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Abstract

The Ks-Ky, (SL) asymmetry occurs in the two-body charmed baryon decay with neutral kaon contained
in their final states. In this work, based on the topological diagram approach and separated contributions
calculated in naive factorization and the pole model, we provide explicit predictions on SL asymmetries
for all the singly charmed baryon two-body decays. In particular, for the first time, we predict a sizable SL
asymmetry for Q. decays in its unique decay channel Q. — Z°Kg ;. Among the four groups of decays in
antitriplet charmed baryons, the R values for Ef — >+ Kg, and E? — ZOKSIL are around —0.5, which are
promising to be measured. However, the other two groups A} — pKg | and 20— AOKSI 1 are relatively
small. Our predictions are partially consistent with theoretical results provided by two other groups, and
an examination by future experiments is highly anticipated.
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1. INTRODUCTION

In recent years, progress has been made in the experimental
study of charm baryons. First, both Belle [2] and BESIII [3]
have measured the absolute branching fraction of the decay
Af — pK~ 7T, leading to a new average of (6.28 & 0.32)%
for this benchmark mode quoted by the Particle Data Group
(PDG) [1]. Later, measurements involving A, including ab-
solute branching fractions for AS — E'K* [4], A7 — KIX
[5], and A — ngﬂ [6], as well as decay asymmetries in
Ac — pKs, Ant, =t 70, 207F [7], have been carried out by
BESIIL For Z¢ and &, the other two singly charmed baryons
in the antitriplet, new developments have also been made by
Belle. Using a data set comprising (772 & 11) x 10° BB pairs
collected at Y(4S) resonance, Belle was able to measure the
branching ratios of charged and neutral Z. decays|8, 9], as well
as the decay asymmetries in E0 decays [10, 11]. In particu-
lar, the measurement of A} — pn’, py performed in BESIII
[12] and Belle [13] indicated that singly Cabibbo-suppressed
(SCS) decays have already been accessed. Though no two-body
decays for doubly Cabibbo-suppressed (DCS) processes have
been measured yet, it is anticipated regarding the recent pub-
lished white paper [14] on its future prospect by BESIIL.

The Ks-K7, asymmetry (SL asymmetry) is induced by the in-
terference between Cabibbo-favored (CF) and DCS amplitudes
in the decays of charmed hadrons. By measuring this asym-
metry, DCS processes can be extracted complementary to the
direct measurement. For the D meson system, the asymmetries
have been studied extensively in theory [15, 16, 17, 18, 19, 20,
21], and some experimental progress has also been made by
CLEO [22]. However, the SL asymmetries have been paid less
attention in charmed baryon sector for a long time. Recently,
some theoretical efforts have been made in the fitting approach
with consideration of SU(3) flavor symmetry [23, 24]. However,
a completed calculation in a dynamical approach for the asym-
metries, relying on both types of processes, is still expected.

A full calculation of charmed baryon decays should contain
contributions from both factorizable and nonfactorizable com-
ponents. It is known that nonfactorizable contributions from
W-exchange or inner W-emission diagrams play an essential

role and they cannot be neglected, in contrast with the negli-
gible effects in heavy meson decays. Our estimation of non-
factorizable contribution has been based on the pole model.
In the pole model, important low-lying 1/2% and 1/2~ states
are usually considered under the pole approximation. In the
decay with a pseudoscalar in the final state, B — B+ P,
the nonfactorizable S- and P-wave amplitudes are dominated
by 1/2~ low-lying baryon resonances and 1/2% ground state
baryons, respectively. The S-wave amplitude can be further re-
duced to current algebra in the soft-pseudoscalar limit. That is,
the evaluation of the S-wave amplitude does not require the
information of the troublesome negative-parity baryon reso-
nances which are not well understood in the quark model. The
methodology was developed and applied in the earlier work
[25]. Recently, based on the pole model in conjunction with
the current algebra technique, we have systematically stud-
ied weak decays of antitriplet charmed baryons [26, 27, 28],
the only weak decaying baryon in sextet () [29], and doubly
charmed baryons [30]. In the current work, we will combine
these previous studies and give explicit predictions for Kg-Kf,
asymmetries of all the related singly charmed baryons.

This paper is organized as follows. In Section 2, a brief re-
view for calculating CF and DCS decays of charmed baryon,
including both factorizable and nonfactorizable components,
is given first. We also provide the formalism for SL asymme-
try. Numerical results and discussion are presented in Section
3. Finally, concluding remarks are made in Section 4.

2. FORMALISM

In this section, we will firstly review our calculation of two-
body weak decays of charmed baryons. The desired Kg-Kp,
asymmetry in the charmed baryon sector is described subse-
quently.

2.1. Weak Decays of Charmed Baryons

For the decay of an initial charmed baryon B, into a final
baryon By and a pseudoscalar meson P, the amplitude is gener-
ically parametrized as

M(B; — BfP) = iiif(A — Bys)uj, @)
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where A and B stand for S- and P-wave amplitude, respec-
tively. Both the two amplitudes contribute to the decay width,

giving

(m; +mg)* —m? (m; —mg)? —m3
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where « is defined as

x=pe/ (Ep+mys) = \/(Ef —mg)/ (Es+ms) @

and p, is the three-momentum in the rest frame of the par-
ent particle. Apparently, for the magnitude of decay width, S-
wave amplitude gives a larger contribution than the P-wave
one. Both the S- and P-wave amplitudes generally receive fac-
torizable and nonfactorizable contributions, giving

A — Afac + Anf, B — Bfac + an. (4)
The nonfactorizable amplitudes, denoted as A™ and B™, play
an essential role in the decays of charmed baryon and hence
cannot be ignored.

To identify specifically factorizable and nonfactorizable
components, we make use of topological diagrams as treated
in previous works process by process [26, 27, 28, 29, 30]. We
adopt naive factorization to evaluate the factorizable contribu-
tion. Taking DCS decays as an example, the effective Hamilto-
nian is given as

G
Hett = 7%%01"%@101 +00,) + Hoc, )

O1 = (is)(dc), O, = (iic)(ds),

where the abbreviated notation in four-quark operators is de-
fined as (7192) = q17u(1 — ¥5)q2. The Wilson coefficients to
the leading order are given as ¢; = 1.346 and c; = —0.636 at

u = 1.25GeV and Al(\i)s = 325MeV. Considering the mixing of
operators, it is more convenient to introduce effective Wilson
coefficients a1 = ¢1 + Ic\,—zc and ap = ¢ + f\]—lc, where N, is the
number of colors. Now, under naive factorization, the ampli-
tude can factorized as

M = (PB [Hegt| Be)

[ S VeaViar (PI(5)[0)(B|(d0) | Be), P=KY,  (6)
~ ) SV Vian (P (54)[0) (Bl (aic) B.), P =K,

V2 e

where a; corresponds to charged kaon while a; characterizes
the amplitude with neutral kaon final state. In terms of the de-
cay constants and form factors

(K(q) [57u (1= 75) d| 0) = ifkqp, @)
(B (p2) [evu (1 —v5) u| Be (p1))
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with the momentum transfer 4 = p; — pp, we obtain the ampli-
tude

M (B, — BP)
.G X -
= 17%‘11,2VusVCdfP”2 (p2)
x {(ml —m) fi (42) + (my+ma) g1 <qz) ’75] ur (p1) -
©)
Finally, the factorizable contributions to A and B terms read
Afae — &al 2VisVeafp (mp, —mg) fi (q2) ’
\/i ” c

fac GF * ? (10)
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The calculation of nonfactorizable amplitudes is carried out
in the pole model. The general formula for S- and P-wave am-
plitudes can be extracted from their complete amplitude:

Apole _ _ [ngBﬁMbn*i bfn*gB;;B,vM:|
m; — Myx Mg — My*

B;(1/2- t n f n

pgpole _ Z 8B B, Mani n 8B, B:M
B, | i~ M Mg — My !
with the baryonic matrix elements 4;; and b;; defined as
(Bu|H|B;) = iy (ani + byiys) ui,
(12)

<Bz* (1/27) |H|B]> = ﬂi*b,‘*]‘uj,

and the strong coupling among the pseudoscalar meson and
two baryons g;y-

To estimate the S-wave amplitudes in the pole model is
a difficult and nontrivial task as it involves the matrix ele-
ments and strong coupling constants of 1/2~ baryon reso-
nances which is less known. Nevertheless, provided a soft emit-
ted pseudoscalar meson,! the intermediate excited baryons can
be summed up, leading to a commutator term

V2

com _ V% a 1yPC .

A = o (B[ ]| 8). 3
. . a 3.,.5~0A7 a

with the conserving charges Q" = [d°xq7%q, QF =

[ dxGy 9547 q. Likewise, the P-wave amplitude is reduced in
the soft meson limit to

B = QZ { A(p) Tf + Mt M+ Mn A(P)

e I M ln , (14
fP"B ngBn mi—mna”l+afnmf_mng6'73i:| ( )

with the application of the generalized Goldberger-Treiman re-
lation, g, ... = }Tff (mp + mp) g - Subsequent calculations

will be based on equations (13) and (14) in the pole model un-
der the soft meson approximation.

!The current algebra is empirically working well though the produced pseu-
doscalars in charmed baryon decays are not strictly soft. One possible reason is
that the on-shell corrections to the current-algebra result happen to be small com-
pared to the current-algebra amplitude. More explanations can be found in [31].
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2.2. Kg-Kp asymmetry

The Ks-Kj, (SL) asymmetry, induced by the interference be-
tween CF and DCS processes, occurs in the decays containing
a neutral kaon in the final states. Similar to the definition in
D meson system (see [17] as an example), the asymmetry in
charmed baryon sector can be defined as [21]

(15)

R(B B ) _ T (B — BKY) —T (B. — BKY)
‘ SE) 7T (Be — BKS) +T (Be — BKY)’

For convenience, Kg 1 can be rotated into the CP eigentates
=0 . .
K% K via the relation

Ko = — + K |~—(K'-K),
° ﬁ( 1+ [e2 1+ [e2 > ﬁ( )
1 1+€ 0 l—-e¢ —o 1 0 =0

Kp = — + K |~—(K'+K"),
t ﬁ( 11 e)? 1+el? > ﬁ( )

(16)

where the smallness of € (Je| = (2.228 £ 0.011) x 1073 [1]) has
been used. By using equation (16), a further simplification leads
to

2r

B I (B, — BKY)
14727

r(BC—>BK°>'

ﬁ
Il

R(B. = B) = 17)

Here, the definition of r differs from the corresponding one
in SL asymmetry in D meson [17] and previously given for
charmed baryon [21]. In the latter one, r contains not only the
ratio of sizes but also the strong phase difference between the
two amplitudes. The reason is that our calculation is carried
out in the framework of the topological diagram approach, in
which all the strong interactions and hence strong phases, have
been absorbed into types of topological diagrams in principle.
The further estimation of particular topological diagram contri-
butions relies on the model calculation. Nevertheless, the eval-
uation of SL asymmetry in an independent way is still mean-
ingful.

TABLE 1: Numerical values of form factors for various nonleptonic weak decays of singly charmed baryon B, — B fP in relevant

decay energy scale.

Modes filmp) — gi(mp) Modes filmy)  gi(mp) Modes filmp)  gi(mp) Modes filmp) — gi(mp)
AF — pK° —0.37 -049 | Ef - XFR®  —049 —0.57 20 - AR? 0.17 0.21 Q% — E°R° 0.32 —0.14
AF = Art 0.42 0.51 EF - E0nt  —058 —0.67 | E?— xR0 0.34 0.40 Q- Ent 0.25 -0.12
AF — pn® -0.33 —-045 | Ef - X7t 0.28 0.35 B - E gt -058 —0.67 Q0 — B0 0.25 -0.12

A} = py —-0.38 -050 | Ef - Ant  —013 -0.18 B — Ay 0.15 0.20 Q2 — E°K° 0.28 -0.13
AF — nmt -0.33 —045 | Ef - 2*2% 039 —0.49 80— 20 0.32 0.38 QY — 5K+ 0.28 -0.13
A} — AK* 0.47 0.55 EF 5 Xty —-0.45 —0.54 0 — Ar® 0.13 0.18
AT — pK° —-0.37 -049 | Ef —» BK*  —0.64 -0.72 50— x0n0 0.27 0.35
A} —nKt  —037 -049 | Ef — XK+ 0.31 0.38 B —» Xt 0.39 0.50

Ef — AK* -0.15 -020 | B2 2Kt  —064 —-0.72

EF - X*KY 043 -053 | B! —» 2K+ 0.44 0.54
20 — 20K0 0.31 0.38
20 — AKO 0.15 0.20

TABLE 2: Numerical values of strong couplings in the pole model treatment of singly charmed baryon nonleptonic weak decays,

taking K in the final state as an example.

p n >~ B~ =0 =+ N

0 + =0 =0 =+ + 0 0
= A =0 o [k = 0 Qo

- . . - 445 - -
- - —15.80

UMy

6.23

—315 | - - - - - - -

1855 | - - - - - - 0

—26.47
31.21
17.83 - -
- - 17.83 - - -
25.23 - - - -
—26.47 31.21 - - - -

25.23

3. NUMERICAL RESULTS

Based on the MIT bag model, we calculated all the involved
three types of nonperturbative parameters [27, 28, 29], which

play a critical role in the estimation of weak decays in the pole
model approach and summarize here explicitly in this section.
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In Table 1, numerical values of all the form factors of the singly
charmed baryon weak decays in their decay energy scale are
given. By calculating axial-vector form factors and applying
Goldberg-Treiman relation, one can obtain strong couplings. As
an example, we show baryon couplings with K? in Table 2. The
weak transition amplitudes depend on both operators and ini-
tial as well as final states. Intuitively, here, we present some of
the weak transition amplitudes for CF processes

agipr = —1.08x 1072, ayoyo = 1.85x 1072,
azozo = —1.06 X 1072, agiyr = —1.85x 1072,

_ (18)
=186 x1072, apyo = —108x1072,

Az0z,

!
c

multiplied by a common factor 7.75 x 107°GeV~2 (from

%VCS Vc-). With these prepared numerics as input, the SL

asymmetries can be obtained straightforwardly.

There are in total 10 CF and DCS two-body decay modes
related to SL asymmetry in all the singly charmed baryons. We
collect explicit contributions for factorizable and nonfactoriz-
able components of these modes as well as their branching frac-
tions from previous works [26, 27, 28, 29], including antitriplet
charmed baryons and the only sextet Q0. The corresponding
SL asymmetries can be evaluated straightforwardly, listed in
the last column of Table 3.

TABLE 3: Amplitudes, branching fractions, and R values for weak decays of singly charmed baryons B, — B fP, in which the units

for amplitudes and branching fractions are 10~2GrGeV? and 104, respectively.

Modes Afac Acom Atot Bfac Bca Btot Biheo R
AF —pKY 345 448 793 —698 206 —9.04 211 003
A —pK® 013 024 011 040 051 —0.11 0.04 :

EF > 2FKY 298 —448 -150 -9.95 1228 232 20 48
Ef -2tk -014 -024 -039 050 008 058 128 :
= AKY 111 541 —652 366 687 1052 133 o
20— AOKO 005 030 —025 —0.18 0.64 046 0.20 :
B —XK 211 312 102 705 939 -233 2 ..
2 —-x%® 010 017 027 035 -006 —041 022 ’
0f —»2K°  —215 1092 878 264 1012 748 378 ..
QY- 5% 010 134 -124 013 049 -036 7.04 )

We find that SL values can be as large as one-half in the two
types of modes Ef — ZKs; and E? — XK, while in the
two modes AT — pKg; and 20 — A their values are rela-
tively small, less than 10%. The smallness of R for the above
two modes is understandable. According to equation (17), in
the small r case, the total value is proportional to r for the iden-
tical denominator. Regarding the inverse second column in Ta-
ble 3, AT decays indeed with the smallest prediction for r. As
for the QY decays (the unique modes), the R value could reach
around 30% and hence is promising to be measured.

The R values we have calculated here slightly differ from
the ones in [23, 24]. Only the size of amplitude ratio (or decay
width ratio) r is contained in this work, while a combination of
both size and strong phase is incorporated in the latter ones. In
principle, strong phases can be extracted by comparing results
in the two different approaches.

At the current state, we make a comparison among differ-
ent groups. In [23], the decay Ef — X*Kg | is predicted to be
with largest R value, and the R values for A} — pKgp 2 and
EF — AKg | are the smallest while 59 — ZOKS/ 1 is in between.
However, in [24], the pattern for the two channels with large R
values changes from [23] while the two smallest channels keep
unchanged. Though the detailed values for the four channels in
antitriplet charmed baryon decays are different, our prediction
for the sequence of R values is consistent with [23].

2For the theoretical prediction for branching ratio of A — pKg, there is
a 30% deviation from experimental measurement (B(A} — pKs)exp = (1.59 =
0.08) x 102). Hence, naively for R value, it could also deviate for around 30% in
this mode. One possible reason could be that the correction term for the current
algebra result is not small in this mode.

Moreover, for the first time, we provide a sizable prediction
R = —0.27 for QY decays, which is unique in all the two-body
2 decays. This could be checked by future experiments when
more data is accumulated.

4. CONCLUDING REMARKS

The Ks-K}, (SL) asymmetry is an important observable in D me-
son decays. Some attentions on the study of charmed baryon
decays have been paid recently. In this work, based on previous
studies in two-body charmed baryon decays, we provide ex-
plicit predictions on SL asymmetries for all the singly charmed
baryon two-body decays. Among the five groups of decays, the
R values for Ef — £¥Kg; and EY — £0Kg; are around —0.5
while Q0 — E°Kg; is around —0.3, which are promising to
be measured. However, the other two groups A7 — pKg |
and 20 — AOKS/L are less than 10% and hence are challeng-
ing for a measurement. Our prediction on R value pattern for
antitriplet charmed baryons is consistent with a previous theo-
retical study in [23] and partially consistent with the prediction
in [24]. For the R value of Q?, it is calculated for the first time
and is worthy of being examined by future experiments.
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