
are given in the last column, compared to the experimental data [30].

by global fitting. The phase of f cannot be extracted from the available data, and thus
is free in the full range between —m and w. The numerical results of branching fractions
are given in the last column in table 1, compared to the experimental data [30]. The
uncertainties in our predictions include the errors from the global fit and the ones from
the lifetimes of A}, =

give a range due to the ambiguity of the phase of f, including the uncertainties from the

+ and ZY. For those modes in which g occurs without f, we only
other fitted parameters and from the lifetimes of charmed baryons. The exceptions in the
DCS amplitudes do not affect the fitting very much. Besides, the branching fractions of
Af — ¥O7% and ©*t70 are identical to each other due to the isospin symmetry. From
table 1, it is clear that our results are well consistent with the data. It is plausible that the
CF and DCS transitions of charm baryons are well expressed by flavor SU(3) symmetry.
Besides, in ref. [27], the authors studied charmed baryon decays under the SU(3) symmetry
analysis similarly to our work, but including the SCS processes. Their x? is much larger
than ours, and their result of B(AT — pn¥) significantly exceeds the experimental upper
—t,

C

bound. The predictions on the branching fractions of AT — ng and those of =4 *° decays

can be tested by experiments in the future.
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R(Af — ng ;) REY— AK& ;) RE2— EOKg ;) RES— 2+ng L)

—0.010 ~ 0.087  —0.037 £ 0.004 0.091 £ 0.016 —0.113 ~ 0.390

Table 2. K3 — K} asymmetries in B, — BKY ; decays.

Acp(Af = pK2) Acp(E2 — AKY) Acp(EQ = X°KY) Acp(EF — STKY)
S1  —3.15~ —2.67 —3.13+£0.05 —3.42 4 0.05 —4.57 ~ —2.60
S2  —3.55~ —3.09 —3.58 £ 0.04 —2.50 £ 0.10 —2.91 ~ —1.39

Table 3. Time-integrated C'P asymmetries Acp(t1 < 75 < to < 71) in B. — BKY decays in the
units of 1073, where the sets of S2 are obtained by flipping the signs of all phase parameters of S1.

From table 1, one can find the branching fractions of B, — BK g are obviously different
from the B, — BK% ones due to the interference between the CF and DCS amplitudes,
which results in measurable Kg — Kg asymmetries. The results of Kg — Kg asymme-
tries, R(B. — BKg’L), are given in table 2. It is found that the K2 — K? asymmetry
in Af — ng ;, decay, the promising observable to search for two-body DCS amplitudes
of charmed baryons, can reach the order of 1072 or even 0.1, within the experimental
capability.

The numerical results of the time-integrated C'P asymmetries Acp(t1 <75 <K ta << 7L)
(denoted by Acp for simplification) are presented in table 3. There are two solutions of
the C'P asymmetries for each parameter set. We label the results obtained from eq. (4.6)
by S1, and S2 is obtained by flipping the signs of all phase parameters in S1 since the
solution with opposite strong phases contributes equivalently to branching fractions that
are proportional to the cosine of the strong phases. The measurements in the future, to
establish the above C'P asymmetries, could discriminate these solutions. In the absence of
the DCS contributions, i.e., 7y = 0, Acp(B. — BKY) = Ag; ~ —2Rele] ~ —3.23 x 1073.
The new C P-violation effect Aié“j; can be revealed by the subtraction of Ag; and the
—2rycos¢cosdy term in denominator of eq. (3.14) from the total C'P asymmetries. The
signs of Ai(‘}} are opposite between the solutions of S1 and S2 due to its proportion to sindy,
while the ones of —27 cos ¢ cos 05 are the same in solutions of S1 and S2. The denominator
D in eq. (3.14) could be obtained from the corresponding Kg — K% asymmetries, seen
in eq. (3.15). The new CP asymmetry effect, A, is of the order of 1074, while the
direct CP asymmetry A3, is O(1075). For example, the range of ALL(Af — pKY) is
(0.16 ~ 3.37) x 10~* and the one for AL (AS — pKY) is (0.3 ~ 6.8) x 1075 in solution
S1. The direct C'P violation are sensitive to new physics which may contribute to the
DCS amplitudes with a large weak phase [49]. Thus if the new C'P violating effect was
determined in experiment, the direct C'P violation in charmed baryon decays into neutral
kaons can be obtained and used to search for new physics.
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5 Summary

Charmed baryon decays are becoming more intriguing due to the new measurements by
Belle and BESIII in recent years. In this work, we investigate the Kg — K% asymmetries
and C'P violation in charmed baryon decays into neutral kaons. Induced by the interference
between the Cabibbo-favored and the doubly Cabibbo-suppressed amplitudes, the K g -K 2
asymmetries can be used to study the DCS amplitudes. As no evidence of two-body DCS
process in charmed baryon decays has been found so far, we propose to measure the K g—K 2
asymmetry in the A} — pK%y ; decay mode as a promising method to search for the two-
body DCS transition. Besides, a new C P-violation effect is found in charmed baryon decays
into neutral kaons, induced by the interference between the CF and DCS amplitudes with
the K0 — K" mixing. Once it is determined in experiments, the direct C'P asymmetries
can be used to search for new physics beyond the Standard Model. A numerical analysis
based on SU(3) symmetry is preformed to estimate the values of Kg — Kg asymmetries
and C'P violations.

Acknowledgments

We are grateful to Lei Li and Xiao-Rui Lyu for helpful discussions. This work was supported
in part by the National Natural Science Foundation of China under Grants No. 11347027,
11375076, 11505083 and U1732101, and the Fundamental Research Funds for the Central
Universities under Grant No. 1zujbky-2015-241 and lzujbky-2017-97.

Open Access. This article is distributed under the terms of the Creative Commons
Attribution License (CC-BY 4.0), which permits any use, distribution and reproduction in
any medium, provided the original author(s) and source are credited.

References

[1] M. Artuso, B. Meadows and A.A. Petrov, Charm Meson Decays, Ann. Rev. Nucl. Part. Sci.
58 (2008) 249 [arXiv:0802.2934] INSPIRE].

[2] BELLE collaboration, B. Pal et al., Search for AT — ¢pr® and branching fraction
measurement of AT — K~ ntpr®, Phys. Rev. D 96 (2017) 051102 [arXiv:1707.00089]
[INSPIRE].

[3] BESIII collaboration, M. Ablikim et al., Measurement of the absolute branching fraction for
A} — Aptv,, Phys. Lett. B 767 (2017) 42 [arXiv:1611.04382] [INSPIRE].

[4] BESIII collaboration, M. Ablikim et al., Observation of the decay Af — S~atat70 Phys.
Lett. B 772 (2017) 388 [arXiv:1705.11109] [NSPIRE].

[5] BESIII collaboration, M. Ablikim et al., Measurement of Singly Cabibbo Suppressed Decays
AY = prtn™ and Af — pKTK~, Phys. Rev. Lett. 117 (2016) 232002 [arXiv:1608.00407]
[INSPIRE].

[6] BESIII collaboration, M. Ablikim et al., Evidence for the singly-Cabibbo-suppressed decay
A} — pn and search for Af — pr®, Phys. Rev. D 95 (2017) 111102 [arXiv:1702.05279]
[INSPIRE].

- 12 —


https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1146/annurev.nucl.58.110707.171131
https://doi.org/10.1146/annurev.nucl.58.110707.171131
https://arxiv.org/abs/0802.2934
https://inspirehep.net/search?p=find+J+%22Ann.Rev.Nucl.Part.Sci.,58,249%22
https://doi.org/10.1103/PhysRevD.96.051102
https://arxiv.org/abs/1707.00089
https://inspirehep.net/search?p=find+EPRINT+arXiv:1707.00089
https://doi.org/10.1016/j.physletb.2017.01.047
https://arxiv.org/abs/1611.04382
https://inspirehep.net/search?p=find+EPRINT+arXiv:1611.04382
https://doi.org/10.1016/j.physletb.2017.06.065
https://doi.org/10.1016/j.physletb.2017.06.065
https://arxiv.org/abs/1705.11109
https://inspirehep.net/search?p=find+EPRINT+arXiv:1705.11109
https://doi.org/10.1103/PhysRevLett.117.232002
https://arxiv.org/abs/1608.00407
https://inspirehep.net/search?p=find+EPRINT+arXiv:1608.00407
https://doi.org/10.1103/PhysRevD.95.111102
https://arxiv.org/abs/1702.05279
https://inspirehep.net/search?p=find+EPRINT+arXiv:1702.05279

[7]

8]

[9]

[10]

[11]

[12]

[13]

[14]

[20]

[21]

[22]

[23]

[24]

[25]

BELLE collaboration, A. Zupanc et al., Measurement of the Branching Fraction
B(A}f — pK~ "), Phys. Rev. Lett. 113 (2014) 042002 [arXiv:1312.7826] [iNSPIRE].

BESIII collaboration, M. Ablikim et al., Measurement of the absolute branching fraction for
A} — AeTve, Phys. Rev. Lett. 115 (2015) 221805 [arXiv:1510.02610] [NSPIRE].

BESIII collaboration, M. Ablikim et al., Measurements of absolute hadronic branching
fractions of AT baryon, Phys. Rev. Lett. 116 (2016) 052001 [arXiv:1511.08380] [INSPIRE].

BELLE collaboration, S. Yang et al., First Observation of Doubly Cabibbo-Suppressed Decay
of a Charmed Baryon: A} — pK*xw~, Phys. Rev. Lett. 117 (2016) 011801
[arXiv:1512.07366] INSPIRE].

BESIII collaboration, M. Ablikim et al., Observation of AT — nK2n+, Phys. Rev. Lett. 118
(2017) 112001 [arXiv:1611.02797| [INSPIRE].

J.G. Korner and M. Kramer, Fzclusive nonleptonic charm baryon decays, Z. Phys. C 55
(1992) 659 [INSPIRE].

J.G. Korner, G. Kramer and J. Willrodt, Weak Decays of Charmed Baryons, Z. Phys. C 2
(1979) 117 [INSPIRE].

M.A. Ivanov, J.G. Korner, V.E. Lyubovitskij and A.G. Rusetsky, Fzclusive nonleptonic
decays of bottom and charm baryons in a relativistic three quark model: Evaluation of
nonfactorizing diagrams, Phys. Rev. D 57 (1998) 5632 [hep-ph/9709372] [INSPIRE].

H.-Y. Cheng, Charmed Baryons Circa 2015, arXiv:1508.07233 [INSPIRE].

H.-Y. Cheng and B. Tseng, Nonleptonic weak decays of charmed baryons, Phys. Rev. D 46
(1992) 1042 [Erratum ibid. D 55 (1997) 1697] INSPIRE].

P. Zenczykowski, Quark and pole models of nonleptonic decays of charmed baryons, Phys.
Rev. D 50 (1994) 402 [hep-ph/9309265] [INSPIRE].

T. Uppal, R.C. Verma and M.P. Khanna, Constituent quark model analysis of weak mesonic
decays of charm baryons, Phys. Rev. D 49 (1994) 3417 [NSPIRE].

Fayyazuddin and Riazuddin, On the relative strength of W exchange and factorization
contributions in hadronic decays of charmed baryons, Phys. Rev. D 55 (1997) 255 [Erratum
ibid. D 56 (1997) 531] [InSPIRE].

C.-D. L, W. Wang and F.-S. Yu, Test flavor SU(3) symmetry in exclusive A. decays, Phys.
Rev. D 93 (2016) 056008 [arXiv:1601.04241] [INSPIRE].

M.J. Savage and R.P. Springer, SU(3) Predictions for Charmed Baryon Decays, Phys. Rev.
D 42 (1990) 1527 [INSPIRE].

Y. Kohara, Quark diagram analysis of charmed baryon decays, Phys. Rev. D 44 (1991) 2799
[INSPIRE].

R.C. Verma and M.P. Khanna, Cabibbo favored hadronic decays of charmed baryons in flavor
SU(3), Phys. Rev. D 53 (1996) 3723 [hep-ph/9506394] [INSPIRE].

L.-L. Chau, H.-Y. Cheng and B. Tseng, Analysis of two-body decays of charmed baryons
using the quark diagram scheme, Phys. Rev. D 54 (1996) 2132 [hep-ph/9508382] [INSPIRE].

K.K. Sharma and R.C. Verma, SU(3) flavor analysis of two-body weak decays of charmed
baryons, Phys. Rev. D 55 (1997) 7067 [hep-ph/9704391] [INSPIRE].

~13 -


https://doi.org/10.1103/PhysRevLett.113.042002
https://arxiv.org/abs/1312.7826
https://inspirehep.net/search?p=find+EPRINT+arXiv:1312.7826
https://doi.org/10.1103/PhysRevLett.115.221805
https://arxiv.org/abs/1510.02610
https://inspirehep.net/search?p=find+EPRINT+arXiv:1510.02610
https://doi.org/10.1103/PhysRevLett.116.052001
https://arxiv.org/abs/1511.08380
https://inspirehep.net/search?p=find+EPRINT+arXiv:1511.08380
https://doi.org/10.1103/PhysRevLett.117.011801
https://arxiv.org/abs/1512.07366
https://inspirehep.net/search?p=find+EPRINT+arXiv:1512.07366
https://doi.org/10.1103/PhysRevLett.118.112001
https://doi.org/10.1103/PhysRevLett.118.112001
https://arxiv.org/abs/1611.02797
https://inspirehep.net/search?p=find+EPRINT+arXiv:1611.02797
https://doi.org/10.1007/BF01561305
https://doi.org/10.1007/BF01561305
https://inspirehep.net/search?p=find+J+%22Z.Physik,C55,659%22
https://doi.org/10.1007/BF01474126
https://doi.org/10.1007/BF01474126
https://inspirehep.net/search?p=find+J+%22Z.Physik,C2,117%22
https://doi.org/10.1103/PhysRevD.57.5632
https://arxiv.org/abs/hep-ph/9709372
https://inspirehep.net/search?p=find+EPRINT+hep-ph/9709372
https://arxiv.org/abs/1508.07233
https://inspirehep.net/search?p=find+EPRINT+arXiv:1508.07233
https://doi.org/10.1103/PhysRevD.55.1697
https://doi.org/10.1103/PhysRevD.55.1697
https://inspirehep.net/search?p=find+J+%22Phys.Rev.,D46,1042%22
https://doi.org/10.1103/PhysRevD.50.402
https://doi.org/10.1103/PhysRevD.50.402
https://arxiv.org/abs/hep-ph/9309265
https://inspirehep.net/search?p=find+EPRINT+hep-ph/9309265
https://doi.org/10.1103/PhysRevD.49.3417
https://inspirehep.net/search?p=find+J+%22Phys.Rev.,D49,3417%22
https://doi.org/10.1103/PhysRevD.55.255
https://inspirehep.net/search?p=find+J+%22Phys.Rev.,D55,255%22
https://doi.org/10.1103/PhysRevD.93.056008
https://doi.org/10.1103/PhysRevD.93.056008
https://arxiv.org/abs/1601.04241
https://inspirehep.net/search?p=find+EPRINT+arXiv:1601.04241
https://doi.org/10.1103/PhysRevD.42.1527
https://doi.org/10.1103/PhysRevD.42.1527
https://inspirehep.net/search?p=find+J+%22Phys.Rev.,D42,1527%22
https://doi.org/10.1103/PhysRevD.44.2799
https://inspirehep.net/search?p=find+J+%22Phys.Rev.,D44,2799%22
https://doi.org/10.1103/PhysRevD.53.3723
https://arxiv.org/abs/hep-ph/9506394
https://inspirehep.net/search?p=find+EPRINT+hep-ph/9506394
https://doi.org/10.1103/PhysRevD.54.2132
https://arxiv.org/abs/hep-ph/9508382
https://inspirehep.net/search?p=find+EPRINT+hep-ph/9508382
https://doi.org/10.1103/PhysRevD.55.7067
https://arxiv.org/abs/hep-ph/9704391
https://inspirehep.net/search?p=find+EPRINT+hep-ph/9704391

[26] M.J. Savage, SU(3) violations in the nonleptonic decay of charmed hadrons, Phys. Lett. B
257 (1991) 414 [INSPIRE].

[27] C.Q. Geng, Y.K. Hsiao, Y.-H. Lin and L.-L. Liu, Non-leptonic two-body weak decays of
A.(2286), Phys. Lett. B 776 (2018) 265 [arXiv:1708.02460] INSPIRE].

[28] W. Detmold, C. Lehner and S. Meinel, A, — pl~ 0y and Ay, — AL~ Dy form factors from
lattice QCD with relativistic heavy quarks, Phys. Rev. D 92 (2015) 034503
[arXiv:1503.01421] [INSPIRE].

[29] R. Dutta, Ay, — (Ac, p) T v decays within standard model and beyond, Phys. Rev. D 93
(2016) 054003 [arXiv:1512.04034] [NSPIRE].

[30] PARTICLE DATA GROUP collaboration, C. Patrignani et al., Review of Particle Physics,
Chin. Phys. C 40 (2016) 100001 [NnSPIRE].

[31] H.J. Lipkin and Z.-z. Xing, Flavor symmetry, K° — K mizing and new physics effects on
CP-violation in D* and DE decays, Phys. Lett. B 450 (1999) 405 [hep-ph/9901329]
[INSPIRE].

[32] Z.-Z. Xing, Effect of KO - anti-K0 mizing on CP asymmetries in weak decays of D and B
mesons, Phys. Lett. B 353 (1995) 313 [Erratum ibid. B 363 (1995) 266] [hep-ph/9505272]
[INSPIRE].

[33] L.IY. Bigi and H. Yamamoto, Interference between Cabibbo allowed and doubly forbidden
transitions in D — Kg 1, + 7’s decays, Phys. Lett. B 349 (1995) 363 [hep-ph/9502238]
[INSPIRE].

[34] G. D’Ambrosio and D.-N. Gao, The Diquark model: New physics effects for charm and kaon
decays, Phys. Lett. B 513 (2001) 123 [hep-ph/0105078] [INSPIRE].

[35] S. Miiller, U. Nierste and S. Schacht, Topological amplitudes in D decays to two
pseudoscalars: A global analysis with linear SU(3)p breaking, Phys. Rev. D 92 (2015) 014004
[arXiv:1503.06759] INSPIRE].

[36] D.-N. Gao, Asymmetries from the interference between Cabibbo-favored and
doubly-Cabibbo-suppressed D meson decays, Phys. Rev. D 91 (2015) 014019
[arXiv:1411.0768] [INSPIRE].

[37] D.-N. Gao, Strong phases, asymmetries and SU(3) symmetry breaking in D — K7 decays,
Phys. Lett. B 645 (2007) 59 [hep-ph/0610389] [INSPIRE].

[38] B. Bhattacharya and J.L. Rosner, Charmed meson decays to two pseudoscalars, Phys. Rev.
D 81 (2010) 014026 [arXiv:0911.2812] [INSPIRE].

[39] H.-Y. Cheng and C.-W. Chiang, Two-body hadronic charmed meson decays, Phys. Rev. D 81
(2010) 074021 [arXiv:1001.0987] INSPIRE].

[40] D. Wang, F.-S. Yu, P.-F. Guo and H.-Y. Jiang, K% — K9 asymmetries in D-meson decays,
Phys. Rev. D 95 (2017) 073007 [arXiv:1701.07173] INSPIRE].

[41] CLEO collaboration, Q. He et al., Comparison of D — K2m and D — K%m Decay Rates,
Phys. Rev. Lett. 100 (2008) 091801 [arXiv:0711.1463] [INSPIRE].

[42] A.D. Sakharov, Violation of CP Invariance, C asymmetry and baryon asymmetry of the
universe, Pisma Zh. Eksp. Teor. Fiz. 5 (1967) 32 INSPIRE].

[43] LHCb collaboration, Measurement of matter-antimatter differences in beauty baryon decays,
Nature Phys. 13 (2017) 391 [arXiv:1609.05216] [INSPIRE].

— 14 —


https://doi.org/10.1016/0370-2693(91)91917-K
https://doi.org/10.1016/0370-2693(91)91917-K
https://inspirehep.net/search?p=find+J+%22Phys.Lett.,B257,414%22
https://doi.org/10.1016/j.physletb.2017.11.062
https://arxiv.org/abs/1708.02460
https://inspirehep.net/search?p=find+EPRINT+arXiv:1708.02460
https://doi.org/10.1103/PhysRevD.92.034503
https://arxiv.org/abs/1503.01421
https://inspirehep.net/search?p=find+EPRINT+arXiv:1503.01421
https://doi.org/10.1103/PhysRevD.93.054003
https://doi.org/10.1103/PhysRevD.93.054003
https://arxiv.org/abs/1512.04034
https://inspirehep.net/search?p=find+EPRINT+arXiv:1512.04034
https://doi.org/10.1088/1674-1137/40/10/100001
https://inspirehep.net/search?p=find+J+%22Chin.Phys.,C40,100001%22
https://doi.org/10.1016/S0370-2693(99)00170-7
https://arxiv.org/abs/hep-ph/9901329
https://inspirehep.net/search?p=find+EPRINT+hep-ph/9901329
https://doi.org/10.1016/0370-2693(95)92845-D
https://arxiv.org/abs/hep-ph/9505272
https://inspirehep.net/search?p=find+EPRINT+hep-ph/9505272
https://doi.org/10.1016/0370-2693(95)00285-S
https://arxiv.org/abs/hep-ph/9502238
https://inspirehep.net/search?p=find+EPRINT+hep-ph/9502238
https://doi.org/10.1016/S0370-2693(01)00666-9
https://arxiv.org/abs/hep-ph/0105078
https://inspirehep.net/search?p=find+EPRINT+hep-ph/0105078
https://doi.org/10.1103/PhysRevD.92.014004
https://arxiv.org/abs/1503.06759
https://inspirehep.net/search?p=find+EPRINT+arXiv:1503.06759
https://doi.org/10.1103/PhysRevD.91.014019
https://arxiv.org/abs/1411.0768
https://inspirehep.net/search?p=find+EPRINT+arXiv:1411.0768
https://doi.org/10.1016/j.physletb.2006.11.069
https://arxiv.org/abs/hep-ph/0610389
https://inspirehep.net/search?p=find+EPRINT+hep-ph/0610389
https://doi.org/10.1103/PhysRevD.81.014026
https://doi.org/10.1103/PhysRevD.81.014026
https://arxiv.org/abs/0911.2812
https://inspirehep.net/search?p=find+EPRINT+arXiv:0911.2812
https://doi.org/10.1103/PhysRevD.81.074021
https://doi.org/10.1103/PhysRevD.81.074021
https://arxiv.org/abs/1001.0987
https://inspirehep.net/search?p=find+EPRINT+arXiv:1001.0987
https://doi.org/10.1103/PhysRevD.95.073007
https://arxiv.org/abs/1701.07173
https://inspirehep.net/search?p=find+EPRINT+arXiv:1701.07173
https://doi.org/10.1103/PhysRevLett.100.091801
https://arxiv.org/abs/0711.1463
https://inspirehep.net/search?p=find+EPRINT+arXiv:0711.1463
https://doi.org/10.1070/PU1991v034n05ABEH002497
https://inspirehep.net/search?p=find+J+%22JETPLett.,5,24%22
https://doi.org/10.1038/nphys4021
https://arxiv.org/abs/1609.05216
https://inspirehep.net/search?p=find+EPRINT+arXiv:1609.05216

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

Y.I. Azimov, Phenomenology of neutral D meson decays and double flavor oscillations, Eur.
Phys. J. A 4 (1999) 21 [hep-ph/9808386] [INSPIRE].

A. Amorim, M.G. Santos and J.P. Silva, New CP-violating parameters in cascade decays,
Phys. Rev. D 59 (1999) 056001 [hep-ph/9807364] [INSPIRE].

BELLE collaboration, B.R. Ko et al., Evidence for CP-violation in the Decay DT — K2n+,
Phys. Rev. Lett. 109 (2012) 021601 [Erratum ibid. 109 (2012) 119903] [arXiv:1203.6409]
[INSPIRE].

Y. Grossman and Y. Nir, CP Violation in T — viKg and D — nKg: The Importance of
Kg — Ky, Interference, JHEP 04 (2012) 002 [arXiv:1110.3790] [iNSPIRE].

S. Bianco, F.L. Fabbri, D. Benson and I. Bigi, A Cicerone for the physics of charm, Riv.
Nuovo Cim. 26N7 (2003) 1 [hep-ex/0309021] [INSPIRE].

F.-S. Yu, D. Wang and H.-n. Li, CP asymmetries in charm decays into neutral kaons, Phys.
Rev. Lett. 119 (2017) 181802 [arXiv:1707.09297] NSPIRE].

AF. Falk, Y. Nir and A.A. Petrov, Strong phases and D°-D° mizing parameters, JHEP 12
(1999) 019 [hep-ph/9911369] INSPIRE].

L. Wolfenstein, CP violation in D°-D° mizing, Phys. Rev. Lett. T5 (1995) 2460
[hep-ph/9505285] [INSPIRE].

L.L. Chau and H.Y. Cheng, Quark Diagram Analysis of Two-body Charm Decays, Phys. Reuv.
Lett. 56 (1986) 1655 [INSPIRE].

B. Bhattacharya and J.L. Rosner, Flavor symmetry and decays of charmed mesons to pairs
of light pseudoscalars, Phys. Rev. D 77 (2008) 114020 [arXiv:0803.2385] INSPIRE].

H.-Y. Jiang, F.-S. Yu, Q. Qin, H.-n. Li and C.-D. Lii, pO-D° mixing parameter y in the
factorization-assisted topological-amplitude approach, arXiv:1705.07335 [INSPIRE].

H.-n. Li, C.-D. Lu and F.-S. Yu, Branching ratios and direct CP asymmetries in D — PP
decays, Phys. Rev. D 86 (2012) 036012 [arXiv:1203.3120] [INSPIRE].

H.-n. Li, C.-D. Lii, Q. Qin and F.-S. Yu, Branching ratios and direct CP asymmetries in
D — PV decays, Phys. Rev. D 89 (2014) 054006 [arXiv:1305.7021] [InSPIRE].

M.K. Gaillard and B.W. Lee, A I = 1/2 Rule for Nonleptonic Decays in Asymptotically Free
Field Theories, Phys. Rev. Lett. 33 (1974) 108 [NSPIRE].

G. Altarelli and L. Maiani, Octet Enhancement of Nonleptonic Weak Interactions in
Asymptotically Free Gauge Theories, Phys. Lett. B 52 (1974) 351 [InSPIRE].

~15 —


https://doi.org/10.1007/s100500050200
https://doi.org/10.1007/s100500050200
https://arxiv.org/abs/hep-ph/9808386
https://inspirehep.net/search?p=find+EPRINT+hep-ph/9808386
https://doi.org/10.1103/PhysRevD.59.056001
https://arxiv.org/abs/hep-ph/9807364
https://inspirehep.net/search?p=find+EPRINT+hep-ph/9807364
https://doi.org/10.1103/PhysRevLett.109.021601
https://arxiv.org/abs/1203.6409
https://inspirehep.net/search?p=find+EPRINT+arXiv:1203.6409
https://doi.org/10.1007/JHEP04(2012)002
https://arxiv.org/abs/1110.3790
https://inspirehep.net/search?p=find+EPRINT+arXiv:1110.3790
https://doi.org/10.1393/ncr/i2003-10003-1
https://doi.org/10.1393/ncr/i2003-10003-1
https://arxiv.org/abs/hep-ex/0309021
https://inspirehep.net/search?p=find+EPRINT+hep-ex/0309021
https://doi.org/10.1103/PhysRevLett.119.181802
https://doi.org/10.1103/PhysRevLett.119.181802
https://arxiv.org/abs/1707.09297
https://inspirehep.net/search?p=find+EPRINT+arXiv:1707.09297
https://doi.org/10.1088/1126-6708/1999/12/019
https://doi.org/10.1088/1126-6708/1999/12/019
https://arxiv.org/abs/hep-ph/9911369
https://inspirehep.net/search?p=find+EPRINT+hep-ph/9911369
https://doi.org/10.1103/PhysRevLett.75.2460
https://arxiv.org/abs/hep-ph/9505285
https://inspirehep.net/search?p=find+EPRINT+hep-ph/9505285
https://doi.org/10.1103/PhysRevLett.56.1655
https://doi.org/10.1103/PhysRevLett.56.1655
https://inspirehep.net/search?p=find+J+%22Phys.Rev.Lett.,56,1655%22
https://doi.org/10.1103/PhysRevD.77.114020
https://arxiv.org/abs/0803.2385
https://inspirehep.net/search?p=find+EPRINT+arXiv:0803.2385
https://arxiv.org/abs/1705.07335
https://inspirehep.net/search?p=find+EPRINT+arXiv:1705.07335
https://doi.org/10.1103/PhysRevD.86.036012
https://arxiv.org/abs/1203.3120
https://inspirehep.net/search?p=find+EPRINT+arXiv:1203.3120
https://doi.org/10.1103/PhysRevD.89.054006
https://arxiv.org/abs/1305.7021
https://inspirehep.net/search?p=find+EPRINT+arXiv:1305.7021
https://doi.org/10.1103/PhysRevLett.33.108
https://inspirehep.net/search?p=find+J+%22Phys.Rev.Lett.,33,108%22
https://doi.org/10.1016/0370-2693(74)90060-4
https://inspirehep.net/search?p=find+J+%22Phys.Lett.,B52,351%22

	Introduction
	K**(0) (S)-K**(0) (L) asymmetry
	CP asymmetry
	Numerical analysis
	Summary

