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Motivated by recent anomalies in flavor changing neutral current b → slþl− transitions, we study
B1 → B2lþl−ðl ¼ e; μ; τÞ semileptonic weak decays with the SU(3) flavor symmetry, where B1;2 are the
spin-1

2
baryons of single bottomed antitriplet Tb3, single charmed antitriplet Tc3, or light baryons octet T8.

Using the SU(3) irreducible representation approach, we first obtain the amplitude relations among
different decay modes and then predict the relevant not-yet measured observables of Tb3 → T8lþl−,
Tc3 → T8lþl−, and T8 → T 0

8l
þl− decays. (a) We calculate the branching ratios of the Tb3 → T8μ

þμ− and
Tb3 → T8τ

þτ− decay modes in the whole q2 region and in the different q2 bins by the measurement of
Λ0
b → Λ0μþμ−. Many of them are obtained for the first time. In addition, the longitudinal polarization

fractions and the leptonic forward-backward asymmetries of all Tb3 → T8lþl− decays are very similar to
each other in certain q2 bins due to the SU(3) flavor symmetry. (b) We analyze the upper limits of
BðTc3 → T8lþl−Þ by using the experimental upper limits of BðΛþ

c → pμþμ−Þ and BðΛþ
c → peþe−Þ, and

find the experimental upper limit of BðΛþ
c → pμþμ−Þ giving the effective bounds on the relevant SU(3)

flavor symmetry parameters. The predictions of BðΞ0
c → Ξ0eþe−Þ and BðΞ0

c → Ξ0μþμ−Þ will be different
between the single-quark transition dominant contributions and theW-exchange dominant ones. (c) As for
T8 → T 0

8l
þl− decays, we analyze the single-quark transition contributions and the W-exchange

contributions by using the two experimental measurements of BðΞ0 → Λ0eþe−Þ and BðΣþ → pμþμ−Þ,
and give the branching ratio predictions by assuming either single-quark transition dominant contributions
or theW-exchange dominant contributions. According to our predictions, some observables are accessible
to the experiments at BESIII, LHCb and Belle-II.

DOI: 10.1103/PhysRevD.103.013007

I. INTRODUCTION

Flavor changing neutral current (FCNC) processes, such
as b → slþl−, give access to important tests of the
standard model (SM) and searches for new physics beyond
the SM. Recently, some discrepancies with the SM are
reported in several observables in B meson decays, for
example, the angular-distribution observable P0

5 of B0 →
K�0μþμ− [1–4] and the lepton flavor universality observ-

ables RKþ and RK�0 with RM ¼ BðB→Mμþμ−Þ
BðB→Meþe−Þ [5,6].

Semileptonic baryon decays are quite different to B, D,
K meson ones; for instance, the initial baryons may be
polarized, the transitions involve a diquark system as a
spectator rather than a single-quark, and the W-exchange
contributions of two-quark and three-quark transitions
might appear in baryon decays. Therefore, the baryon
decays provide the important additional tests of the SM
predictions, which can be used to improve the under-
standing of recent anomalies in B meson decays. Recently,
significant experimental progress has been achieved in
studying rareΛb decays. TheΛb → Λμþμ− baryon decay is
the only one measured among the Tb3 → T8lþl− decays at
present. BðΛb → Λμþμ−Þ was first measured by the CDF
Collaboration [7] and then greatly improved by LHCb
[8,9]. For Tc3 → T8lþl− decays, only BðΛc → peþe−Þ
and BðΛc → pμþμ−Þ have been upper limited by BABAR
and LHCb [10,11]. As for T8 → T 0

8l
þl− decays, Ξ0 →

Λ0eþe− and Σþ → pμþμ− have been measured by NA48
[12] and HyperCP [13], respectively. With the experiment
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development, some B1 → B2lþl− decays will be
improved or detected by the BESIII, LHCb, and Belle-II
Collaborations in the near future, so it is necessary to study
B1 → B2lþl− decays theoretically.
The theoretical challenge in the study of B1 → B2lþl−

decays is calculating the hadronic B1 → B2 form factors in
the hadronic matrix elements. Form factors for Λb → Λ
have been estimated in lattice QCD [14], QCD light cone
sum rules [15], the soft-collinear effective theory [16], and
perturbative QCD [17]. Form factors for Λb → n have been
estimated in the relativistic quark diquark picture [18] and
the context of light cone QCD sum rules [19]. Nevertheless,
other form factors of Tb3 → T8lþl−, such as the ones for
Ξ0
b → Ξ0, Ξ−

b → Ξ−, Ξ0
b → Λ0, Ξ0

b → Σ0, and Ξ−
b → Σ−,

have not been calculated yet. Similarly in Tc3 → T8lþl−

and T8 → T 0
8l

þl− decays, only some form factors are
calculated, for example, ones for Λþ

c → p transition
[19–22].
Theoretical calculations of the hadronic matrix ele-

ments are not well understood due to our poor under-
standing of QCD at low energy regions. The SU(3)
flavor symmetry approach is independent of the detailed
dynamics offering us an opportunity to relate different
decay modes. Nevertheless, it cannot determine the sizes
of the amplitudes by itself. However, if experimental
data are enough, one may use the data to extract the
amplitudes, which can be viewed as predictions based on
symmetry. Although SU(3) flavor symmetry is only an
approximate symmetry because u, d, and s quarks have
different masses, it still provides some useful information
about the decays. One popular way of predicting the
SU(3) flavor symmetry is to construct the SU(3) irre-
ducible representation amplitude by decomposing the
effective Hamiltonian, in which one only focuses on
the SU(3) flavor structure of the initial states and finial
states but does not involve the details about the inter-
action dynamics.
Some B1ð12þÞ → B2ð12þÞlþl− semileptonic baryon

decays have been well studied, for instance, semileptonic
Λ0
b decays in Refs. [14,23–28], semileptonic Λþ

c decays
in Refs. [20,21,29], and semileptonic Σþ decays in
Refs. [30–34]. In this work, we will study all weak
B1ð12þÞ → B2ð12þÞlþl− decays by using the SU(3) irreduc-
ible representation approach. We first obtain the amplitude
relations among different decay modes then use the
available data to extract the SU(3) irreducible amplitudes
and finally, predict the not-yet-measured modes for
further tests in experiments.
This paper is organized as follows. In Sec. II, we

will collect the representations for the baryon multiplets
of 1

2
-spin and the observable expressions of relevant baryon

decays. In Sec. III, we will analyze the semileptonic
weak decays of Tb3 → T8lþl−, Tc3 → T8lþl−, and
T8 → T 0

8l
þl−. Our conclusions are given in Sec. IV.

II. THEORETICAL FRAME

A. Baryon multiplets with 1
2 spin

The light baryons octet T8 under the SU(3) flavor
symmetry of u, d, s quarks can be written as

T8 ¼

0
BBB@

Λ0ffiffi
6

p þ Σ0ffiffi
2

p Σþ p

Σ− Λ0ffiffi
6

p − Σ0ffiffi
2

p n

Ξ− Ξ0 − 2Λ0ffiffi
6

p

1
CCCA: ð1Þ

The single charmed antitriplet Tc3 is given as

Tc3 ¼ ðΞ0
c;−Ξþ

c ;Λþ
c Þ: ð2Þ

The antitriplet Tb3 with a heavy b quark is

Tb3 ¼ ðΞ−
b ;−Ξ0

b;Λ0
bÞ: ð3Þ

B. Helicity amplitudes for semileptonic decays

In the SM, the low energy effective Hamiltonians for
b→ s=dlþl−, c→ ulþl−, and s → dlþl− FCNC transi-
tions have similar forms and can be written as [22,30,35–37]

Hðq1 → q2lþl−Þ

¼−
αeGFffiffiffi
2

p
π
λq1q2

�
Ceff
9 q̄2γμPLq1l̄γμl

þC10q̄2γμPLq1l̄γμγ5l−
2mq1

q2
Ceff
7 q̄2iqνσμνPRq1l̄γμl

�
;

ð4Þ
where GF denotes the Fermi constant, the fine structure
constant αe ¼ e2

4π, the chiral projection operators PL;R ¼
ð1 ∓ γ5Þ=2, σμν ¼ i½γμ;γν�

2
, λq1q2 denotes the Cabibbo-

Kobayashi-Maskawa (CKM) elements, and Ci denote
Wilson coefficients. For the b → s=dlþl− transitions via
the uū, cc̄ loops, λbsðbdÞ ¼ VtbV�

ts (VtbV�
td), and the expres-

sions of Wilson coefficients Ceff
7;9 and C10 are given in

Ref. [37]. For the c → ulþl− transition via dd̄, ss̄ loops,

λcuCeff
7;9 ¼ 4π

αs
½V�

cdVudC
effðdÞ
7;9 ðq2ÞþV�

csVusC
effðsÞ
7;9 ðq2Þ� as well

as C10 ¼ 0 and the expressions of Ceffðs;dÞ
7;9 ðq2Þ can be found

in Refs. [22,35]. For the s → dlþl− transition via uū loop,

λsd ¼ VusV�
ud,C

eff
7 ≈ VcsV�

cd
2VusV�

ud
cc7γ ,C

eff
9 ¼ ðz7V − VtsV�

td
VusV�

ud
y7VÞ 2παe,

and C10 ¼ − VtsV�
td

VusV�
ud

2π
αe
y7A with z7V ¼ −0.046αe, y7V ¼

0.735αe, y7A ¼ −0.700αe as well as cc7γ ¼ 0.13αe from
Refs. [30,36,37]. For Tb3 → T8lþl− and Tc3 → T8lþl−

decays, theWilson coefficientCeff
9 receives not only from the

four quark operators but also from the long distance (LD)
contributions coming from cc̄ for Tb3 → T8lþl− and dd̄, ss̄
for Tc3 → T8lþl−. Note that the Tc3 → T8lþl− decays are

WANG, XU, HUA, and CHENG PHYS. REV. D 103, 013007 (2021)

013007-2



dominated by LD contributions. For T8 → T 0
8l

þl− decays,
the LD contribution arises mainly from the photon-mediated
process T8 → T 0

8γ
� → T 0

8l
þl− [31,34].

The helicity amplitudes for B1 → B2lþl− can be
obtained from Eq. (4),

Mλ1;λ2
VA ðsp; skÞ

¼ −
GFffiffiffi
2

p αe
4π

λq1q2
X
λ

ηλ½HL;sp;sk
VA;λ Lλ1;λ2

L;λ þH
R;sp;sk
VA;λ Lλ1;λ2

R;λ �; ð5Þ

with

Lλ1λ2
LðRÞ;λ ¼ ϵ̄μðλÞhl̄ðλ1Þlðλ2Þjl̄γμð1 ∓ γ5Þlj0i;

H
LðRÞ;sp;sk
VA;λ ¼ ϵ̄�μðλÞ

�
B2ðk; skÞ

����
�
ðCeff

9 ∓ C10Þq̄2γμð1 − γ5Þq1

−
2mq1

q2
Ceff
7 q̄2iqνσμνð1þ γ5Þq1

�����B1ðp; spÞ
	
;

ð6Þ

where q2 ≡ ðp − kÞ2 bounded in physical region as
ð2mlÞ2 ≤ q2 ≤ ðmB1

−mB2
Þ2, the polarization of the gauge

boson λ ¼ t;�1, 0, the helicities of the final state leptons
are λ1;2, and ηt ¼ 1, η�1;0 ¼ −1.
The nonvanishing leptonic helicity amplitudes Lλ1λ2

LðRÞ;λ are

L
−1
2
þ1

2

L;þ1 ¼ −Lþ1
2
−1
2

R;−1 ¼
ffiffiffiffiffi
q2

2

r
ð1þ βlÞð1þ cos θlÞ;

L
þ1

2
−1
2

R;þ1 ¼ −L−1
2
þ1

2

L;−1 ¼ −

ffiffiffiffiffi
q2

2

r
ð1þ βlÞð1 − cos θlÞ;

L
−1
2
þ1

2

L;0 ¼ L
þ1

2
−1
2

R;0 ¼
ffiffiffiffiffi
q2

q
ð1þ βlÞ sin θl; ð7Þ

with βl ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1 − 4m2

l
q2

q
.

The B1 → B2 hadronic matrix elements are calculated in
the frameworks of soft-collinear effective theory [16] and
lattice QCD [14]. The helicity-based definition of the form
factors are presented as [14]

hB2ðk; skÞjq̄2γμq1jB1i ¼ ūðk; skÞ
�
f0ðq2ÞðmB1

−mB2
Þ q

μ

q2
þ fþðq2Þ

mB1
þmB2

sþ



pμ þ kμ −

qμ

q2
ðmB1

−mB2
Þ
�

þ f⊥ðq2Þ


γμ −

2mB2

sþ
pμ −

2mB1

sþ
kμ
��

uðp; spÞ; ð8Þ

hB2ðk; skÞjq̄2γμγ5q1jB1ðp; spÞi ¼ −ūðk; skÞγ5
�
g0ðq2ÞðmB1

þmB2
Þ q

μ

q2
þ gþðq2Þ

mB1
−mB2

s−



pμ þ kμ −

qμ

q2
ðmB1

−mB2
Þ
�

þ g⊥ðq2Þ


γμ þ 2mB2

s−
pμ −

2mB1

s−
kμ
��

uðp; spÞ; ð9Þ

hB2ðp0; s0Þjq̄2iσμνqνq1jB1ðp; sÞi ¼ −ūB2
ðp0; s0Þ



hþðq2Þ

q2

sþ

�
pμ þ p0

μ −
qμ
q2

ðm2
B1

−m2
B2
Þ
�

þ ðmB1
þmB2

Þh⊥ðq2Þ
�
γμ −

2mB2

sþ
pμ −

2mB1

sþ
p0
μ

��
uB1

ðp; sÞ; ð10Þ

hB2ðp0; s0Þjq̄2iσμνγ5qνq1jB1i ¼ −ūB2
ðp0; s0Þγ5



h̃þðq2Þ

q2

s−

�
pμ þ p0

μ −
qμ
q2

ðm2
B1

−m2
B2
Þ
�

þðmB1
−mB2

Þh̃⊥ðq2Þ
�
γμ þ

2mB2

s−
pμ −

2mB1

s−
p0
μ

��
uB1

ðp; sÞ; ð11Þ

where s� ¼ ðmB1
�mB2

Þ2 − q2 and fV;A;T;T5

0;⊥ are the form factors. And then we obtain the nonvanishing hadronic helicity

amplitudes H
LðRÞ;sp;sk
VA;λ ,

H
LðRÞ;þ1

2
þ1

2

VA;0 ¼ fþðq2ÞðmB1
þmB2

Þ
ffiffiffiffiffi
s−
q2

r
CLðRÞVA − gþðq2ÞðmB1

−mB2
Þ
ffiffiffiffiffi
sþ
q2

r
CLðRÞVA þ 2mb

q2

�
hþðq2Þ

ffiffiffiffiffiffiffiffiffiffi
q2s−

q
− h̃þðq2Þ

ffiffiffiffiffiffiffiffiffiffi
q2sþ

q 

Ceff7 ;

H
LðRÞ;−1

2
−1
2

VA;0 ¼ fþðq2ÞðmB1
þmB2

Þ
ffiffiffiffiffi
s−
q2

r
CLðRÞVA þ gþðq2ÞðmB1

−mB2
Þ
ffiffiffiffiffi
sþ
q2

r
CLðRÞVA þ 2mb

q2

�
hþðq2Þ

ffiffiffiffiffiffiffiffiffiffi
q2s−

q
þ h̃þðq2Þ

ffiffiffiffiffiffiffiffiffiffi
q2sþ

q 

Ceff7 ;

H
LðRÞ;−1

2
þ1

2

VA;þ ¼−f⊥ðq2Þ
ffiffiffiffiffiffiffiffi
2s−

p
CLðRÞVA þ g⊥ðq2Þ

ffiffiffiffiffiffiffiffi
2sþ

p
CLðRÞVA −

2mb

q2
ðh⊥ðq2ÞðmB1

þmB2
Þ
ffiffiffiffiffiffiffiffi
2s−

p
− h̃⊥ðq2ÞðmB1

−mB2
Þ ffiffiffiffiffiffiffiffi

2sþ
p ÞCeff7 ;

H
LðRÞ;þ1

2
−1
2

VA;− ¼−f⊥ðq2Þ
ffiffiffiffiffiffiffiffi
2s−

p
CLðRÞVA − g⊥ðq2Þ

ffiffiffiffiffiffiffiffi
2sþ

p
CLðRÞVA −

2mb

q2
ðh⊥ðq2ÞðmB1

þmB2
Þ
ffiffiffiffiffiffiffiffi
2s−

p
þ h̃⊥ðq2ÞðmB1

−mB2
Þ ffiffiffiffiffiffiffiffi

2sþ
p ÞCeff7 ;

ð12Þ
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with CLðRÞVA ≡ ðCeff9 ∓ C10Þ.
In addition, in terms of the SU(3) flavor symmetry, baryon

states and quark operators can be parametrized into SU(3)
tensor forms,while the polarizationvectors ϵ̄�ðλÞ and leptonic
helicity amplitudes Lλ1;λ2

LðRÞ;λ are invariant under SU(3) flavor
symmetry. The hadronic helicity amplitude relations of

B1 → B2lþl− are similar to ones of B1 → B2γ as given
in Ref. [38] and will be given in next section for convenience.

C. Observables for B1 → B2l+l−
In the rest frame of the baryon B1, the double differential

decay branching ratio is [39]

dBðB1 → B2lþl−Þ
dq2d cos θl

¼ τB1

2m3
Λb

2
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
λðm2

B1
; m2

B2
; q2Þ

q
ð8πÞ3

1

2sp þ 1

X
λ1;λ2

X
sp;sk

jMλ1;λ2
VA ðsp; skÞj2

¼ N2ðq2Þ
�
ð1 − cos2θlÞ

�
jHL;þ1

2
þ1

2

VA;0 j2 þ jHL;−1
2
−1
2

VA;0 j2 þ jHR;þ1
2
þ1

2

VA;0 j2 þ jHR;−1
2
−1
2

VA;0 j2
�

þ 1

2
ð1 − cos θlÞ2

�
jHL;þ1

2
−1
2

VA;− j2 þ jHR;−1
2
þ1

2

VA;þ j2
�

þ 1

2
ð1þ cos θlÞ2

�
jHR;þ1

2
−1
2

VA;− j2 þ jHL;−1
2
þ1

2

VA;þ j2
��

; ð13Þ

with

Nðq2Þ ¼ GFλq1q2αe

 
1þ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1 −

4m2
l

q2

s ! ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
τB1

q2
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
λðmB1

; mB2
; q2Þ

q
215m3

B1
π5

vuuut ; ð14Þ

where λða; b; cÞ ¼ a2 þ b2 þ c2 − 2ðabþ bcþ caÞ. And the differential decay branching ratio is

dBðB1 → B2lþl−Þ
dq2

¼ 4

3
N2ðq2ÞHMðq2Þ; ð15Þ

with

HMðq2Þ ¼
�
jHL;þ1

2
−1
2

VA;− j2 þ jHR;−1
2
þ1

2

VA;þ j2
�
þ
�
jHR;þ1

2
−1
2

VA;− j2 þ jHL;−1
2
þ1

2

VA;þ j2
�

þ
�
jHL;þ1

2
þ1

2

VA;0 j2 þ jHL;−1
2
−1
2

VA;0 j2 þ jHR;þ1
2
þ1

2

VA;0 j2 þ jHR;−1
2
−1
2

VA;0 j2
�
: ð16Þ

The longitudinal polarization fraction can be obtained by Eq. (13),

FLðq2Þ ¼
Rþ1
−1 d cos θlð2 − 5cos2θlÞ d2B

dq2d cos θlRþ1
−1 d cos θl d2B

dq2d cos θl

; ð17Þ

and the concrete expression is

FLðq2Þ ¼
�
jHL;þ1

2
þ1

2

VA;0 j2 þ jHL;−1
2
−1
2

VA;0 j2 þ jHR;þ1
2
þ1

2

VA;0 j2 þ jHR;−1
2
−1
2

VA;0 j2
�
½HMðq2Þ�−1: ð18Þ

The leptonic forward-backward asymmetry,

Al
FBðq2Þ ¼

Rþ1
0 d cos θl d2B

dq2d cos θl
−
R
0
−1 d cos θl

d2B
dq2d cos θlR

0
−1 d cos θl

d2B
dq2d cos θl

þ Rþ1
0 d cos θl d2B

dq2d cos θl

; ð19Þ
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and the concrete expression is

Al
FBðq2Þ ¼

3

4

��
jHR;þ1

2
−1
2

VA;− j2 þ jHL;−1
2
þ1

2

VA;þ j2
�
−
�
jHL;þ1

2
−1
2

VA;− j2 þ jHR;−1
2
þ1

2

VA;þ j2
��

½HMðq2Þ�−1: ð20Þ

The lepton flavor universality in baryon weak decays
Tb3 → T8lþl− is defined in a manner identical RKð�Þ as

RTb3→T8
≡
R
qmax
qmin

dBðTb3 → T8μ
þμ−Þ=dsR

qmax
qmin

dBðTb3 → T8eþe−Þ=ds
: ð21Þ

For q2 integration of Xðq2Þ ¼ FLðq2Þ and Al
FBðq2Þ,

following Ref. [40], two ways of integration are considered.
The normalized q2-integrated observables hXi are calcu-
lated by separately integrating the numerators and denom-
inators with the same q2 bins. The “naively integrated"
observables are obtained by

X̄ ¼ 1

q2max − q2min

Z
q2max

q2min

dq2Xðq2Þ: ð22Þ

Note that, besides the single-quark transition contribu-
tions, the W-exchange contributions via the two-quark and
three-quark transitions as well as the internal radiation
transition, which contribute to the radiative baryon decays
B1 → B2γ [41–43], may also contribute to the semileptonic
baryon decays B1 → B2lþl−. In some decays, for exam-
ple, Σþ → plþl− decays, the W-exchange contributions
with the two-quark transition will play a major role [34]. So
we will consider these W-exchange contributions in the
later analysis of SU(3) flavor symmetry.

III. RESULTS AND ANALYSIS

The theoretical input parameters and the experimental
data within the 1σ error from the Particle Data Group [44]
will be used in our numerical results. To obtain SU(3)
irreducible representation approach (IRA) amplitudes, one
just needs to contract all upper and lower indices of the
hadrons and the Hamiltonian to form all possible SU(3)
singlets and associate each with a parameter which lumps
up the Wilson coefficients and unknown hadronization
effects [45]. These parameters can be determined theoreti-
cally and experimentally. In this work, we will determine
these parameters by relevant experimental data and then
give the predictions for other not-yet-measured decay
modes. For Tb3 semileptonic decays, there are enough
phase spaces to allow for eþe−, μþμ−, and τþτ− decays. Tc3
and T8 semileptonic decays only have enough phase spaces
to allow for both eþe− and μþμ− decays. The results of
Tb3 → T8eþe−, T8μ

þμ−, T8τ
þτ− decays, Tc3 → T8eþe−,

T8μ
þμ− decays, and T8 → T 0

8e
þe−, T 0

8μ
þμ− decays are

given in the following subsections A, B, and C,
respectively.

A. Tb3 → T8l+l− weak decays

For Tb3 → T8lþl− decays, the single-quark transition
contributions are strongly dominant so that other contri-
butions like the W-exchange contributions are usually
omitted. The SU(3) flavor structure Hamiltonian with b →
s; d transitions can been found, for instance, in Refs. [46–
48], and the SU(3) IRA hadronic helicity amplitudes for
Tb3 → T8lþl− via b → s=dlþl− can be parametrized as

HðTb3 → T8lþl−ÞLðRÞ;sp;skVA;λ

¼ e1ðTb3Þ½ij�Tð3̄ÞkðT8Þ½ij�k þ e2ðTb3Þ½ij�Tð3ÞkðT8Þ½ik�j;
ð23Þ

which are similar to the decay amplitudes of corresponding
Tb3 → T8γ modes in Ref. [49]. In Eq. (23), Tð3̄Þ ¼ ð0; 1; 1Þ
denoted the transition operators ðq̄2bÞ with q2 ¼ s, d, and
the model as well as scale independent parameters

ei ≡ ðeiÞLðRÞ;sp;skVA;λ ðq2Þ. The parameters ei contain informa-
tion about QCD dynamics and could include the long
distance (LD) contributions from hadron resonances. The
SU(3) IRA amplitudes of the Tb3 → T8lþl− weak decays
are given in Table I, and for a better understanding, the
information of relevant CKM matrix elements are also
listed in Table I. From Table I, one can see that Λ0

b →
Σ0lþl− decays are not allowed by the SU(3) flavor
symmetry, and other decay modes via b → s=dlþl− can
be related by only one parameter E≡ e1 þ e2.
Among Λ0

b → Λ0lþl−, Ξ0
b → Ξ0lþl− Ξ−

b → Ξ−lþl−,
Λ0
b → nlþl−, Ξ0

b → Λ0lþl−, Ξ0
b → Σ0lþl−, and Ξ−

b →
Σ−lþl− decays, only Λ0

b → Λ0μþμ− decay has been

TABLE I. The SU(3) IRA amplitudes of the Tb3 → T8lþl−

weak decays by the b → s=dlþl− transitions, and E≡ e1 þ e2.

Decay modes AðTb3 → T8lþl−Þ
Tb3 → T8lþl− via the b → slþl−

transition:
Λ0
b → Λ0lþl− −2λbsE=

ffiffiffi
6

p
Λ0
b → Σ0lþl− 0

Ξ0
b → Ξ0lþl− −λbsE

Ξ−
b → Ξ−lþl− λbsE

Tb3 → T8lþl− via the b → dlþl−

transition:
Λ0
b → nlþl− λbdE

Ξ0
b → Λ0lþl− −λbdE=

ffiffiffi
6

p
Ξ0
b → Σ0lþl− −λbdE=

ffiffiffi
2

p
Ξ−
b → Σ−lþl− λbdE
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measured, and its branching ratios in thewhole q2 region and
in different q2 bins are listed in Tables II and III, respectively.
One can constrain the relevant SU(3) flavor parameters by the
experimental data within 1σ error bar and then predict other
not-yet-measured branching ratios. Two cases will be con-
sidered in our analysis of Tb3 → T8lþl− decays.

S1: The SU(3) flavor symmetry parameters without
the baryonic momentum-transfer q2 dependence.

We treat the SU(3) flavor parameters ðEÞLðRÞ;sp;skVA;λ ðq2Þ
as constants without q2 dependence, which will lead
HMðq2Þ in Eq. (15) to a constant, too. We use the 1σ
error experimental data of BðΛ0

b → Λ0μþμ−Þ to con-
strain HMðq2Þ (i.e., jEj2) and then predict other
BðTb3 → T8lþl−Þ by the amplitude relations in
Table I.

S2: The SU(3) flavor symmetry parameters with the
baryonic momentum-transfer q2 dependence. In
order to obtain more precise predictions, we use the
hadronic helicity amplitude expressions in Eq. (12),
which are q2 dependent and can be expressed by the
Wilson coefficients and the form factors. The ex-
pressions of the Wilson coefficients without the LD
contributions are taken from Ref. [52]. As for the q2

dependent form factors involving the Tb3 → T8 tran-
sitions, we use the recent lattice QCD results of Λ0

b →
Λ0 [14], in which the form factors are parametrized by

fðq2Þ ¼ fð0Þ
1 − q2=ðmf

poleÞ2
�
1þ af1

af0
zðq2Þ þ af2

af0
½zðq2Þ�2

�
;

ð24Þ

where f ¼ fþ; f⊥; f0; gþ; g⊥; g0; hþ; h⊥; h̃þ; h̃⊥, and
the details of zðq2Þ andmf

pole can be found in Ref. [14].
We keep fþð0Þ as an undetermined constant without
q2 dependence, and other fð0Þ can be expressed as
af
0

a
fþ
0

fþð0Þ. The central values of afi in Table V of

Ref. [14] will be used in our analysis. Since these form
factors also preserve the SU(3) flavor symmetry, the
same relations in Table I will be used for fþð0Þ. We
use the 1σ error experimental data of BðΛ0

b →
Λ0μþμ−Þ to constrain fþð0Þ and then predict
other BðTb3 → T8lþl−Þ.

Using the experimental data of BðΛ0
b → Λ0μþμ−Þ in the

whole q2 region, one can obtain the branching ratios for
Tb3 → T8μ

þμ− and Tb3 → T8τ
þτ− weak decays in the

whole q2 region, which are listed in the third and forth
columns of Table II for S1 case and S2 case, respectively.
Noted that, the amplitude relations listed in Table I are
obtained from the SU(3) flavor symmetry; nevertheless, the
different baryon masses in the same baryon multiplets are
considered in the branching ratio predictions, and the below
is same.
Previous predictions are also listed in the last column of

Table II for comparing. Since the results of Tb3 → T8eþe−
decays are quite similar to ones of Tb3 → T8μ

þμ− decays,
we only show Tb3 → T8μ

þμ− in this work. We have the
following remarks for the results in Table II.

(i) Comparing the branching ratios in S1 and S2 cases,
one can see that the predictions are slightly different
between S1 and S2 cases, which are mainly due to
the q2 dependence of the hadronic helicity am-
plitudes.

TABLE II. Branching ratios for Tb3 → T8lþl− decays with 1σ error in the whole q2 region within S1 and S2
cases.

Decay modes Experimental data [44] Our results in S1 Our results in S2 Other predictions

BðΛ0
b → Λ0μþμ−Þð×10−6Þ 1.08� 0.28 1.08� 0.28 1.08� 0.28 1.05 [50]

BðΞ0
b → Ξ0μþμ−Þð×10−6Þ … 1.55þ0.45

−0.43 1.77þ0.49
−0.53

BðΞ−
b → Ξ−μþμ−Þð×10−6Þ … 1.65þ0.49

−0.46 1.87þ0.56
−0.54

BðΛ0
b → Λ0τþτ−Þð×10−7Þ … 2.30� 0.60 2.74þ0.85

−0.71 2.60 [50]
BðΞ0

b → Ξ0τþτ−Þð×10−7Þ … 3.23þ0.94
−0.89 4.42þ1.36

−1.21
BðΞ−

b → Ξ−τþτ−Þð×10−7Þ … 3.42þ1.01
−0.95 4.76þ1.44

−1.36
BðΛ0

b → nμþμ−Þð×10−8Þ … 8.15þ2.44
−2.30 7.77þ2.42

−2.28
ð4.1þ5.4

−1.2Þ
3.75 [50,51]

BðΞ0
b → Λ0μþμ−Þð×10−8Þ … 1.34þ0.43

−0.39 1.45þ0.44
−0.45

BðΞ0
b → Σ0μþμ−Þð×10−8Þ … 3.77þ1.22

−1.10 4.13þ1.36
−1.24

BðΞ−
b → Σ−μþμ−Þð×10−8Þ … 8.00þ2.56

−2.40 8.61þ3.06
−2.52

BðΛ0
b → nτþτ−Þð×10−8Þ … 2.07þ0.62

−0.58 2.46þ0.78
−0.70

ð2.9þ3.7
−0.8Þ

1.21 [50,51]
BðΞ0

b → Λ0τþτ−Þð×10−9Þ … 3.42þ1.11
−1.00 4.63þ1.71

−1.35
BðΞ0

b → Σ0τþτ−Þð×10−9Þ … 8.97þ2.91
−2.62 12.23þ4.12

−3.62
BðΞ−

b → Σ−τþτ−Þð×10−8Þ … 1.91þ0.61
−0.57 2.60þ0.87

−0.77
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(ii) Comparing our predictions for BðΛ0
b → Λ0τþτ−Þ,

BðΛ0
b → nτþτ−Þ and BðΛ0

b → nμþμ−Þwith previous
ones in the relativistic quark model [50] and the
Bethe-Salpeter equation approach [51], one can see
that our predicted BðΛ0

b → Λ0τþτ−Þ and BðΛ0
b →

nμþμ−Þ are quite consistent with previous ones,;
nevertheless, our central value of BðΛ0

b → nτþτ−Þ is
about 2 times larger than theirs.

(iii) Many branching ratio predictions for Tb3 →
T8lþl− are obtained for the first time. The not-
yet-measured BðTb3 → T8lþl−Þ are on the order of
Oð10−8–10−6Þ, and some of them could be reached
by the LHCb or Belle-II experiments.

Using the experimental data of BðΛ0
b → Λ0μþμ−Þ in

different q2 bins, one can get the branching ratios of
Tb3 → T8μ

þμ− and Tb3 → T8τ
þτ− weak decays in differ-

ent q2 bins within S1 and S2 cases, which are collected for
reference in Table III and Table IV, respectively.
The longitudinal polarization fractions and the leptonic

forward-backward asymmetries with two ways of integra-
tion for Tb3 → T8lþl− decays could also be obtained in
the S2 case. As shown in Eq. (18) and Eq. (20), the Nðq2Þ
terms are canceled in the ratios; therefore, the longitudinal
polarization fractions and the leptonic forward-backward
asymmetries only depend on the hadronic helicity ampli-
tudes, which preserve the SU(3) flavor symmetry in Tb3 →
T8lþl− decays. So the longitudinal polarization frac-
tions and the leptonic forward-backward asymmetries of
all Tb3 → T8μ

þμ− (Tb3 → T8τ
þτ−) decays are very similar

to each other in certain q2 bins. We take ones of Λ0
b →

Λ0μþμ−, Λ0τþτ− as examples, which are given in Table V.
Excepting in [0.1, 2.0], [0.1, 4.3], [0.1, 16.0], and the whole
q2 regions, f̄L and hfLi ( ¯Al

FB and hAl
FBi) with different q2

integration ways are quite similar in other certain q2 bins.

So the obvious differentiation between fL and hfLi (Al
FB

and hAl
FBi) mainly appears in the quite low q2 regions. Note

that the normalized longitudinal polarization fraction and
normalized leptonic forward-backward asymmetry of
Λ0
b → Λ0μþμ− in q2 ∈ ½15; 20� GeV2 have been measured

by the LHCb experiment [44],

hfLiðΛ0
b → Λ0μþμ−Þ½15;20� ¼ 0.61þ0.11

−0.14 ;

hAl
FBiðΛ0

b → Λ0μþμ−Þ½15;20� ¼ −0.39� 0.04� 0.01: ð25Þ
We do not impose the above experimental bounds but leave
them as predictions. Comparing with the experimental
results for hfLiðΛ0

b → Λ0μþμ−Þ½15;20� and hAl
FBiðΛ0

b→

Λ0μþμ−Þ½15;20�, our prediction of hfLiðΛ0
b→Λ0μþμ−Þ½15;20�

and hAl
FBiðΛ0

b → Λ0μþμ−Þ½15;20� are agreeable with their
experimental data within 1.5σ and 1σ error ranges,
respectively.
In addition, the lepton flavor universality RTb3→T8

in
three q2 bins within the S2 case are given in Table VI.TA
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One can see that all predictions in three q2 bins are virtually
indistinguishable from unity; i.e., the lepton mass effects on
all RB1→B2

are small in both the low-q2 region and high-q2

region in the SM.

B. Tc3 semileptonic weak decays

Similar to Tc3;8 → T 0
8γ radiative decays [41–43,53],

Tc3 → T8lþl− decays receive single-quark, two-quark,
and three-quark transition contributionswith theW-exchange
and internal radiation contributions. The internal radiation
contributions are suppressed by the two W propagators and
can be safely neglected. The SU(3) IRA hadronic helicity
amplitudes for Tc3 → T8lþl− may be parametrized as

HðTc3 → T8lþl−ÞLðRÞ;sp;skVA;λ

¼ f1ðTc3Þ½ij�T 0ð3̄ÞkðT8Þ½ij�k þ f2ðTc3Þ½ij�T 0ð3ÞkðT8Þ½ik�j
þ ðf̃1Hð6̄Þlkj þ f̃4Hð15Þlkj ÞðTc3Þ½ij�ðT8Þ½il�k
þ ðf̃2Hð6̄Þlkj þ f̃5Hð15Þlkj ÞðTc3Þ½ij�ðT8Þ½ik�l
þ ðf̃3Hð6̄Þlkj þ f̃6Hð15Þlkj ÞðTc3Þ½ij�ðT8Þ½lk�i; ð26Þ

where the SU(3) flavor symmetry parameters fi ≡
ðfiÞLðRÞ;sp;skVA;λ and f̃i ≡ ðf̃iÞLðRÞ;sp;skVA;λ . The fi terms in
Eq. (26) and the later gi terms in Eq. (29) denote the short
distance (SD) and the LD contributions via the single-quark
transitions. The f̃i terms in Eq. (26) and the later g̃i terms in
Eq. (29) denote the W-exchange contributions of the two-
quark and three-quark transitions. T 0ð3̄Þ ¼ ð1; 0; 0Þ denotes
the transition operators ðq̄2cÞ with q2 ¼ u, and Hð6̄Þlkj
(Hð15Þlkj ) related to the ðq̄lqjÞðq̄kcÞ operator is antisymmet-
ric (symmetric) in upper indices. The nonvanishing Hð6̄Þlkj
and Hð15Þlkj for c → sud̄; dus̄; ud̄d; us̄s transitions can be
found inRef. [54]. Using l, k antisymmetric inHð6̄Þlkj and l, k
symmetric in Hð15Þlkj , we have

f̃2 ¼ −f̃1; f̃5 ¼ f̃4; f̃6 ¼ 0; ð27Þ

which will be used in the following discussion.
For the W-exchange transitions, there are three kinds of

charm quark decaying into light quarks,

dþ c → uþ sþ lþl−;

dþ c → uþ dþ lþl−ðsþ c → uþ sþ lþl−Þ;
sþ c → uþ dþ lþl−; ð28Þ

which are related to Hð6̄; 15Þ132 , Hð6̄; 15Þ122 ½Hð6̄; 15Þ133 �,
and Hð6̄; 15Þ123 , and they are proportional to V�

csVud ≈ 1,
V�
cdVudðV�

csVusÞ ≈ −scðscÞ, and V�
cdVus ≈ −s2c with sc≡

sin θC ≈ 0.22453, respectively. So three kinds decays
given in Eq. (28) are called Cabibbo allowed, singly
Cabibbo suppressed, and doubly Cabibbo suppressed
decays, respectively.
The SU(3) IRA amplitudes of the Tc3 → T8lþl− weak

decays are given in the third column of Table VII,
and for a better understanding, the information of
relevant CKM matrix elements is also listed in this table.

TABLE VI. Lepton flavor universality of Tb3 → T8lþl−

baryon weak decays in different q2 bins with 1σ error in the
S2 case.

½q2min; q
2
max�ðGeV2Þ [1, 6] [0.1, 16.0] [15.0, 20.0]

RΛ0
b→Λ0 0.99þ0.05

−0.03 0.98þ0.07
−0.04 1.02þ0.04

−0.07
RΞ0

b→Ξ0 0.99� 0.04 0.99þ0.06
−0.05 0.99þ0.08

−0.06
RΞ−

b→Ξ− 0.99� 0.04 0.99þ0.06
−0.05 1.03þ0.03

−0.09

RΛ0
b→n 1.00� 0.03 0.98þ0.07

−0.04 1.01þ0.03
−0.05

RΞ0
b→Λ0 1.01þ0.02

−0.05 1.01þ0.04
−0.08 1.00� 0.04

RΞ0
b→Σ0 0.98þ0.04

−0.03 0.98þ0.07
−0.04 1.00� 0.03

RΞ−
b→Σ− 1.00þ0.03

−0.04 1.03þ0.02
−0.09 1.00þ0.03

−0.02

TABLE VII. The SU(3) IRA amplitudes of the Tc3 → T8lþl− weak decays in the S1 case, F1 ≡ f1 þ f2,
F̃1 ≡ f̃1 − f̃3 þ f̃4, F̃2 ≡ f̃1 − f̃3 − f̃4, and F̃≡ f̃1 − f̃3.

Decay modes AðTc3 → T8lþl−Þ Approximative AðTc3 → T8lþl−Þ
Cabibbo allowed Tc3 → T8lþl−:
Λþ
c → Σþlþl− −F̃1 −F̃

Ξ0
c → Ξ0lþl− −F̃2 −F̃

singly Cabibbo suppressed Tc3 → T8lþl−:
Λþ
c → plþl− ½F1 − ð5

8
F̃1 − 1

8
F̃2Þ�sc ½F1 − 1

2
F̃�sc

Ξþ
c → Σþlþl− ½−F1 − ð5

8
F̃1 − 1

8
F̃2Þ�sc −½F1 þ 1

2
F̃�sc

Ξ0
c → Λ0lþl− ½F1 þ 3ð1

8
F̃1 − 5

8
F̃2Þ�sc=

ffiffiffi
6

p ½F1 − 3
2
F̃�sc=

ffiffiffi
6

p

Ξ0
c → Σ0lþl− ½−F1 þ ð1

8
F̃1 − 5

8
F̃2Þ�sc=

ffiffiffi
2

p
−½F1 þ 1

2
F̃�sc=

ffiffiffi
2

p
doubly Cabibbo suppressed Tc3 → T8lþl−:
Ξþ
c → plþl− F̃1s2c F̃s2c

Ξ0
c → nlþl− F̃2s2c F̃s2c
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From Table VII, one can see that singly Cabibbo sup-
pressed Λþ

c → plþl−, Ξþ
c → Σþlþl−, Ξ0

c → Λ0lþl−,
Ξ0
c → Σ0lþl− decays receive both the single-quark tran-

sition and the W-exchange contributions; nevertheless,
Cabibbo allowed Λþ

c → Σþlþl−, Ξ0
c → Ξ0lþl− decays

and doubly Cabibbo suppressed Ξþ
c → plþl−, Ξ0

c →
nlþl− decays only receive the W-exchange contributions.
In addition, the contribution of Hð6̄Þ to the decay

branching ratio is about 5.5 times larger than one of
Hð15Þ due to the Wilson coefficient suppressed; for
example, see Refs. [55,56]. If ignoring the Wilson coef-
ficient suppressed Hð15Þ term contributions, there are only
two parameters, F1 and F̃≡ f̃1 − f̃3, in the decay ampli-
tudes of Tc3 → T8lþl−. The simplified results are listed
in the last column of Table VII. One can see that the
Cabibbo allowed and doubly Cabibbo suppressed eight
decay modes of Tc3 → T8lþl− are related by only one
parameter F̃; nevertheless, the singly Cabibbo suppressed
eight decays are related by two parameters F̃ and F1. More-
over, there are amplitude relations AðΞþ

c → Σþlþl−Þ ¼ffiffiffi
2

p
AðΞ0

c → Σ0lþl−Þ.
In these Tc3 → T8lþl− decays, only BðΛþ

c → peþe−Þ
and BðΛþ

c → pμþμ−Þ are upper limited by experiment. We
list their experimental upper limits (exp. UL) in the second
column of Table VIII. Due to the lack of the experiment
in Tc3 → T8lþl− decays and the complex amplitude
expressions included the W-exchange contributions, we
will only analyze the Tc3 → T8lþl− decays in the S1 case.
We assume that W-exchange contributions noted by F̃ or
the single-quark transition contributions noted by F1 play a
dominant role in these decays. They are separately dis-
cussed as follows.

(i) Only considering the W-exchange contributions by
setting F1 ¼ 0, all the Tc3 → T8lþl− decays are
related by one parameter F̃ as shown in Table VII.
The upper limit predictions of Tc3 → T8eþe− and
Tc3 → T8μ

þμ− decays in the S1 case are listed in the
third column of Table VIII. One can see that
BðΛþ

c → pμþμ−Þ gives an effective constraint on
these upper limit predictions of the branching ratios.

(ii) Only considering the single-quark transition contri-
butions by setting F̃ ¼ 0, as shown in Table VII, all
eight singly Cabibbo suppressed Tc3 → T8eþe− and
Tc3 → T8μ

þμ− decays are related by the parameterF1.
Then the six upper limit predictions of BðΛþ

c →
peþe−Þ, BðΞþ

c → Σþeþe−Þ, BðΞ0
c → Σ0eþe−Þ,

BðΛþ
c → pμþμ−Þ, BðΞþ

c → Σþμþμ−Þ, and BðΞ0
c →

Σ0μþμ−Þ in the S1 case have the same predictions as
the ones listed in the third column of Table VIII.
Nevertheless, the predictions of other two singly
Cabibbo suppressed BðΞ0

c → Λ0eþe−Þ and BðΞ0
c →

Λ0μþμ−Þ are different from the ones listed in
Table VIII. We obtain that BðΞ0

c → Λ0eþe−Þ ≤
9.66 × 10−9 and BðΞ0

c → Λ0μþμ−Þ ≤ 9.36 × 10−9.
The previous other predictions for BðΛþ

c → peþe−Þ
and BðΛþ

c → pμþμ−Þ, which considered the single-
quark contributions with/without LD contributions,
are also listed in the last two columns of Table VIII
for comparing. The predicted upper limits of
BðΛþ

c → plþl−Þ are about 5 orders larger than the
predictions with the SD contributions, smaller than
the LD contributing ones, which might mean that
the W-exchange transitions cancel out with the LD
contributions.

TABLE VIII. Branching ratios of Tc3 → T8lþl− decays within 1σ theoretical error in the S1 case.

Decay modes Exp. UL [44] Our predictions without F1 Others without LD Others with LD

BðΛþ
c → Σþeþe−Þð×10−6Þ … ≤ 2.63

BðΞ0
c → Ξ0eþe−Þð×10−6Þ … ≤ 2.35

BðΛþ
c → peþe−Þð×10−8Þ ≤ 550 ≤ 7.95 ð3.8�0.5Þ×10−4

ð4.05�2.37Þ×10−6 [20,21]
37�8

420�73
[20,21]

BðΞþ
c → Σþeþe−Þð×10−7Þ … ≤ 1.29

BðΞ0
c → Λ0eþe−Þð×10−8Þ … ≤ 8.69

BðΞ0
c → Σ0eþe−Þð×10−8Þ … ≤ 2.22

BðΞþ
c → peþe−Þð×10−8Þ … ≤ 5.55

BðΞ0
c → neþe−Þð×10−8Þ … ≤ 1.92

BðΛþ
c → Σþμþμ−Þð×10−6Þ … ≤ 2.50

BðΞ0
c → Ξ0μþμ−Þð×10−6Þ … ≤ 2.25

BðΛþ
c → pμþμ−Þð×10−8Þ ≤ 7.7 ≤ 7.7 ð2.8�0.4Þ×10−4

ð3.77�2.28Þ×10−6 [20,21]
37�8

230�66
[20,21]

BðΞþ
c → Σþμþμ−Þð×10−7Þ … ≤ 1.25

BðΞ0
c → Λ0μþμ−Þð×10−8Þ … ≤ 8.42

BðΞ0
c → Σ0μþμ−Þð×10−8Þ … ≤ 2.15

BðΞþ
c → pμþμ−Þð×10−8Þ … ≤ 5.41

BðΞ0
c → nμþμ−Þð×10−8Þ … ≤ 1.87
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C. T8 semileptonic weak decays

Similar to T8 → T 0
8γ radiative decays, T8 → T 0

8l
þl−

semileptonic decays receive the single-quark transition
contributions and the W-exchange contributions [34].
The SD contributions come from the Z0 and electromag-
netic penguin diagrams as well as the Z0 box diagrams, and
the LD contributions arise from an intervirtual photon in
the T8 → T 0

8γ
� processes. The LD contributions are much

larger than the SD ones in the single-quark transition
contributions in the T8 → T 0

8l
þl− decays. So the LD

contributions and the W-exchange contributions might play
the major roles in T8 → T 0

8l
þl− decays [30,34]. The SU

(3) flavor structure of the s → d Hamiltonian can be found
in Ref. [49]. The SU(3) IRA hadronic helicity amplitudes
for T8 → T 0

8l
þl− decays via s → dlþl− are

HðT8 → T 0
8l

þl−ÞLðRÞ;sp;skVA;λ

¼ g1ðT8Þ½ij�nT 00ð3̄ÞkðT 0
8Þ½ij�k þ g2ðT8Þ½ij�nT 00ð3ÞkðT8Þ½ik�j

þ g3ðT8Þ½in�jT 00ð3̄ÞkðT 0
8Þ½ij�k þ g4ðT8Þ½in�jT 00ð3̄ÞkðT 0

8Þ½ik�j
þ g5ðT8Þ½in�jT 00ð3̄ÞkðT 0

8Þ½jk�i þ g̃1ðT8Þ½ij�nðT 0
8Þ½il�kHð4Þlkj

þ g̃2ðT8Þ½in�jðT 0
8Þ½il�kHð4Þlkj þ g̃3ðT8Þ½jn�iðT 0

8Þ½il�kHð4Þlkj ;
ð29Þ

where the model and scale independent parameters gi ≡
ðgiÞLðRÞ;sp;skVA;λ and g̃i ≡ ðg̃iÞLðRÞ;sp;skVA;λ , T 00ð3̄Þ ¼ ð0; 1; 0Þ related
to the transition operator ðd̄sÞ, and Hð4Þlkj related to
ðq̄lqjÞðq̄kqnÞ operator with n≡ 3 for s quark is symmetric
in upper indices [49]. The SU(3) IRA hadronic helicity
amplitudes of T8 → T 0

8l
þl− weak decays are given in

Table IX, in which the information of the same CKM
matrix elements VusV�

ud is not shown.
There are four complex parameters G1, G2, G̃A, and G̃B

in T8 → T 0
8l

þl− weak decays. Since the initial baryon Ξ−

does not contain u quark and theW-exchange contributions
are canceled in Ξ0 → Λ0lþl− decays, the amplitudes of
Ξ− → Σ−lþl− and Ξ0 → Λ0lþl− listed in Table IX
only contain coefficients G1;2, which means that the

W-exchange transitions do not contribute to the Ξ− →
Σ−lþl− and Ξ0 → Λ0lþl− decays. Therefore, Ξ− →
Σ−lþl− and Ξ0 → Λ0lþl− decays could be used to
explore the LD contributions. Other decay amplitudes
contained both G1;2 and G̃A;B could proceed from the
LD contributions and the W-exchange contributions.
Only two branching ratios of Ξ0 → Λ0eþe− and Σþ →

pμþμ− decays have been measured at present, which are
listed in the second column of Table X. We may constrain
jG1 þ 2G2j and jG2 þ G̃Bj from the experimental data of
BðΞ0 → Λ0eþe−Þ and BðΣþ → pμþμ−Þ, respectively, and
we obtain that jG1þ2G2j

jG2þG̃Bj ≈ 12. BðΣþ → peþe−Þ is obtained
by using the constrained jG2 þ G̃Bj,

BðΣþ → peþe−Þ ¼ ð1.60þ1.14
−0.87Þ × 10−7; ð30Þ

which is 1 order smaller than its experimental upper limits
BðΣþ → peþe−Þ ≤ 7 × 10−6 at the 90% confidence level
[44] and is also smaller than its SM predictions with the
single-quark transition LD contributions, 9.1 × 10−6 ≤
BðΣþ → peþe−Þ ≤ 10.1 × 10−6 in Ref. [30].
It is difficult to estimate which term gives the main

contribution amongG1,G2, G̃A, and G̃B now. Nevertheless,
the LD contributions noted by G1;2 can not been entirely
ignored via the experimental measurement of Ξ0 →
Λ0lþl−. So we will give the following discussions.

(i) If only considering the single-quark transition con-
tributions, i.e., G̃A ¼ G̃B ¼ 0, one obtains j G1

G2 þ 2j≈
12; i.e., G1 ≈ 10G2 or −14G2. After ignoring the
small G2 terms inG1 þ 2G2 and 2G1 þ G2, one gets
all branching ratios of relevant T8 → T 0

8l
þl− weak

decays in S1 case, which are given in the last column
of Table X.

(ii) If jG̃Bj ≫ jG2j, jG1þ2G2j
jG2þG̃Bj ≈

jG1j
jG̃Bj ≈ 12, the predictions

of BðΞ− → Σ−eþe−Þ, BðΞ0 → Λ0eþe−Þ, BðΣ0 →
neþe−Þ, BðΣþ → peþe−Þ, BðΣ0 → nμþμ−Þ, and
BðΣþ → pμþμ−Þ are the same as given in Table X.
Nevertheless,BðΞ0→Σ0lþl−Þ andBðΛ0→nlþl−Þ
can not be predicted in this case.

(iii) In the case of G̃B ≈G2, the predicted results are
similar to above ones with jG̃Bj ≫ jG2j except
BðΣ0 → nlþl−Þ ≈ 0.

(iv) If G̃B ≈ −G2, i:e., the contributions between G2 and
G̃B are largely canceled in G2 þ G̃B term, the
situations are complex, which is beyond the scope
of this paper.

All predicted branching ratios except BðΣ0 → neþe−Þ and
BðΣ0 → nμþμ−Þ in above first three cases are on the order
of Oð10−8–10−5Þ, some of them might be observed by
BESIII and Belle-II experiments in the near future. The
measurement of BðΞ− → Σ−eþe−Þ and BðΞ0 → Σ0eþe−Þ
in the future could further help us to understand the

TABLE IX. The SU(3) IRA amplitudes of the T8 → T 0
8l

þl−

weak decays, G1 ≡ g1 þ g2 þ g3 − g5, G2 ≡ g4 þ g5,
G̃A ≡ g̃1 − g̃3, and G̃B ≡ g̃2 þ g̃3.

Decay modes AðT8 → T 0
8l

þl−Þ
Ξ− → Σ−lþl− G1

Ξ0 → Λ0lþl− ðG1 þ 2G2Þ=
ffiffiffi
6

p
Ξ0 → Σ0lþl− ðG1 þ 2G̃AÞ=

ffiffiffi
2

p
Λ0 → nlþl− −½ðG1 þ 2G2Þ þ ðC1 þ 2G̃AÞ − ðG2 − G̃BÞ�=

ffiffiffi
6

p
Σ0 → nlþl− −ðG2 − G̃BÞ=

ffiffiffi
2

p
Σþ → plþl− −ðG2 þ G̃BÞ
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LD contributions and the W-exchange contributions,
respectively.

IV. SUMMARY

Semileptonic baryon decays induced by flavor changing
neutral current transitions play very important roles in
testing the SM and probing new physics. We have studied
the semileptonic decays of baryons with 1

2
spin via the

single-quark transitions b → s=dlþl−, c → ulþl−, and
s → dlþl− as well as relevant W-exchange transitions by
using the SU(3) flavor symmetry, which is a powerful tool
to test the physics and to connect the physical quantities
without knowing the underlying dynamics. Our main
results can be summarized as follows.

(i) Tb3 → T8lþl− decays: Decay Λ0
b → Σ0lþl− is not

allowed by the SU(3) irreducible representation
approach, and all other 21 decay amplitudes of
the Tb3 → T8lþl− decay modes via the b →
s=dlþl− transitions could be related by only one
SU(3) flavor symmetry parameter, which could be
constrained by the present experimental data of
BðΛ0

b → Λ0μþμ−Þ. Using the constrained parameter,
we have predicted the not-yet-measured observables
in the whole q2 region and in different q2 bins within
the S1 and S2 cases. The predicted branching ratios
are on the order of Oð10−8–10−6Þ, many of them
are obtained for the first time, and some of them
could be reached by the LHCb or Belle-II experi-
ments. The longitudinal polarization fractions and
the leptonic forward-backward asymmetries of
all Tb3 → T8lþl− decays are very similar to each
other in certain q2 bins by the SU(3) flavor sym-
metry. The predictions of hfLiðΛ0

b → Λ0μþμ−Þ½15;20�
and hAl

FBiðΛ0
b → Λ0μþμ−Þ½15;20� are agreeable with

their experimental data within 1.5σ and 1σ error
ranges, respectively.

(ii) Tc3 → T8lþl− decays: Tc3 → T8lþl− decays are
quite different from Tb3 → T8lþl− decays, since
the former may receive both the single-quark c →
ulþl− transition contributions and the W-exchange
contributions. After ignoring the Wilson coefficient
suppressed Hð15Þ terms, all decay amplitudes of
Tc3 → T8lþl− have been related by two SU(3)
flavor symmetry parameters. Using the 90% exper-
imental upper limit of BðΛþ

c → pμþμ−Þ, we have
obtained the upper limit predictions of the not-
yet-measured BðTc3 → T8lþl−Þ by considering
only one kind of dominant contributions from
either single-quark transition LD contributions or
the W-exchange contributions.

(iii) T8 → T 0
8l

þl− decays: Decays T8 → T 0
8l

þl− are
more complicated than both Tb3 → T8lþl− and
Tc3 → T8lþl− ones, since the quarks are anti
symmetric in both the initial states T8 and the final
states T 0

8. We have predicted BðΣþ → peþe−Þ in the
S1 case. Moreover, we have analyzed the single-
quark transitionLDcontributions and theW-exchange
contributions, and found that BðΞ− → Σ−eþe−Þ,
BðΞ0 → Σ0eþe−Þ, and BðΛ0 → neþe−Þ are on the
order of Oð10−6–10−5Þ in most cases except
G̃B ≈ −G2.

According to our predictions, many results in this work can
be tested by the experiments at BESIII, LHCb, and Belle-II.
And these results can be used to test SU(3) flavor symmetry
approach in Tb3;c3;8 → T 0

8l
þl− by the future experiments.
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TABLE X. Branching ratios of T8 → T 0
8l

þl− decays within 1σ theoretical error in the S1 case.

Decay modes Experimental data [44] Our predictions without G̃A;B in S1

BðΞ− → Σ−eþe−Þð×10−6Þ … 2.49þ0.31
−0.29

BðΞ0 → Λ0eþe−Þð×10−6Þ 7.6� 0.6 7.6� 0.6
BðΞ0 → Σ0eþe−Þð×10−6Þ … 2.05� 0.17
BðΛ0 → neþe−Þð×10−5Þ … 2.06þ0.25

−0.23
BðΣ0 → neþe−Þð×10−17Þ … 7.61þ6.59

−4.44
BðΣþ → peþe−Þð×10−7Þ < 70 1.60þ1.14

−0.87

BðΣ0 → nμþμ−Þð×10−17Þ … 1.22þ1.05
−0.71

BðΣþ → pμþμ−Þð×10−8Þ 2.4þ1.7
−1.3 2.40þ1.70

−1.30
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