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Abstract: This paper presents a systematic study of hyperon non-leptonic two-body decays induced by light quark
transitions, particularly the s — uiid process, within the framework of SU(3) flavor symmetry. The effective weak
Hamiltonian is decomposed into irreducible SU(3) representations, including the 27-plet and octet components, and
applied to analyze decays of octet and decuplet baryons and charmed baryons. Both the irreducible representation
amplitude (IRA) approach and the topological diagrammatic analysis (TDA) are employed to construct decay amp-
litudes and constrain the parameter space. SU(3) symmetry-breaking effects arising from the strange quark mass are
incorporated systematically. A global fit to current experimental data allows us to extract form factors and predict
branching ratios and asymmetry parameters for several decay channels. Our results demonstrate the predictive power
of SU(3) flavor symmetry while highlighting significant symmetry-breaking effects, especially in amplitudes related
to the 27-plet. Notably, the £+ — pn® decay channel exhibits a deviation exceeding 1o-from experimental measure-
ments, suggesting the possible presence of new decay mechanisms or contributions beyond the Standard Model. Be-
sides, we also evaluate the size of symmetry breaking. However, the large uncertainty of the experimental data
makes it difficult to precisely determine the value of symmetry breaking. We strongly recommend that future experi-
mental efforts aim to reduce the measurement uncertainties, especially for the processes A® — pr~ and A? — nn®,
which have larger experimental errors compared to other data and play an important role in determining the sym-
metry breaking parameter. This study provides a systematic framework for future tests of the Standard Model and

the search for new physics in hyperon decays.
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I. INTRODUCTION

Weak decays of hyperons have long constituted a cru-
cial issue for testing the Standard Model (SM) and ex-
ploring new physics (NP). From the experimental side,
hyperons, as intermediate states in heavy hadron cascade
decay processes, are abundantly produced due to their
low production threshold at many experimental facilities
such as BESIII and LHCb [1-7]. Recently, BESIII has
reported new measurements for the absolute branching
fraction of Q™ — Z%, Q- E 7% Q — A’K~ decay,
and the sensitivity is now in the range of 10~° ~ 1078 [8].
From the theoretical side, hyperon weak decays involve a
large CKM matrix element V,,V;,. The precise testing of
this CKM matrix element is helpful for testing the unitar-
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ity of the CKM matrix. In addition, due to their low
threshold, hyperons exhibit rich non-perturbative QCD
effects and distinct decay behaviors, which are reflected
in their complex angular distributions [9]. In recent years,
there has been much theoretical work focusing on hyper-
on decays such as the structure of hyperons [10], decay
mechanism [11], angular distribution [12].

As for the theoretical study of the hyperon decays,
strict factorization does not work well due to the low
threshold and the smaller transform energy in the s quark
decay modes. Therefore, the perturbative calculation is
currently not feasible. Besides the perturbative study,
model calculation [11, 13—16], effective theory [17-21],
symmetry analysis [22—24], Lattice QCD [25, 26], and
related approaches [27—29] still work well in hyperon de-
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cays. However, due to their large model independence,
the uncertainty in model calculation is difficult to estim-
ate [11]. Effective theories such as Chiral perturbation
theory (yPT) have been highly successful in studying
low-energy strong interaction physics. However, they
may require further investigation to address the puzzle of
aX* - py) [19]. As a symmetry analysis method, al-
though the SU(3) analysis does not involve detailed dy-
namic understanding, it seems that it can solve this prob-
lem [30]. Therefore, the analysis of the hyperon decays in
SU(3) symmetry is useful.

In symmetry analysis, although it is not possible to
calculate the absolute values of the decay amplitudes, it
can be used to obtain relations between different decay
amplitudes. With a smaller number of amplitudes, when
combined with experimental data, the amplitudes can be
constrained and predictions can be made to further test
the approach without a detailed understanding of the dy-
namics. Recently, there have been many symmetry ana-
lysis works on the hyperon decay processes [22—24]. As
an important part of hyperon decays, hyperon non-lepton-
ic two body decays have accumulated a large amount of
experimental data and rich phenomenological observ-
ables, which have attracted considerable interest from
theorists. In these processes, symmetry analyses such as
isospin symmetry, which reflects the up and down quark
symmetry, have been previously studied [22]. Although
the isospin symmetry is powerful in hyperon non-lepton-
ic two body weak decay processes, the SU(3) symmetry
which reflects the u, d, s symmetry, requires fewer para-
meter and can provide more information, such as the
CPV. We note that a preliminary SU(3) topological dia-
gram analysis has been presented [23]. Unfortunately, an
SU@3) symmetry analysis based on strict irreducibility
representation decomposition is still absent in these pro-
cesses. Therefore, further SU(3) symmetry analysis of
hyperon non-leptonic two body decay processes is both
necessary and urgent.

The rest of this paper is organized as follows. In Sec.
11, the theoretical framework of hyperon non-leptonic two
body weak decay under SU(3) symmetry is described.
The decomposition of the Hamiltonian, which is the
3®3®3®3 SU(3) group representation, is derived for the
first time. In Sec. 111, the octet light baryon two body de-
cays are studied under SU(3) symmetry. Subsequently,
the decuplet light baryon two body decays are analyzed in
Sec. IV. Induced by the same Hamiltonian, the charmed
baryon and octet light meson decay can also be studied,
which are presented in Sec. V and Sec. VI, respectively.
The conclusions are presented in the last section.

II. THEORETICAL FRAMEWORK

Under SU(3) symmetry, baryons composed of light
quarks can be classified into an octet and a decuplet,
while light mesons form an octet. To study the hyperon

two body weak decays, the effective Hamiltonian is giv-
enas [31]

Her = udvmzr,@—v”‘vt i@ | 0w, (1)

us

where V,, is the CKM matrix element and z; and y; are
the Wilson coefficients. For the current-current operator
012, which is proportional to V,,V: ., we have y;,» =0.
For the penguin operator Q;_;o, which is proportional to
VaV;., we have z3_1p = 0. To study the primary contribu-
tion of the Hamiltonian, only the tree level operators Q,
and Q, are considered in this study. These specific ex-

pressions of four-quark operator Q,,, are

0= [d MB]V A[uﬁsa]v A
O, = [daun]V—A[ﬁﬁSﬁ]V—A- 2

By extracting the flavor information, the tree level
Hamiltonian can be redefined as

(]_{eﬂ = % ude X Z C/l Z(H/l)kl qaqd] V-A [qﬁqﬁ]

A=1,2 i,j.k,l

)

where ¢', ¢*, and ¢ correspond to the u, d, and s quark,
respectively. The Wilson coefficient C, is z,(u)-

ﬁ 2(). The matrix H, only contains two nonzero
elements (Hy)} =1and (H)){3 =1, with 1=1,2.

In the SU(3) irreducibility representation amplitude
(IRA) method, the matrix H; can be seen as the
3®3®3®3 SU(3) group representation, and it can be
composed as 3®3®303=270100100868®808®
1 1. In preliminary analysis, it is known that the repres-
entations 27 and (10, 10) should be the symmetric trace-
less representations as (H27)};fl),, (Hyo)™, and (Hyg)ijm-
Both the traces in these representations are absorbed into
the 8 and 1 representations. To construct these representa-
tion matrices, the Hamiltonian matrix H,] can be symmet-
rized and anti-symmetrized into four terms as follows

Hy = H[/Z +H[kl] +H{[IZJ H[lllcﬁ,
Hyy = *(Hilfz + Hjy+ Hy + H}),
HE = O]+ B~ H -~ H),
H = ] i B~ H),

T " y .
Hiif = J (Hij~ Hj}~ H| + H})). 4)

H[{Z,} contains the 27 representation and can be identified
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directly. For constructing the 10 and 10 representation,
the matrix can be defined as

ij ki pplij) [ij]
H'" = " H[,'(J,],H{k,},, ='5ijnH{1Z}~ Q)

It is evident that only index i j are symmetric in H%" and
k [ are symmetric in Hyy,. After the symmetrized and
anti-symmetrized processing, the complete symmetry
matrix can be constructed as

Fliim — pglitim . glitjim
= %H{ijm} _ %H{mj}i + ;e’m"H,'I,
Hyayn = Hiqimy + Higmy
= %H{kln] - %H{kl}n + +%€zanZ", (6)

with
H, = 6, H'V™, H' = " Hygy. (7

Then, we can solve

. . | 4 o 2
H{l_/m) — H{l_/]m _ = lijm _ _/mnHt + 7€mmH_/’
9 € n 9 € n 9 n
1 — e 2 o

Hyany = Hiayn — §€klmHn - §€zank + §€nka] . (3)

For the last term in Eq. (4), we can extract the octet 8 and
singlet 1 as

i7 1 iim yn 1 ioj i ciNTT
Hy) = 56-’ & " + 6(5"5’] —6i6))H,
w1 ) 1 i T i
H;, = 5 e Hig = 6 Hiij, H = Higj, ©)

where H" refers to the traceless octet, and its trace cor-

responds to a singlet. Following the same method, H{{Z

can be decomposed into the 27, 8, and 1 representations
as

H‘{llcjl} [kl - (6kH]+5JHI+5'Hj+5JHk)
+ ﬁ(65;6-{ +66)H, (10)

where ﬁ{{f(ﬁ is traceless. The irreducibility representation
can be redefined as

[kl) (H27)[/\1]» ljm] — (Hlo)ijm,
Hyay = (Highnr H — (HYY, H' — (HR),!
HY — (HY)Y, H!'— (H)),

n?*

H— H{,

n?*

H—H. (11)

n>

Finally, the Hamiltonian matrix H;, can be decomposed
by irreducibility representations as

1 . 1 ..
Efklm(Hlo)l]m + *E”n(Hﬁ)kln

1 .. 1 .
+ fAziﬁ,(Hé 0= fBZG’Zn(HZ " fcli’,fﬂ(H*W

{ij}
H]ld = (H27){;(]1} +

1
+— 2 €7 € (Hg)" + —(5’ 6/ + 6161 H!

-8((5;;5/ Si6)H?, (12)
with

Ay = 681,57 + 5164,0] + 6163,5% + 61640}

By, = 8,61,6] +6.6.,8) — 561,64 — 6/6,,5%,
Cilm = 6,01,6] — 516.,0} + 661,61 — 56,5} (13)

Then, these irreducibility representations can be extrac-
ted as

(Hx)ui) = Hyg - éA;;é:’n(Hé);" - %2(6;;6-{ +815DH],
(Hi0)"" = Hy/ e, (Hrg)un = fijlnH/iil’
(H),' = Hijj' = éérH 7
(), = Hyy = i, (HY! = Hiy = His
(H) = %Etjnfk[mH[lziﬁ - %&"H [lff]J
H = Hiij, Hi = Hijj. (14)

A similar decomposition of the Hamiltonian is also em-
ployed in the analysis of tetraquarks in heavy meson
weak decays [32]. After the decomposition, the specific
expression of each irreducibility representation can be de-
rived using the input Hamiltonian matrix. As the singlet
is trivial, we have omitted it in the following analysis.
However, it is noted that information from the Hamiltoni-
an may provide further constraints on specific irreducibil-
ity representations. In the first step, the Hamiltonian in
Eq. (3) can be redfined as H, =(H,+H,)/2 and H_=
(H; — Hy)/2. The Hamiltonian can be expressed as

Gr
Vu V:s
\/z d

X CY (HI

A=+,— i, k.l

7-{eﬂ‘ -
at]a]v A[Clﬁqﬂ]v A (15)
where C. =C;+C,. The index in H, is symmetric and

H_ is anti-symmetric. This indicates that H, contains the
Hy, Hy, Hy, and Hg*® irreducibility representations.
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The matrix H_ only contains the Hg representation. The
Hamiltonian in Eq. (3) shows that the symmetry of the
upper indices in H, is related to the lower indices. It can
be expressed as

(G ]v-a [E],[];q;;]V—A = [%%@]V—A (G0 lv-a- (16)
This suggests that (H,)}, = (H,)j;. Then, we have
W~ Lopii i i _ g
Hygy = Z(Hkl +Hy —Hy —Hy) =0,
ij 1 ij ji ij ji
Hi) = 3 (Hij~ Hj}+ H|~ H}}) = 0. (17)

Therefore, Hyy, Hig, Hs, and H; are equal to zero in this
study.

III. OCTET LIGHT BARYON TWO BODY
DECAYS

Using the Hamiltonian decomposition, the octet bary-
on two body decays Ty — T Pg are analyzed with the IRA
method. The 7T and Pg respectively represent the light
baryon octet and the pseudoscalar meson octet. They can
be written as:

0 A
Sl T+
V2 V6 P
T, > = + A
8 = - = n D)
V2 V6
== =0 _%
N V6
n+n, .
T K*
V2
P= o T | (18)
V2
_ ~0
K K s

Following the analysis in Sec. II, the tree operators in Eq.
(2) can be decomposed under the SU(3) flavor symmetry
as 3®3®3®3=2701001008®8a8a8d@1a1 and only
27 and 8 have nonzero contributions.

For the specific processes induced by1 s — und, the
Hamiltonian matrices are (H.)}3 = (H,)} = 3 and (H.)12 =

1
—(H) = 5- The representations of the IRA Hamiltoni-
an are

1
12 _ ety _ 12y _ gy _ L
Hyj3) = Hyyayy = Hygany = Haygay = 3 siné),

1
22} _ (22} _ pggl23)  _ {32} _ .
Hy703) = Hyj 30y = Hygp3) = Hyj 33y = 10 sin),

1
Hg? = Zsine. (19)

Here, we define |V,,Vi|~ A~ sin@, which reflects the
CKM factor involved in the dominant tree-level weak
transition s — uitd. This common factor is factored out
from all decay amplitudes to simplify the SU(3) analysis.
As H{ and H; have the same contribution for the s — uiid
transition, we only use H® to express these two octets.
With the above expressions, one may derive the effective
Hamiltonian for decays involving the octet baryon as

Miyorop, = ax(T) (Ho) 5 (T Py
+ bay (Ts)] (Ha)\3 (Ts)F P,
+ 027(T8){(H27)§%}}(TS);P;
+ d27(T8);-f(H27)%}}(Ts)lfpz
+ 627(Tg)ﬁ(H27)§%;}(T8)'{Pln{1
+ fur(Ts)!'(Ho){ (T )] P,
+as(Ty)] (Hy)!(Ts), P
+bs(Ts)/(Hs),(Ts), Py
+cs(Ts)S (Hy)(Ts)L P}
+ds(Ts)}(Hz)'(Ts){Pf
+es(Ts)i(Hy)(T5)L P, (20)

where ay; ~ f>; and ag ~ eg are SU(3) irreducible amp-
litudes. The expression shows that the amplitude of octet
baryon two body decays T3 — TgPg can be expressed by
these 11 parameters. To determine these parameters, we
used the experimental data presented in Table 2. Unfortu-
nately, the current data are insufficient to determine these
parameters. As each SU(3) irreducible amplitude can be
divided into parity conserving and parity violating terms,
the total number of the IRA method parameters is 22,
which is larger than the number of observables. There-
fore, in this study, the number of SU(3) irreducible amp-
litude is not counted correctly.

By including the color information in the Hamiltoni-
an matrix, one finds that the two quark fields or anti-
quark fields in H{[Z; are color symmetric and in H) are
anti-symmetric. As the color must be anti-symmetric in
the baryon state, the amplitude in which the initial/final
baryon state directly connects to the two quarks/anti-
quarks in the Hamiltonian is expected to be strongly sup-
pressed [33, 34]. To correctly count the number of SU(3)
irreducible amplitudes, we can use the topological dia-
grammatic approach (TDA) method to provide an intuit-
ive physical image. We find that for the color symmetric
IRA Hamiltonian, only two topological diagrams (Fig. 1)
can contribute. Then, the number of amplitudes of Ho;
and H} can be largely reduced. As the equivalence
between the TDA and irreducible SU(3) methods has
been verified [35, 36], we convert the amplitude obtained
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s U s d

VO
S U\U__\

(T.) (1)

Fig. 1. Color symmetric topological diagrams for Ts — TsPs
nonleptonic decays.

using the TDA amplitude into IRA and only write down
the IRA amplitude, which includes the contributions of
the two topological diagrams in Fig. 1. We find that only
two amplitudes c,; and ey; correspond to these two topo-
logical diagrams. The explicit expressions of these amp-
litudes are given as follows:

Tyt (To)"™WHE (To)u,; Py = — (Ts)i(Hap){ ) (Ts)/ P,
(T)"™ H (TP = (Ts)! (Ha){ ) ()i P,
+(T8)!(Hx){ 3 (Ts) P,
Ty : (To)"™ HY (T)u, Py = — (TS)é(H27)([;’Z))(T8){an
(To)"™ HE (T)yu Py = (Ts){(Hzﬂ%)(Ts)fan
+ (Ts)ﬁ(sz)([}'/'é'(Ts)fwa (21)

We find that the contribution of e,; inthe two amp-
litudes contained in the topology T,(7T}) is opposite. As a
result, they cancel each other when the amplitudes are
summed, leaving only the contribution of c¢,;. Based on
this simplification, the IRA amplitudes can be written as:

M rypy = exn(To)] (Hon) ) (T5)i P,
+as(Ts)/(Hy)4(Ts ), P,
+by(Ty)] (Hy)'(Ts), P}
+cs(Ts ) (Hs)'(Ts) P}
+ds(Ts)(Hs)'(Ts),Pf
+es(Ts)|(Hy )} (To){ Pi. (22)
Although the amplitude of Hg can be largely reduced, the

H?, which comes from the H{jjj, will not be constrained.

Therefore, the number of Hy amplitudes remains 5. Form
these amplitudes, we can derive the relations of the amp-
litudes by expanding them according to each decay chan-
nel in Table 2 as

ME® = pr) = -ME" - pr°). (23)

In Eq. (22), there are 6 such amplitudes. In fact, these
amplitudes can be expressed by 12 form factors. Generic-
ally, we can express them by parity conserving and par-
ity violating as

G271 = Grit(fy; — g5775)u,
gs = Gri(f{ —gtys)u, q=a,b,c.d,e. (24)

For the process of octet baryon two body decays Ty —
TgPsg, the non-polarization decay width is easily written
as

dC  Gips,(Es, + Ms,)
87TMBA

= FI> + &GP, 25
doos, (FI" +7IGI) (25)

where pp, is final state momentum. Depending on the
specific processes, the F' and G linear functions of f
and g,; are the scalar and peseudoscalar form factors,
respectively. The parameter x writing in terms of masses
is given by

(MB__MB )2_M12\/I
= |5, |/ (Eg, + Mp,), K = —= y ' 26
k= pp,|/(Ep, + M3,),k (Mg, +Mg,)* — M}, 0

Here Mg , My, , and My, are the masses of the initial oct-
et baryons, final octet baryons, and mesons, respectively.

In this step, we find that the six SU(3) parameters
cannot explain the experimental data well. However,
these results are not unexpected. The hyperon decays usu-
ally involve large SU(3) symmetry breaking, considering
the mass of strange quark. Therefore, in our analysis, the
symmetry breaking should be considered.

As the mass of strange quark is much larger than that
of the up and down quark, i.e, m, > m,y, the SU(Q3)
symmetry breakdown induced by the different masses of
the light u, d, and s quarks can be introduced. The quark
mass matrix can be written as

m, 0 O 1 00
M= 0 my O ~my, 0 0
0 0 my 0 0 1
0 00 1 00
+ my 0 0 O =my, 0 0 +m; X w.
0 0 1 0 0 1
27)

The first matrix represents the mass term under the
strict SU(3) symmetry and the second matrix can be seen
as an interaction term, which represents the SU(3) sym-
metry breaking effect. Based on this mass matrix, the
SU(3) symmetry-breaking contributions to the irredu-
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cible representation amplitudes can be constructed using
the interaction matrix w as:

ML iy = Ch(Ts); (Ha) i (Ts) Ph)]
+ 3, (Ts)! (Hx) 3 (T3); P

+ag(Ty)! (Hy)\(Ts), Piw,
+by(Ts)/(Hy)(T5); Py,
+b3(Ts)"(Hs)'(Ts)i Pfw),
+¢§(Ts)"(Hs)'(Ts),Pjewf,
+§(Ts)f (Hy)(T5){ Piw),
+dg(Ts)i(Hy){(Ts)} Plwj,
+es(Ts)i(Hy)(Ts)} Piw},. (28)

Although 9 SU (3) symmetry breaking terms were estab-
lished, we found that the degrees of freedom of our IRA
amplitude are only 7.

As the decay information expressed in the SU(3) sym-
metry breaking terms ¢}, 5, as, ds, eg, and by is the same
as that expressed in the corresponding SU(3) symmetry
terms, we can absorb these symmetry breaking contribu-
tions into the amplitude in Eq. (22). Finally, we found
that only three SU(3) symmetry-breaking terms remain.

ME by = Gy (Ts)/(Hop) 5 (Ts)) Py,

Jk m“n
+by(Ts)/(Hy)(Ts)}' P,
+§(Ty)!"(Hy)'(Ts) Pick,. (29)

Then, one can define new parameters Ag, Bg to absorb the
symmetry breaking terms b and ¢} as Ag = ag — b3 —2¢2,
By = bg +b}. After the redefinition, the degrees of free-
dom are 8. Then, the amplitude c,; contains only the
symmetry breaking contributions, while the other amp-
litudes are contributed by both symmetry and symmetry
breaking terms. Therefore, the value of ¢y; represents the
contribution of the symmetry breaking effect.

By the least-y? fit method[37], we can perform a
global analysis of these processes.

In this study, we find that the SU(3) IRA amplitude,
including symmetry breaking, can basically explain the
experimental data, except the Br(Z* — pa°) and a(Z* —
pn°®), which show more than 1o deviation. By expanding
the error of these two data points to 20, we can achieve a
reasonable y?/d.o.f = 1.54.

The fitting parameters and prediction results are
presented in Table 1 and Table 2. For the fitted paramet-
ers in , as the available experimental data are very lim-
ited, the constraints on each fitting parameter are rather
weak, and the uncertainties for parameters with compar-
able contributions are generally similar. However, for ¢y,

and ¢%,, their contributions are relatively small, so they
are less constrained by the experimental data, which leads
to larger uncertainties. In particular, the contribution of
cy7 is smaller than that of ¢3,, resulting in an even larger
uncertainty for c¢y;. For the pseudoscalar form factors g, ,
we notice this uncertainty is much larger. Although both
scalar and pseudoscalar form factors contribute to the
branching ratios (Br) and polarization parameter (), the
branching ratios are mainly determined by the scalar form
factors. As a result, the pseudoscalar form factors are
constrained almost exclusively by a, which also explains
their relatively larger uncertainties.

Table 1. SU(3) symmetry breaking irreducible amplitudes
from fitting.

Our work

parameters scalar(f) pseudoscalar(g)
Ag -3.20+045 -1.74+0.46
Bg -3.32+045 -10.49+0.45
€8 -2.39+045 —8.84+0.45
dsg -3.04+0.45 -2.64+0.45
e 2.42+0.45 2.48+0.45
€27 0.0672+0.0010 0.031+0.088
c§7 —0.0503 +0.0032 -0.23+0.12

x*/d.o.f 1.54

Our results show that the puzzle of Br(Z* — pn®) and
a(Z* — pr°) cannot be explained by the SU(3) symmetry
breaking effect. This suggests that the channel may in-
volve a new decay mechanism, including possible contri-
butions from new physics. We also look forward to fu-
ture experiments, such as the Super Tau-Charm Facility
(STCF), which can collect more data to reduce experi-
mental errors and help resolve this puzzle. We also sug-
gest that theorist pay more attention to this process.

To clearly see the contribution of Hy and H,,, and the
symmetry breaking term, we can factor out the corres-
ponding wilson coefficient as [31]

C.(1GeV)=0.680, C_(1GeV)=-2.164. (30)

The factored form factor can be defined as

2
C27 c Ag
Cé:Ci’ c§7=%, Af;:c*’
+ + -
- _ By _ 48
Bé‘:a, qua q=c,d,e. (31)

Then, one can see that the factored out SU(3) amp-
litudes c,7/C, and ¢%,/C, are smaller than the amplitude
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Table 2.

Irreducible representation amplitudes (second column), experimental data (third column) and predicted values (fourth

column) of the decay branching ratios, and experimental values (fifth column) and predicted values (sixth column) of the asymmetric

parameters for the hyperon two-body non-leptonic decay.

. Br(1072) a
Channel Amplitudes
Experiment data Our work Experiment data Our work
in0(5cs — 5d
20— pr sindGes ~3dy) - 4713(22)x 1078 - ~0.99917(20)
20V2
50—y sin6 (e ngg + 10es) - 2.340(12)x 1078 - 0.99620(47)
3 2 2
A° S pr- sin (~10by + Seg —8ez +5ds — 10b5 ~8e;) 64.1(5) 64.1(5) 0.747(9) 0.747(9)
20V6
o _ _ _ 2 _ 2
A® = 0 sin (10bs - Ses — 12c7 — Sd + 100 - 1263 35.9(5) 35.9(5) 0.692(17) 0.692(17)
403
in6(=5cs +5d
S+ =5 pr Sinf(=5¢s +3ds) 51.47(30) 50.90(24) ~0.982(14) —~0.99904(22)
20V2
S+ St W 48.43(30) 48.50(29) 0.0489(26) 0.0486(26)
S > nr W 99.848(50) 99.849(50) ~0.0680(80) ~0.0706(76)
in6 (5ag + 5bg — 10cg +4ca7 — 10c2
U sin (Sas +5bs — 10cs + dezr - 10) 99.887(35) 99.887(35) ~0.390(7) ~0.390(7)
20 V6
sin@ (—5ag — 5bg + 10cg + 6¢27 + 10c2
20 5 A0z0 sin (~Sas ~ Sby \;8 27 +10}) 99.524(12) 99.524(12) ~0.349(9) —~0.3490(89)
403

corresponding to Hy.

However, because all amplitudes corresponding to
Hgcontain both symmetric and symmetry-breaking con-
tributions, it is difficult to isolate the effects of SU(3)
symmetry breaking in these channels. Fortunately, the
amplitude ¢,; only contains the symmetry breaking con-
tribution. Therefore, the ratio of form factor R, =1,/ f5;
and R, = g°,/g%, can reflect the size of symmetry break-
ing as Ry = —(75+5)% and R, = —(742+2141)%. We can
conclude that the symmetry breaking effect in the amp-
litude corresponding to Hy; is at least 75%. However, we
should also note that the form factor g indicated that these
processes may contain a large symmetry breaking effect
of up to ~ 1000%. We strongly recommend that future
experimental efforts aim to reduce the measurement un-
certainties, especially the processes A°— pnr~ and
A® - na°, which have larger experimental error com-
pared to other data and play an important role in determ-
ining the parameter ¢%,. Then, the extent of SU(3) sym-
metry breaking can be determined with higher precision.

IV. OTHER HYPERON TWO-BODY DECAYS
INDUCED BYs — d

Building upon the previous analysis of non-leptonic
two-body decays of octet baryons, this section further ex-
tends the study to two-body decays of decuplet baryons
and charmed baryons, which are induced by s —d. Al-
though these processes involve different types of
particles, the Hamiltonian can also be treated with the
same method. By decomposing the effective weak

Hamiltonian into irreducible representations of SU(3), we
can systematically construct the amplitude structures for
various decay processes.

A. Decuplet baryon two body decays

The light baryons decuplet T can be written as a fla-
vor matrix as

A* s
iy -aip =Sy -2
Tllgl _ E’Tllgz _ Aio’Tl? _ z*o’
T e
Tlgl _ Z;* 132 _ 27*0 183 _ g
PN Ve 3
T211:£ 212:A70 213227*0
10 \/g 10 \/g 10 \/6
A° - X
R
e
=TT
= Tomp=tonp =%
\/53 \/6’ \/ga
30 o Ch
TR 22 a2 s i
10 \/6 10 \/g 10 \/g
=0 =
o i SR €

Using the decomposed Hamiltonian in Eq. (18), we can
construct the decuplet baryon two body decays as
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Miooses = a27(Tlo)ijk(HN)%}}(TS)kIman

+bor (T10) " (Hop) 1 (T8 )i Py

+c7(T10) " (Hy) )iy (T8 )iam P,

+doy(T10)"" (Hyn){i3 (T8 )i P
+ex7(T10)™" (Hop) 13} (T8 )i P}
+ frr(T10)" (Hop) ({5 (T )am P
+a8(Tl())ijl(HS);n(TS){jkl]an
+bg(T10) " (Hg)¥ (Tg) sy P,
+ C8(Tlo)ijm(Hs)f(Ts)[jkl)P]f,,

+ ds(Tlo)ﬂm(Hs){(Ts)[jkuPﬁ,- (33)

As the color symmetry of Hamiltonian can help us fur-
ther constrain the number of independent SU(3) amp-
litude, as applied in octet baryon two body decays in the
previous section, after considering color symmetry, the
number of amplitudes corresponding to H,; can only be
one, e,;, and the total amplitudes are

Miosss = €27(Tlo)ikm(Hzﬂm(Ts)klmPi
+ag(T10)" (Hy)'(Ts) juy Py,
+bs(T10)"" (H){ (Ts) juay Py,
+cs(T10)"" (Hg)i(Ts) jy Py,

+ds(T10) ™ (H)! (Ts) jusy P (34)

By expanding the abovementioned expressions, we ob-
tain the decay amplitudes listed in Table 3. Expressed by
the IRA amplitude, we derive the following relations for
amplitudes of decay channels as

MO - E7) = VBME® - ). (35)
The branching ratios of T,y — TgPs can be written as

Ta |pcm|

167tm3

B(Tipa — TspPs) = |A(T 194 — TSBP8)|2- (36)

where 7, is the lifetime of the initial decuplet baryon,
|pem| 1s the final-state momentum in the center-of-mass
frame, and A(Tjo4 — TspPs) is the decay amplitude. From
the measured branching ratio B(Q — Z%77) = (24.3+
0.7)%, the decay amplitude is extracted as A(Q~ — Z77) =
(9.66+0.15)x 107*. Using Eq. (35), the decay amplitude
for 20 = X*7~ is derived from this result, and the corres-

Table 3. Irreducible representation amplitudes of the other
hyperon two-body non-leptonic decay.
Channel Amplitudes
sin@(—5ag + Sbg — 5dg + 6¢e57)
o 0
e 20V6
- B sinf(—5ag — Scg — Sdg —4er7)
— nr 203
50 B sin@(—5ag + Sbg — 5dg —4er7)
N
b 20V6
0 o sinf(—5ag — Sbg — 10cg — Sdg + 6€27)
2 — nr 40V3
-0~ sinf(5ag + 4e37)
Q" > = 0
=0 sind(Sas — 6ez7)
Qo= 20V2
0 . sinH(Sag + 4627)
EY 5 Xt 203
40 0.0 sinH(Sag - Sbg - 5(,’3 - 6627)
= — ¥V 20 \/§
el 0~ sin 9(—503 - 51)3 - 5(‘3 - 4627)
B - X 206
. -0 sinG(Sag + Sbg + 568 - 6627)
E > X 206
=0 _, A07r0 sin@(15ag — 5bg + 5cg + 10dg — 18e37)
120
e 0 sin6(15ag — 5bg + S5cg + 10dg + 12e27)
2 > A'n 602
sinf (bg — dg)
=0 K- _—
= L nK- sinf(—cg —ds)
E >n i3
- A0k sin6(=bs + cs +2ds)
sinf(5ag — 6as7)
2 — Ara® _—
¢ 7R 202
20 At sin@(5ag +4ay7)
) 20
= /\2.'7'(0 smé)(—Sag - 51)3 + 6b27)
40
_ _ sine(—Sag —51)3 —41)27)
20— Afn 203
sin@(5ag — 6by7)
Q0 — 5070 STbas —2o)
T 202
99 B sin€(—5ag —4b>7)
20

ponding branching ratio is then calculated via Eq. (36):

BEC - X )=(8.04+0.51)x 107", (37

This branching ratio is of the order of O(10~'*), consist-
ent with theoretical expectations. The reason lies in the
different dominant interactions: the Q- decays primarily
via weak interaction and has a relatively long lifetime of
8.21x107!!s, whereas =** decays mainly through strong
interaction, leading to a much shorter lifetime on the or-
der of O(107%)s. Consequently, the resulting branching
ratio for the weak decay of Z* is significantly sup-
pressed, as reflected in the value obtained through Eq.
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(36).

We consider the two decay channels Q- — =2~ and
Q™ — E#° to extract the parameters ag and e,; by fitting
to Eq. (25), using the corresponding branching ratios
BQ - =7)=(243£07%, BQ — E 1) =(8.55+
0.33)%, and the symmetric parameters a(Q~ — Z77) =
0.09+0.14, a(Q~ — = 2% =0.05+0.21. Due to the large
experimental uncertainties in the symmetric parameters a
extracted from the decays Q™ — Z%2~ and Q — =7,
these parameters are neglected in the present analysis. For
the analysis of the decay branching ratios, we define the
amplitudes in Eq. (36) for these two channels as

0

sin@(5ag + 4e57)
20 ’

sinf(5ag — 6e57)
20V2

|AQ - &) =

|AQ - 2770 = (38)

Then, the experimental data can be used to determine
these amplitudes as

ag =0.3228 £0.0037, e,; =0.027 £0.0037. (39)

As expected from our previous discussion, the amplitude
e,7 contributes less than ag.

With the fitted amplitude, we can make some predic-
tions by extracting the parameter Dg = —bg+cg+2dg =
1.8087+£0.0094 from the experimental data B(Q~ —
A°K™) = (67.7+0.7)% using Eq. (25). This leads to the
IRA amplitudes for 2 — A% and =~ — A%r~ becom-
ing

sinf(15ag +5Ds — 18e57)
120 '
sinf(15ag +5Dg + 12e57)

60 V2

|AE" - A1) =

|AE"™ - A'n)| = (40)

However, due to an unknown phase angle ¢ between Dy
and asg,e,;, the exact amplitudes for these two decay
channels cannot be determined. Our results provide the
range of branching ratios for different values of the phase
angle ¢.

459x 107 < BE - A7) <4.16x 10713,

487x107" < BE" - A7) <8.65x 10713, (41)

These predictions can be tested in future high-precision
experiments.

B. Charmed baryon two body decay induced
by s =»d

Induced by the s —d Hamiltonian, charmed baryon
containing the strange quark, such as {E/*, Z/°}, can also
decay into {Z//°, A }. Depending on whether the initial
charmed baryon is an anti-triplet or a sextet baryon, the
discussion can be further divided into two cases. The
anti-triplet 75 and sextet T, under SU(3) flavor sym-
metry can be written as

0 AF B
Ta=| -A; 0 E |,
-E -E 0
b E: E?—
c \/5 2
%oy = (42)
T(,‘6 - c <
;//g =0 \/E
— ==
V2 V2

Here, the SU(3) flavour anti-triplet charmed baryons
can also be represented as (T.3); = e (T3)W = (B2, -E7,
A}). Following the same method, the irreducible repres-
entation amplitudes of decay T.; and T can be construc-
ted.

The amplitude for the two body decays of T is giv-

€n as

M p = an(T )i Ha) iy (T3 Pi
+as(T 3)i(H)\(T 5) P, (43)

To exclude the color suppressed amplitude of these pro-
cesses, the TDA amplitudes are needed. The detailed dis-
cussion of TDA amplitude can be found in the appendix.
A comparison with the topological diagrammatic ap-
proach (TDA) amplitudes reveals that the irreducible rep-
resentation amplitudes (IRA) constructed in Eq. (43) are
not subject to color suppression.

The amplitude for the two body decays of T is giv-
en as

ij k i
/V(Tcﬁ—mlgp8 =y (Tcé)“” (H27)§,-;']1) (Tc'3)[k1] P,

+ by (Teo)™ (Ha)(( ) (T )y Py
+as (Tc6){ij} (Hs)f (Tcé)[jkj P]/(

+ by (Te)" (Hy)] (T3) 1y P (44)

After excluding the color suppressed amplitude, we ob-
tain
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M1 py = by (Tee)™ (Ha)(i (T3 P,
+ag (Tcé){ij} (Hs)ﬁ (Tcé)[jk] P;(
+bg (Tee)™ (Hy)! (T3)( g P (45)

Expanding the above equations, we will obtain the decay
amplitudes given in Table 3.

For heavy-flavor conserving decays E' — Afnr and
Q0 — E, the contribution from transition c¢s— dc is
also important, as V,,Vi ~V,,Vi ~sinf. Within the
SU(3) framework, the Hamiltonian H; for the transition
¢s — dc can be decomposed as

H = (H- %53 HY) + %6’].H,’f = (Hy)' + %53}1.. (46)
By decomposing this Hamiltonian into its irreducible rep-
resentations, one obtains an octet and a singlet compon-
ent. As the contribution from the singlet is negligibly
small, it is not taken into account. For the octet Hamilto-
nian of the c¢s — dc transition, the only non-zero compon-
ent is (Hg)3 = sinf. This corresponds to the non-zero com-
ponent (Hs); =1/4sin6 in the octet Hamiltonian of the
s — dui transition, differing only by a coefficient. There-
fore, the irreducible representation amplitude for c¢s — dc
can be absorbed into our existing results and does not af-
fect our final calculations.

V. CONCLUSION

In this work, we investigated the baryon two decay
processes induced by s — diu. The hyperon two body de-
cays with AS =1 are primarily driven by this Hamiltoni-
an, which is the central focus of our study. Under the
SUQ3) flavor symmetry, the baryon two body decays can
be easily expressed by several IRA amplitudes. For con-
structing the SU(3) irreducible amplitude, the Hamiltoni-
an corresponding to s — diu must be decomposed as
33®3®3=270l001008a8a8a8a1al. Fortu-
nately, under the symmetric and antisymmetric trans-
formations, the expression of each irreducible representa-
tion can be derived using Eq. (14). After including the
correlation of symmetry of quark field and anti-quark
field, the decuplet Hamiltonian will automatically disap-
pear and only octet and 27-plet can contribute.

Using the decomposed Hamiltonian, we can finally
construct the IRA amplitude, and by considering the col-
or information in the baryon state and Hamiltonian, the
number of independent amplitudes can be reduced to six.
As we expected, the flavor symmetry is not a good sym-
metry in hyperon decays. Therefore, we systemically in-
troduced a symmetry breaking effect induced by the dif-
ference of quark mass. With the symmetry breaking ef-
fect, we can perform a global analysis of the hyperon two
decay processes. Our analysis shows that the Br(X* —

pr®) and a(E* — pr°) deviate from our predictions by
more than lo. This puzzle cannot be explained by the
SU(3) symmetry breaking effect, suggesting potential
contributions from other mechanisms. Besides, we find
that the symmetry breaking effect in amplitude corres-
ponding to H,; is at lest 75%, and our results indicate
these processes may contain a large symmetry breaking
effect of approximately 1000%. We strongly recommend
that future experimental efforts aim to reduce measure-
ment uncertainties, especially for the processes A° — pr~
and A — nn®, which have larger experimental errors
compared to other data and play an important role in de-
termining the parameter ¢%,. Then, the extent of SU(3)
symmetry breaking can be determined with higher preci-
sion. With the help of current experiment data, we can
determine part of the amplitude, and the branching ratios
of 29— A%° and E~ — A% can be estimated.
However, due to the lack of experimental data, the phase
of amplitude cannot be determined. Therefore, we can
only provide the possible range of branching ratio in Eq.
(41) by varying its phase from 0 to z. In the last part of
this paper, we also analyzed the two body decays of
charmed baryons induced by s — d. However, due to a
lack of experimental data, we can only present the ex-
pressions for the amplitude.
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APPENDIX A

In Section V, to simplify the IRA further, we also in-
vestigated the TDA of the two-body decays of charmed
baryons in the anti-triplet 7 5 and charmed baryons in the
anti-sextet T g, caused by light quarks s — uiid. For the
s — unid decays, the non-zero components of the effect-
ive Hamiltonian are

H\3 = siné. (A1)

The amplitudes of processes T 5 — T 5Ps and Tz — T 5Ps
in topological diagrammatic approach (TDA) can be writ-
ten as

Mz 1 opy = a (T 5)" kJHﬁI(T(,.g)[kl]P h
+a(T 5V H (T 3) P,
+a3(T 3" H' (T )y P,
+ay(T )" Hij (T 5w P,

+ a5(Tci)lijH;;Tl(Tci)[kl]Pﬁn
+ag(T )V HE(T 3)ua P, (A2)
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Mp 1 py = bl(Tcg)[jk)H;;I(Tg)[li P
+bo(T ) " H (T ) P,
+b3(T o) " Hif" (T ) P,
+ b4(TCg)”'”’Hf;(TC§)[kZ]Pin
+bs(T )" HI(T 3)ua P,
+bo(T )" Hij (T 3 Py

J

(A3)

The relevant topological diagrams for T ; — T 5Ps and

T ; — T 5Ps nonleptonic weak decays are displayed in

Fig. Al. The topological diagrams in Fig. A1 can be di-

vided into three categories: the tree diagrams in Fig. Al
(a, b), the W-exchange diagrams in Fig. Al (c, d), and the

Fig. Al.

Q/
[

(d) (e) (f)

agby as, bs

Topological diagrams for 75 — T zPs and T ; —

T 5Ps nonleptonic decays.

penguin diagrams in Fig. Al (e, f).
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