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Motivation

Understanding of the hadronic resonances

Study the nature of CONVENTIONAL and NON-CONVENTIONAL states:
- scalar kaonic sector: K∗0 (1430) and K∗0 (700)
- vector sector: ψ(4040) and Y (4008)
- axial-vector resonances: χc1(2P ) and X(3872)
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De�nition(s)

A meson is a strongly interacting particle with integer spin.

A meson is a strongly interacting particle with zero baryon number.

CONVENTIONAL NON-CONVENTIONAL
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K∗
0(1430) and K

∗
0(700) in PDG
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The model

THE LAGRANGIAN: Lint = aK∗+0 K−π0 + bK∗+0 ∂µK
−∂µπ0 + . . .

DECAY WIDTH: ΓK∗
0
(m) = 3

|~k1|
8πm2

[
a− bm

2−m2
K−m

2
π

2

]2
FΛ(m)

∣∣∣~k1

∣∣∣ =

√
m4+(m2

π−m2
K)2−2(m2

π+m2
K)m2

2m
× θ(m−mπ −mK)

FORM FACTOR: FΛ(m) = e−2k2(m)/Λ2
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The model

THE PROPAGATOR: ∆K∗
0
(p2 = m2) = 1

m2−M2
0+Π(m2)+iε

SPECTRAL FUNCTION: dK∗
0
(m) = 2m

π
|Im∆K∗

0
(p2 = m2)|

normalization condition:
∞∫
0

dK∗
0
(m)dm = 1
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Phase-shift

δ(m) = 1
2

arccos
[
1− πΓK∗

0
(m)dK∗

0
(m)

]
.

Fit

a 1.60± 0.22 GeV
b -11.16±0.82 GeV −1

Λ 0.496±0.008 GeV
M0 1.204±0.008 GeV

χ2/d.o.f. = 1.25
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only nonderivative
Lint = aK∗+0 K−π0 + . . .
χ2/d.o.f. = 5.41

only derivative
Lint = bK∗+0 ∂µK

−∂µπ0 + . . .
χ2/d.o.f. = 2.54
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Spectral function and poles position

K∗
0(1430) : (1.413± 0.057)− (0.127± 0.011)i (GeV )
K∗

0(700) : (0.745± 0.029)− (0.263± 0.027)i (GeV )
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Large−Nc study

spectral functions pole position

Scalar resonance K∗
0 (1430)− behavior typical for quark-antiquark state.

Scalar resonance K∗
0 (700)− dynamically generated companion pole.

Milena Piotrowska (UJK) Study of some (non-)conventional mesons in the framework of e�ective models.February 6, 2020 11 / 22



Outline Motivation K∗
0 (700) Y (4008) X(3872) Conclusion

Y(4008)- experimental and theoretical aspects

The Belle Collaboration observed a signi�cant enhancement with mass
M = 4008± 40+114

−28 MeV and width Γ = 226± 44± 87 MeV when measuring the
e+e− → π+π−J/Ψ cross section via ISR.

INTERPRETATIONS OF THE Y (4008) STATE

ψ(3S) charmonium state

B. Q. Li and K. T. Chao, Phys. Rev. D 79

(2009) 094004

D∗D̄∗ molecular state

W. Xie, L. Q. Mo, P. Wang and

S. R. Cotanch, Phys. Lett. B 725 (2013) 148

Tetraquark state

P. Zhou, C. R. Deng and J. L. Ping, Chin.

Phys. Lett. 32 (2015) no.10, 101201.

Interference with background

D. Y. Chen, X. Liu, X. Q. Li and H. W. Ke,

Phys. Rev. D 93 (2016) 014011

What is our idea?
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ψ(4040)
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Decay channels of the resonance ψ(4040)

V → PP V → PV V → V V

FEYNMAN DIAGRAMS

DECAY CHANNELS

ψ(4040)→ D+D−

ψ(4040)→ D0D̄0

ψ(4040)→ D+
s D
−
s

ψ(4040)→ D∗0D̄0 + h.c.
ψ(4040)→ D∗+D− + h.c.
ψ(4040)→ D∗+s D−s + h.c.

ψ(4040)→ D∗0D̄∗0

ψ(4040)→ D∗+D∗−
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Lagrangian and decay width

THE LAGRANGIAN DECAY WIDTH

V → PP

LψDD = igψDDψµ
[(
∂µD+

)
D−
]

+ h.c Γ = |~k|3

6πm2
ψ
g2
ψDDFΛ

V → PV

LψD∗D = igψD∗Dψ̃µν
[
DµD∗+νD−

]
+ h.c Γ = 2

3
|~k|3
π
g2
ψD∗DFΛ

V → V V

LψD∗D∗ = igψD∗D∗
[
ψµν

(
D∗+µD∗−ν

)]
+ h.c Γ = 2

3

~|k|3
πm2

D∗
c

g2
ψD∗D∗

[
2 + |~k|2

m2
D∗
c

]
FΛ
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Results

SPECTRAL FUNCTION

POLES POSITION
ψ(4040) : (4.053± 0.04)− (0.040± 0.010)i GeV

Second pole: (3.934± 0.006)− (0.030± 0.001)i GeV
THIS IS NO Y(4008)!
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Dacay into J/ψπ+π−

ψ(4040)→ DD∗ → J/ψ + f0(500)→
J/ψ + π+ + π−.

The strong coupling of ψ(4040) to D∗D
generates the broad enhancement:
Y (4008) is not a real resonance.
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X(3872)- experimental and theoretical aspects

axial-vector resonance with quantum numbers JPC = 1++.

Reported in the PDG under the name χc1(3872).

For the �rst time observed in 2003 by the Belle Collaboration as the �rst state
from the family of X, Y and Z states.

The PDG mass of X(3872) is m = 3871.69± 0.17 MeV, while the decay width
is Γ < 1.2 MeV (90% CL).

Theoretical assignments: D0D∗0 molecular state, diquark-antidiquark state
and more...
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The model

THE LAGRANGIAN: Lχc1(2P )DD∗ = gχc1DD∗χc1,µ
[
D∗0,µD̄0 +D∗+,µD− + h.c.

]
.

Γχc1(2P )→D∗0D̄0+h.c.(m)
Γχc1(2P )→D∗+D−+h.c.(m)

Π(m2)

THE PROPAGATOR: ∆(s) = 1
s−m2

0+Π(s)
.

SPECTRAL FUNCTION: dχc1(2P )(m) = − 2m
π

Im[∆(s = m2)] .
normalization condition:

∫∞
m
D∗0+m

D0
dm dχc1(2P )(m) = 1 .
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Results

SPECTRAL FUNCTION

POLES POSITION
χc1(2P ) : 3.995− 0.036i GeV (III RS)
X(3872): 3.87164− iε GeV (II RS)

X(3872) is a vitual companion pole of conventional cc̄ state χc1(2P ).
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Conclusions

Scalar kaons: out of one seed state → 2 poles appears
- K∗0 (1430) corresponds to a peak in the spectral function (predominantly
quark-antiquark state)
-K∗0 (700) : �no peak� but there is a pole (state generated dynamically).

Vector charmonium states: out of one seed state → 2 poles appears
- ψ(4040) corresponds to a peak in the spectral function (predominantly
charm-anticharm state)
- Y (4008): is not a genuine resonance, but a peak generated by the ψ(4040)
and DD∗ loops with J/ψπ+π− in the �nal state.

Axial-vector charmonium states: out of one seed state → 2 poles appears
-χc1(2P ) : related to the broad peak in the spectral function (predominantly
charm-anticharm state)
-X(3872): related to the narrow peak in the spectral function (virtual
companion pole of the χc1(2P ) state.)
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THANK YOU FOR YOUR ATTENTION
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