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Conventional hadrons

Background

@ Quark Model
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Background

%

Dibaryon

Exotics in QCD

@ Exotics in QCD

&

Tetraquark Hybrid

@ Exotic quantum numbers

Possible quantum numbers in ¢g system.

S=0 S=1
L=0 0 1
L =1 1+— 0++, 1++,2++
L=2 -+ 17273

o 17, 0%, 2+
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CECN(CIEAN  Hybrid mesons

17" hybrid candidates

o Observation of 71 (1855)PrL129,192002
o J/Y — yn1(1855) — ymy’
o m=1855+ Qf?MeV
o ['= 188+ 18*3MeV

@ Explanations
o KK1(1400) NPA1030 122571
o [1.]ss ®[1c]54 PRD106,074003
e dynamically generated state
Universe9,109
o hybrid 2302.06785,2302.07687
@ Other hybrid candidates
o m1(1400)
e 71(1600)
e 11(2015)

@ Hybrid nonent?
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CECN(CIEAN  Hybrid mesons

Theoretical predictions on hybrid spectrum

o MIT bag model
o lightest: 177,(0,1,2)""
e higher: (0,2)*"
o highest: 07~

o Supported by LQCD calculations

PRD88,094505

@ Other studies: Flux tube model, Bethe-Salpeter equation, QCD sum rules
@ 2% hybrid states are predicted to be narrow,less than 10 MeV prpso,034016
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Background [GINEITERNE

Naming Scheme

e 0t states
19(JPC) =0%(0™) - 1(39), 7' (qq + 35)

ISUJP% =170 > n

o 1%~ states
IG(JP%) =0~ (1*") > h1(1170)

IG(JPC) =17(1*") > b1(1235)
@ 2%~ states (exotic quantum number)
19(J79) =07(2%") > ha(gg9). hy(3gs)
I9(JFC) =1%(2%7) - ba(a99)
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(e[ NTIEE  Correlation functions

Phenomenology-Hadron level

o Dispersion relation

N-1

H(q2) _ (q2) j:xv gomI Z (q2)n b,

N(ec_ 12 _ 4
N(s— @ —ie) Lt

@ Spectral density
p(s)

Im IT
_ mn(S) - f?{g(s . m?_l) +0(s—s0)p©"(s),

Im II(s)
ground
state

excited states and
continuum region
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OPE-Quark level

@ The correlation function can be calculated using operator product expansion

M(g*) = )" Cu(g*)On
n=0

@ The operators often considered are

(29). (0. 0G). {0:7Ga) . {42 &°)
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(6JepRSITUNTI  Quark-hadron duality and Borel transform

Quark-hadron duality and Borel transform

@ The correlation function described in the above two ways is equivalent

PR (g2) = TIOPB (g2

(qQ)N « ImTI(s) N o
d + 2 b, = C 2 o)
a L SSN(s—qz—ig) T;)(q) n 7;) n(q7)On
o Borel transform )
n+
; (@) d\"
B= lm ~———(- )
Q2> (n)! dQ?

Q2 /m=M%

2 2 50 M2
Li(s0. M) = fyymife ™l M =f dse”*MBpOPE ()5,
<

@ Hadron mass
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Light hybrid mesons with exotic quantum numbers 2 Currents and couplings

Couplings

@ Following currents cannot couple to spin-2 states since two indices are antisymmetric.

q9s G/JV q  q9s G/JV q,  Q9sYs Gyv g 99sY5 ~G/1V q

o Following currents cannot couple to 2*~ states.

o+

7950 Gav 4, .
99.0 Gavg, 277,
995v50) Gavg, 277,
99550 Gavg, 2%,
o Two ways to obtain 2%~ states
o Two indices currents with nonlocal operators with derivatives

_ =, >
q9sY5vu DY Gavg

o Currents with three and even more indices ? Jug,
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Light hybrid mesons with exotic quantum numbers J2C = 2 Currents and couplings

Couplings

@ Couplings between physical states and 3-indices currents

(0| Japy| 0°PCD)) = 2 pagpy + Z3ppGay + 73Dy Gup + ZPapspy -

(0| Japy| 0FC)) = Z2e0pyep” .

(01Japy | 1CD)) = Zieugpy + Z3€s9uy + Z5€,9ap + Zy€aspy + ZaesPaby + Zseypabs
<O |Jaﬁ7| 1(_P)C(p)> = Z%saﬁyreT + Zéea/gmerp’lpy + Zésaymerplpﬁ )

(0Jagy| 27PCD)) = 23 €appy + Z3€ayps + Z3epy e

(0] Jagy| 27CD)) = Z30proe, D" + Z2eaywes 0’ s

(0]Japy[37w)) = Zeuy .

@ Possible currents L
Jopy = 895¥ay5Gaya.  J77=(0,1,2)*,
2 _ > _
T, = a9svays Gaya, 79 =(0,1,2)*,
J3

oy = 195YaCGya J7C=(0,1,2)*",

T = 195veGyya, I =(0,1,2)*F,
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Light hybrid mesons with exotic quantum numbers J© % =: Currents and couplings

Currents

o Two currents can couple to 27~ states

HY = G9vavs Gpye,  JTC=(0,1,2)*,

apy
J2 = 495vays Gpya,  J7C=(0,1,2*,

aBy

o Each current can couple to only one 2*~ state
<0 “]Eyi?)y‘ 2+_(P)> =f (‘90[3796yrp€ - anraeﬁrpg) >
2 — ’
(0]72 |2} = 1 (euppy = ey,

The above two states are the same state.

@ Projector constructed

1 T
_ 1,601 _ 71,601
Poy gry1.a2 822 = 80p2 Z(salﬁﬂﬁlfn p Eaiy1t161 €, P )
Tk Gy Tox 0y
X (8H2ﬁ27292 &2 P Eagyata62€3," P ) :
o Correlation function of 2*~ state can be extracted

My(p?) = Pr1hrrie2fore a1y y1.028272 @.
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Numerical analysis

—— M3=2.39 GeV? 50=9.0 GeV?
- 5p=10.0 GeV?
M3=2.94 GeV? - 5y=11.0 GeV?
- ; a
]
Q
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g
24
22
200 6 8 10 12 14 20790 25 30 35 40
5 [GeV?] M [GeVE]
Variations of hadron mass with sy and M}Zg for the ggq light hybrid meson.
Mpy/hy = 2.65 +0.09 GeV,
my, = 2.74 £ 0.09 GeV,
o Lattice calculation
me/h(z/) =24-28 GGV,
*= hybrid mesons Aug.28.2023
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Light hybrid mesons with exotic quantum numbers J* %~ = 2 Production and decays

Production

@ The production mechanisms of 11(1855) from J/y radiative decays.prp107,054511
i)

0yyl0.0) el

==

Ju(5@) (i, 5)

@ Two possible production mechanisms of 2~ light hybrids from y.; radiative decays.

Xel| Xetf2 E
X

o BESIII experiments:  ¢(3686) — yy.;j — yyX

Qi-Nan Wang (SYSU) 2+~ hybrid mesons Aug.28.2023

18/22



Light hybrid mesons with exotic quantum numbers

Production and decays

Decays

@ Some possible two-meson decay mechanism of hybrid meson

o Two-meson decay modes I¢JPC = 072+~ (hy and hy) and 172%7 (b2).

19(J"%) 0-(2") 172)
S-wave KoKy
arby, fiha, faha, arhy, fiby, fab1,
nw,n1p Tiw, N1p
KK, KKy, KK, K K1, K K,
P-wave hin, bi7, fow, bin, ham, fop
fiw, fow, app, a1p  fip, fap, aow, arm, agm
D-wave

o, o) wr, pn®

@ Experimental search

e by = w/ai/hi/axm — 4n

@ hy — pn— 3n and hy — byn — 57

o 1y, "y
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Summary

Summary

o Non-strange and strangeonium light hybrid mesons with 2*~ by using the method of QCD
sum rules.

® My, =2.65%0.09 GeV  my, =2.74%0.09 GeV.

Generated through two-gluon and three-gluon emission processes in radiative decays of y..

BESIII experiments:  ¢(3686) — yycs — yyX

Experimental search: by — 4x, ho — 37,57
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Summary

Thank You !
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