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Charmed baryons

•
SU(3) (u,d,s): M. Gell-Mann, G.Zweig, 1964

•
SU(4) (u,d,s,):. B.J. Bjorken, S.L. Glashow (1964)

S. L. Glashow, J. Iliopoulos, L. Maiani (GIM mehanism) (1970)

•
Charmed baryons: A. De R�ujula, H. Georgi, S.L. Glashow, 1975.

•
Numerous states with harm C=0 and C=1 was disovered.

•
Three weakly deaying baryons with C=2 expeted:

Ξ++
cc = ccu and Ξ+

cc = ccd isospin doublet

Ω+
cc = ccs isospin singlet

•
Tremendous theoretial ativities in desribing doubly heavy baryon:

•
Likhoded, Kiselev et al. (nonrelativisti potential model, nonrelativisti QCD SR)

•
Faustov, Galkin et al. (relativisti quark model)

•
Dhir, Sharma at al. (e�etive quark mass sheme)

•
Chang, Li et al. (non-relativisti harmoni osillator model)

•
Karliner, Rosner et al. (masses in naive quark model)

•
Hern�andez, Nieves et al. (nonrelativisti quark model)

•
Aliev, Azizi et al. (QCD SR)

•
Ivanov, K�orner, Lyubovitskij et al. (quark on�nement model)

•
...
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Charmed baryons in SU(4): 4 ⊗ 4 ⊗ 4 = 20S ⊕ 20M ⊕ 20′M ⊕ 4A

15. Quark model 13

Figure 15.4: SU(4) multiplets of baryons made of u, d, s, and c quarks. (a) The
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Observation of the doubly harmed baryon Ξ++
cc

LHCb ollaboration reported:

•
Observation of the Ξ++

cc in the Λ+
c K−π−π+

mass spetrum.

The mass was found to be

MΞ++
cc

= 3621.40 ± 0.78MeV

•
Measurement of the lifetime:

τΞ++
cc

= 0.256 ± 0.027 ps

•
Observation of the deay:

Ξ++
cc → Ξ+

c + π+
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Semileptoni deays of baryons

ℓ ν̄ℓ

•
Likhoded, Kiselev et al. (nonrelativisti potential model)

•
Wang, Xing et al. (�avor SU(3) symmetry)

•
Zhao (quark-diquark model)

•
Albertus, Hernandez et al. (nonrelativisti quark model)

•
Faustov, Galkin et al. (relativisti quark model)

•
Shi, Wang et al. (QCD Sum Rule)

•
Ivanov, K�orner, Lyubovitskij et al. (quark on�nement model)

• ·
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Nonleptoni two-body weak deays of baryons

•
Ground states of baryons with JP = 1

2

+
an deay only weakly via the

internal W -exhange.

•
The nonleptoni two-body deays of baryons have �ve di�erent

olor-�avor quark topologies.

•
They an be divided into two groups:

•
reduible tree-diagrams

•
irreduible W�exhange diagrams

•
The tree-diagrams are fatorized into the lepton deay of the emitted

meson and the baryon-baryon transition matrix elements of the weak

urrents.

• W �exhange diagrams are more di�ult to evaluate from �rst priniples.

•
First attempts to estimate the W �exhange ontributions have been

made by using a pole model approah.

•
It was shown that W �exhange ontributions are sizeable and annot be

negleted.
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Topology of nonleptoni weak deays

Ia Ib

Tree diagrams

IIa IIb III

W-exchange diagrams
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Classi�ation of two-body nonleptoni deays

Ia Ib IIa IIb III

Ξ++
cc → Σ

(∗) ++
c + K̄ (∗) 0

-

√ − − −
Ξ++

cc → Ξ
(′,∗) +
c + π+(ρ+)

√ − − √ −
Ξ++

cc → Σ(∗) + + D (∗)+ − − − √ −
Ξ+

cc → Ξ
(′,∗) 0
c + π+(ρ+)

√ − √ − −
Ξ+

cc → Λ+
c (Σ

(∗)+
c ) + K̄ (∗)0 − √ √ − −

Ξ+
cc → Σ

(∗)++
c + K (∗)− − − √ − −

Ξ+
cc → Ξ

(′,∗) +
c + π0(ρ0) − − √ √ −

Ξ+
cc → Ξ

(′,∗) +
c + η(η′) − − √ √ −

Ξ+
cc → Ω

(∗) 0
c + K (∗) + − − √ − −

Ξ+
cc → Λ0(Σ(∗)0) + D (∗)+ − − − √ √

Ξ+
cc → Σ(∗)+ + D (∗)0 − − − − √

Ξ+
cc → Ξ(∗)0 + D

(∗)+
s − − − − √

Ω+
cc → Ξ

(′,∗) +
c + K̄ (∗)0 − √ − √ −

Ω+
cc → Ξ(∗) 0 + D (∗)+ − − − √ −

Ω+
cc → Ω

(∗) 0
c + π+(ρ+)

√ − − − −



Introdution Weak nonleptoni deays of doubly harmed baryons Weak deays of Λ-hyperon

Tree-diagrams

There are two lasses of tree-diagram deays

•
The �rst lass of deays is solely ontributed to by the two topologies Ia

and Ib.

B1(q1 q2 q3) → B2(q
′

1 q
′

2 q
′

3) +M(qmq̄n̄) .

A neessary ondition for the ontribution of the fatorizing lass of

deays is that a quark pair qiqj = q′

i q
′

j is shared by the parent and

daughter baryon B1 and B2, respetively. A su�ient ondition for the

fatorizing lass of deays is that (i) qm is not among q1, q2, q3 and (ii)

qn̄ is not among q′

1, q
′

2, q
′

3.

Ξ++
cc → Σ(∗)++

c + K̄
(∗)0 Ω+

cc → Ω(∗)0
c + π+(ρ+)

whih proeed via the tree graphs alone.

•
The seond lass of deays involves in addition to the tree topologies

also the W �exhange topologies IIb whih do not ontribute beause of

the K�orner, Pati, and Woo (KPW) theorem. There are two groups of

deays that belong to this lass given by

Ξ++
cc → Ξ′(∗)+

c + π+(ρ+) Ω+
cc → Ξ′(∗)+

c + K̄
(∗)0
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Nonleptoni double harmed baryon deays

We will onsider the deays that belong to the same topology lass:

Ξ++
cc → Ξ+

c (Ξ′+
c ) + π+(ρ+) T-Ia and W-IIb

Ω+
cc → Ξ+

c (Ξ′+
c ) + K̄ 0(K∗ 0) T-Ib and W-IIb

Quantum numbers and interpolating urrents:

Baryon JP Interpolating urrent Mass (MeV)

Ξ++
cc

1
2

+
εabc γ

µγ5 ua(cbCγµcc) 3620.6

Ω+
cc

1
2

+
εabc γ

µγ5 sa(cbCγµcc) 3710.0

Ξ
′+
c

1
2

+
εabc γ

µγ5 ca(ubCγµsc) 2577.4

Ξ+
c

1
2

+
εabc ca(ubCγ5sc) 2467.9
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K�orner-Pati-Woo (KPW) theorem

J.G. K�orner, Nul. Phys. B25, 282 (1971); J.C. Pati and C.H. Woo, Phys. Rev. D3, 2920 (1971)

The W �exhange ontributions to the above deays fall into two lasses:

•
The deays with a Ξ′+

c -baryon ontaining a symmetri {us} diquark

desribed by the interpolating urrent εabc (ubCγµsc).

•
The W �exhange ontribution is strongly suppressed due to the KPW

theorem whih states that the ontration of the �avor antisymmetri

urrent-urrent operator with a �avor symmetri �nal state on�guration

is zero in the SU(3) limit.

•
The deays with a Ξ+

c -baryon ontaining an antisymmetri [us] diquark
desribed by the interpolating urrent εabc (ubCγ5sc).

•
In this ase the W �exhange ontribution is not a priori suppressed.
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E�etive Hamiltonian and nonloal quark urrents

The e�etive Hamiltonian desribing the s̄c → ūd transition is given by

Heff = − GF√
2
VcsV †

ud (C1 Q1 + C2 Q2)

Q1 = (s̄aOLcb)(ūbOLda) Q2 = (s̄aOLca)(ūbOLdb)

The notation is Oµ
L/R = γµ(1 ∓ γ5).

The nonloal version of the interpolating urrents:

JB(x) =

∫
dx1

∫
dx2

∫
dx3 FB(x ; x1, x2, x3) εa1a2a3Γ1qa11 (x1)

(
qa22 (x2)CΓ2qa33 (x3)

)

FB = δ(4)
(
x −

3∑

i=1

wixi
)
ΦB

(∑

i<j

(xi − xj )2
)

where wi = mi/(
3∑

j=1

mj) and mi is the quark mass. Γ1, Γ2 are the Dira

strings of the initial and �nal baryons.
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Matrix elements

tree diagrams Ia, Ib W-exchange diagram IIb

B1 B2

M

B1 B2

M

< B2 M|Heff |B1 >=
GF√
2
VcsV †

ud ū(p2)
(
12CT MT+12 (C1 − C2)MW

)
u(p1).

CT =

{
CT = +(C2 + ξC1) harged meson

CT = −(C1 + ξC2) neutral meson

The fator of ξ = 1/Nc is set to zero in the numerial alulations.
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Tree-diagram ontribution: fatorization

The ontribution from the tree diagram fatorizes into two piees:

MT = M (1)
T ·M (2)

T

M (1)
T = Nc gM

∫
d 4k

(2π)4i
Φ̃M(−k2) tr

[
OLSd (k − wdq)ΓMSs(u)(k + ws(u)q)

]

M (2)
T = gB1gB2

∫
d 4k1
(2π)4i

∫
d 4k2
(2π)4i

Φ̃B1

(
− ~Ω 2

1

)
Φ̃B2

(
− ~Ω 2

2

)

× Γ1Sc(k2)γµSc(k1 − p1)ORSu(s)(k1 − p2)Γ̃2Ss(u)(k1 − k2)γµγ5

The M (1)
T is related to the leptoni deay onstants:

M (1)
T =

{ −fP · q pseudosalar meson

+fVmV · ǫV vetor meson
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W-exhange diagram ontribution: no fatorization

MW = gB1gB2gM
∫

d 4k1
(2π)4i

∫
d 4k2
(2π)4i

∫
d 4k3
(2π)4i

Φ̃B1

(
− ~Ω 2

1

)
Φ̃B2

(
− ~Ω 2

2

)
Φ̃M(−P2)

× 2Γ1Sc(k1)γµSc(k2)(1 − γ5)Sd(k2 − k1 + p2)ΓMSs(u)(k2 − k1 + p1)γµγ5

× tr

[
Su(s)(k3)Γ̃2Ss(u)(k3 − k1 + p2)(1 + γ5)

]

Here Γ1⊗Γ̃2 = I⊗γ5 for B2 = Ξ+
c and −γνγ5⊗γν

for B2 = Ξ′+
c .

To verify the KPW theorem in the ase of B2 = Ξ′+
c we use the identity

tr

[
Su(k3)γνSs(k3 − k1 + p2)] = − tr

[
Ss(−k3 + k1 − p2)γνSu(−k3)

]

Then by shifting k3 → −k3 + k1 − p2 one gets the same expression with

opposite sign and u ↔ s interhange. Thus, if mu = ms then MW ≡ 0.

It diretly on�rms the KPW�theorem.
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Invariant and heliity amplitudes

The transition amplitudes in terms of invariant amplitudes:

< B2 P|Heff |B1 > =
GF√
2
VcsV †

ud ū(p2) (A+ γ5 B) u(p1)

< B2 V |Heff |B1 > =
GF√
2
VcsV †

ud

× ū(p2) ǫ∗Vδ

(
γδVγ + pδ

1Vp + γ5γ
δV5γ + γ5pδ

1 V5p

)
u(p1)

The heliity amplitudes in terms of invariant amplitudes:

HV
1
2
t

=
√
Q+ A HA

1
2
t
=

√
Q− B

HV
1
2
0

= +
√
Q−/q2

(
m+ Vγ + 1

2
Q+ Vp

)
HV

1
2
1
= −

√
2Q− Vγ

HA
1
2
0

= +
√
Q+/q2

(
m− V5γ + 1

2
Q− V5p

)
HA

1
2
1
= −

√
2Q+ V5γ

Here m± = m1 ± m2, Q± = m2
± − q2

and |p2| = λ1/2(m2
1,m2

2, q2)/(2m1).

The parity relations: HV
−λ2,−λM = +HV

λ2,λM ,HA
−λ2,−λM = −HA

λ2,λM
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Deay widths

The semileptoni deay widths read

Γ(B1 → B2 + ℓ+ νℓ) =

∫ (M1−M2)
2

0

dq2 d Γ(B1 → B2 + ℓ+ νℓ)

dq2
,

d Γ(B1 → B2 + ℓ+ νℓ)

dq2
=

1

192π
G 2
F
|p2|q2

M2
1

|Vij |2 HV .

The two-body deay widths read

Γ
(
B1 → B2 + P(V )

)
=

G 2
F

32π
|VcsV †

ud |
2 |p2|
m2

1

HP(V )

HP =
∣∣∣H 1

2
t

∣∣∣
2

+
∣∣∣H

−
1
2
t

∣∣∣
2

,

HV =
∣∣∣H 1

2
0

∣∣∣
2

+
∣∣∣H

−
1
2
0

∣∣∣
2

+
∣∣∣H 1

2
1

∣∣∣
2

+
∣∣∣H

−
1
2

−1

∣∣∣
2

,

where H = HV − HA
.
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Semileptoni deays

Cabibbo-favored semileptoni deays of double heavy harm baryons indued

by the harm level c → s transition (ℓ = e+, µ+
).

Γ [10−13
�ýÂ℄ Γ [10−13

�ýÂ℄ B [%]

1/2+ → 1/2+

Ξ++
cc → Ξ+

c + ℓ+νℓ 0.70 0.77 ± 0.37 [1℄ 2.72

Ξ++
cc → Ξ

′+
c + ℓ+νℓ 0.97 0.53 ± 0.35 [1℄ 3.76

Ξ+
cc → Ξ0

c + ℓ+νℓ 0.69 0.77 ± 0.37 [1℄ 2.00

Ξ+
cc → Ξ

′0
c + ℓ+νℓ 0.97 0.53 ± 0.35 [1℄ 2.79

Ω+
cc → Ω0

c + ℓ+νℓ 1.82 1.25 ± 0.80 [1℄ 7.07

1/2+ → 3/2+

Ξ++
cc → Ξ∗+

c + ℓ+νℓ 0.22 � 0.86

Ξ+
cc → Ξ∗0

c + ℓ+νℓ 0.22 � 0.64

Ω+
cc → Ω∗0

c + ℓ+νℓ 0.40 0.32 [2℄ 1.27

[1℄ Y. J. Shi, W. Wang and Z. X. Zhao, Eur. Phys. J. C 80, no.6, 568 (2020).

[2℄ Z. X. Zhao, Eur. Phys. J. C 78, no.9, 756 (2018).
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Tree-diagrams 1/2+ → 1/2+ + 0−

Γ [10−13
GeV℄ B [%℄ PB2

Ξ++
cc → Σ++

c + K̄ 0
0.32 1.25 -0.96

Ξ++
cc → Ξ

′ +
c + π+

0.78 3.03 -0.94

Ω+
cc → Ξ

′ +
c + K̄ 0

0.17 0.54 -0.97

Ω+
cc → Ω0

c ++π+
1.58 5.05 -0.94
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Tree-diagrams 1/2+ → 1/2+ + 1−

Γ [10−13
GeV℄ B [%℄ FL FT PB2

Ξ++
cc → Σ++

c + K̄∗0
1.44 5.61 0.47 0.53 -0.82

Ξ++
cc → Ξ′+

c + ρ+ 4.14 16.10 0.49 0.51 -0.74

Ω+
cc → Ξ′+

c + K̄∗0
0.75 2.39 0.45 0.55 -0.79

Ω+
cc → Ω0

c + ρ+ 8.29 26.44 0.48 0.52 -0.71



Introdution Weak nonleptoni deays of doubly harmed baryons Weak deays of Λ-hyperon

Tree-diagrams 1/2+ → 3/2+ + 0−

1/2+ → 3/2+ + 0− Γ [10−13
GeV℄ Γ [10−13

GeV℄ B [%]

Ξ++
cc → Σ∗++

c + K̄ 0
0.06 0.25

Ξ++
cc → Ξ∗+

c + π+
0.16 0.63

Ω+
cc → Ξ∗+

c + K̄ 0
0.03 0.10

Ω+
cc → Ω∗0

c + π+
0.31 0.43 [2℄ 1.00
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Tree-diagrams 1/2+ → 3/2+ + 1−

1/2+ → 3/2+ + 1− Γ [10−13
GeV℄ Γ [10−13

GeV℄ B [%]

Ξ++
cc → Σ∗++

c + K̄∗0
0.42 1.62

Ξ++
cc → Ξ∗ ′+

c + ρ+ 1.15 0.485 [2℄ 4.48

Ω+
cc → Ξ∗ ′+

c + K̄∗0
0.21 0.67

Ω+
cc → Ω∗0

c + ρ+ 2.23 0.99 [2℄ 7.11
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Tree-diagrams 1/2+ → 3/2+ + 1−

1/2+ → 3/2+ + 1− FP
L FP

T F
′P
T

Ξ++
cc → Σ∗++

c + K̄∗0
-0.01 -0.10 -0.31

Ξ++
cc → Ξ∗ ′+

c + ρ+ -0.01 -0.08 -0.24

Ω+
cc → Ξ∗ ′+

c + K̄∗0
-0.01 -0.10 -0.30

Ω+
cc → Ω∗0

c + ρ+ -0.01 -0.08 -0.24
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Ω+
cc → Ξ′+

c + K̄ 0(K̄∗ 0)

Heliity Tree diagram W diagram total

HV
1
2
t

0.20 −0.01 0.19

HA
1
2
t

0.25 −0.01 0.24

Γ(Ω+
cc → Ξ′+

c + K̄ 0) = 0.15 · 10−13
GeV

HV
1
2
0

−0.25 0.04 × 10−1 −0.25

HA
1
2
0

−0.50 0.01 −0.49

HV
1
2
1

0.27 −0.01 0.26

HA
1
2
1

0.56 0.04 × 10−2 0.56

Γ(Ω+
cc → Ξ′+

c + K̄∗ 0) = 0.74 · 10−13
GeV
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Ω+
cc → Ξ+

c + K̄ 0(K̄∗ 0)

Heliity Tree diagram W diagram total

HV
1
2
t

−0.35 1.06 0.71

HA
1
2
t

−0.10 0.31 0.21

Γ(Ω+
cc → Ξ+

c + K̄ 0) = 0.95 · 10−13
GeV

HV
1
2
0

0.50 −0.69 −0.19

HA
1
2
0

0.18 −0.45 −0.27

HV
1
2
1

−0.11 −0.24 −0.35

HA
1
2
1

−0.18 0.66 0.48

Γ(Ω+
cc → Ξ+

c + K̄∗ 0) = 0.62 · 10−13
GeV
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Ξ++
cc → Ξ′+

c + π+(ρ+)

Heliity Tree diagram W diagram total

HV
1
2
t

−0.38 −0.01 −0.39

HA
1
2
t

−0.55 −0.02 −0.57

Γ(Ξ++
cc → Ξ′+

c + π+) = 0.82 · 10−13
GeV

HV
1
2

0
0.60 0.04 × 10−1 0.61

HA
1
2

0
1.20 0.01 1.21

HV
1
2

1
−0.49 −0.01 −0.50

HA
1
2

1
−1.27 0.01 × 10−1 −1.27

Γ(Ξ++
cc → Ξ′+

c + ρ+) = 4.27 · 10−13
GeV
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Ξ++
cc → Ξ+

c + π+(ρ+)

Heliity Tree diagram W diagram total

HV
1
2
t

−0.70 0.99 0.29

HA
1
2
t

−0.21 0.30 0.09

Γ(Ξ++
cc → Ξ+

c + π+) = 0.18 · 10−13
GeV

HV
1
2
0

1.17 −0.70 0.47

HA
1
2
0

0.45 −0.44 0.003

HV
1
2
1

−0.20 −0.23 −0.43

HA
1
2
1

−0.41 0.62 0.21

Γ(Ξ++
cc → Ξ+

c + ρ+) = 0.63 · 10−13
GeV
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Comparison with other approahes. Abbr.: M=NRQM, T=HQET

Mode Width (in 10−13
GeV)

our Dhir Jiang Wang Yu Likhoded

Ω+
cc → Ξ′+

c + K̄ 0
0.15 0.31 (M)

0.59 (T)

Ω+
cc → Ξ+

c + K̄ 0
0.95 0.68 (M)

1.08 (T)

Ω+
cc → Ξ′+

c + K̄∗ 0
0.74 2.64+2.72

−1.79

Ω+
cc → Ξ+

c + K̄∗ 0
0.62 1.38+1.49

−0.95

Ξ++
cc → Ξ′+

c + π+
0.82 1.40 (M) 1.10

1.93 (T)

Ξ++
cc → Ξ+

c + π+
0.18 1.71 (M) 1.57 1.58 2.25

2.39 (T)

Ξ++
cc → Ξ′+

c + ρ+
4.27 4.25+0.32

−0.19 4.12 3.82

Ξ++
cc → Ξ+

c + ρ+
0.63 4.11+1.37

−0.86 3.03 2.76 6.70
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Estimating unertainties in the deay widths

•
The only free parameter in our approah is the size parameter Λcc .

•
We have hosen Λcc = Λc = 0.8675 GeV.

•
To estimate the unertaintity aused by the hoie of the size parameter we

allow the size parameter to vary from 0.6 to 1.135 GeV.

•
We evaluate the mean Γ̄ =

∑
Γi/N and the mean square deviation

σ2 =
∑

(Γi − Γ̄)2/N.
•

The rate errors amount to 6 − 15%.

Mode Width (in 10−13
GeV)

Ω+
cc → Ξ′+

c + K̄0 0.14± 0.01

Ω+
cc → Ξ′+

c + K̄∗ 0 0.72± 0.06

Ω+
cc → Ξ+

c + K̄0 0.87± 0.13

Ω+
cc → Ξ+

c + K̄∗ 0 0.58± 0.07

Ξ++
cc → Ξ′+

c + π+ 0.77± 0.05

Ξ++
cc → Ξ′+

c + ρ+ 4.08± 0.29

Ξ++
cc → Ξ+

c + π+ 0.16 ± 0.02

Ξ++
cc → Ξ+

c + ρ+ 0.59± 0.04
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Λ-hyperon

•
Mass of Λ-hyperon mΛ = 1.115683 ± 0.000006 GeV.

•
Mean life of Λ-hyperon τΛ = 2.632 ± 0.020 · 10−10

s.

•
Modes

Br(Λ → pπ−) = (63.9± 0.5)%,

Br(Λ → nπ0) = (35.8± 0.5)%

.

•
Approahes and authors:

•
Sakurai, Balahandran, Nussinov et al.(vetor-meson dominane and

urrent algebra)

•
Nakagawa, Tro�menko� et al. (nonrelativisti model)

•
Shifman, Vainshtein et al. (e�etive �eld theory)

•
Nardulli et al.(pole model)

•
Wu, Rosner et al. (onstituent quarks model)

•
Donoghue, Praszalowiz et al. (Skyrme model)

•
Gali, Tadi (MIT bag model)

•
. . .
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There are two lasses of the Feynman diagrams generating matrix elements

of these proesses:

•
short-distane (SD) diagrams,

•
long-distane (LD) or pole diagrams.

Heff

B1 Bres B2

M

Heff

B1 B′

res
B2

M Heff

B1 B2

Mres

M
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Matrix element

Matrix element of

1
2

+ → 1
2

+
+ 0− deay reads

M(B1 → B2 +M) = MSD(B1 → B2 +M)

+MLD1(B1 → Bres → B2 +M) +MLD2(B1 → B
′

res +M → B2 +M) ,

MSD = i
4
ū(p2) ΓB1B2M(p1, p2, q) u(p1) ,

MLD1 = i
6

∫
d4k

(2π)4i
ū(p2) ΓBresMB2 (k , p2, q)SBres

(k) ΓB1Bres
(p1, k) u(p1) ,

MLD2 = i
6

∫
d4k

(2π)4i
ū(p2) ΓBresB2 (k ,p2)SBres

(k) ΓB1MBres
(p1, k , q) u(p1) ,

The propagator of the

1
2

+
resonanes is the ordinary Dira propagator,

S(p) =
1

mres− 6p =
mres+ 6p
m2

res − p2
.



Introdution Weak nonleptoni deays of doubly harmed baryons Weak deays of Λ-hyperon

Feynman diagrams

Слабый

Слабый

переход

переход переходСильный
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The invariant matrix elements for the pole diagrams with intermediate

1
2

+
resonanes

M̃LD1
≡ M̃n = ū(p2)

(
An + γ5Bn

)
u(p1) ,

An = −BΛn(Cnπp −mΛDnπp)

mn +mΛ
, Bn = −AΛn(Cnπp +mΛDnπp)

mn −mΛ
,

M̃LD2
≡ M̃Σ = ū(p2)

(
AΣ + γ5BΣ

)
u(p1) ,

AΣ = −BΣ+p(CΛπΣ+ −mpDΛπΣ+)

mΣ +mp

, BΣ = −AΣ+p(CΛπΣ+ +mpDΛπΣ+)

mΣ −mp

,(1)
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Dependene of the heliities PI ≡ HV
1/2 t and P5 ≡ HA

1/2 t on the size

parameter in the ase of the neutron resonane. Left panel: the deay

Λ → p + π; right panel: the deay Λ → n + π.
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Λ → pπ−

SD ontibutions to the amplitudes A and B of the deay Λ → pπ−
in units of

GeV

2
.

Ia IIa IIb III Sum(SD)

A SD −0.372 · 10−1 0.269 · 10−3 0.300 · 10−1 0.213 · 10−1 0.144 · 10−1

B SD −0.345 −0.116 0.167 −0.452 −0.746

LD ontibutions to the amplitudes A and B of the deay Λ → pπ−
in units of

GeV

2
.

n Σ+ K K∗ 1
2

−

Sum(LD)

ALD −2.1 · 10−3
−9.5 · 10−3 0 2.6 · 10−2 0.9 · 10−1 1.1 · 10−1

BLD −2.55 2.3 · 10−1 2.8 · 10−2 0 0 −2.3
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Λ → nπ0

SD ontibutions to the amplitudes A and B of the deay Λ → nπ0
in units of

GeV

2
.

Ib IIa IIb III Sum(SD)

A SD −0.120 · 10−1 0.190 · 10−3 0.211 · 10−1 0.150 · 10−1 0.243 · 10−1

B SD −0.112 −0.82 · 10−1 0.119 −0.319 −0.394

LD ontibutions to the amplitudes A and B of the deay Λ → nπ0
in units of

GeV

2
.

n Σ0 K K∗ 1
2

−

Sum

ALD −1.5 · 10−3
−6.6 · 10−3 0 8.4 · 10−3 6.2 · 10−2 0.6 · 10−1

BLD −1.83 1.6 · 10−1 0.9 · 10−2 0 0 −1.67
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THANK YOU FOR YOUR

ATTENTION
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