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Hadrons: normal & exotic

 Quark model: hadrons are composed from 2 (meson)
quarks or 3 (baryon) quarks
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diquark + di-antiquark dimeson molecule q q g hybrid
 QCD does not forbid hadrons with N %2, 3
— Glueball: Nguarks = 0 (99, 999, ...)
— Hybrid: Nguarks = 2 (Or more) + excited gluon
— Multiquark state: N s> 3
— Molecule: bound state of more than 2 hadrons

From Cheng-Ping Shen.



Hadronic molecules
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t =v+vgu +vgugU + ... =V +vgt  (g: two body loop function)

— ]_ e -1 . 1
1 —vg]™ v : from chiral Lagrangian

Example A(1405) as KbarN molecular state

P,(4312)
P, (4440) ?
P,(4457)

Hadronic molecules

Feng-Kun Guo, Christoph Hanhart, UIf-G. Meiltner, Qian Wang, Qiang Zhao, and Bing-Song Zou
Rev. Mod. Phys. 90, 015004 — Published 8 February 2018



Vector-Vector interactions
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Vector-Vector scattering amplitudes

p* (k1) p(ks3)
p* (k1) p™(ks3) \\/
pr (k) >< p-(ka) 0 (ky — k)
y 1 — K3
Contact term of the pp interaction. /\
p~ (k) p~ (Kka)

Vector exchange diagram for p"p~ — p~ p .

Potential (Kernel) V

G: two vectors loop function
T=(1-VG)™ 'V

G:i/ d*q 1 1
(2m)* g2 — My, +ie (P — q)? — My, + ie



An hy state in K*K* system
he: IG(JP9)=0"(117)

It cannot couple to other vector-
-vector because of Charge parity,
which makes its observation
difficult.

Pole position : (1802, —:39) MeV
Coupling : gf. . = (8034, —i2542) MeV

L. S. Geng, and E. Oset, PRD 79, 074009 (2009).



Our Model

¥ 4 o
’ N ) . )
K+
S wave -
decay : Vp K
tp = Vp(14+G(Mp)t(M;)) = Vp t(Mig,)
; inv inv e Iiﬁ‘-.r )
t = v+oGt=v(14Gt) =1 —vG)

T2
R+

L.5. Geng et al., Phys. Rev. D 79, 074009 (2002).

Ju-Jun Xie ef al., Phys. Lett. E728, 319 (2014).

The constant b is determined by the masses of the
vector mesons and its value turns out to be b = 6.8.



| 40 dr C  pip
J/1p — nIK*OK*0 decay —— a1

Y 27
dM inv ‘U“LIQ )‘ M J

‘t(ﬂi’iﬁv)‘g

inv
]_EI T T T [ T T T T [ T T T T [ T T T T [ T T T T 7T !P-tl_.l [T T T T [ T T 1T
B ase space s . ! A A
14 Cnnfmn[ i _ AVEWMG,,,. mi, Mg,
- L] P11 — T )

S 12 a(pt)=-10 — ] 2M 74,
Sl a()=—08 --- ] b — AL/2(MZ,, m3, m3)
% 10+ ’ alp) = —06 - - - ] > C3Y . .
o i * Data —e— -
Q8 T -
=] | -
= .~ | e e
-\-‘.__\_:H‘;-- -6 i =
5 4
uﬁj B

2

U||||||||||||-|||||||||||||||||||||||||

170 175 180 185 190 195 200 205 210 \j Aplikim etal. (BES
Miny (GeV) Collaboration), PLB685, 27 (2010).

Values of some of the parameters used or determined in this work.

Potential C (Gev™1) a, v/g? x?/d.of.
Constant 4216 —0.8 —6.2+1.2 0.45
Hidden gauge 42 +6 —-1.0 Eq. (8) 0.56
Hidden gauge 53+7 —0.8 Eq. (8) 0.47

Hidden gauge 67 +9 —0.6 Eq. (8) 0.42




The modulus squared [t]* for K*K* — K*K*
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More check
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f1(1285)

IG{JPC} — {]-I—{l-l- -I—}

f,(1285) DECAY MODES

Scale factor/

Mode Fraction (I'; /") Confidence level
M 47 (3357 22 % S—1.3
> 7O 70+ — (22.371 i:‘;’) % S=1.3
M3 2t 2w (112" S0y % S=1.3
[ 4 p07r+7r_ (11.27F 82) % S=1.3
s 00 p° seen
M6 470 < 7 < 104 CL=90%
- nT T (35 +15 )%
g N (52.0F 1-8)9% S=1.2
g ap(980) 7 [ignoring ag(980) — (38 + 4 )%

K K]

10 nnwn [excluding ag(980) 7] (14 + 4 )%
11 KKm ( 9.1+ 0.4) % S=1.1
15 K K*(892) not seen
ri3 nta—ad ( 3.0+ 0.9) x 10~3
M4 pTrat < 3.1 x 103 CL=95%
rs  ~vp° ( 5.3+ 1.2) % $S=2.9
16 o ( 7.5+ 2.7) x 104
M7 7"



f1 (1285) 16(FC) = otat )

Jf.:'l_.-'l_.-'pp = —4—}[2_1]'1' IL [IF“(;}HE;LHP *';f}.up]::l

W Pole position : (1282, —i0) MeV
1 =G Coupling : 9113'*1? = (7555, —10) MeV

where v is the KK* — KK* transition potential and G
is the loop function for the propagators of the K and K*

t

L. Roca, and E. Oset, “Low lying axial-vector mesons as dynamically generated resonances
”, Phys. Rev. D 72, 014002 (2005).

F. Aceti, J.M. Dias and E. Oset, “f1(1285) decays into a0(980)r0, f0(980)m0 and isospin
breaking," Eur. Phys. J. A51, 48 (2015).

R. Molina, M. D&ing and E. Oset, “Determination of the compositeness of resonances
from decays: the case of the BOs-> J/y 1(1285)," Phys. Rev. D 93, 114004 (2016).



f1(1285) in the unitized chiral perturbation theory

TABLE II. Pole positions and couplings in the (S,1) = (0,0) channel.

hy(1170) h,(1380) £1(1285)
LO NLO LO NLO LO NLO
VS 918 —il7 925 — i29 1244 — i7 1257—i0  1286—i0 1289 —i0
%(K*KJrK*K) 7219 +i0 7884+ i0
oy —46 +i13 69 —i102  -3309+i47 —5963 —i38
on —24 4 i28 711 - i427 3019 -i22 2642 —i47
pr © 3452-41681 3576 -i1909 650 -i961 134 —i233
% (K*K —K*K) =784 +i499 —1488 +i757 6137 +i183  6435+i35

PHYSICAL REVIEW D 90, 014020 (2014)

Pseudoscalar meson and vector meson interactions and dynamically
generated axial-vector mesons

Yu Zhou, Xiu-Ler Ren, Hua-Xing Chen, and Li-Sheng Geng>k



£1(1285) — 7K K decay
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where M is the full amplitude of the process f;(1285) —
7K+ K~ including the FSIs,

M = Miree + MEK + M7E, (25)
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p at, m’ p T, |
K'. K~ K+, K"
Theory ]
Br(,(1985) = 1K K] = (12~ 78)%
Experiment

Br(f1(1285) = 7K K] = (9.0 £ 0.4)%

F. Aceti, J.J. Xie and E. Oset, “The K-bar K pi decay of the f1(1285) and its nature as a K* K-bar

molecule," Phys. Lett. B750, 609 (2015).
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system.

Invariant mass distributions
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F. Aceti, J.J. Xie and E. Oset, “The K-bar K pi decay of the f1(1285) and its nature as a K*
K-bar molecule," Phys. Lett. B750, 609 (2015).



J/p — ¢KK* and J/v — ¢f1(1285) deacys
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where py and and pg~ are the ¢ and K* momenta in the
J /1 rest frame, respectively,
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J/ — qﬁ[_(K* and J/v — ¢ f1(1285) deacys
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The dotted curve stands for the phase space.

Ju-Jun Xie and E. Oset, PLB753, 591, (2016).



Summary

* The h,(1800) and f,(1285) are dynamically generated

states from the vector-vector and pseudoscalar-vector
Interactions.

* More experimental measurements of the J/y decays can
be used to study the h,(1800) and f,(1285) states.

Thank you very much for
your attention!



