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Exotic states

Besides conventional mesons and baryons, QCD do not
forbid other hadrons, which are named as exotic states.
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Y (4630) and Y (4660)

@ A new charmonium-like Y (4630), JF¢ = 17—, was

firstly reported by the Belle collaboration in the
exclusive ete™ — A.A, process.

M = 46341545 MeV I = 92729410 VeV

Above the A A, threshold, another 17~ resonance

Y (4660) was observed in the process

ete™ = ysrm T (25) by the Belle collaboration and
BaBar Collaboration.

M = 4664 =11 +5 MeV, I' =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
pp — A.A. in the effective Lagrangian approach.
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Feynman diagrams for pp — A.A, reaction.



Charmed baryon production reaction

The relevant effective Lagrangians of the vertexes can
be written as

Lapp = igappAcrspD
Lapp = gAch*/_\c'YupD;
Lypi, = QYACZ\CYM/_\C”Y“ Ac

Lyps = gyppYudV"'P

X. D. Guo, D. Y. Chen, HW. 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 pp — A A, reaction can be obtained
straightforwardly with the above effective Lagrangians,

Mp = gichIQ(Q%am%)@(pb81)75?)(])3783)
Gpu(pa, $4)75u(p2, 52),

MD* = —giCpD*fz(quvqu)*)D(pl)SI)V#U(p:i)S3>
G'het(pa; 1)V, u(p2; S2),

My = _gYAcf\chpﬁFY(Q%/a m%f)l_)<p1; 31)’7#“(]927 82)
G’l;/yfa(péb 54)71/“(]73, 83)7



The couplings constants

@ The A A, is the dominant decay channel
@ The pp decay ratio being 1%
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Form factors and cut-off parameters

The monopole form factor for the t-channel D and D*
interaction vertices

Flq*,m?) = f%_?;,
The cut-off parameter A can be parametrized as
A =m+ algep, Aqep = 220MeV
The form factor for s-channel Y (4630) state
Ay

Fy(¢®,m?) = Ay = 500M
v (", m”) KT (@ e My =500 eV




The propagators

The D and D* meson propagators
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The propagator for Y (4630) 1~ state can be written as,

9" — ¢"q"/my

Gy = —i ,
Y @ —m2 +imyly

I'y =92 MeV is the total width of the Y (4630) meson.



Charmed baryon production reaction

The total amplitude for the process pp — A.A. are the
coherent sum of Mp, Mp«, and My,

M = Mp+ Mp:+ My.
The differential cross section

do 1 |p™| (1 .
dcosf  32ms |p,o™| \ 4 Z M

51,52,53,54

s is the invariant mass square of the pp system, 6 denotes
the angle of the outgoing baryon A, relative to the beam
direction in the c.m. frame.



Total cross section
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Total cross sections for pp — A A, reaction.



Differential cross sections
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Differential cross sections for pp — A.A. reaction.



Discussions

The cut-off parameter for the D and D* mesons
exchanges A = m + aAqep, with Aqep = 220 MeV.
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Total cross section of the pp — A.A, reaction varies with
parameter «.



Within the effective Lagrangian approach, we have
phenomenologically investigated the pp — A.A. reaction.

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

@ Clear bump structures and minor background.
@ Search for charmonium-like state Y (4630).
@ may be tested in the future by the PANDA facility.
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