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Coexistence of extended and compact structures  

— Omega(2012) —

Atsushi Hosaka 
RCNP (Osaka) and ASRC (JAEA, Tokai) 

with Qifang Lyu (Hunan Normal U)  
and Hideko Nagahiro (Nara Women’s U)

• Belle:  

    e-Print: 2207.03090 [hep-ex] 

    Phys.Rev.D 104, 052005 (2021) • e-Print: 2106.00892 [hep-ex] 

    Phys.Rev.D 100, 032006 (2019) • e-Print: 1906.00194 [hep-ex] 

• Our paper by Lyu, Nagahiro and Hosaka 

    Phys.Rev.D 107 (2023) 1, 014025 • e-Print: 2212.02783 [hep-ph] 

• Valencia group: 

    Phys.Rev.D 101 (2020) 9, 094016 • e-Print: 2003.07580 [hep-ph] 

and many others…
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Relevant particles, names, …
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Octet mesons

Octet baryons Decuplet baryons

Pictures  
from PDG

Ξ*

Strange quarks, s, sss, p-wave, K̄(0−), Ξgs(1/2+), Ξ*(3/2+)
1320 1530495
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Motivations
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• Hadrons (made of quarks) have multi-faces 

•  Are baryons 3 quark or meson-(bare)baryon states? 

                       compact     extended molecular  

•  Long standing issue, Δ(1232), Λ(1405), ’s, …Pc

Today I will discuss Ω(2012)

• Discovered by Belle 
• 3-quark and molecular make different predictions

Dr. Thesis of T. Maskawa (1967)



Universality of Strongly Correlated Few–body and Many–body Quantum Systems, Sept 4-5, 2024, Sendai /234

p190-201, Only 3 citations
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SU(6) ~YukawaπNqqq Molecule
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:  The first excited state of sssΩ(2012)
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1672

340 MeV

J. Yelton et al. (Belle Collaboration), PRL121, 052003 (2018)

Naively 3-quark sss* 
  • p-wave excitation of sss 

  • Spin-orbit partners  

          

OR 

Can it be a molecule of ? 

  • Near  threshold   

  •  MeV 

  •  

JP = 1/2−, 3/2−

K̄Ξ*

K̄Ξ*(3/2+)

M ∼ 2012 − i 6.4/2

JP = 3/2−

2025 MeV ~ 495 + 1530
K̄ Ξ*
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Molecular state

• S-wave structure  implies  3-body decayK̄Ξ* K̄Ξπ

S-wave

K̄

Ξ*

K̄

Ξ

• • • D-waveS

S-wave

K̄

Ξ*

K̄

Ξ*

• • • 
π

Ξ

All in  

S-wave

 moleculeK̄Ξ*

• Not easy to explain decay into  (D-wave)K̄Ξ

t

Decays
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• Allows both  and  (D-wave)K̄Ξ*( → K̄Ξπ) K̄Ξ

K̄

sss*(P − wave)
Ξ*

3/2−

3q sss* state

S-wave

K̄

Ξ

D-wave
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Controversy in Experiments
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PRD 100, 032006 (2019)
Using data samples of eþe− collisions collected at the ϒð1SÞ, ϒð2SÞ, and ϒð3SÞ resonances with the

Belle detector, we search for the three-body decay of the Ωð2012Þ baryon to KπΞ. This decay is predicted

to dominate for models describing the Ωð2012Þ as a KΞð1530Þ molecule. No significant Ωð2012Þ signals

are observed in the studied channels, and 90% credibility level upper limits on the ratios of the branching

fractions relative to KΞ decay modes are obtained.

arXiv:2207.03090v1
Using Υ(1S), Υ(2S), and Υ(3S) data collected by the Belle detector, we discover a new resonant

three-body decay Ω(2012)− → Ξ(1530)0K−

→ Ξ
−

π
+
K

− with a significance of 5.2σ. The mass
of the Ω(2012)− is (2012.5 ± 0.7 ± 0.5) MeV and its effective couplings to Ξ(1530)K̄ and ΞK̄ are
(41.1±35.8±6.0)×10−2 and (1.7±0.3±0.3)×10−2, where the first uncertainties are statistical and
the second are systematic. The ratio of the branching fraction for the resonant three-body decay
to that for the two-body decay to ΞK̄ is 0.97± 0.24± 0.07, consistent with the molecular model of
Ω(2012)−, which predicts comparable rates for Ω(2012)− decay to Ξ(1530)K̄ and ΞK̄.

VS

= 6.4 .
. ± 1.6

2012 1530

2012

(2012)

Decays

Our result strongly disfavors the molecular interpretation
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Motivated by  moleculeK̄Ξ*
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Chiral unitary approach

• Two channels:  

• WT interaction is only for , no direct   

        attraction is provided by the virtual loop of  

• D-wave transition  

        Added by hand/parameter 

        

K̄Ξ*, ηΩ

K̄Ξ* − ηΩ K̄Ξ* − K̄Ξ*

K̄Ξ* ηΩ

V ¼

K̄Ξ! ηΩ K̄Ξ
0

B

@

0 3F αq2on

3F 0 βq2on

αq2on βq2on 0

1

C

A

K̄Ξ!

ηΩ

K̄Ξ

VK̄Ξ*

V = ( 0 3F

3F 0 )
K̄Ξ* ηΩ

K̄Ξ*

ηΩ

Eliminate the  channel 

via Feshbach method

ηΩ
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Our strategy
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Coupled channel of  (S-wave) and sss* (p-wave) 
Mixing, coexistence, hybrid, …

K̄Ξ*

VK̄Ξ*

VK̄Ξ*−sss*

Eliminate  channelηΩ

H =

KK̄Ξ* + VK̄Ξ* 3F Vsss*−K̄Ξ*

3F K
ηΩ + V

ηΩ 0

Vsss*−K̄Ξ* 0 Hsss*

→ (
KK̄Ξ*+VK̄Ξ* VK̄Ξ*−sss*

Vsss*−K̄Ξ* Hsss*
)
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Inputs from the quark model
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LWT ¼ −

i

8f2p
q̄γμðϕ

μϕ − ϕϕμÞq;

Ω(2012)

sss* ∼ 2P3

K̄

Ξ*

η

Ωgs(1672)

K̄

Ω(2012)
Ξ*

K̄

sss*Ξ

HNR ¼
g
q
A

2fp

$

σ · qþ
ω

2m
ðσ · q − 2σ · piÞ

%

s-wave scattering

d-wave decay

VK̄Ξ*

VK̄Ξ*−sss*

sss*
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 scatteringK̄Ξ* → K̄Ξ*
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H = (
KK̄Ξ* + VWT VK̄Ξ*−sss*

Vsss*−K̄Ξ* Hsss*
)Eliminate the qqq channel from  

and we can write

tK̄Ξ*→K̄Ξ* =
Vtot

1−VtotGK̄Ξ*

Vtot = VWT + Vsss

K̄

Ξ*

K̄

Ξ*

η

Ω

K̄

Ξ*

K̄

Ξ*
sss*

+

K̄

Ξ*

K̄

Ξ*

VWT

Vsss*
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Two (three) bases
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•  molecularK̄Ξ*

• sss* quark

) −
− −

−
−

−
− −

−
−

sss state is renormalized by the loop (Scattering state):

+ + • • • 

K̄

Ξ*

K̄

Ξ*• • •
Ξ*

K̄

sss*
K̄

Ξ*

K̄

Ξ*

• -sss* scattering statesK̄

|B0⟩

|p⟩

|Molecule⟩

Hyodo’s talk
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,= ( ) −
−1

−1

−
−
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(1) Find the molecule and sss states 
(2) Include the self energy for sss 
(3) Coupling (mixing) the molecule and sss 
(4) Find residues (composite/elementary)

(1)
(2)(3)

Scattering matrix

−
− −

= −
−

( ) ( )

= (gR, g)
1

( s − sp 0

0 s − m2
0

)

−
( 0 gRGg

gGgR gGg

)

(

gR

g

)

|B0⟩

|p⟩
|Molecule⟩
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pole positions for physical 2012 (… and 2250 ?)
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2000 2050 2100 2150 2200 2250

Re  MeV

Im
 G

eV

0

20

40

60

80

100

120

140

3q

resulting pole 2007.9 MeV

second pole

2236.8  69.3 MeV

2250 ?

(1) Find the molecule and sss* (3q) states                                         

Data: 2012

 2150

2140 − i250/2

2230 − i136/2
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Mixing process : adding only one loop for the bare ( )
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2000 2050 2100 2150 2200 2250

Re  MeV

Im
 G

eV

0

20

40

60

80

100

120

140

3q

+ + + 

+ one loop

with WT interaction turned off

full one-loop

(2) Include the self energy for sss                                      
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Mixing process : mix two basis states

2000 2050 2100 2150 2200 2250

Re  MeV

Im
 G

eV

0

20

40

60

80

100

120

140

3q

second pole

2236.8  69.3 MeV

+  one loop

+ + 

+ + 

Rescattering effect of is small for ( )

(3) Coupling (mixing) the molecule and sss 

pole a

pole b

0 ≤ x ≤ 1

19

−
− −

, ) −
gGgR gGg

gRGg
−1

x
x

Mixing 
parameter
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(4) Find residues                                    

TK̄Ξ*→K̄Ξ*(s) = (gR, g)
s − MMolecule 0

0 s − Msss

− (
0 gRGg

gGgR gGg )
−1

(
gR

g )

−
− −

−
−

= + ++
gR gR g g g ggR gR

D11 D21 D12 D22

( )( )

K̄Ξ* K̄Ξ*

: Molecule -  coupling 

g:   sss -  coupling

gR K̄Ξ*

K̄Ξ*

Dii ( s) ∼
za

ii

s − sa

+
zb

ii

s − sb

+ ⋯, i = 1,2

 Probability of finding the basis state i in the physical state (pole) a, bza,b
ii
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Components of pole a,  ~  (molecule),   sss* (3q)za
11

K̄Ξ* za
22

( )]

 = 0.16 + 0.

 = 0.54 0.6 × 10
|

)] ( )

| (phys) = 0.16 ( ) + 0.54 | ( )

14

2000 2050 2100

Re  MeV

Im
 G

eV

0

20

40

60

80

100

120

140

3q

K

+  one loop

0

×0.1

×0.2×0.3
×0.4

R
II

 b
el

o
w

 

0.16 + 0.

0.54 0.6 × 10
| molecule + |

adding one loop

1

0.8

0.6

0.4

0.2

0
×0.2 ×1×0.8×0.4 ×0.6

R
e 

0

1

0.8

0.6

0.4

0.2

0

mixing 

0.2 10.80.60.4

molecule

bare

B.E. = 0  = 0

change due to mixingchange due to one loop
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Width  = 6.4 .
. ± 1.6 [PDG]

Strong decays of 2012 K &

2012 1530

2012

< 11.9% = 0.97 ± 0.24 ± 0.07

(2012)

(2012)

0.35

= 3.02 MeV ( )

( ) because of the lack of 
2012

0.35

< 11.9%

S.Jia et al. (Belle), PRD100, 032006(2019)

= 0.97 ± 0.24 ± 0.07

Belle, arXiv:2207.03090 (July 2022)

(2012)

S-wave

from 3q

Decay rate  Ω(2012) → ΞπK̄, ΞK̄; ℛΞπK̄
ΞK̄

from Mol.

S-wave

D-wave
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Summary

• Different configurations may coexist in hadron states. 

• For Ω(2012) 

• Pole flow analysis suggests its 3q origin. 

• Properties;  

        

       

•  Higher resonant state is predicted at ~ 2250 MeV  

• More information for decays is useful to know better.

M ∼ 2008 − i4.1/2 MeV, ℛΞπK̄
ΞK̄

∼ 0.35

M(exp) ∼ 2012 − i6.4+2.5
−2.0

/2 MeV, ℛΞπK̄
ΞK̄

(exp) ≤ 0.12

)] ( )

| (phys) = 0.16 ( ) + 0.54 | ( )


