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Abstract We shed new light on the standard current alge-
bra approach to the nonleptonic two-body decays of single
and double heavy charm baryons. By making use of the com-
pleteness relation for the flavor wave functions of the ground
state baryon 20′ representation we are able to rewrite the
results of the current algebra approach in terms of the seven
topological tensor invariants describing the decays. The rep-
resentation of the current algebra results in terms of topo-
logical tensor invariants depends only on the initial and final
state of the process. The summation over intermediate states
inherent to the current algebra result is automatically taken
care of in the tensor representation. In this way one arrives
at a new, quick and very compact assessment of the results
of the current algebra/pole model calculation. For example,
one can quickly identify the decays in which the p.v. S-wave
amplitude is predicted to vanish implying zero polarization
asymmetries in these decays. We provide tables of the val-
ues of the seven topological tensor invariants for all Cabibbo
favored and singly and doubly Cabibbo suppressed nonlep-
tonic single and double charm baryon decays. In total we
treat 196 charm baryon decays. We also discuss the charm
preserving �C = 0 decays of single charm baryons and the
usual hyperon decays.

1 Introduction

The experimental landscape of charm baryon decays has
considerably changed in 2015 through the detection of �+

c
pair production by the BESIII collaboration at the Beijing
e+ e− collider BEPCII [1]. Not only was it now possible
to determine the absolute branching ratios of various non-

Communicated by Wolfgang Hollik.

a e-mail: groote@ut.ee (corresponding author)

leptonic �c decays through tagging techniques (see also
Ref. [2]), but the BESIII collaboration could also deter-
mine the asymmetry parameters of the nonleptonic two-body
decays �+

c → pK 0
S, �0π+, �+π0 and �0π+ [3] (see also

the review [4]). The decay asymmetry parameter of the decay
�0

c → �−π+ was recently measured by the Belle collabo-
ration with the result α�0

c→�−π+ = −0.60 ± 0.04 [5].
Both the absolute branching ratios and the asymmetry

parameters provide essential input for attempts to theoret-
ically understand the nonleptonic two-body decays of charm
baryons. The first Cabibbo suppressed decay �c → p φ was
measured by the CLEO collaboration in 1995 [6], followed
by more precise measurements of this mode later on [7,8].
At a later stage the BESIII collaboration measured the singly
Cabibbo suppressed decay �+

c → p η [9], later on made
more precise in Ref. [10] including an improved upper limit
on the Cabibbo suppressed decay �+

c → p π0. By using
double tag techniques, the BESIII collaboration also iden-
tified the decay �+

c → nK 0
s π+ involving a neutron [11]

which raises the hope that final states including a neutron
can be measured in the future. A considerably larger data
sample of �+

c pairs is expected in the near future at BEPCII.
The rate of �+

c pairs is to be increased by a factor of 16
from a total of about 105 to 1.6 × 106 �+

c pairs [12] which
will considerably enlarge the data sample of �+

c decays. At
the same time an approved energy upgrade will increase the
energy of BEPCII to 4.9 GeV, opening the possibility of �c

pair production. If the energy of the BEPCII could be further
increased to a little above 4.95 GeV one could also detect the
production of �+

c and �0
c pairs.

Absolute values of the branching fractions of the �+
c

and �0
c have recently become available again from the

BELLE collaboration through tagging techniques in the
decays B− → �̄−

c �0
c and B0 → �̄−

c �+
c [13,14]. Using

similar techniques one could also determine the absolute val-
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BESIII collaboration at the Beijing e+e− collider BEPCII

2015: detection of Λ+
c pair production opened new era

BESIII Collaboration, Phys. Rev. Lett. 116 (2016) 052001

asymmetry parameters for Λ+
c → pK 0

S ,Λ
0π+,Σ+π0,Σ0π+

BESIII Collaboration, Phys. Rev. D 100 (2019) 072004

measurement of the SCS processes Λ+
c → pη, pπ0

BESIII Collaboration, Phys. Rev. D 95 (2017) 111102

identification of Λ+
c → nK 0

s π
+ raised hope

to measure also decays with neutrons
BESIII Collaboration, Phys. Rev. Lett. 118 (2017) 112001

upgrade of BEPCII: Λ+
c production rate by factor 16

BESIII Collaboration, Chin. Phys. C 44 (2020) 040001

energy increase up to 4.9 GeV: Σc pairs

energy increase up to 4.95 GeV: Ξ+
c and Ξ0

c pairs

Stefan Groote Nonleptonic decays of heavy baryons



Introduction
Outline of our method

Conclusions and outlook

A short history
Experimental status

Belle Collaboration, LHCb Collaboration

tagging techniques allow for absolute branching ratios
Belle Collaboration, Phys. Rev. Lett. 113 (2014) 042002

measurements of absolute branching ratios of Ξ0
c ,Ξ

+
c

Belle Collaboration, Phys. Rev. Lett. 122 (2019) 082001

Belle Collaboration, Phys. Rev. D 100 (2019) 031101

confirmation of Λ+
c → pη, pπ0

Belle Collaboration, Phys. Rev. D 103 (2021) 072004

possibility to measure DCS decay Ξ+
c → pφ

LHCb Collaboration, JHEP 1904 (2019) 084

charm conserving SCS decay Ξ0
c → Λ+

c π
−

LHCb Collaboration, Phys. Rev. D 102 (2020) 071101

double charmed baryon two-body decay Ξ++
cc → Ξ+

c π
+

LHCb Collaboration, Phys. Rev. Lett. 121 (2018) 162002
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Contributing diagrams

Ia Ib IIa IIb III

current × current quark model

Description of nonleptonic two-body decays by
five generic quark diagrams. To compare with:
decay Σ∗+ → Λ0 + π+ with SU(3) coupling
B10 → B8 + M8 described by invariants

Ĩ1 = Ba[bc]Ba[bc ′]M
c ′
c , Ĩ2 = Ba[bc]Bb[c ′a]M

c ′
c

s u u

s u d d u

Σ
*+

→Λ
0
π

-
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Effective weak current–current Hamiltonian

∆C = 1 Cabibbo favoured (CF) decays

Heff =
GF

2
√

2
VcsV

∗
ud(c+O+ + c−O−) + H.c .

O± = (s̄c)(ūd)± (ūc)(s̄d), (q̄1q2) ≡ q̄1γ
µ(1− γ5)q2

∆C = 1 singly Cabibbo suppressed (SCS) decays

Heff(a) =
GF

2
√

2
VcsV

∗
us(c+O+(a) + c−O−(a)) + H.c .

Heff(b) =
GF

2
√

2
VcdV

∗
ud(c+O+(b) + c−O−(b)) + H.c .

O±(a) = (s̄c)(ūs)± (ūc)(s̄s), O±(b) = (d̄c)(ūd)± (ūc)(d̄d)
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Effective weak current–current Hamiltonian (cont.)

∆C = 1 doubly Cabibbo suppressed (DCS) decays

Heff(c) =
GF

2
√

2
VcdV

∗
us(c+O+(c) + c−O−(c)) + H.c .

O±(c) = (d̄c)(ūs)± (ūc)(d̄s)

∆C = 0 singly Cabibbo suppressed (SCS) decays

Heff(a′) =
GF

2
√

2
VusV

∗
ud(c+O+(a′) + c−O−(a′)) + H.c .

Heff(b′) =
GF

2
√

2
VcdV

∗
cs(c+O+(b′) + c−O−(b′)) + H.c .

O±(a′) = (ūs)(d̄u)± (d̄s)(ūu), O±(b′) = (d̄c)(c̄s)± (c̄c)(d̄s)
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Körner–Pati–Woo (KPW) theorem

Because of unitarity, with Wolfenstein parametrisation one has
VcsV

∗
us = −VcdV

∗
ud + O(λ4) and VcdV

∗
cs = −VusV

∗
ud + O(λ4)

⇒ SCS = SCSa− SCSb

diagrams Ia and Ib factorisable, remaining (IIa, IIb, III)
nonfactorisable W -exchange diagrams

W -exchange contributions are related to the operator
O− = (q̄1q2)(q̄3q4)− (q̄3q2)(q̄1q4) only (KPW theorem)
J. G. Körner, Nucl. Phys. B 25 (1971) 282–290

J. C. Pati and C. H. Woo, Phys. Rev. D 3 (1971) 2920

ground state transitions 1/2+ → 1/2+ + 0−(1−) in Heff(O−)

induced by antisymmetric flavour-changing tensor H
[q2q4]
[q1q3]

diagrams Ia, Ib → (I−1 , I−2 ), diagram IIa → (I3, I4),
diagram IIb → (Î3, Î4), diagram III → I5.
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Seven topological tensor invariants

I−1 (`, `′) = B
a[bc]
` B`

′

a[bc′]M
d
d ′H

[c ′d ′]
[cd ]

I−2 (`, `′) = B
a[bc]
` B`

′

b[c ′a]M
d
d ′H

[c ′d ′]
[cd ]

I3(`, `′) = B
a[bc]
` B`

′

a[b′c ′]M
d
c H

[c ′b′]
[db]

I4(`, `′) = B
b[ca]
` B`

′

a[b′c ′]M
d
c H

[c ′b′]
[db]

Î3(`, `′) = B
a[bc]
` B`

′

a[b′c ′]M
c ′
d H

[db′]
[cb]

Î4(`, `′) = B
a[bc]
` B`

′

b′[c ′a]M
c ′
d H

[db′]
[cb]

I5(`, `′) = B
a[bc]
` B`

′

a′[b′c ′]M
c ′
c H

[a′b′]
[ab]

for baryonic transition `′ → `

u, d, s, c = 1, 2, 3, 4

summation over quark labels

Jacobi identity used:
B`a[bc] + B`b[ca] + B`c[ab] = 0

rearrangement of indices

I ′5(`, `′) =

B
a[bc]
` B`

′

b′[c ′a′]M
c ′
c H

[a′b′]
[ab]

equal to I5(`, `′)

tadpole-type

B
a[bc]
` B`

′

a[bc]M
d
d ′H

[cd ′]
[cd ]

vanishes for ∆C = 1
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Ground state charmed baryon states JP = 1/2+

Notation content SU(3) (I , I3) S C Mass [MeV]

Λ+
c c[ud ] 3 (0, 0) 0 1 2286.46± 0.14

Ξ+
c c[su] 3 (1/2, 1/2) −1 1 2467.95± 0.19

Ξ0
c c[sd ] 3 (1/2,−1/2) −1 1 2470.99± 0.40

Σ++
c cuu 6 (1, 1) 0 1 2453.97± 0.14

Σ+
c c{ud} 6 (1, 0) 0 1 2452.9± 0.4

Σ0
c cdd 6 (1,−1) 0 1 2453.75± 0.14

Ξ′+c c{su} 6 (1/2, 1/2) −1 1 2578.4± 0.5
Ξ′ 0c c{sd} 6 (1/2,−1/2) −1 1 2579.2± 0.5
Ω0
c css 6 (0, 0) −2 1 2695.2± 1.7

Ξ++
cc ccu 3 (1/2, 1/2) 0 2 3621.2± 0.7

Ξ+
cc ccd 3 (1/2,−1/2) 0 2 3621

Ω+
cc ccs 3 (0, 0) −1 2 3710

Stefan Groote Nonleptonic decays of heavy baryons
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SU(4) representations

not concerned with the 20 JP = 3/2+ (C = 0, 1, 2, 3) ground
state baryons belonging to the 20 representation of SU(4), as
these are prevented from contributing as intermediate states
by the KPW theorem.

Together with light baryons p, n, Λ0, Σ+, Σ0, Σ−, Ξ+, Ξ0 the
8 + 12 = 20 JP = 1/2+ ground state baryons belong to the
20’ representation of SU(4)

Stefan Groote Nonleptonic decays of heavy baryons
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HQET decays

nine antitriplet and sextet single charmed baryons in 21
representation of spin–flavour SU(6) ⊃ SU(2)× SU(3),

21 ⊂ 1⊗ 3⊕ 3⊗ 6

Σ++
c , Σ+

c , Σ0
c decay dominantly via one-pion emission

Ξ′+c , Ξ′0c decay dominantly via one-photon emission

remaining Λ+
c , Ξ+

c , Ξ0
c , Ω0

c , Ξ++
cc , Ξ+

cc , Ω+
cc decay via weak

interactions, mostly to JP = 1/2+ baryons and JP = 0− mesons.

This is the main concern of this talk.

M(Bi
H−→ BfMk) =Mfki =

∑
j

I jfkiTj j = 1−, 2−, 3, 4, 3̂, 4̂, 5

Stefan Groote Nonleptonic decays of heavy baryons
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SU(3) properties of Heff(O−)

Y I3 SU(3) ∆I ∆U ∆U3 ∆V

CF H
[su]
[cd ] 2/3 −1 6 1 1 1 0

SCS H
[su]
[cs] −1/3 −1/2 6⊕ 3 1/2 1, 0 0, 0 1/2

H
[du]
[cd ] −1/3 −1/2 6⊕ 3 1/2 1, 0 0, 0 1/2

H
[su]
[cs] − H

[du]
[cd ] −1/3 −1/2 6 1/2 1 0 1/2

DCS H
[du]
[cs] −4/3 0 6 0 1 −1 1

∆C = 0 H
[ud ]
[su] −1 1/2 8 1/2 1 −1 1/2

H
[dc]
[cs] −1 1/2 8 1/2 1 −1 1/2

T. A. Kaeding, “Tables of SU(3) isoscalar factors,”

Atom. Data Nucl. Data Tabl. 61 (1995) 233
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Weight diagrams

+1

+2/3

0

−4/3

−1
−1/3

CF

SCS

a,b

DCS

6

U V

3

Y

I
0

−1/3

+2/3

3
_

−1/2 +1/2

SCS

3

Y

I

a,b

Figure: Weight diagrams of the sextet (left) and antitriplet (right)
representation of the effective weak Hamiltonian. The locations of the
CF, SCS and DCS transitions are marked by a circle dot symbol �.
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An example

Charmed baryon decays Bc(3)
H(6)−→ B(8) + M(8, 1)

SU(3) decomposition of the transitions

3→ 6⊗ 8⊗ 8 = 3 · 3⊕ 4 · 6⊕ 5 · 15⊕ 15 ′⊕ 21⊕ 24⊕ 2 · 42⊕ 60

represents decays of antitriplet charmed baryons Λ+
c , Ξ+

c and Ξ0
c

SCS: cancellation of Heff(c → s; s → u) and
Heff(c → d ; d → u) leads to sextet 6

3 appears three times (Kaeding notation) ⇒
three SU(3) invariant amplitudes, 7− 3 = 4 linear relations

I−1 = I−2 2Î3 + Î4 = 0 I3 + I4 = 2I5 2I−1 = I3 + Î3
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An example (cont.)

I−1 I−2 I3 I4 Î3 Î4 I5

CF 12 Λ+
c → Λ0π+ −2 −2 −2 +4 −2 +4 +1

4
√

3 Λ+
c → Σ0π+ 0 0 +2 0 −2 +4 +1

4
√

3 Λ+
c → Σ+π0 0 0 −2 0 +2 −4 −1

4
√

3 Λ+
c → Σ+ηω 0 0 −2 0 −2 +4 −1

2
√

6Λ+
c → Σ+ηφ 0 0 −2 +2 0 0 0

12Λ+
c → Σ+η8 0 0 +2 −4 −2 +4 −1

6
√

2Λ+
c → Σ+η1 0 0 −4 +2 −2 +4 −1

2
√

6 Λ+
c → pK̄ 0 +1 +1 +2 −2 0 0 0

2
√

6 Λ+
c → Ξ0K+ 0 0 0 −2 0 0 −1

. . . and a lot more decays (in total: 196)
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S- and P-wave amplitudes

Current algebra approach

〈BfMk |Heff |Bi 〉 = ψ̄f (Afki − Bfkiγ5)ψi

parity violating S-wave amplitude

Afki = Afac
fki +Apole

fki +Acom
fki

parity conserving P-wave amplitude

Bfki = Bfac
fki + Bpole

fki + Bcom
fki

factorising contributions related to invariants I−1 and I−2
nonfactorising pole and commutator contributions related to
the remaining invariants I3, I4, Î3, Î4 and I5
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Parity violating S-wave amplitude Acom
fki

Acom
fki =

√
2

fk
〈Bf |[Mk ,Hpc

eff ]|Bi 〉

=

√
2

fk

(∑
`

〈Bf |Mk |B`〉〈B`|Hpc
eff |Bi 〉

−
∑
`′

〈Bf |Hpc
eff |B`′〉〈B`′ |Mk |Bi 〉

)
= Acom

fki (s)−Acom
fki (u)

∼
∑
`

I ffk`I
pc
`i −

∑
`′

I pc
f `′ I

f
`′ki

(fk pseudoscalar coupling)

B1

Bl

B2

M

B1

Bl’

B2

M

s-channel contribution (left)
u-channel contribution (right)

f -type matrix element I f`′k` = 〈B`′ |Mk |B`〉 = 4(Ĩ1)`′k` + 2(Ĩ2)`′k`
composed of strong tensor invariants Ĩ1 and Ĩ2 (cf. before)
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Orthonormality and completeness

Orthonormality relation∑
k,m,n

B
k[mn]
` B`

′

k[mn] = δ`
′
`

Completeness relation

∑
`

B`k[mn]B
b[cd ]
` =

2

6
(δbkδ

c
mδ

d
n − δbkδdmδcn)

−1

6
(δbmδ

c
nδ

d
k − δbmδdn δck)− 1

6
(δbnδ

c
kδ

d
m − δbnδdk δcm)

used in order to expand s- and u-channel into tensor invariants, e.g.

(Ĩ1)fk`I
pc
` i = B

a[bc]
f (Mk)c

′
c B

`
a[bc′]B

r [st]
` B i

r [a′b′]H
[a′b′]
[st] = 2

3 I3−
1
3 I4 + 2

3 I5
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Parity conserving P-wave amplitude Bpole
fki

Parity violating pole contribution neglected,

Apole
fki = −

∑
`

gfk` b` i
mi −m`

−
∑
`′

bf `′ g`′ki
mf −m`′

= Apole
fki (s)+Apole

fki (u)

as b``′ = 〈B`|Hpv
eff |B`′〉 � 〈B`|H

pc
eff |B`′〉 = a``′

For the same reason, partity conserving commutator skipped,

Bcom
fki ∼

(∑
`

I ffk`I
pv
`i −

∑
`′

I pv
f `′ I

f
`′ki

)
Remaining is parity conserving P-wave amplitude

Bpole
fki =

∑
`

gfk` a` i
mi −m`

+
∑
`′

af `′ g`′ki
mf −m`′

= Bpole
fki (s) + Bpole

fki (u)

(Goldberger–Treiman relation gfk` =
√

2(mf + m`)g
A
fk`/fk)

=

√
2

fk

(∑
`

gA
fk`

mf + m`

mi −m`
a` i +

∑
`′

af `′
mi + m`′

mf −m`′
gA
`′ki

)
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Conclusions

Further calculations done with quark models
Calculation of branching ratios feasible from algebra
Statments about forbidden decays (within the model)
Development of sum rules

Problem

Ξ+
c → Ξ′0(1530)π+ forbidden by KPW theorem if Ξ+

c belongs
strictly to the antitriplet 3 but measured by Belle with clear signal

M. Sumihama et al. [Belle Coll.], Phys. Rev. Lett. 122 (2019) 072501

C.-Q. Geng, C.-W. Liu, T.-H. Tsai, Phys. Rev. D 99 (2019) 114022

Solution

Substancial portion of Ξ+
c made of the sextet 6

C.-Q. Geng, X.-N. Jin, C.-W. Liu, Phys. Lett. B 838 (2023) 137736

(correspondence with Chia-Wei Liu, Nov. 2022)
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Refine the covariantized constituent quark model and extend it
to include also SCS and DCS decays of single charmed baryons

J. G. Körner and M. Krämer, Z. Phys. C 55 (1992) 659

Work on charmed baryon pair production in e+e− collisions

Charmed baryon production via Intrinsic Charm (IC) mechanism
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