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Hadron: In particle physics, a hadron is a composite subatomic particle made of
two or more quarks held together by the strong interaction.

Conventional hadrons

Too simple

> Exotic states

Not reached by

qq or qqq.
need more

quarks or gluons.




Evidence for a narrow S = +1 baryon resonance in photoproduction
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Observation of an exotic S = +1 baryon in exclusive photoproduction from the deuteron
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A study of pentaquark © state in the chiral SU(3) quark model Physics Letters B 586 (2004) 69-74

F. Huang®, Z.Y. Zhang®, YW. Yu®, B.S. Zou®*

The structure of the pentaquark state uudds s studied m the chiral SU(3) quark model as well as in the extended chiral

1

SU(3) quark model, in which the vector meson exchanges are included. The lowest four configurations of J7 = 7_ and four

of JT = % for the 5 quark cluster are considered. The results show that the 1sospin T = 0 state 1s always the lowest one for

both J7 = %_ and J7T = %4_ cases in various models. But the theoretical value of the lowest one 1s still about 200-300 MeV
higher than the experimental mass of ©. It seems that a dynamical calculation should be done for the further study.
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A search for the O i the reaction yd= pK™K"n was completed using the CLAS detector a
Jelerson L. A study of th same reacton, published earlier, eported the observation ofa narow 6
resonance. The present experiment, with more than 30 times the integrated luminosiy of our earlier
meastrement, does not show any evidence for a narmow pentaquark resonance. The angle-integrated upper
initon 1 production i the mss range of 1.52-1.56 GeV /e forthe yd = pK ™0 reactonis 03 b
195% C.L.,. This upper imit depends on assumpions made fo th mass and angulr distibution of




Theoretical formalism: two-body hadron-hadron scattering

Xii)()()(m(

t =v +vgv +vqugU + ... =V +vgt  (g: two body loop function)
=[1 —vg™ | |
= vg) v v: from chiral Lagrangian
» Two-body loop function G - f dgq 1 1
(2m)4 ¢%2 — m? +ie (P — q)% — m3 + ie
> Subtraction constants in dimensional regularization method ,
!/
TT? TT?,:Z — TT?.Q + s TT? ! I’L
G = 167T2 b—k Log JQ 2 231 L()JE o, =y + LOQF
P s —m3 +mi+ 2p\/s s+ m32 —m3 + 2p/s
+ \/g(LOgs +m3 — mi + 2p\/s + L()J—s —m3 + m3 + 2;{)\/_)>

» or cutoff values in cutoff method

G = qqu2 2w1 + W '
0 (27)2wiws[(PY)” — (wi + we)? + i€




Identify resonances/bound states (Hadronic molecules)

» To identify resonances/bound states, one goes to the complex plane to look for poles.

7. _ _8ii8]
Ly —
\/E — ZR M = Re\/gpole and I'=2x Im\/gpole

» Once poles are found, resonance parameters can also be obtained from
amplitudes squared on the real axis.

g

.
Vs—Mpy +i BZW

Baryon: A(s) =

=/

Meson: A(s) = J

S—M5W+iMBWrBW




f1(1285) as a K K* bound state

I i i |
Lyypp = _4—?""31 r ([V#, 0"V [P, 0, P])

()

~1-vG" Pole position : (1282, —i0) MeV
Coupling : g7, = (7555, —i0) MeV

l

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, “f;(1285) decays into a,(980)r°, £,(980)x® and
1sospin breaking," Eur. Phys.J. A 51, 48 (2015).

R. Molina, M. Doring and E. Oset, “Determination of the compositeness of
resonances from decays: the case of the B® -> J/y £,(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.

h, (1170) h, (1380) £1(1285)
LO NLO LO NLO LO NLO
NG 918 — i17 925 — 29 1244 — i7 1257-i0 | 1286-i0 1289 — 0
H(K'K+KK) 721940 7884 + i0
o —46 + i13 69—i102  —3309+i47  —5963 — i38
on 244028 T11-i427  3019-i22 2642 —id7
pr 34521681 3576-i1909  650-i961 134 —i233
L(K'K-KK) 78440499  —1488 4757 61374183 6435+ i35

PHYSICAL REVIEW D 90, 014020 (2014)

Pseudoscalar meson and vector meson interactions and dynamically

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

generated axial-vector mesons



(1285

VALUE (M) VIS

£(1285) MASS

DOCUMENT ID TECN ~ COMMENT

12818 £ 0.5 OUR AVERAGE  Error includes scale factor of 1.7. See the ideogram

IG{JPC} — {]—i-{l-l— -I—}

f,(1285) WIDTH

Only experiments giving width error less than 20 MeV are kept for aver-

aging.

VALUE (MeV) EVTS DOCUMENT 1D

TECN  COMMENT

23.04+ 1.1 OUR AVERAGE Error includes scale factor of 1.6. See the ideogram below.

f1(1285) DECAY MODES

Scale factor/

Mode Fraction (I';/I") Confidence level
r 47 @35t D% $=1.3
M 7O 7Ot — (zzat 2y9 S=1.3
s 2a+ 25— et 225 v S=1.3
M4 PPt a— (1302 T 8:2) % S=1.3
s 29 p° seen
s 470 = 7 ~ 10—4 CL—90%
r nwt T (35 +15 ) %
s 1) 7T TC (52.01 %:?) % S=1.2
Mg apg(980) 7 [ignoring ag(980) — (38 + 4 )%

K K]

Mo nwm [excluding ag(980) 7] (14 £ 4 )%
M1 KK ( 9.1+ 0.4) % S=1.1
I‘12 K K*(892) not seen
13 7w "7 =w“ ( 3.0+ 0.9) x10— >
Mg ptaT < 3.1 x 10—3 CL=95%
Ms v p° ( 53+ 1.2)% S=2.9
Me o ( 75+ 2.7) <104
Mz 7"

10



f1(1285) — m K K decay
%(K*K — K*K) = —%(K*"‘K‘ + K*K°

—K* KT - K*K?) .
We take the convention CK* = —K*,

11



K* l'il K*
N Ji )
K K
K K'Y K*
A ¢
K- K" K"
A)
K K* K* K*
fi h S h
™ ™ ¥il ik
,_I."J. T ,.,I"J. T } T } |” - 'TI
K K B K K
K K K' K- K" K~ K™ K'
B)
1 _
I =6—— [ [ dwpidwpS | M|? Theo
ey | [ s TP v
x O(1 — cos?0p )0 (My, — wgr —wr— — M), BTU&(H&S) — WKK} — (72 N 78)%
where M is the full amplitude of the process f;(1285) — Experlment
7K+ K~ including the FSIs, _
o, DA TKE] = 002045

F. Aceti, Ju-Jun Xie and E. Oset, “The KK decay of the f;(1285) and its nature as a

K*K molecule," Phys. Lett. B750, 609 (2015). 12



f1(1285)

Y

f1(1285) — 4V decay

Table 1. Partial decay width for f1(1285) — yV. All units are in MeV.

A fi=y" T (D) fi = yw [x1077] fi = yd [x1077] Ry Ry

800 0.42 (0.34) 1.36 0.71 59 31

1000 0.56 (0.46) 1.87 0.93 60 30

1500 0.88 (0.72) 3.01 1.41 62 29

Ref. [2] 0.311 3.43 — — 9

Ref. [14] (set I)" 0.509 4.8 2.0 25 11

Ref. [14] (set IT) 0.565 5.7 0.56 101 10

Exp. [7] 1.2£0.3 — 1.7£0.6 71£30 —

Exp. [1]° 0.45+0.18 _ _ _ _

“The measured width of £;(1285) is ~6 MeV smaller than the previous world average [7].

Ju-Jun Xie, G. Li, and X.H. Liu, “Radiative decays of f;(1285) as the K*K molecule state," Chin. Phys. 13

C 44, 114104 (2020).



fo(1710) in vector — vector interactions

Strangeness=0, Isospin=0, Spin=0
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real axis (two p’s)

£,(1370) (1512, 51)

(1523, 257)

fo(1710) (1726, 28)

(1721, 133)

L.S. Geng, E. Oset, Phys.Rev.D 79 (2009) 074009.

No tuning of the parameters,
their positions are fixed by

those of the £, states! 14



f,(1710) confirmed in the chiral quark model

PHYSICAL REVIEW C 84, 054006 (2011)

Dynamical coupled-channels study of K*K* and w¢ states in a chiral quark model

W. L. Wang!? and Z. Y. Zhang'-?
Institute of High Energy Physics, P.O. Box 918-4, Beijing 100049, China
2Theoretical Physics Center for Science Facilities (TPCSF), CAS, Beijing 100049, China
(Received 6 July 2011; published 21 November 2011)

A dynamical coupled-channels study of a K*K* state with isospin 0 and w¢ state is performed within
both the chiral SU(3) quark model and the extended chiral SU(3) quark model by solving a resonating group
method (RGM) equation. The model parameters are taken from our previous work, which gave a satisfactory
description of the energies of the octet and decuplet baryon ground states, the binding energy of the deuteron,
the nucleon-nucleon (N N) scattering phase shifts, and the hyperon-nucleon (¥ N) cross sections. The results
show that the interactions of K*K* states are attractive, which consequently result in K*K* bound states with
the bmdmg energles of about 10-70 MeV, and contrarlly, no a)qb bound state is obtamed The channel couplmg

The plausible mterpretatlon of f0(17 10) and X (18 12) bemg K*K* dommated states is briefly discussed.

Effects of pseudoscalar-pseudoscalar coupled channels

Further study of f,(1710) with the coupled-channel approach and
the had lecul ictu
© Hadron moTecuiar pieture PHYSICAL REVIEW D 104, 114001 (2021)

Zheng-Li Wang®'*" and Bing-Song Zou' ™"

The f,(1710) was previously proposed to be a dynamically generated state with interactions between
vector mesons. We extend the study of f,(1710) by including its coupling to channels of pseudoscalar
mesons within the coupled-channel approach. The channels involved are K*K*,pp, ww, ¢, e, wr,
KK, nr{ We show that the pole assigned to f,(1710) does not change much.|Then we calculate the partial
decay widths of f,(1710) - K*K* — zn, KK,nn as the coupled channel dynamically generated state as

well as assuming it to be a pure K*K* molecule. In both cases the ratios of partial decay widths agree fairly
with that in PDG. 15



DD and DI D;

interactions in chiral unitary approach

TABLE IV. Pole positions for the phenomenological model.

9.€=0,S=10
States Amplitude
DD, —D;D; #(%(s + 1= 2u) + 2md + 2m% — 2m2)
—=D'D” —#(%(r u)+ s = u+ 2mh + my — mk)
— D°DY —#(gﬁs(r u)+ s = u+ 2mh + my — ml)
D'D”—D'D" —#(d@(s + 1= 2u) + 2m3)
— D°D’ —#(%(I —u) s —u+2m)
DDY = DOD" =L (y(s + 1~ 2u) + 2md)

o

Bethe-Salpeter equation: T =V 4+ WT =T =

W

B,

(I-V6)™'V

Resonance ID C S 1 | RE(/s) (MeV) | IM(\/s) (MeV)
fo 00 0 91845 ~18.76
T 0 0 0 616.19 —143.71
(7) 00 0 371893 —0.06
g 0 0 1 987.68 -38.29
K 0 1 % 831.58 —147.24
D;,(2317) I 1 0 2317.25 0
D;;(2400) 10 % 2129.26 —157.00
(7) 10 % 2694.69 —441.89
7 I 11 2704.31 -439.50
(7 I =1 0 2709.39 —4435.73

-

6((3720) - corresponding
mostly to a DD state )

D. Gamermann, E. Oset, D. Strottman, and M. J. Vicente Vacas, PRD76, 074016 (2007).

16



PHYSICAL REVIEW D 74, 014013 (2006)

Bound DD state in other calculations

Possible S-wave bound-states of two pseudoscalar mesons

Yin-Jie Zhang,l Huan-Ching Chiang,z’l Peng-Nian Shen, ™! and Bing-Song Zou

1.4,

POSSIBLE S-WAVE BOUND-STATES OF TWO ...

TABLE I. Dependence of binding energies on the cut-off
parameter A for various isoscalar two-pseudoscalar-meson sys-

tems

E(MeV)A (GeV) | DB DD BB BK BD DK
14 -1.2 — f— — —
1.5 -5.

1.6 —13.4 MDD ~ 3735 Mev
1.7 -243 = — — —
1.8 —381| —93| -08 — — —
1.9 —546 | —17.7| —43 — — —
2.0 -736 | —28.7|—-109 — — —
2.1 —95.0 | —424|-21.0 — — —
2.2 —118.6 —588 —351 —-14 — —
2.3 —144.2 -717.9 -538 —-31 — —
24 —171.8 —100.0 —-782 —-54 — —
2.5 -201.3 —125.1 —110.1 —-82 —-03 —58
2.6 —232.7 —153.7 —1524 —-11.6 —-2.5 -55.2
2.7 —265.8 —186.0 —210.3 —15.5 —6.9 —302.7
2.8 —-300.6 —222.8 —295.9 —19.9 —13.9

2.9 —337.2 —264.8 —450.9 —24.7 —24.3

3.0 —375.6 —313.3 -30.0 —39.0

Charmonium-like resonances with JP¢ = 0++, 2%+ in
coupled DD, D,D; scattering on the lattice

Sasa Prelovsek,%"¢ Sara Collins,* Daniel Mohler,%*/ M. Padmanath®¢ and

Stefano Piemonte? J H E P 06 (202 1 ) 03 5

0.010¢

0.005}

0.000—— Bt

=0.005}

21m (Ecm) [GeV]

=0.010 . . !
-0.015 -0.010 -0.005 0.000 0.005

Re(E.m) - 2mp [GeV]

ABSTRACT: We present the first lattice investigation of coupled-channel DD and DD,
scattering in the JF€ = 01+ and 2+ channels. The scattering matrix for partial waves [ =
0,2 and isospin zero is determined using multiple volumes and inertial frames via Liischer’s
formalism. Lattice QCD ensembles from the CLS consortium with m,; ~ 280MeV, a ~
0.09fm and L/a = 24, 32 are utilized. The resulting scattering matrix suggests the exis-
tence of three charmonium-like states with J”C = 0+ in the energy region ranging from
slightly below 2mp up to 4.13GeV. We find a so far unobserved DD bound state just
below threshold and a DD resonance likely related to x.0(3860), which is believed to be
¥0(2P). In addition, there is an indication for a narrow 07" resonance just below the
DD, threshold with a large coupling to DsDs and a very small coupling to DD. This

17




Fixed Center Approximation to Faddeev equations (FCA)

X © O s Q ) // T, = 51 + g1 Go T,
\ TR - v \‘;Tf/“ n ’:« b Ty =1y + t,Go T}
o e o o T=T +T,

By, B N tORT s = o+ . -
p— \ p— \3 /: \ T L tl _|_ t2 _|_ 2t1 t2 Go
—_— . 1\_,/2 1\_'/2 \3 Qz \3 1 —E Z G2
1021990
(e) 3] @ (h)
1 d3_) 1 T me;s
GO — q3 Fcls (Q) 0? -9 2 . t]- _ tl
2,rn’cls (271-) q —q —m + 1€ my
~ m,;
F.(q) = l/ I < 4 d’p { S > 1 G t2 — = t2
N b—dl<4 Mt — w1 (B) — w2 (B) M, — w1 (p—¢) —wa(p—q) mo

1 1 1 1
2w, (ﬁ) 2w, (15) 2w, (]_5 - Zj) 2w, (ﬁ - Zj)

1 1 1 ?
N = B <Ad3_) = = > =
/'p' p(2w1(p) 2w (P) M — wi () —'wz(p)) 18



DDK system in FCA

9 107
x 10 8.OX 0
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2.0 “ 20 |
L 0.0 ' . JL :
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Fig. 5 Modulus squared of the total scattering amplitude of DDK
three body system in isospin / = 1/2

Table 2 Obtained masses (in MeV) for X (3720) and K. z(4180) states
with different A

A (MeV) 700 750 800 850 900 950 1000

X (3720) 3736 3732 3727 3721 3713 3703 3692
K. z(4180) 4194 4194 4193 4192 4189 4185 4181

Xiang Wei, Q.H. Shen, Ju-Jun Xie, Faddeev fixed-center approximation to the DDK system and the hidden
charm K.-(4180) state, Eur. Phys. J. C82, 718, (2022). 19



PHYSICAL REVIEW D 103, L031501 (2021)

| Letter |
Excited K meson, K (4180), with hidden charm as a DDK bound state
Tian-Wei Wu,' Ming-Zhu Liu,” and Li-Sheng Geng 1345
K K / 3 \
= Y= Z ¥Y(r..R,)
R R3 c=1
o D T D
e "P(rﬁ Rr:) - Cr,ﬂHET(DIL,A(rc! Rf)

- . /

FIG. 1. Three permutations of the Jacobi coordinates for the DDK system.

The DDK system is found to bind with quantum
numbers /(J”) =1(07) and a three-body binding energy

By(DDK) =489/ ey, Y My = 4181.2721 MeV

20



Excited pseudoscalar states in tK*K*, nK*K* and KK*K* systems

06
2.0 ok
_ — A=1125 MeV
*K* - f0(1710) === A=945 MeV
L.
a !
v !
» ;
T1.0r
I
g
0.5 :
0.0k = eS8

1550 1600 1650 1700 1750 1800 1850
/ . (MeV)

Q.H. Shen, and Ju-Jun Xie, Phys. Rev. D 107, 034019 (2023), arXiv:2211.04911 [hep-ph]
21
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nK'k—'—mKT{‘l .

Three-body scattering amplitudes
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Numerical results

TABLE: Peak positions of squared of three-body scattering amplitude corresponding to different
value of cutoff parameter A .Unit in MeV.

A 855 945 1035 | 1125 1215 PDG
1704 =12 (eva.)
M, 4mo) 1747 | 1733 1718 | 1704 1690 1733*% (ave.)
0 -7 .
2050,
M .- 2104 | 2092 2070 | 2054 2038
K K o103+50 1(2100)
M. 2089 | 2073 2059 | 2045 2031 2070435 7(2070)
State 1 2092 | 2083 2072 | 2062 2053 2075+£12+5 X(2075)
Meww State2 2140 | 2134 2130 | 2130 2134 ?
State 3~ wws 2233 2219 | 2209 2211 ?

Qing-Hua Shen, and Ju-Jun Xie, Phys. Rev. D 107, 034019 (2023), arXiv:2211.04911 [hep-ph]
24



Exotic (quantum numbers) state w1(1600)

1(1600) SUPG =10
m1(1600) T-Matrix Pole /s
Note that I = —2 Im(y/3). Breit-Wigner mass and width of 7 (1600)
VALUE (MeV) DOCUMENT ID TECN COMMENT .
(1480-1680) — i (150-300) OUR ESTIMATE Mass (MeV) Width (MeV)
(1623 + 47733) — i (228 + 1 KoPF 21 RVUE 09 pp Eowon,
44+72) T nrmode 1354 +£25 330435
ﬁ_ﬂ_w+p
(1526_;1 j:EI: 52;1)1 86) — i (246 + 2 RODAS 19 RVUE 1917 p = g a=p non-nm mode 16454_“11[_3, 37{)4_'?53
71(1600) DECAY MODES Pe .
- frction 111 Mesons with quantum numbers J*~ =1
ICT & & seen . -
o P cannot be formed with a qq pair.
M3 f(1270) 7~ not seen
My by(1235)7 seen
Mg /(958)7~ seen
e nm seen 1d?
M,  f(1285)x seen Hybrld ’

Tetraquark?

25



KK* = JPC =17t f(1285)
Tf(1285) = JFC =17F 7

5000

n(1600) qum—p "}

3000 |

tKK* system

- M3 MY /Y 1650 MeV

—— Mg=1281.3 MeV

Mp=1331.3 MeV

N
~ 2000 f
On the other hand, from Fig. 5 we see that there is no any [
bump structure around /s ~ 1400 MeV, which can be 1000 £
assigned as the 7, (1400) state. This may indicate that the [ ]
ﬂ1(1400) can not be dynalnlcally generated from the 10300 1400 1500 1600 1700 1800 1900 2000
xf,(1285) interaction. Vs (MeV)
FIG. 5. Modulus squared of the 7K K* three-body scattering
amplitude.

Citation: S. Navas et al. (Particle Data Group), Phys. Rev. D 110, 030001 (2024)

m1(1600) I6UPC) = 1=

Coupled channel analyses favor the existence of only one broad 1 — +
isovector state consistent with 71 (1600) in the 1400-1600 MeV re-
gion. Accordingly, the w1 (1400) entries of the previous Reviews have
been moved into this section. See the review on " Spectroscopy of
Light Meson Kesonances.

Xu Zhang, Ju-Jun Xie, and X.R. Chen, Phys. Rev.
D 95, 056014 (2017).
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) * 1
KK* — JPC =17+ £(1285) Ik = (%) =S(17) Ky (1270)

nf(1285) = 1°JPC =ot1=F 2 KK (1270) = 1(JP)=0(17) ?
\ /

|

Chinese Physics C  Vol. 44, No. 5 (2020) 054104

Prediction of possible exotic states in the nKK* system®

Xu Zhang(3KfH) " Ju-Jun Xie(§ 5 42)
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0.00% ‘
1300 1400 1500 1600 1700 1800 1900 2000 01%00 1400 1500 1600 1700 1800 1900 2000
Vs (MeV) Vs (MeV)
Fig. 7. Modulus squared of the total amplitude 7 for the »- Fig. 8.
(KK*) 1, (1285 system. The dashed, solid and dotted curves are

Modulus squared of the total amplitude 7 for the g-
. (nK*)k,(1270) system. The dashed, solid and dotted curves are
for A = 890,990 , and 1090 MeV, respectively. for A =900, 1000, and 1100 MeV, respectively.

Three-body systems Quantum numbers Mass (MeV) Width (MeV)

n— (KK*) a5  19(J79) =07(171) ~ 1700 ~ 180

K~ K )y 107) = 0(17) ~ 1680 ~ 160
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Ezotic state 1;(1855)

Observation of an Isoscalar Resonance with Exotic J7¢=1-* (BESIII Collaboration)
Quantum Numbers in J/y — ymp/
PHYSICAL REVIEW LETTERS 129, 192002 (2022)

Mn1(1855) — 1855 T+ 91_? MeV
Fm(1855) = 188 £ 181_2 MeV

Partial wave analysis of J /¢ — ymm'

M. Ablikim et al. (BESIII Collaboration)
Phys. Rev. D 106, 072012 — Published 31 October 2022

SCIENCE CHINA e
Physics, Mechanics & Astronomy @Er?_s§1\51a;1< * universe

June 2022 Vol. 65 No.6: 261011
https://doi.org/10.1007/s11433-022-1887-5

Article

: 5 On the #1(1855), 7r1(1400) and 7t1(1600) as Dynamically
Interpretation of the 7;(1855) as a KK;(1400) + c.c. molecule Generated States and Their SU(3) Partners

124%

o 12 i Tind .
Xlang Kun Dong ’ Yong Hui Lin, and Bmg Song Zou Mao-Jun Yan *, Torgivan M. Dias !, Adolfo Guevara !, Feng-Kun Guo ¥2%*0 and Bing-Song Zou 1%*

Chinese Physics C - Vol. 46, No. 5 (2022) 051001

Chin. Phys. Lett. 39, 051201 (2022)
QCD Axial Anomaly Enhances the nn’ Decay of the Hybrid
Towards the establishment of the light J™ “=1"" hybrid nonet’ Candidate 7,(1855)

Hua-Xing Chen(MRfE2 )", Niu Su(#7401)"™, and Shi-Lin Zhu( 4 ft )2
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PHYSICAL REVIEW D 106, 074003 (2022) TABLE 1. The continuum thresholds, Borel parameters, and

predicted masses of tetraquark states.

: < 2 (a2 X (2
Possible structure of the newly found exotic state 7, (1855) Configuration Curent /s, (GeV) Mj (GeV") M~ (GeV)

Bing-Dong Wan®,"*" Sheng-Qi Zhang,>" and Cong-Feng Qiao™" [l E']-"-"' ® [l L']fi‘f:' A 2201 L.1-1.6 | 1.87 = 0.08 |
B 2.1£0.1 LL1I-1.6  1.75£0.08
M)y ® [, € 24£01 13-18  2.05+0.07
D 2.1 0.1 1.2-1.7  1.63£0.12
1), ®[1], A 25+01 13-19 2.14+007
D 22+0.1 1.3-1.8

PHYSICAL REVIEW LETTERS 130, 061901 (2023)

Radiative Decay Width of J/y — M) from N, =2 Lattice QCD

Xiangyu Jiang®,"*" Feiyu Chen,"? Ying Chen®,"" Ming Gong®,"? Ning Li,* Zhaofeng Liu®,"**
Wei Sun®,' and Rengiang Zhang'”

PHYSICAL REVIEW D 107, 054511 (2023)

1-* hybrid meson in J/y radiative decays from lattice QCD

Feiyu Chen L Xiangyu Jiang ol Ying Chen 124 Ming Gong 22

Zhaofeng Liu 23 Chunjiang Shi % and Wei Sun®'
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We conclude that

The FCA 1s an
effective and
technically
straightforward
tool for
studying three-
body systems!

And, | exotic hadron states are made of hadrons.

Thank you very much for your attention!
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  u u d d  s -


  M = 1540 ± 10   MeV


  Γ < 25   MeV


  :   A  ( s ) =    g -   s −  M  B W + i    Γ  B W 2


  A  ( s ) =      g - ′  s −  M  B W 2 + i  M  B W  Γ  B W


   K - K 𝜋


   K ∗  K -


   K ∗  K -


   D - D K


   K  c  c - ( 4180 )

