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experimental results from Belle collaboration B(E? — B7etv,) = (1.31 £ 0.04 & 0.07 & 0.38)% and
B(E? — E-utvy,) = (1.27 £ 0.06 £ 0.10 & 0.37)%, it is found that the SU(3) symmetry is severely
broken. We then consider the generic SU(3) breaking effects both in decay amplitudes and the mixing
effect between the anti-triplet and sextet charmed baryons. We find that the pertinent data can be
accommodated in different scenarios but the breaking effects are inevitably large. In some interesting
scenarios, we also explore the testable implications in these scenarios which can be stringently tested
with more data become available. Similar analyses are carried out for the semileptonic decays of anti-
triplet beauty baryons to octet baryons and anti-triplet charmed baryons. The validity of SU(3) for these
decays can also be examined when data become available.
© 2021 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/). Funded by SCOAP3.

1. Introduction

Weak decays of heavy baryons carrying a charm quark have been studied extensively on both experimental and theoretical aspects [1],
as they supply a platform for the study of strong and weak interactions in the standard model (SM). On the experimental side, data on
charmed baryons decays from BESIII [2,3], Belle [4] and ALICE [5] collaborations provided important information to extract the CKM matrix
element. Belle collaboration has provided a measurement of the E? branching fractions very recently [4]:

Baele (EQ — E~etvp) = (1.3140.04 +0.07 £ 0.38)% ,
Bgeile (B0 — B~ 11t v,) = (1.27 4£0.06 + 0.10 + 0.37)%,, (1)

which is about a factor of 2 more precise than the ALICE result:

Bauce(EQ — E7eTve) = (2.5 +£0.8)%. 2)

This comes from the ALICE measurement of B(E? — E~e*v,)/B(E? — E~7*) =1.38+0.1440.22 [5] and Belle data B(E? — -7 +) =
1.8+0.7% [6]. We anticipate the difference between the above results can be clarified with the improvement of the experimental accuracy
and the promising prospects on charmed baryons in the future. The available data on the decays from the anti-triplet heavy baryons to

the octet baryons have been collected in Table 1, while the branching fraction B(EEJ — B7etve) = (1.54 £ 0.35)% listed is obtained by
averaging the Belle and ALICE data.
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Table 1

Experimental data and SU(3) symmetry analysis of anti-triplet
charmed baryon decays. The SU(3) predictions for B(E. —
E¢*v,) are obtained by fitting the first two experimental data.

Channel Branching ratio (%)

Experimental data SU(3) symmetry
AY — Aletv, 3.6+0.4 [33] 3.6+ 0.4 (input)
AF = Aouty, 3.540.5 [33] 3.5+ 0.5 (input)
2t — E%*v, 23415 [33] 12.17+£1.35
80— E"etv, 1.54+£0.35 [4,5] 4.104+0.46
82— E utv, 1.274+0.44 [4] 3.98+0.57

On the theoretical side, one can apply the SU(3) flavor symmetry to analyze the semileptonic decays and obtain some model-
independent relations among different decays [7-19]. For semileptonic charmed baryon decays, we have

3
N(E% — B¢y =(EF — 8% vy) = ST - A%t vy) . G)

Since the irreducible amplitude can be extracted by fitting data, the SU(3) analysis bridges experimental data and the dynamical ap-
proaches like Lattice QCD [20-23] and model-dependent calculations [24-32]. We adopt the experiment data on A} semileptonic decays
and the SU(3) relations with the lifetimes 7,+ =2.024 x 1073 s, 750 = 1.53 x 107 5, 75+ =4.56 x 1013 s [33]. Then we obtain the

branching ratios of E?‘J“ shown in Table 1, from which one can find an obvious deviation between experiments and theory.

It should be noted that the flavor SU(3) symmetry is an approximate symmetry, since u, d, and s quarks have different masses which
breaks SU(3) symmetry [34]. For a more accurate analysis, SU(3) breaking effects should be included, which is the main focus of this work.
Compared to the strange quark mass ms, the up and down quark masses m, 4 are much smaller and thus can be neglected. Therefore
the s quark mass is the major source for flavor SU(3) symmetry breaking. In this work, we carry out an analysis with the leading-
order SU(3) breaking effects on semileptonic anti-triplet charmed baryons decays and explore the scenarios in which recent experimental
measurements can be consistently accommodated.

The rest of this paper is organized as follows. In Sec. 2, we give the theoretical framework for SU(3) symmetry and study symmetry
breaking in semileptonic decays of anti-triplet heavy baryons for the process of ¢ — d/s. In Sec. 3, we also obtain numerical results using
the SU(3) symmetry term and analyze the SU(3) symmetry breaking effect for the process of b — c/u. A brief conclusion will be presented
in the last section.

2. SU(3) symmetry for semileptonic anti-triplet charmed baryon decays

In the flavor SU(3) symmetry limit, hadron multiplets can be classified according to the SU(3) irreducible representation. Baryons with

a charm quark and two light quarks can have 3 ® 3 = 3 @ 6 representations. The anti-triplet 3 semileptonic baryon (AL, BF, Ef_.’) decays

are our focus here, whose quark level Feynman diagrams are shown in Fig. 1(a). In the SM the low-energy effective Hamiltonian for these
decays is given as

G _ _
Heovds = 7; [VEar™ (= ys)c Deyu(1 = ys)e] + hec., (4)

where q =d, s and Gr is the Fermi-constant. V¢4 is CKM matrix element. With the help of helicity amplitude method [35], the decay
transition amplitude can be written as

Gr
V2

with the decomposition of g,

A(Bc = Bgt™ve) = =V (Bgl@y* (1 = y5)cIBe) (€ velDey " (1 — 5)€10) gpuv, (5)

==Y €)eM) +e e,
A=0,+1
ql‘v
) ===, (6)
vda
where the €,(1) is transverse (A = =%1) or longitudinal (A = 0) polarization states and €, (t) is timelike polarization states.
The above amplitude can be decomposed into the Lorentz invariant hadronic and leptonic matrix elements:

Gr

V2

A(Be — Bqlv) ==LV (Bylgy™ (1 = ys)c| BT vy (1= y5)ll0)gun = =V | = 3 Hiny L, +Hacke | (7)

Cry
V2 =041
H; 5., =(Bqlqy" (1 — ys5)c|Be)€), (Aw) ,

Ly, = vy (1 = y5)L10)€y () ,

where H; ;,, (L, ) is hadronic (leptonic) helicity amplitude, A w)(0, £1, t) corresponds to the helicity of the daughter baryon (W) and the
€, (Aw) is the polarization vector of W boson.
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Fig. 1. The Feynman diagram of anti-triplet heavy baryons induced by ¢ — d/s, b — u (left), and b — c (right).
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Table 2

Decay amplitudes charmed baryons E; and A,
decays into an octet baryons. These amplitudes
can be obtained by expanding Eq. (10).

Channel Amplitude

+ 0p+ 2 hhw oy
AT — ATy -/ 5077V

+ + Kohw 1%
Al —=nlTyg a]- Vi

Mdw v
=+ 0+, a Vea
B — XNy, T‘
Yiw s

o+ 0+ G Ve
Ef — Aty G
g — 8%ty —dM v
=0 —p+ Ak %
82— =0ty vy
=0 m— Jok
g/ — B yanW) 7 VE

In the SM, charmed baryons can decay into octet baryons. The SU(3) anti-triplet and octet matrix are denoted by

2 A +
0 Af =f ats o X P
= — _AT TO j— - _2_ A_
T5= éi oﬁo 20|, Ts= by >+% n | (8)
-8 -8 0 —— =0 _2A°
—d —d \/6

Tree operators of charm quark semileptonic decays into light quarks are categorized into ¢ — d/s. Therefore under the flavor SU(3)
symmetry, the low-energy effective Hamiltonian can be decomposed in terms of H3 shown as:

(Hy)'=0, (H3)’=Vy, (H3)’ =V, (9)
The corresponding helicity amplitude can be written as:
Hy =@ 5 (T3) W (H3) €i4m (To) T (10)

where the a?‘kw represents SU(3) irreducible nonperturbative amplitude. The a M can be expressed by the form factors

ay “V—u(x)[fly“ﬂz ¢+ fo ]u(x )er Oow) — u(k)[fly“Jrfz ]ysu(x )€r Oow). (11)

M;

Here u(A;) is the spinor of charmed baryons, u(%) is the spinor of the final state, and fi(i =1, 2, 3), fi’(i =1,2,3) are the form factors.
In the heavy quark limit [36], the fa, f3, f5, f4 are suppressed by 1/mp,, and only one independent form factor exists if the large-recoil
symmetry is adopted [37,38]. Actually, a previous calculation [25] also indicates that the form factor of vector parameter f; and axial-
vector parameter f; have dominant contributions to the heavy baryon decay processes. Thus we neglect f>, fJ, f3, and fj in our later
calculations. Expanding Eq. (10), one obtains the relations between the helicity amplitudes of different channels of anti-triplet charmed
baryons, which are presented in Table 2. In the SU(3) symmetry limit, the branching fractions of Ef — 20¢tv, and E? — B¢ty can
be predicted by using experimental data of A} — A%¢tv, which are given in Table 1. To shed further light on the decay dynamics, we
take the pole model as an illustration to access the q> dependence of form factors [39]

fi@® )— i (12)

_2
mp

where f; = fi(qg? =0) and mp, =2.061 GeV, which is the average mass of D and Ds. The differential decay widths can be expressed by
these form factors,
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Table 3

Experimental and fit data of anti-triplet charmed baryons decays.
Channel Branching ratio (%)

Experimental data Fit data

Aj — APt 3.60+£0.40 1.94+0.18
A‘*‘—>A°p¢ vy 35405 1.87 +£0.176
:+ — 2%y, 23+15 6.53 £ 0.60
20— Eetv, 1.54+0.35 2.17+0.20
E?—> E’/L*U# 1.27+0.44 2.09+0.19
x2/do.f =143 f1=1.05+0.30 f1=0.11+0.95

ar (mz —¢*)*VAGEVE sU@)
ag? 284m3M3(g2)3

+(f1(@*)? x (3s_m? (q2 + s+) +sy (qu + L) (m% + 2q2))]. (13)

[(f1 @»)? x 3sym} (q2 + s_) s (3q2 + s+) (m% + 2q2>)

Here s_ = (M—M")?—q?,s; = (M+M')?>—¢?, and v/» = /5_5;. M and M’ are the mass of B, and Bg, respectively. m is the lepton mass.
Vsu@3) is the SU(3) factor coming from the coefficient of a’\ *w in Table 2. For instance in the first process in Table 2, Vsy3) = —+/2/3V5

Using the amplitudes, we can fit the parameters fq and f1 with experimental data. In the fit, we use the experimental values for the
particle masses. The fitted results are shown in Table 3. Obviously, the x?2 in fitting is too large to be considered as a good fit, which
implies that the SU(3) symmetry is not a good symmetry for charmed baryon decays. In the previous fit, we have neglected the possible
SU(3) breaking effects. Because the light u, d, and s quarks have different masses, the SU(3) symmetry is broken. Neglecting the masses
of u and d quark the mass matrix M can be written as:

m, 0 O 0 0O
M= 0 mg O |~mg|0 O O]=msxw. (14)
0 0 ms 0 01

We can obtain the modified helicity amplitude as
Ao ij AoAw i j
Higw = @™ x (T (H3) € (Te)T + a5 x (T 3)"™ (H3)* €jen (T) T
A, AA i j
+ a5 x (Tg) M (H3) epjm (Te)[ ) + a5 x (T) ™ (Ha) € jim (Tg) 05
A
+a5™ x (T 3) "V (H3) €inm (Ts) o). (15)
The a?’)‘w is SU(3) symmetric irreducible nonperturbative amplitude and a’zw““’ ag dw aﬁ hw ag\ *w are SU(3) symmetry breaking irreducible
nonperturbative amplitudes, which are proportional to ms. Furthermore, the SU(3) symmetry breaking terms in Eq. (15) include the
contribution of anti-triplet and sextet charmed heavy baryons mixing terms which correspond to the contribution of a)‘ Mw a§ M and
Aohw

ay

2.1. Symmetry breaking in helicity amplitude

The SU(3) symmetry breaking irreducible nonperturbative amplitudes ak w ag‘ Aw aﬁ Aw aé *win Eq. (15) can be decomposed in a
similar way as that in Eq. (11). Again in our analysis, we only keep the vector and ax1al vector form factors.

Adding SU(3) symmetry breaking term and expanding the above formula in Eq. (15), one can obtain the amplitudes of different chan-
nels which are collected in the “amplitude I” column of Table 4. It can be seen that the parameters a?‘kw and a’;‘kw always appear together
in channels A} — A%t vy, Ef - :0€+v4 and EE — B7¢1v,. Therefore the SU(3) symmetry breaking irreducible nonperturbative am-

Mhw  hw A .
plitudes a5""™", a5™", ay;™" anda *w can be parametrized as

TR art = fig) x Ay uie), () — f1@) x G YHysu(a)er Gom).
aé M dp™ =8 f1(g) x UMY FUGDE, () — 8F1(@%) x TG Y Fysu()E (),
a5 = Af1(q%) x B Y UG)ER () — AF1(@%) x TGy P ysu()er (), (16)

where the aA dw aﬁ”\w is the combination that appears in helicity amplitude &} — 8% *v, and 20 — E~¢Fv,.

By using the replacement rule: fl(’) — fl(/) —+ (Sf](') of Bf — E%¢*ty, and E? E~¢1vy, we can directly fit these parameters from

the data. In doing the combination of a?”\w + aguw together to fit data, the a’} AW in AT — netyy, EC — ¥0¢*y, and B0 —» = ¢ty

will need to be treated as a?’kw - aé‘kw. One can take aj’ b +aA Aw a% Aw aﬁ w a; AW ag *w - and a Mwoag mdependent parameters.
The fitted results with two forms to access the q? dependence in form factors, pole model and constant, are given in Table 5 with a
reasonable x2/d.o.f =1.6 and x2/d.o.f = 1.9, respectively. It suggests that the SU(3) symmetry breaking effects generated by the light
quark masses can improve the fit. Results for & f; and §f; characterize the size of SU(3) symmetry breaking. From Table 5, one can find
that SU(3) symmetry breaking effects to the differential decay width for the E? — E~etv, can reach as much as 50%, depending on
the kinematics. Compared to the constant fit, the pole model fit results of form factors will be used in Table 5 since a relatively smaller
x? is obtained. The inadequacy of the experimental data at this stage prevents a direct analysis of different individual terms especially

4
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Decay amplitudes of charmed baryons anti-triplet decay into an octet baryon. The amplitudes in column I without c'\ w

term come from

Eq. (15). The effects of E; and E

¢ mixing can be obtained by adding terms proportional to c}

hw

Channel

Amplitude [

Amplitude 1I

Af — A%y

2 h Ak
-y 5@ +a3"VE

AF —nlty aVy

AL A AL A A EAA)W

(@)™ +ay*W —aptW — 1
o+ 0o+ 4 7
=5 —
= Phes Ve NG

(@ 2gh MW g )/w+
=+ 0p+ 1 2% 7
ES — ATy — 7
= = pws Aokw _ ghoh
g — 8%ty —(@y"™ +ay" w +a
EY - 2ty @™ +aht aﬁ Hw
=0 m- Pt , AA A
EQ—> E LTy @™ + ™ —ap™ +ab

/3@ +a v

ay Véfd

(@M +aytv -
V2

B (@t +2a'2;“')w —a3 Aw a'A vE

76

IhAw _

dw oy
9" Ve

e / A s
—((1] W+a A W+a5 W)Vcs

(a?.)\w +a3A Aw m )"W)V

A ok ok Py
@™ +a "™ -t +ag )V

Table 5

Experimental data and fit results of anti-triplet charmed baryons decays with symmetry
breaking term. The form factors fi and f] correspond to a1 Aodw +a5 “*w_The form factors
5f1 and & f] correspond to a; hdw

Aodw
—ay

Channel

Branching ratio (%)

Experimental data

Fit data (pole model)

Fit data (constant).

AY — AleTv, 3.6+0.4 3.61+0.32 3.62+0.32
AF — AOutv, 35405 3.48+0.30 3.45+0.30
Ef — 8%, 23+15 3.89+0.73 3.92+0.73
B > E"et v, 1.54+£0.35 1.29+0.24 1.31+£0.24
B — B puty, 1.27+£0.44 1.24+£0.23 1.24+£0.23
Fit parameter f1=1.01£0.87,§f1 =—0.51+£0.92 x2/do.f =16
(Pole model) f1=0.60+£0.49, §f{ =—0.23+0.41
Fit parameter f1=0.86+0.92, § f; =—0.25+0.88 x%/do.f=19
(Constant) fi =0.85+0.36, § f; = —0.43 £0.50
. 1.5 L —_ B(pole model) |
> L
+Cb [ B(constant)
\ [ —————
I 1.0r ]
T L
o L
(&}
ut L
N L
o L J
T 05
~
m L
© L
0.0L, ‘ ‘ ‘ ‘ ‘ L
00 02 04 06 08 10 1.2
2
q
Fig. 2. The differential decay branching fraction d3/dq? for the E? — B~ et ve. The two curves are obtained by different treatments of form factors.

MAw A Aw

the a5"*", a5"", and aé”xw. We hope that more experimental data can be accumulated to further examine the detailed sources of SU(3)
symmetry breaking in the future.

In Fig. 2, we plot dB/dq® eTve with SU(3) symmetry form factors fi(/) as constants or parametrized as in Eq. (12) to
access the g2 distribution. In both cases, the parameters in form factors are independently fitted. This can be tested by an experimental
investigation in the future in addition to the branching ratio fitting in Table 5.

n 80— B~

+ o0/
-3,

2.2. Symmetry breaking caused by the EE/

mixing
The inclusion of SU(3) breaking effects will lead to uc/+ and E. 9% to mix. Here Er O+ is a component field in the sextet T,

s+ 2 B

‘ V2o 2

Te=| % s0 E (17)

Tl 2 e

EZ" ord QO

V2 V2 ¢
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The mixing between anti-triplet charmed baryons to the sextet states is due to the following term expanding to the first order in mg,

Hiy (T3 = Teg) =™ x (T 3)Wak (Teg) gy (18)

Expanding Eq. (18), one can find the mixing between Ec(‘H and E’CO(+)

introduced to define the mass eigenvalue state 82 and 27,

, while other hadrons are not affected. The mixing angle 6 can be

gY/FmISS _ o509 x BYF +sino x BV, (19)
where the angle 6 is at the order O (ms). To the first order in mg, cosé ~ 1, sin6 ~ 6.

To take into account the mixing effects for physical E. states, one needs to work out the sextet semileptonic decay amplitudes which
are given to the first order in w

Higw = 7™ x (Te) W (H3) €jen(Te)™ + 5 x (Tes) ™ (H3)* € (Ts) Ty
+c5M x (Teo) ™ (H3) €gm (Ts) " + ™ x (Tes)™ (H3) e jim (T8) o
+e5™ x (Te) W (H3) €inm (Ts) T . (20)

The helicity amplitude for anti-triplet charmed baryon with mass eigenvalue state E™*S can be obtained by using Eq. (15), Eq. (19) and
Eq. (20). At the leading order, the helicity amplitudes for the decay channel of mass eigenvalue states 9™ — E~¢*v, and E}MS —
=0 p+
20T vy become

A
H'%S oV, (al Aw ak Aw aﬁ"\W +aé'kw + Ci/f
where we have neglected the O (mf) and higher order corrections. The helicity amplitudes of other channels are listed in the “amplitude 1”
column of Table 4. In the table, the states in the first column are understood to be the mass eigenstates for the case with the mixing
effect.

It is clear that the existing experimental data is insufficient to determine all these parameters. But one can see that by introducing the
effective amplitude aZ\ hw _aﬁ A +c?'AW9/\/— 2 and a/zx”\W = a’zuw + ﬁcf’k‘”e, the effect of 6 and c?’k‘” can be absorbed into a'z’uw and

0), (21)

a, ohw The helicity amplitudes with a/A hw ailA *w are listed in the “amplitude II” column of Table 4. Therefore, our fit results for the case
without mixing effects are still valid, but the form factors & f1 and & f] correspond to the new effective amplitudes a')‘ A ail’\ Aw

Although several other form factors such as Af; and Af] cannot be constrained due to the lack of experlmental data, in some
scenarios, we still estimate the branching ratios of some processes from the results in Table 4. We can estimate the branching fractions of
AF —netve and AT —npty,:

B(A} — netve) = (0.520£0.046)%, B(Af — nutv,) = (0.506 & 0.045)%, (22)

A Aw A Aw

by assuming az**" giving no contrlbutlon If the process of A7 — né* v, is measured by experiments, the contributions of az™" will be
/\ Aw o Adw

obtained. The branching fractions of 2+ — =%¢% vy, Ef — A%ty and B ’“0 — X7 ¢*v, can also be estimated by assuming a,"™", a3,

and aA dw giving no contributions.

B(ES — %%t v,) = (0.496 +£0.046)%, B(E — =%utv,) = (0.481+0.044)%,
(w+ — A%*1,) = (0.067 £0.013)%, B(W+ — A%uTv,) = (0.069 +0.0213)%,
B(E? - £ etv,) = (0.333£0.031)%, B(E? - T putv,) = (0.323 £0.029)%. (23)

For the processes of Ef — 300+, Ef — A%ty B uc —- X €+V(, once some of the processes are established in future experiments, we

can fit the form factor A fl('> which reflects the contribution of a3’ %% Then the branching fractions for the other processes depending on

ag w can also be established.

3. SU(3) symmetry analysis in anti-triplet beauty baryons semileptonic decays

The anti-triplet beauty baryon semileptonic decays are governed by the Hamiltonian:

G _ -
Hyuje = 2 [ Vipay " (L= ysdb Byl = ysyve | +he. (24)

where g =u,c.
The b — c transition is an SU(3) singlet, while the b — u transition forms an SU(3) triplet H} with (H’3)1 =1 and (Hg)z*3 =0. The
SU(3) matrix representation of anti-triplet beauty baryons are given as

0 =0

0 Ay Ep

Tys=[-A) 0 g

-&, —-E O

(25)

We write the helicity amplitude in SU(3) analysis in a similar fashion as what has been done for semileptonic charmed anti-triplet decays,
as
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Table 6
Amplitudes beauty baryons E, and Aj decays into octet and anti-
triplet baryons.

Channel Amplitude Branching fraction (%)
Al = pe bhhw 4.1 +1.0 (input) [33]
g) - =tew, —bw 41+1.0

_ _ bk./w
27— 20wy, 1 22405

b bA\/Aiw
g, — A%y :/E 0.7+0.2
A — AfeTvy 2e) 6.2113 (input) [33]
8- EFewy 2elw 6.2+14
g, — 8 2e7M 6.6713

Table 7

SU(3) symmetry breaking amplitudes of beauty
baryons E, and Ap decay into octet baryons and
anti-triplet charmed baryons, respectively.

Channel Amplitude
AY = pevy by
g)— Tt —b}* by — by

A A S A
phiw _phiw _phiw
- 1 3 4

g, — 20y

2
A hw Jw | phAw _phodw
g, A0, by +2b5 7Y +by " by

11 \/é
AY) > Arev, 2e7"
E)— Efewy 26 M et
gy — %, 2ehM g ehtw
Hi e = B} 5 (Ty5) W (HY) i (Te)™ + €} x (Ty) (T 5) 0. (26)

where b?'*w and e’}"\W are respectively similar to a?’)\w in the previous section. The Feynman diagrams for the two term in H, ,, are
shown in (a) and (b) of Fig. 1 respectively.

Expanding the H, ,,, one can obtain SU(3) amplitudes are listed in Table 6 and the SU(3) relations can be given as follows,

T(A) — pt™vp) =T (E) - =T 1) =2I'(E, — 2% ) =6I'(E, — A% vy,
T(A) — AJe V) =T(E) - EF ¢ V) =T(8, — B2 ). (27)
Using the experimental data B(Ag — A;rﬁ’ﬁg)=(6.2ﬂé)% and B(Ag — puTV,)=(4.1£1.0)%, we give the prediction in third column of
Table 6.
For the processes we predicted, we expect them to be measured by Belle II and LHCb. The SU(3) symmetry of these processes will
probably be tested. Due to the lack of experimental data at this stage, we can not explore the SU(3) symmetry breaking effects by fitting

the form factors. We have also worked out how to include SU(3) symmetry breaking effects. The helicity amplitude including SU(3)
symmetry breaking about b quark decays is given as:

Hidw= b1 x (Typ) T (H) € (Te)T + b5 x (Ty3) ™ (H) € (T) T

A A i i s : . A ..
+ D5 x (T )™M (H5) € jn (Te) 0 + by ™ < (T )™ (H3)* €itan (T8) T cony + b5 x (T ) (H3)  €im (T9) T 0}
. . ok .
+ ey x (M) T + 5™ x Ty (Tedpeof (28)
where the b?’)\w, e?’k‘” are SU(3) symmetry irreducible nonperturbative amplitude and bg”\W, bg”\W, bﬁ’lw, bé’kw, e%’kw are SU(3) symmetry
breaking irreducible nonperturbative amplitudes. Here we have written the b?’kw terms in a similar fashion as that for a?’kw terms. But

the b’;’AW term has no contribution, because (Hg)kw;} is equal to zero. Expanding the formula above, we collected the SU(3) amplitudes in
Table 7.

A number of relations for decay widths can be readily deduced from Table 7,
- 1 -
r(g, — 2% ) = Er(ag — st
[(E) » X v) =T(E, — BN ). (29)

It can be seen from Eq. (29) that though the SU(3) symmetry breaking effects caused by the light quark mass are taken into account,
there are still relations in these processes. These relations result from isospin symmetry which can only be broken if non-zero u and
d quark masses with different values are included. We strongly suggest our experimental colleagues carry out measurements for these
decays.
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4. Conclusion

We have investigated the semileptonic decay of anti-triplet heavy baryons using SU(3) symmetry based on the latest experimental data.
In the SU(3) symmetry limit, when fitting the available experimental data to the SU(3) symmetry analysis, we can only obtain a fit with a
least x2/d.o.f = 14.3 which means SU(3) symmetry is not a good symmetry for semileptonic charmed anti-baryon decays. We have then
carried out detailed analyses with SU(3) symmetry breaking effect due to mass difference between s quark and u/d quark mass. In one
scenario, we obtain a reasonable description of all relevant data with a x2/d.o.f =1.6. As an estimation, we give the branching ratios for
AF — netyy, BF — 20y, 85 — A%ty and Y — S¢Fv, in some scenarios.

We have also extended the analysis to the semileptonic decays of anti-triplet beauty baryons. However, the lack of experimental data
prevents us from an in-depth study. Instead, we find a set of SU(3) relations in Eq. (27) and isospin relation in Eq. (29) between the decay
widths of such processes. Our results will help to explore the physics behind these SU(3) symmetry breaking experimental data with more
experimental data available in the future.
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