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Abstract: This paper present a systematic study of hyperon non-leptonic two-body decays induced by light quark
transitions, particularly the s — uizd 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 =+ — pa° decay channel exhibits a deyiation 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 make
us hard to precisely determine the value of symmetry breaking. We strongly recommend that future experimental ef-
forts aim to reduce the measurement uncertainties, especially the processes A — pr~ and A® — nn® which have a
larger experimental error comparing to other data and play an important role in determining the symmetry breaking
parameter. This work 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 LHCDb, etc. [1-7]. Recently, BESIII
has new measurements for the absolute branching frac-
tion of Q= — E%, Q" - Z 7% Q — A’°K~ decay, and
the sensitivity is now in the range of 1075 ~ 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 are helpful for testing the unit-
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arity of the CKM matrix. Besides, due to its low
threshold,it contains rich non-perturbative QCD effects
and different decay behavior which are reflected in their
complex angular distributions [9]. In recent years, there
has been much theoretical work focusing on hyperon de-
cays such as the structure of hyperons [10], decay mech-
anism[11], angular distribution[12] and so on.

As for the theoretical study of the hyperon decays, the
strict factorization cannot 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 so
on [27-29] are still worked well in hyperon decays.
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However due to the large model independence, the uncer-
tainty in model calculation is difficult to estimate[11].
The effective theory such as Chiral perturbation
theory(yPT) has been very successful in studying low-en-
ergy strong interaction physics. However, it may need
deeper study on the puzzle of (X" — py)[19]. As a sym-
metry analysis method although the SU(3) analysis does
not involve the detailed dynamic understanding, it seems
can solve this problem[30]. Therefore the analyze 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 obtain relations between different decay amplitudes.
With a smaller number of amplitudes, when combined
with experimental data, the amplitudes can be con-
strained and predictions can be made to further test the
approach without a detail understanding of the dynamics.
Recently, there are many symmetry analysis work on the
hyperon decay processes[22—24]. As an important part of
hyperon decays, the hyperon non-leptonic two body de-
cays have accumulated a large amount of experimental
data and rich Phenomenological observables which have
attracted the interest of theorists. In these processes, the
symmetry analysis such as isospin symmetry which. re-
flect to up and down quark symmetry have previous stud-
ied [22]. Though the isospin symmetry is powerful in
hyperon non-leptonic two body weak decay processes,
the SU(3) symmetry reflect to u, d, s symmetry which
will bring less parameter and will provide more informa-
tion such as the CPV. We notice ‘that the preliminary
SU(3) topological diagram analysis is given[23]. Unfor-
tunately, the SU(3) symmetry analysis basic on the strict
irreducibility represents decomposition is still absent in
these processes. Therefore the further SU(3) symmetry
analysis on hyperon non-leptonic two body decay pro-
cesses is necessary and urgent.

The rest of this paper is organized as follows. In
Sec.II the theoretical framework of hyperon non-leptonic
two body weak decay under SU(3) symmetry are given.
The decomposition of Hamiltonian which is the
3®3®3®3 SU(3) group representation are derived in the
first time. In Sec.III the octet light baryon two body de-
cays are studied under SU(3) symmetry. Then the dec-
uplet light baryon two body decays are also analyzed in
Sec.IV. Induced by the same Hamiltonian, the charmed
baryon and octet light meson decay can also be studied
which are given in Sec.V and Sec. VI respectively. A
conclusion is given 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-
en as[31]

7{eff—* ViaVas Z[Z’(ﬂ)_v Vt: Y| Qi) (1)

us

where V,, is the CKM matrix element and the z; and y;
are the Wilson coefficients. For the current-current oper-
ator Qy,, which are proportional to V,, Vi, we have
yi2 = 0. For the penguin operator Q;_;, which are propor-
tional to V,V;,, we have z3_;0=0. For studying the
primary contribution of the Hamiltonian, the tree level
operator Q; and ‘Q, are only considered in our work.
These specific expressions of four-quark operator Q, are

0, = [dyugly-aliipsalyv-a,

2

0> = [dytey-alitpsgly-a-

By extracting the flavor information, the tree level
Hamiltonian can be redefined as
Gr
V2
DO BN A ANNC TR

=12 ijkl

7—(6’ ff = ‘/ud V:,

€

where ¢', ¢* and ¢* correspond to the u, d and s quark,
respectlvely The  Wilson coefficient C, is

\%
2a) = LV

Vud VJS
nonzero elements as (H)} =1 and (H,)}:=
A=1,2.

In 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=2701001008080808®
1@ 1. In preliminary analysis, it is known that the repres-
entation 27 and (10, 10) should be the symmetric trace-
less representation as (Hz7){k1,, (Hio)"™ and (Hig)ijm -
Both the trace in these representation are absorbed into 8
and 1. For constructing these representation matrices, the
Hamiltonian matrix H;, can be symmetrized and anti-
symmetrized to four terms as

ya(). The matrix H, only contain two
with

ij _ {ij} [ij] ij]
Hy = H[kl] +Hy, +H wny + Hygps

i N .
Hulcjz) = Z(Hllcjl +H/i Hlk+Hljk)’
{ij} i i i i
H[kJIJ = Z(ijl +HJ,— Hjl - Hj),
[ij] i i i i
H{kf; = Z(ij/ — H},+ Hj - H}),
[ij] i i i i
H[kf] = Z(ijl — H},— Hj[ + Hy). “4)

One can directly find that H{{Z; contain the 27 repres-
entation. For constructing the 10 and 10 representation,
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one can also define the matrix as

Hm = Emle[[;ig]),H[k1>n = EijnH{[]iﬁ- (5)

One can see that only index i j are symmetry in H)m
and k | are symmetry in Hyy,. After the symmetrized and
anti-symmetrized processing, the completely symmetry
matrix can be constructed as

Hliim — gtiim) . plitjim)

= 3 pgtiim _ L ppmii L i i,
2 2 2
Hyayn = Hyqyny + Hiqm
3H : Hygn ++ ! H (6)
= ny T A n = €inm 5
) {kin} ) {kl} ) I k
with
H, = € H""™, H' = € Hyg. @
Then we can solve that
. . | 4 . .. 2 ..
H{zjm} — H{zj}m _ 7e_lijm ——myl 4 7€mmHj’
9 n 9 n 9 n
R S (.
Hny = Hyayn — §€klmHn - §€1ank + §€nka[ - ®

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

PR R .. 1 .
H[[llcﬁ = ~e"ey,H,, + 8(65‘5; - 8;60)H,

2
1 o S
H,, = EfijnfklmH[[/iﬁ - g‘sle i H=Hij, €

where the H! reflect to octet is traceless and its trace can
be singlet. Following the same method, the H((;'f,}) can be
composed into 27,8 and 1 as

., s 1 . .. A Coa -
ij} i i i i i
Hy) =H) + g(ékH{ +6/A+ 6 A + 5 A)

1 o .
+ E(5;5-{ +6,0,)H, (10)

where ﬁf;iﬁ is traceless. The irreducibility representation
can be given by the redefinition as

Hygy = (Hx)yy, H™ — (Hi)™,

A 1 0 2
Hny = (Hipun, Hy — (Hy)y, H,' — (Hy)),
; N 4
HZ’ - (Hy), H;" — (Hs)m

n?

H— Hj,

H— H:. (11)

Therefore, finally, the Hamiltonian matrix H, can be
decomposed by irreducibility representations as

ij i, 1 gm L i
Hj) = (H27)}kai + Efklm(HIO) "+ EEJ (H15)kin
1 ijn m 1 ijn m 1
+ gAlem(Hé)n - 8Bk]lm(H§)n - 6

1. [P
+ € e (H), + 15 (615] + 60D H]

Cin(H)!

1 . . o
~ £ G0 = G0DHT, (12)
with
Al = 601,87 + 610%,6] + 6161,0% + 6164,67.
By = 0,61,0] +6,6.,8) — 5,61,64 — 6/6,,5%,
Ciim= 001,61 — 516,0} + 661,61 — 56,5} (13)

Then these irreducibility representations can be ex-
tracted as

1

5
i lij _mki ij

(H\p)"" = Hyi' e™, (Hpun = &)

. y iin wo L
(Han)i = Highy = 5 AUH)} = 156187 + 616D Hy,

R
(HYY! = Hy = HYyy (HY)) = Hyy — HY
(B = S Hj - Lo,
Hi = H = . (14

A similar decomposition of the Hamiltonian is also
employed in the analysis of tetraquarks in heavy meson
weak decays [33]. After the decomposition, one can de-
rive the specific expression of each irreducibility repres-
entations by using the input Hamiltonian matrix. Since
the singlet is trivial, we will omit them in our following
analysis. However, we notice that the information for the
Hamiltonian may provide further constrain on specific ir-
reducibility representations. In the first step, we can re-
define the Hamiltonian in Eq.(3) as H, = (H, + H,)/2 and
H_ = (H, - H,)/2. The Hamiltonian can be expressed as

Gr
Vu V:s
V2
X E CAE (HA);;»//-[C_]:;C]];]WA[%CI;;]\AA,

A=+,—  ijkl

Hepr =
(15)
where C, = C, £C,. One can see that the index in H, is

symmetry and H_ is anti-symmetry. This indicates that
the H, contains the Hy;, Hyo, Hig and Hy™® irreducibility
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representations. The matrix H_ only contains the Hg. We
also find that the Hamiltonian in Eq.(3) shows the sym-
metry of upper index in H, are related to the lower index.
It can be shown as

17,05 1v-al@)dplv-a = [@haplv-al@oqlv-a.  (16)
This suggest that (H,);; = (H,)};. Then we have
ij 1 ij ji ij ji
Hgk]l]} = Z(Hk]l +Hj,— H;| - Hy) =0,
ij 1 ij ji ij ji
Higjl = 3 (Hjj = Hjj + Hil = Hyp) = 0. (17)

Therefore the H,,
in our work.

H

5> Hi and Hj are equal to zero

III. THE OCTET LIGHT BARYON TWO BODY
DECAYS

With the help of the Hamiltonian decomposition, we
are able to analyze the octet baryon two body decays
Tg — TgPg with IRA method. The Tg and Pg respectively
represent the light baryon octet and the pseudoscalar
meson octet. They can be written as:

0 . A .
ViITVe o ¢
b A
Ts = e —_—t— n ,
V2 e
= =0 _27[\
N N V6
+n,
nt K*
\Z 0
P= ﬂ_ -ty KO (18)
2
K- K s

Following the analysis in Sec.Il, the tree operators in
Eq.(2) can be decomposed under the SU(3) flavor sym-
metry as 3®3®3®3=2701001008080808a1al
and only 27 and § have nonzero contributions.

For the specific processes induced by s — uiid, the

Hamiltonian matrices (H)i3=H)H = and

1
(HO)j3=—(H) = 7

are 3
The representation of the IRA
Hamiltonian are

1

(120 _ 21} _ 12y _ ey _ L.

Hyz15) = Hyy31y = Hyp1y = Hygiz) = gsmﬁ,
1

220 _ 22 _ 23} _ 32 _ .

Hy303) = Hyj 50y = Hyp33) = Hyj33) = T sin6,
1.
H33 = Z siné. (19)

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

Mz orpg = a27(T8){(H27){[j'lli}(TS)’lan
a7 (Ts)[(Hop){3)(T5)} P,
+ 027(T8){(H27)§%](Ts);Plfn
+ d27(T8){(H27){[?Z}}(T8)][(an
+exy(Te){(Ho)\ (Ts)] P,
+ for (Ts)" (Hap )|y ()T P,
+as(Ts)/(Hs)4(Ts)} P}
+ bs(Ts)/(Hs),(T5), P
+cs(Ts)f (Hs) ' (Ts)i P}
+ds(Ty)}(Hy)'(Ts) Pf

+es(Ts)!(Hs) (T )P, (20)

where a,; ~ f>7 and ag ~ eg are SU(3) irreducible amp-
litudes. The expression shows that the amplitude of octet
baryon two body decays Ts — TgPs can be expressed by
these 11 parameters. To determine these parameters, we
need to use the experimental data as given in Table 2.
Unfortunately, the current data are insufficient to determ-
ine these parameters. Since each SU(3) irreducible amp-
litude can be divide into parity conserving and parity vi-
olating term, the total number of the IRA method para-
meter is 22 which is larger than the number of the observ-
ables. Therefore, in this work, the number of SU(3) irre-
ducible amplitude is not counted correctly.

By including the color information in the Hamiltoni-
an matrix, one can find that the two quark field of anti-
quark field in H[{;Cﬁ is color symmetric and in H, [[;iﬁ is anti-
symmetric. Since the color must be anti-symmetric in ba-
ryon state, the amplitude in which the initial/final baryon
state directly connect the two quark/anti-quark in
Hamiltonian is expected to be strongly suppressed[32,
34]. To correctly count the number of SU(3) irreducible
amplitudes, we can use the topological diagrammatic ap-
proach(TDA) method to give an intuitive 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 H,; and H, can be
largely reduced. Since the equivalence between the TDA
and irreducible SU(3) methods has been verified[35, 36],
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Fig. 1. Color symmetric topological diagrams for Ts — TsPs
nonleptonic decays.

we convert the amplitude obtained by the TDA amp-
litude into IRA, and only write down the IRA amplitude
which include the two topological diagram contribution
in Fig. 1. We find that only two amplitudes c,; and ey
corresponding to the two topological diagrams. The ex-
plicit expressions of these amplitudes are given as fol-
lows:
Tyt (T)"™HE (To)u; Py = — (Ts)i(Hap){ ) (Ts)/ P,
(T)"™ Hp (TP = (Ts)! (Ha) ) ()i P,
+(To)i(Hon)iji (T Py,
Ty : (Ts)"™VH S (T Py = = (Ts)i(Hay){ 71 (Ts)] Py
(T HY (Ts)u Py = (Ts)/ (Hap){ ) (Tg)i P,
+(TH) (T PL. (21)
We find that the contribution of e,; inthe two amp-
litudes contained in the topology 7,(7}) 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:
Miyoropy = en(Ts) (Ha){ (T5) P,
+ as(Ts){(Hs)];(Ts)in
+bs(Ts)/(Hs)(Ts), Py
+es(T); (Hy)(To)L Py
+ds(Ts)(Hs)'(Ts),Pf
+es(Ty){(Hs){(T5), Pi. (22)
We notice that although the amplitude of Hg can be
largely reduced, the H* which comes from the HjJj will
not be constrained. Therefore the number of Hy amp-
litudes remains 5. Form these amplitude, we can get the

relation of the amplitude by expanding them according to
each decay channel in Table. II as

ME’ = pr) = -ME*" — pn°). (23)

In eq.(22), one can see that there are 6 such amp-
litudes. In fact, these amplitudes can be expressed by 12
form factors. Generically, we can express them by parity
conserving and parity 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
Tg — TgPg, the non-polarization decay width is easily
written as

ar G7|Ps,(Ep, + M)
87TMBA_

= FI> + 2|GP), 25
dcos0 (FI" +«7IGI%) (25)

where pp. is final state momentum. Depending on the
specific processes, the F' and G linear functions of f
and ggj5; 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 Mjp,, M3, and M), are the masses of the initial
octet baryons, final octet baryons, and mesons, respect-
ively.

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

Since the mass of strange quark is much larger than
the up and down quark as m,; > m,4, the SU(3) sym-
metry 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 0 1 0
M = 0 my O ~m, 010
0 0 my 0 0 1
0 00 1 00
+my 0 0 0 =m, 0 0 +mg 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 interaction term which represents SU(3) symmetry
breaking effect. Based on this mass matrix, the SU(3)
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symmetry-breaking contributions to the irreducible rep-
resentation amplitudes can be constructed using the inter-
action matrix o as:

MEE e = (T} (Hy) 5 (T Phyw]
+ 3 (Ts) (H) (T} P!

+ag(Ts)! (Hs)A(Ts), Plw),
+by(Ts)! (Hs)'(Ts); P},
+by(T)}"(Hy)(Ts) P},
+¢§(Ty)}" (Hs)'(Ts) | Pit,
+¢5(Ts)f (Hs) (Ts){ Piw),
+ds(Ts)!(Hs) (Ts){ Pfw],

+es(Ts)i(Hs)\(Ts)} Piwy,- (28)

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

Since the decay information expressed in the SU(3)
symmetry breaking terms c}, 4, as, ds, es and by are the
same as that expressed in corresponding SU(3) sym-
metry terms, we can absorb these symmetry breaking
contribution into the amplitude in Eq.(22). Finally, we
found that there would only be three SU (3) symmetry-
breaking terms remaining.

ML py = Gy(Ts) (Har ) (Ts); P,
+by(Ts)/ (Hy) (T} P,

+c3(Ts)]"(Hs)'(Ts),Pjewy. (29)

Then one can define new parameters Ag, Bg to absorb
the symmetry breaking term b and ¢ as
Ag =ag—b}—2¢}, By = bg+b}. After the redefinition, the
degrees of freedom are 8. Then the amplitude c; only
contains the symmetry breaking contribution and other
amplitude are contributed by symmetry and its breaking
together. Therefore, the value of c¢,; will represent the
contribution of symmetry breaking effect.

By the least-y* fit method[37], we can give a global
analysis on these processes.

In our work, we find that the SU(3) IRA amplitude in-
cluding symmetry breaking can basically explain the ex-
perimental except the Br(Z* — pn) and a(Z* — pn°)
have more than 1 ¢ deviation. By expanding the error of
these two data to 2 o, we can achieve a reasonable
X’/d.o.f =154,

The fitting results and prediction results are given in
Table 2 and the fitting parameters are given in Table 1.
For the fitted parameter in Table 1, since the available ex-
perimental data are very limited, the constraints on each

fitting parameter are rather weak, and the uncertainties
for parameters with comparable contributions are gener-
ally similar. However, for ¢,; and ¢3,, their contributions
are relatively small, so they are less constrained by the
experimental data, which leads to larger uncertainties. In
particular, the contribution of ¢y; is smaller than that of
cZ,, resulting in an even larger uncertainty for c¢,;. 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 (a), the branching ratios are
mainly determined by the scalar form factors. As a result,
the pseudoscalar form factors are constrained almost ex-
clusively by a, which also explains their relatively larger
uncertainties.

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

Our work

pgrmeters scalar(f) pseudoscalar(g)
Ag -3.20+045 -1.74+0.46
Bg -3.32+045 —-10.49+0.45
s -2.39+0.45 -8.84+0.45
dsg -3.04+0.45 -2.64+0.45
es 2.42+045 2.48+0.45
€27 0.0672+0.0010 0.031+0.088
c%, —0.0503 +0.0032 -0.23+0.12

x*/do.f 1.54

Our results show that the puzzle of Br(Z* — pn®) and
a(Z* — pn®) can not be explained by SU(3) symmetry
breaking effect. It suggested that this channel may includ-
ing new decay mechanism including the new physics
contribution. We also look forward to future experiments
that can collect more data such Super Tau-Charm Facil-
ity(STCF) to reduce the data error and determine this
puzzle. We also suggest the theorist can pay more atten-
tion on this process.

For clearly seeing the contribution of Hg 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
C§7_a’ c27zciz, Ag:a’
By qs
B{=—, =1 q=cde (31)
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Table 2.

The irreducible representation amplitudes (second column), the experimental data (third column) and predicted values

(fourth column) of the decay branching ratio, and the experimental values (fifth column) and predicted values (sixth column) of the
asymmetric parameters regarding 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) 50.9024) ~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

Then one can see that the factored out SU(3) amp-
litude ¢;/C, and ¢2,/C, are smaller than the amplitude
corresponding to Hy.

However, since all amplitudes corresponding to Hy
contain both symmetric and symmetry-breaking contribu-
tions, it is difficult to isolate the effects of SU(3) sym-
metry breaking in these channels. Fortunately, the amp-
litude ¢y; only contains the symmetry breaking contribu-
tion. Therefore the ratio of form factor R, =1£,/f;;, and
R, = g%),/g5; can reflect the size of symmetry breaking as
R;=—(75+5)% and R, =—(742+2141)%. We can con-
clude that the symmetry breaking effect in amplitude cor-
responding to Hy; at lest 75%. However, we should also
note that the form factor g indicated these processes may
contain a large symmetry breaking effect up to ~ 1000%.
We strongly recommend that future experimental efforts
aim to reduce the measurement uncertainties, especially
the processes A — pn~ and A° — nn® which have a lar-
ger experimental error comparing to other data and play
an important role in determining the parameter ¢3,. Then
the extent of SU(3) symmetry breaking can be determ-
ined with higher precision.

IV. THE OTHER HYPERON TWO-BODY DE-
CAYS INDUCED BY s —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 induced by s — d. Although
these processes involve different types of particles, the

Hamiltonian can also be treated with the same method.
By decomposing the effective weak Hamiltonian into ir-
reducible representations of SU(3), we can systematic-
ally construct the amplitude structures for various decay
processes.

A. The decuplet baryon two body decays

The light baryons decuplet T,y can be written by fla-
vor matrix as

111 112 A" 113 Z*+
Ty =A"Ty" = @’Tw\ = N
e Y

V3 V3 Ve
Z*+ Z*O E*O
TS 2 i 2
10 \/g 10 \/6 10 ‘/5
A+ AO Z*O
T = %,Tfolz = $,T12(;3 =
A° -
TR = @’legz =ATip = e
2*0 Z*— E*—
T2 a2 g2
10 \/6 10 \/g 10 \/g
Z*+ Z*O E*O
L e ’
10 \/§ 10 \/6 10 \/§
R T e
Vo V3 V3
=0 k=
T = %,T?SZ %,T%” =Q" (32)
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Using the decomposed Hamiltonian in Eq.(18), we
can construct the decuplet baryon two body decays as

Miooses = ax(T10) (Hop) i3 (T )i Py
+ by (T10) " (Ha) (i (T8 P,
+Ca7(T10) "™ (Hap) (i (T )i P
+ d27(T10)ijn (H27)§:'<jn]1)(T8)klmPi
+ 627(T10)ikm(H27)}%)(Ts)klmp,j;
+ fz7(Tlo)ikn(H27)§%}(T8)klmp,{
+ag(T10)" (Hy)"(Ts) juy P,
+ bS(Tlo)ijm(HS)f'((Tfs){jkl}an
+cg(T10)""™ (Hg)(Ts) juay P,

+dg(T10)™ (Hg)/(Tg) juay P, (33)

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

Migogig = 627(Tlo)ikm(H27)§Z]}(T8)klmpi
+ag(T10)" (Hy)"(Ts) juy Py,
+ by(T10)"" (H)s(Ts) jy P,
+cs(T10)"" (Hg)i(Ts) jy Py

+ds(T10)™ (Hg)! (Ts) jusy P (34)

By expanding the expressions above, we obtain the
decay amplitudes listed in Table 3. Expressed by the IRA
amplitude, we derive the following relations for amp-
litudes of decay channels as

MEQ - E%7 )= VBME? - =tr). (35)

The branching ratios of T,y — TgPs can be written as

TA|pcm|

A(T10a = TspPs)).
]67Tmi| ( 10A 8B 8)|

B(Tioa — TgpPs) =

(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™ — E%77) = (24.3+

Table 3. The 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
550 o sinf(—5ag — Sbg — 10cg — Sdg + 6€27)
- 403
-0~ sinf(5ag + 4e37)
Q" > = 0
=0 sind(Sas — 6ez7)
Qo= 20V2
0 K sinH(Sag + 4627)
= S Yt 20 \/§
40 0.0 sinH(Sag - Sbg - 5(,’3 - 6627)
= — YV 20 \/§
( / 0= sin 9(—503 - 51)3 - 5(‘3 - 4627)
E - X 206
) -0 sinG(Sag + Sbg + 568 - 6627)
ET ->X 206
=0 _, A07r0 sin@(15ag — Sbg -:;(C)‘g +10dg — 18e27)
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 sinf(=bs +cs +2ds)
_ sinf(5ag — 6as7)
= o ET
sinf (5 4
=0, Atr sinf( ¢1280+ ar7)
= /\2.'7'(0 siné)(—Sag - 51)3 + 6b27)
40
_ _ sine(—Sag —51)3 —41)27)
20— Afn 203
sin@(5ag — 6by7)
Q0 — E0n0 nods ~ 00
e T 202
99 B sin€(—5ag —4b>7)
20

0.7)%, the decay amplitude is extracted as A(Q~ — E%7) =
(9.66+0.15)x 10~*. Using Eq. (35), the decay amplitude
for 20 — X*7~ is derived from this result, and the corres-
ponding branching ratio is then calculated via Eq. (36):

BEC - Tr7) = (8.04+0.51)x 107, (37

This branching ratio is found to be of the order
O(107%), consistent with theoretical expectations. The
reason lies in the different dominant interactions: the Q-
decays primarily via weak interaction and has a relat-
ively long lifetime of 8.21x107!!'s, whereas Z*° decays
mainly through strong interaction, leading to a much
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shorter lifetime on the order of O(10*)s. Consequently,
the resulting branching ratio for the weak decay of Z* is
significantly suppressed, as reflected in the value ob-
tained through Eq. (36).

We consider the two decay channels Q™ — =2~ and
Q- — =77Y to extract the parameters ag and e,; by fitting
to Eq. (25), using the corresponding branching ratios
BQ - E77)=(243+£07%, BQ —Ea’)=(8.55+
0.33)%, and the symmetric parameters a(Q —
2077)=0.09+0.14, a(Q — =2° =0.05+0.21. Due to
the large experimental uncertainties in the symmetric
parameters o extracted from the decays Q™ — Z%7~ and
Q- — =E77Y, these parameters are neglected in the present
analysis. For analysis the decay branching ratios, we can
define amplitude in Eq.(36) of these two channels as

0

sin 9(5(18 + 4627)
20 ’
sinf(5ag — 6e,7)

20V2

|AQ - &%) =

|AQ - E2%)| = (38)

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

ag =0.3228 £0.0037, ey =0.027 £0.0037. (39)

One can see that as we expected in previous discus-
sion, the amplitude ey; contributes less than as.

With the fitted amplitude, we can give 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)% with Eq. (25). This makes the IRA
amplitudes for 2% — A%° and 2~ — A%~ become

sind(15ag + 5Dg — 18¢57)
120 ’
sin9(15ag +5Dg +12e57)

60 V2

|A(E*O N A0ﬂ0)| —

|AE"™ > A'n)| = (40)

However, due to an unknown phase angle ¢ between
Dg and ag,ey7, 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 1073,

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

These predictions can be tested in future high-preci-
sion experiments.

B. The charmed baryon two body decay induced
by s »d
Induced by the s — d Hamiltonian the charmed bary-

=+

on which contain the strange quark such as {E/*, E°} can
also decay into {E/°, A.}. Depending on whether the ini-
tial charmed baryon is the anti-triplet or the sextet bary-
on, the discussion can be further divided into two cases.
The anti-triplet 7 5 and sextet T,s under the SU(3) flavor

symmetry can be written as

0 AF B
Ts5= -A; 0 = ,
—Er -2 0
g EOE
c \/5 5
% op = (42)
ch)_ - c -
:\-/2 =70 \/z
= ==
V2 V2

Here the SU(3) flavour anti-triplet charmed baryons
can be also represented as (7.3); = (T3)UM = (20, -E7,
AY). Following the same method, the irreducible repres-
entation amplitudes of decay 7.5 and T can be construc-
ted.

The amplitude for the two body decays of T 5 is giv-

€n as

My 1 opy = 6127(Tci)i(H27)§j'IJZ>(Tc§)jP i
+ag(T 3)i(Hy)(T 5) P, (43)

For excluding the color suppressed amplitude of these
processes, the TDA amplitude are needed. The detailed
discussion of TDA amplitude can be found in the ap-
pendix. A comparison with the topological diagrammatic
approach (TDA) amplitudes reveals that the irreducible
representation 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

MT(f,—)T(EPg =dy7 (Tcﬁ)“j) (H27)§5-(j"}1) (Tc_3)[k1] Pin
+ by (Teo)™ (Hy)( (T )y Py
+ag(Tee)" (Hy):, (Ta)u Pl
+bs (Too)™ (Hg)! (T3) g Pr- (44)

After excluding the color suppressed amplitude, we
can get
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o _
Mot -py = by (Tee)™ (Hon)ii) (T P,

+as (Tcé){ij} (Hs)ﬁ (Tcé)[jk] P;(

+bg (Tee)™ (Hy)! (T3)( g P (45)

Expanding the above equations, we will obtain the de-
cay amplitudes given in Table 3.

For heavy-flavor conserving decays E' — A'nr and
Q% — =0, the contribution from transition cs— dc is
also important, since V.,V ~V,,V: ~sinf. Within the
SU(3) framework, the Hamiltonian A’ for the transition
¢s — dc can be decomposed as

Hi= (H’i s

1
i= 3% 79

H,’§)+3 :

Hy = (Hg) + %6}H1. (46)

By decomposing this Hamiltonian into its irreducible
representations, one obtains an octet and a singlet com-
ponent. Since the contribution from the singlet is negli-
gibly small, it is not taken into account. For the octet
Hamiltonian of the ¢s — dc transition, the only non-zero
component is (Hg)3 = sind. This corresponds to the non-
zero component (Hg)? = isin@ in the octet Hamiltonian of
the s — duii transition, differing only by a coefficient.
Therefore, the irreducible representation amplitude for
c¢s — dc can be absorbed into our existing results and
does not affect our final calculations.

V. CONCLUSION

In this work, we investigate the baryon two decay
processed induced by s — duu. Since the hyperon two
body decay with AS =1 are primarily driven by this
Hamiltonian, which is the central focus of our study. Un-
der the SU(3) flavor symmetry, the baryon two body de-
cays can be easily expressed by several IRA amplitudes.
For constructing the SU(3) irreducible amplitude, the
Hamiltonian corresponding to s — diu must be decom-
posed as 3®3®3®3=270100100808a8a8d1al.
Fortunately, under the symmetric and antisymmetric
transformations, the expression of each irreducible rep-
resentation can be derived in 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 color
information in baryon state and Hamiltonian the number
of independent amplitude can be reduced to six. As we
expected, the flavor symmetry is not a good symmetry in
hyperon decays. Therefore we systemically introduced a
symmetry breaking effect induced by the difference of
quark mass. With the symmetry breaking effect, we can
give a global analysis of the hyperon two decay pro-
cesses. Our analysis shows that the Br(Z* — pa°) and

a(Z* — pr®) have more than 1o deviation with our pre-
diction and this puzzle can not be explained by SU(3)
symmetry breaking effect, suggesting potential contribu-
tions from other mechanisms. Besides, we find that the
symmetry breaking effect in amplitude corresponding to
Hy; at lest 75% and our results indicated these processes
may contain a large symmetry breaking effect about
1000%. We strongly recommend that future experiment-
al efforts aim to reduce the measurement uncertainties,
especially the processes A’ — pr~ and A° — nn® which
have a larger experimental error comparing to other data
and play an important role in determining the parameter
¢%,. Then the extent of SU(3) symmetry breaking can be
determined with higher precision. With the help of cur-
rent experiment data, we can determine a part of amp-
litude and. the ‘branching ratio of = — A%° and
=*= — A% can be estimated. However, due to the lack
of experiment, the phase of amplitude can not be determ-
ined. Therefore we can only give the possible range of
branching ratio in Eq.(41) by varying its phase from 0 to
7. In the last part of this paper, we also analysis the
charmed baryon two decays induced by s — d. However,
due to a lack of experimental data, we can only give the
expression of amplitude.
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APPENDIX

In section V, in order to simplify IRA further, we also
investigate the TDA of the two-body decays of the
charmed baryons in anti-triplet 7 5 and the charmed bary-
ons in anti-sextet 7 ¢ caused by light quarks s — uiid. For
the s — uiid decays, the non-zero components of the ef-
fective Hamiltonian is

H\; = siné. (A1)

The amplitudes of processes 75— T3Ps and
T — T 5Ps in topological diagrammatic approach(TDA)
can be written as
Mz 1 py = al(Tc§)[jk]H;';[(Tc§)[kl]P .
+ay(TH)MH (T 3y P,
+a3(T 5)"" H'(T 3) ) P L
+ay(T )" Hiy(T 3y P,
+as(T )V H (T 3y P,

+a(T )V H(T )y 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 75— T 5Ps

and Tz — T 5Ps nonleptonic weak decays are displayed

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

divided into three categories: the tree diagrams in Fig. A1l
(a, b), the W-exchange diagrams in Fig. Al (c, d) and the

e
D

Fig. Al

[

(d) (e) (f)

agby as, bs

Topological diagrams for Tz —TzPs and

T z — T 5Ps nonleptonic decays.

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