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Exotic states

Besides conventional mesons and baryons, QCD do not
forbid other hadrons, which are named as exotic states.



XY Z states

XY Z states below 4.5 GeV.

S. Olsen, PoS Bormio 050 (2015).



Y (4630) and Y (4660)

1 A new charmonium-like Y (4630), JPC = 1−−, was
firstly reported by the Belle collaboration in the
exclusive e+e− → ΛcΛ̄c process.
M = 4634+8+5

−7−8 MeV,Γ = 92+40+10
−24−21 MeV

2 Above the ΛcΛ̄c threshold, another 1−− resonance
Y (4660) was observed in the process
e+e− → γISRπ

+π−ψ(2S) by the Belle collaboration and
BaBar Collaboration.
M = 4664± 11± 5 MeV, Γ = 48± 15± 3 MeV

G. Pakhlova et al.[Belle Collaboration],Phys. Rev. Lett. 101,172001 (2008)
X. L. Wang et al. [Belle Collaboration],Phys. Rev. Lett. 99, 142002 (2007)
J. P. Lees et al. [BaBar Collaboration],Phys. Rev. D 89, 111103 (2014)



Charmed baryon production reaction

We investigate the charmed baryon production reaction
pp̄→ ΛcΛ̄c in the effective Lagrangian approach.

Feynman diagrams for pp̄→ ΛcΛ̄c reaction.



Charmed baryon production reaction

The relevant effective Lagrangians of the vertexes can
be written as

LΛcpD = igΛcpDΛ̄cγ5pD

LΛcpD∗ = gΛcpD∗Λ̄cγ
µpD∗

µ

LY ΛcΛ̄c
= gY ΛcΛ̄c

YµΛ̄cγ
µΛc

LY pp̄ = gY pp̄Yµp̄γ
µp

X. D. Guo, D. Y. Chen, H.W. Ke, X. Liu, and X. Q. Li Phys. Rev. D 93,
054009 (2016).



Charmed baryon production reaction

According to the Feynman rules, the scattering
amplitudes for the pp̄→ ΛcΛ̄c reaction can be obtained
straightforwardly with the above effective Lagrangians,

MD = g2
ΛcpDF

2(q2
D,m

2
D)ῡ(p1, s1)γ5υ(p3, s3)

GDū(p4, s4)γ5u(p2, s2),

MD∗ = −g2
ΛcpD∗F2(q2

D∗ ,m2
D∗)ῡ(p1, s1)γµυ(p3, s3)

Gµν
D∗ū(p4, s4)γνu(p2, s2),

MY = −gY ΛcΛ̄c
gY pp̄FY (q2

Y ,m
2
Y )ῡ(p1, s1)γµυ(p2, s2)

Gµν
Y ū(p4, s4)γνu(p3, s3),



The couplings constants

1 The ΛcΛ̄c is the dominant decay channel

2 The pp̄ decay ratio being 1%

Γ(Y (4630)→ ΛcΛ̄c) =
g2
Y ΛcΛ̄c

(m2
Y + 2m2

Λc
)|~p cm

Λc
|

6πm2
Y

,

Γ(Y (4630)→ pp̄) =
g2
Y pp̄(m

2
Y + 2m2

p)|~p cm
p |

6πm2
Y

gY ΛcΛ̄c
= 1.78, gY pp̄ = 0.087



Form factors and cut-off parameters

The monopole form factor for the t-channel D and D∗

interaction vertices

F(q2,m2) =
Λ2 −m2

Λ2 − q2
,

The cut-off parameter Λ can be parametrized as

Λ = m+ αΛQCD, ΛQCD = 220MeV

The form factor for s-channel Y (4630) state

FY (q2,m2) =
Λ4
Y

Λ4
Y + (q2 −m2

Y )2
, ΛY = 500MeV



The propagators

The D and D∗ meson propagators

GD =
i

q2 −m2
D

,

Gµν
D∗ = −ig

µν − qµqν/m2
D∗

q2 −m2
D∗

.

The propagator for Y (4630) 1−− state can be written as,

GY = −i gµν − qµqν/m2
Y

q2 −m2
Y + imY ΓY

,

ΓY = 92 MeV is the total width of the Y (4630) meson.



Charmed baryon production reaction

The total amplitude for the process pp̄→ ΛcΛ̄c are the
coherent sum of MD, MD∗ , and MY ,

M = MD +MD∗ +MY .

The differential cross section

dσ

d cosθ
=

1

32πs

|~p c.m.
3 |
|~p c.m.

1 |

(
1

4

∑
s1,s2,s3,s4

|M|2
)

s is the invariant mass square of the pp̄ system, θ denotes
the angle of the outgoing baryon Λc relative to the beam
direction in the c.m. frame.



Total cross section

Total cross sections for pp̄→ ΛcΛ̄c reaction.



Differential cross sections

Differential cross sections for pp̄→ ΛcΛ̄c reaction.



Discussions

The cut-off parameter for the D and D∗ mesons
exchanges Λ = m+ αΛQCD, with ΛQCD = 220 MeV.

Total cross section of the pp̄→ ΛcΛ̄c reaction varies with
parameter α.



Summary

Within the effective Lagrangian approach, we have
phenomenologically investigated the pp̄→ ΛcΛ̄c reaction.

1 The t-channel D and D∗ mesons exchanges and the
s-channel Y (4630) contribution.

2 Clear bump structures and minor background.

3 Search for charmonium-like state Y (4630).

4 may be tested in the future by the P̄ANDA facility.
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