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Data From PDG. [C.Amsler et al., Phys. Lett. B 667 1 (2008)]

Λ(1405), S01, I(JP) = 0(1
2
−
), Status: ∗ ∗ ∗∗

Mass: 1406.5± 4.0 MeV
Total decay width: 50± 2 MeV

Table: Λ(1405) Decays Data

Mode Decay width (Γi (MeV))
Σπ 50± 2

Σγ[1]

Λγ[1]

[1] ΓΣγ = 10 ± 4 or 23 ± 7 keV, and ΓΛγ = 27 ± 8 keV, obtained by isobar
model calculations, H. Burkhardt and J. Lowe, Phys. Rev. C 44, 607 (1991).
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Motivation of Our Work

Strong decay width of Λ(1405): result from CQM much
smaller than data [Koniuk and Isgur, Phys. Rev. D 21, 1868 (1980)]

Mixed structure of Λ(1405) required by QCD Sum rule:
[Nakamura et al., Phys. Lett. B 662, 132 (2008).]

Extended CQM:
N(1535):

Axial charge: [An and Riska, Eur. Phys. J. A 37, 263 (2008)];
Helicity amplitude Ap

1/2: [An and Zou, Eur. Phys. J. A 39, 195
(2009)].

N(1440):
Helicity amplitude Ap

1/2: [Li and Riska, Phys. Rev. C 74,
015202 (2006)];
Mass: [Julia-Diaz and Riska, Nucl. Phys. A 780, 175 (2006)].
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Λ(1405) in the extended CQM
The Λ(1405)-Meson-Baryon Couplings

Wave Function for Λ(1405) in ECQM.

Baryons in ECQM:

|B〉 = A(B)3q |qqq〉 + A(B)5q

∑
i

Ai |qqqqi q̄i〉 + · · · . (1)

Configuration mixing [Koniuk and Isgur, Phys. Rev. D 21, 1868 (1980)]:

|Λ(1405)〉 = 0.90|Λ2
1PA〉 − 0.43|Λ2

8PM〉 + 0.06|Λ4
8PM〉 , (2)

qqq component:

|Λ(1405)2
1PA,

1
2

−
〉 =

1√
6
|Λ〉aXaΦΛ∗(~qλ, ~qρ) , (3)

|Λ(1405)2
8PM ,

1
2

−
〉 = − 1

2
√

3
(|Λ〉λXλ + |Λ〉ρXρ)ΦΛ∗(~qλ, ~qρ) , (4)

|Λ(1405)4
8PM ,

1
2

−
〉 =

1
2
√

3
(|Λ〉λX

′
λ + |Λ〉ρX

′
ρ)ΦΛ∗(~qλ, ~qρ) . (5)

Chunsheng An and Bijan Saghai MESON 2010, KRAKÓW, POLAND, 10-15 June 2010



Introduction
Our Approach/Results

Conclusion and Outlook

Λ(1405) in the extended CQM
The Λ(1405)-Meson-Baryon Couplings

Wave Function for Λ(1405) in ECQM.

Baryons in ECQM:

|B〉 = A(B)3q |qqq〉 + A(B)5q

∑
i

Ai |qqqqi q̄i〉 + · · · . (1)

Configuration mixing [Koniuk and Isgur, Phys. Rev. D 21, 1868 (1980)]:

|Λ(1405)〉 = 0.90|Λ2
1PA〉 − 0.43|Λ2

8PM〉 + 0.06|Λ4
8PM〉 , (2)

qqq component:

|Λ(1405)2
1PA,

1
2

−
〉 =

1√
6
|Λ〉aXaΦΛ∗(~qλ, ~qρ) , (3)

|Λ(1405)2
8PM ,

1
2

−
〉 = − 1

2
√

3
(|Λ〉λXλ + |Λ〉ρXρ)ΦΛ∗(~qλ, ~qρ) , (4)

|Λ(1405)4
8PM ,

1
2

−
〉 =

1
2
√

3
(|Λ〉λX

′
λ + |Λ〉ρX

′
ρ)ΦΛ∗(~qλ, ~qρ) . (5)

Chunsheng An and Bijan Saghai MESON 2010, KRAKÓW, POLAND, 10-15 June 2010



Introduction
Our Approach/Results

Conclusion and Outlook

Λ(1405) in the extended CQM
The Λ(1405)-Meson-Baryon Couplings

Wave Function for Λ(1405) in ECQM.

Baryons in ECQM:

|B〉 = A(B)3q |qqq〉 + A(B)5q

∑
i

Ai |qqqqi q̄i〉 + · · · . (1)

Configuration mixing [Koniuk and Isgur, Phys. Rev. D 21, 1868 (1980)]:

|Λ(1405)〉 = 0.90|Λ2
1PA〉 − 0.43|Λ2

8PM〉 + 0.06|Λ4
8PM〉 , (2)

qqq component:

|Λ(1405)2
1PA,

1
2

−
〉 =

1√
6
|Λ〉aXaΦΛ∗(~qλ, ~qρ) , (3)

|Λ(1405)2
8PM ,

1
2

−
〉 = − 1

2
√

3
(|Λ〉λXλ + |Λ〉ρXρ)ΦΛ∗(~qλ, ~qρ) , (4)

|Λ(1405)4
8PM ,

1
2

−
〉 =

1
2
√

3
(|Λ〉λX

′
λ + |Λ〉ρX

′
ρ)ΦΛ∗(~qλ, ~qρ) . (5)

Chunsheng An and Bijan Saghai MESON 2010, KRAKÓW, POLAND, 10-15 June 2010



Introduction
Our Approach/Results

Conclusion and Outlook

Λ(1405) in the extended CQM
The Λ(1405)-Meson-Baryon Couplings

Wave Function for Λ(1405) in ECQM.

General wave function for qqqqq̄ components in 1
2
−

baryons [An
and Riska, Eur. Phys. J. A 37, 263 (2008)]:

ψ
(i)
t,s =

∑
a,b,c

∑
Y ,y,Tz ,tz

∑
Sz ,sz

C[14]
[31]a[211]a

C[31]a
[F (i)]b [S(i)]c

[4]X [F (i)]b,Y ,Tz [S
(i)]c,Sz [211; C]a(Y ,T ,Tz , y , t̄ , tz |1, 1/2, t)

(S,Sz , 1/2, sz |1/2, s)χ̄y,tz ξ̄szϕ[5] . (6)

Four-quark XFSC configurations [An and Riska, Eur. Phys. J. A 37,
263 (2008)]:

configuration flavor-spin CFS color-spin CCS

1 [31]FS[211]F [22]S −16 [31]CS[211]C [22]S −16
2 [31]FS[211]F [31]S −40/3 [31]CS[211]C [31]S −40/3
3 [31]FS[22]F [31]S −28/3 [22]CS[211]C [31]S −16/3
4 [31]FS[31]F [22]S −8 [211]CS[211]C [22]S 0
5 [31]FS[31]F [31]S −16/3 [211]CS[211]C [31]S +8/3
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Λ(1405) in the extended CQM
The Λ(1405)-Meson-Baryon Couplings

Wave Function for Λ(1405) in ECQM.

Five-quark components in Λ(1405) the corresponding
coefficients [An, Saghai, Yuan and He, Phys. Rev. C 81, 045203 (2010)]:

Baryon Flavor-spin configuration Au Ad As

Λ(1405)2
1PA [31]FS[211]F [22]S

√
1
3

√
1
3

√
1
3

Λ(1405)2
8PM [31]FS[211]F [22]S −

√
1
6 −

√
1
6

√
2
3

Λ(1405)4
8PM [31]FS[211]F [22]S −

√
1
6 −

√
1
6

√
2
3

General wave function for five-quark components in Λ(1405)
[An, Saghai, Yuan and He, Phys. Rev. C 81, 045203 (2010)]:

|Λ(1405), sz〉(i)5q =
∑
abc

C[14]
[31]a[211]a

C[31]a
[211]b [22]c

[4]X [211]F (b)[22]S(c)[211]C(a)

χ̄sz Ψ(~κi) (7)
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Λ(1405) in the extended CQM
The Λ(1405)-Meson-Baryon Couplings

Formalism
Transition amplitude for Λ(1405) → MB:

T M = 〈B|T̂ M |Λ(1405)〉
= {A(B)3q〈qqq| + A(B)5q〈qqqqq̄|}T̂ M{A∗3q |qqq〉∗ + A∗5q |qqqqq̄〉∗}

= A(B)3qA∗3〈qqq|T̂ M
3 |qqq〉∗ + A(B)5qA∗5〈qqqqq̄|T̂ M

5 |qqqqq̄〉∗

+A(B)3qA∗5〈qqq|T̂ M
53|qqqqq̄〉∗ + A(B)5qA∗3〈qqqqq̄|T̂ M

35|qqq〉∗

= 〈T̂ M
d 〉3 + 〈T̂ M

d 〉5 + 〈T̂ M
nd〉 (8)

Diagonal transition:

〈T̂ M
d 〉3 = A(B)3qA∗3〈qqq|T̂ M

3 |qqq〉∗

〈T̂ M
d 〉5 = A(B)5qA∗3〈qqqqq̄|T̂ M

5 |qqqqq̄〉∗ (9)

Non-Diagonal transition:

〈T̂ M
nd〉 = A(B)3qA∗5〈qqq|T̂ M

53|qqqqq̄〉∗ + A(B)5qA∗3〈qqqqq̄|T̂ M
35|qqq〉∗ (10)
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Λ(1405) in the extended CQM
The Λ(1405)-Meson-Baryon Couplings

Formalism

Diagonal transition (qqq → qqqM and qqqqq̄ → qqqqq̄M):

Λ(1405)

B

Λ(1405)

BM M
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Λ(1405) in the extended CQM
The Λ(1405)-Meson-Baryon Couplings

Formalism

Non-diagonal transition (qqqqq̄ → qqqM and qqq → qqqqq̄M):

Λ(1405)

B M

Λ(1405)

B M
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Λ(1405) in the extended CQM
The Λ(1405)-Meson-Baryon Couplings

Formalism

Meson-Quark-Quark coupling [Riska and Brown, Nucl. Phys. A 679,
577 (2001)]:

LMqq = i
gq

A
2fM

ψ̄qγ5γµ∂
µmaλaψq . (11)

⇒ The following transition operators [An, Saghai et al., Phys. Rev. C
81 045203 (2010)]:

T̂ M
d =

nq∑
i

gq
A

2fM
φi′†

z

(
(1 + k0

2mf
)kM − k0

2µ
qiz −

√
2 k0

2µ
qi−

−
√

2 k0
2µ

qi+ −(1 + k0
2mf

)kM + k0
2µ

qiz

)
φi

zX i
M ,

T̂ M
53 = −

4∑
i

gq
A

2fM
(mi + mf )φ

q̄†
z

(
1 0
0 1

)
φi

zX i
M ,

T̂ M
35 = −

4∑
i

gq
A

2fM
(mi + mf )φ

i†
z

(
1 0
0 1

)
φq̄

z X i
M . (12)
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Λ(1405) in the extended CQM
The Λ(1405)-Meson-Baryon Couplings

Formalism

Hadronic level:

LΛ(1405)MB = i
fΛ(1405)MB

mM
ψ̄Bγµ∂

µφMXMψΛ(1405) + h.c. (13)

⇒
T M =

fΛ(1405)MB(MΛ(1405) −mB)

mM
(14)

⇒

fΛ(1405)MB =
mM〈B|[T̂ M

d + T̂ M
35 + T̂ M

53]|Λ(1405)〉
MΛ(1405)−mB

(15)

or
gΛ(1405)MB = 〈B|[T̂ M

d + T̂ M
35 + T̂ M

53]|Λ(1405)〉 (16)
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Λ(1405) in the extended CQM
The Λ(1405)-Meson-Baryon Couplings

Results

Table: Results for the Σπ decay width of Λ(1405).

A B C D E
P5q (%) 0 25 45 75 100
ΓΣπ (MeV) 24 47 50 45 23

Chunsheng An and Bijan Saghai MESON 2010, KRAKÓW, POLAND, 10-15 June 2010



Introduction
Our Approach/Results

Conclusion and Outlook

Λ(1405) in the extended CQM
The Λ(1405)-Meson-Baryon Couplings

Results

The coupling constants gΛ(1405)Σπ and gΛ(1405)K̄ N :

0 20 40 60 80 100
-5

-4

-3

-2

-1

0

1

2

  

  KN

g

P5q (%)
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The Λ(1405)-Meson-Baryon Couplings

Results

P5q = 0% ⇒ gΛ(1405)K̄ N = −5.3;

P5q = 100% ⇒ gΛ(1405)K̄ N = 1.9

|gΛ(1405)K̄ N | = 3.2 ± 0.6 [Compilation of the coupling constants: O. Dumbrajs
et al., Nucl. Phys. B 216, 277 (1983)]

⇒ 1σ: P5q = 19 ∼ 43%
⇒ 2σ: P5q = 7 ∼ 55%

Lead to ⇒ 1σ: gΛ(1405)πΣ = 0.86 ∼ 0.90
⇒ 2σ: gΛ(1405)πΣ = 0.80 ∼ 0.90

Chunsheng An and Bijan Saghai MESON 2010, KRAKÓW, POLAND, 10-15 June 2010



Introduction
Our Approach/Results

Conclusion and Outlook

Λ(1405) in the extended CQM
The Λ(1405)-Meson-Baryon Couplings

Results

P5q = 0% ⇒ gΛ(1405)K̄ N = −5.3;

P5q = 100% ⇒ gΛ(1405)K̄ N = 1.9

|gΛ(1405)K̄ N | = 3.2 ± 0.6 [Compilation of the coupling constants: O. Dumbrajs
et al., Nucl. Phys. B 216, 277 (1983)]

⇒ 1σ: P5q = 19 ∼ 43%
⇒ 2σ: P5q = 7 ∼ 55%

Lead to ⇒ 1σ: gΛ(1405)πΣ = 0.86 ∼ 0.90
⇒ 2σ: gΛ(1405)πΣ = 0.80 ∼ 0.90

Chunsheng An and Bijan Saghai MESON 2010, KRAKÓW, POLAND, 10-15 June 2010



Introduction
Our Approach/Results

Conclusion and Outlook

Λ(1405) in the extended CQM
The Λ(1405)-Meson-Baryon Couplings

Results

P5q = 0% ⇒ gΛ(1405)K̄ N = −5.3;

P5q = 100% ⇒ gΛ(1405)K̄ N = 1.9

|gΛ(1405)K̄ N | = 3.2 ± 0.6 [Compilation of the coupling constants: O. Dumbrajs
et al., Nucl. Phys. B 216, 277 (1983)]

⇒ 1σ: P5q = 19 ∼ 43%
⇒ 2σ: P5q = 7 ∼ 55%

Lead to ⇒ 1σ: gΛ(1405)πΣ = 0.86 ∼ 0.90
⇒ 2σ: gΛ(1405)πΣ = 0.80 ∼ 0.90

Chunsheng An and Bijan Saghai MESON 2010, KRAKÓW, POLAND, 10-15 June 2010



Introduction
Our Approach/Results

Conclusion and Outlook

Λ(1405) in the extended CQM
The Λ(1405)-Meson-Baryon Couplings

Results

P5q = 0% ⇒ gΛ(1405)K̄ N = −5.3;

P5q = 100% ⇒ gΛ(1405)K̄ N = 1.9

|gΛ(1405)K̄ N | = 3.2 ± 0.6 [Compilation of the coupling constants: O. Dumbrajs
et al., Nucl. Phys. B 216, 277 (1983)]

⇒ 1σ: P5q = 19 ∼ 43%
⇒ 2σ: P5q = 7 ∼ 55%

Lead to ⇒ 1σ: gΛ(1405)πΣ = 0.86 ∼ 0.90
⇒ 2σ: gΛ(1405)πΣ = 0.80 ∼ 0.90

Chunsheng An and Bijan Saghai MESON 2010, KRAKÓW, POLAND, 10-15 June 2010



Introduction
Our Approach/Results

Conclusion and Outlook

Λ(1405) in the extended CQM
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Results

The ratio R = gΛ(1405)K̄ N/gΛ(1405)πΣ compare to the previous
result [R = 2.6 ± 0.2, J. K. Kim and F. V. hippel, Phys. Rev. 184 1961
(1969)]:
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Conclusion:
Λ(1405) favors a mixed structure of the qqq and qqqqq̄
components;
40 ∼ 55% five-quark component in Λ(1405) leads to
reasonable values for the coupling constants gΛ(1405)K̄ N
and ratio between gΛ(1405)K̄ N and gΛ(1405)πΣ, and the πΣ
decay width.

Outlook:
Taking into account the qqqqq̄ components, we can give a
new spectroscopy for the baryons;
The effects of the qqqqq̄ components in the meson
hadron- and photo-production should be considered.
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Thank you very much for your attention!
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