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Motivation

Understanding of hadronic resonances.
Determination of the position of the poles.
Role of quantum loops.
Vector kaonic sector: nice example of a Breit-Wigner-type narrow
resonance (K ∗(892)).
Investigation of the scalar kaonic sector, which is more difficult
(Two resonances:K ∗0 (1430) is very broad but well established,
K ∗0 (800) is not yet in the summary of PDG).
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vector kaon K ∗(892)
PDG
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vector kaon K ∗(892)
The model

Lagrangian:
Lv = cK∗(892)+

µ∂
µK−π0 + . . . (1)

decay width:

ΓK∗ (m) = 3

∣∣∣~k1

∣∣∣
8πm2

c2

3

[
−M2

π +
(m2 + M2

π −M2
K )2

4m2

]
e−2

∣∣∣~k1

∣∣∣2/Λ2
(2)

where:

∣∣∣~k1

∣∣∣ =

√
m4 +

(
M2

K −M2
π

)2 − 2
(
M2

K + M2
π

)
m2

2m
θ (m −MK −Mπ) (3)

The scalar part of the propagator of K ∗(892):

∆K∗ (p2 = m2) =
1

m2 −M2
0 + Π(m2) + iε

(4)

where M0 is the bare mass of the vector kaon and
Π(m2) = Re(m2) + iIm(m2) is the one-loop contribution.
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Feynman diagram
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vector kaon K ∗(892)
spectral function

Spectral function dK∗(m)dm determines the probability that K ∗(892)
has a mass beetwen m and m + dm.

Specral function:
dK∗(m) = 2m

π | Im ∆K∗(p2 = m2)|
normalization condition:∫∞

0 dK∗(m)dm = 1.
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According to the optical theorem, Im Π(m) = mΓK∗(m).
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vector kaon K ∗(892)
Large-Nc study of the resonance
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c →
√
λc, λ ≡ 3

Nc
Nc is the number of colors

For large-Nc the spectral function tends to a Dirac−δ, as expected.
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vector kaon K ∗(892)
pole
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0.889543− 0.0278042i
For large Nc the pole tends to the real axis.
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vector kaon K ∗(892)
conclusions

It behaves like a Breit-Wigner resonance.
one peak − one single pole.
Large−Nc in agreement with qq̄.
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scalar kaons
PDG about K ∗0 (1430)
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scalar kaons
PDG about K ∗0 (800)
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Scalar kaons
The model

Lagrangian:
Lint = aK∗+

0 K−π0 + bK∗+
0 ∂µK−∂µπ0 + . . . (5)

decay width:

ΓK∗
0

(m) = 3

∣∣∣~k1

∣∣∣
8πm2

[
a− b

m2 −M2
K −M2

π

2

]2

e−2
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(6)

where:

∣∣∣~k1

∣∣∣ =

√
m4 +

(
M2

K −M2
π

)2 − 2
(
M2

K + M2
π

)
m2

2m
θ (m −MK −Mπ) (7)

for m = MK∗0 ' 1.43 GeV we have tree-level decay width
Γtl

K∗0
= ΓK∗0 (MK∗0 ).
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Scalar kaon
The model

propagator of the scalar kaonic field:

∆K∗
0

(p2 = m2) =
1

m2 −M2
0 + Π(m2) + iε

(8)

where M0 is the bare mass of the scalar kaon and
Π(m2) = Re(m2) + iIm(m2) is the one-loop contribution.
Specral function:

dK∗
0

(m) =
2m
π
| Im ∆K∗

0
(p2 = m2)| (9)

normalization condition: ∫ ∞
0

dK∗
0

(m)dm = 1. (10)

According to the optical theorem, Im Π(m) = mΓK∗0 (m).
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Feynman diagram
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scalar kaons
phase-shift

δ(m) =
1
2

arccos
[
1− πΓK∗

0
(m)dK∗

0
(m)
]

. (11)

Fit
a 1.6102 GeV
b -11.1195 GeV−1

Λ 0.5069 GeV
M0 1.20910 GeV
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scalar kaons
spectral function

Is there a K ∗0 (800) or not?
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scalar kaons
spectral function
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scalar kaons
poles
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K ∗0 (1430) : 1.412760− 0.126770i
K ∗0 (800) : 0.744805− 0.263056i
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Summary

Vector kaon behaves like a Breit-Wigner resonance, for one peak
there is one pole.
Scalar kaon: out of one ”seed” state→ 2 poles appear

K ∗
0 (1430) corresponds to a peak

K ∗
0 (800) ”no peak” but there is a pole.

We determined the position of the poles
for vector kaon ( 0.889543− 0.0278042i)
for scalar kaons
K ∗

0 (1430) : 1.412760− 0.126770i
K ∗

0 (800) : 0.744805− 0.263056i

K ∗(892) is a quark-antiquark state.
K ∗0 (1430) is predominantly a quark-antiquark state.
K ∗0 (800) is a molecular-like dynamically generated state.
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Thank you for your attention
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