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Experimental status
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BESIII

J/p —> ¥ X — ynn

M.Ablikim et al, Phys.Rev.D.87, 092009 (2013)

Resonance Mass(MeV/c?) Width(MeV /¢?) B(J/y — vX — ynn) Significance

fo(1500)  1468F1i+323 136730428 0 (1.6519:2040951) 5 1075 820
fo(1710) 175946751 172410752 (23570157020 x 107 250 0
fo(2100)  2081+1372 273751H0 (L1390 t0%s) x 1071 139 0
f2(1525) 15134514, 5T (342703 ITy x107° 1100
f2(1810) 1822133450 2200E5FIR (5.4015677555) x 1070 64 o
£2(2340) 236275750 33415ENG0 (5.607083557) x 1077 76 o

J/p — v X —> yo b

M.Ablikim et al, Phys.Rev.D.93, 112011 (2016)

Resonance M(MeV/c?) T(MeV/¢?)  B.F.(x107*)  Sig.
n(2225) 22167573 185712712 (2404 0.10727%) 28 ¢
n(2100) 2050130170 25073018 (3.30 £0.0975 ) 220

X(2500) 24700151590 230155155 (0.17 £0.025003) 8.8 0
fo(2100) 2101 224 (0.43 £0.041023) 240
£2(2010) 2011 202 (0.35 +£0.057772) 950
£2(2300) 2297 149 (0.44+0.077092) 6.4 0
£2(2340) 2339 319 (1.91+0.147072) 110

0~ PHSP (2.74 £ 0.1570-1%) 68 &




Theoretical research

m Flux-tube, bag model, constituent model etc.

m AJS/ QC [D [Yidian Chen and Mei Huang, Chin.Phys. C40(2016) no.12, 123101 |

H QCD suUum rule [D.Harnett, et al, Nucl.Phys. A850(2011) 110]

Quenched approximation:
m B.Berg and A.Billoire, Nuclear Physics B221 (1983):109-140
m C.Morningstar and M.Peardon, Phys.Rev.D56(1997):4043-4061
- m C.Morningstar and M.Peardon, Phys.Rev.D60(1999)034509
- Lattlce QCD m H.B.Meyer and M.J. Teper, Phys.Lett.B605(2005)344-345
m Y.Chen et al, Phys.Rev.D73(2006)014516
.
Dynamical sea quark:
m G.S.Bali et al,Phys.Rev.D62(2000)054503
m A.Hart and M.Teper, Phys.Rev.D65(2002)034502
m UKQCD, Phys.Rev.D82(2010)034501
m E.Gregory et al, JHEP 10(2012)170



Theoretical research

Lowest-lying glueballs in quenched LQCD

m Lowest states with JF¢ = 0t+, 27+ 0+
m Masses around 1.7 GeV, 2.4 GeV and 2.6 GeV respectively.

[Y. Chen et al, Phys. Rev. D 73, 014516(2006)]

12 o 19
10 2" — .
—— 1
e+ . %’—
3 m— 37—
8
® 2_+_1+'— 13 %
EO 6 O w—— Q”
— 2 — Q
) =
4 0" ww—
2 1
0 0




N f =7 lattice Q CD stu dy [W.S. et al, Chin.Phys.C 42(2018) no 9, 093103]

Gauge configuration detalls
m N¢ = 2 anisotropic lattice
m Tadpole-improved gauge action
m Clover-improved Wilson fermion action
m Ground state scalar, pseudoscalar, tensor investigated

I5; P xT 'S Qg My Nconf
25 123 x128 5 0.114fm ~ 650 MeV 4800
2.5 123x128 5 0.118fm ~ 938 MeV 10400




N¢=2 lattice QCD study

Glueball operators construction

JPC

Particle states denoted by in continuum

SU(2)(continuum) reduction, 20(lattice)
Glueballs are bosons (20 — O)

Octahedral group O has five IRs,
, denoted by R

Subduced representation of SU(2) with re-
spect to group O is generally reducible(J > 2)

R~ J(A — J=0,0=4,..)

Assuming that the ground state on the lattice
corresponds to the lowest spin state in contin-
uum

Using different spatial oriented Wilson loops

to construct glueball operators with quantum
number denoted by RFC

J
R 0 1 2 3 1 5
Aq 1 0 0 0 1 0
Aq 0 0 0 1 0 0
E 0 0 1 0 1 1
T, 0 1 0 1 1 2
T 0 0 1 1 1 1

— /—7| %
é.’—??jT‘/Z;/

73
(gl

[C.J. Morningstar and M.J. Peardon,

Phys. Rev. D 60, 034509(1999)]
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N¢=2 lattice QCD study

Glueball operators construction

m Operators with RP¢ quantum number are linear combinations
of Wilson loops

m P=+, C=+

qﬁiRPC = Z crReTr[go Wi(x,t) &= Pgo W;(x,t)P ]

geO

m P=+ C=-—

QSZ-RPC = Z crImTr[g o Wi(x,t) &= Pgo W;(x,t)P ]
geo
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N¢=2 lattice QCD study

Effective mass plateaus

C
m 24 operators ¢E;RP ) for each RPC

. ; PC
m Use the variational method to get a optimal operator &

(4

m [ he optimal correlation function is

éFRPG>(t) = zmgﬂ”% + T)<I>§RPO)(T)\0>,

1




N¢=2 lattice QCD study

Effective mass plateaus (A7 & A7)
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N¢=2 lattice QCD study

Effective mass plateaus (E1 & T,)
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N¢=2 lattice QCD study

m [ he optimal correlation function is

() =S (0@ + 1)@ (r)0),

T

m Use two state union fit

CR Oy = wEDemmt 4y E ) emmat
) = Wi et W e,
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N¢=2 lattice QCD study

Fitted

result
3.5 . A-{t: . 3.5 A‘C: .
A —— Ay, ——
3 | El —— 3 £3) e ]
Ty —e— E E Ts ?—
S 25 ¥ i % S 25¢ by = ] ; ]
5} * * % Jf & + 0 3 1
= 2t = 2 * - :
. L 3 et
1.5 = + s E I 1.5 i T + _"_
1 : : : : 1 - - : L
0 1 2 3 4 5 5] ] 1 2 3 4 6
tmin tmin
938 MeV 650 MeV
my (MeV) m 4+ (MeV) m, 4 (MeV) m, 4 (MeV)
N; =2 938 1397(25) 2367(35) 2559(50)
[this work] 650 1480(52) 2380(61) 2605(52)
Ny =2+1 360 1795(60) 2620(50) —
[E. Gregory]
quenched — 1710(50)(80) 2390(30)(120) 2560(35)(120)
[C. Morningstar]
quenched — 1730(50)(80) 2400(25)(120) 2590(40)(130)
[Y. Chen]
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More about scalar channel  ws.etal 227 web conri7so1s) 0s016]

Include isoscalar gq operator

Q

Cipr) — [ (06 (P00 (9.0) (05 (p.0)0}(p.0)
PO\ (0. 000 (0.0)) (0y(p.00}(p.0))

W G e .

(a) glueball correlator (b) cross term

.

(c) cross term ) connected and disconnected
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More about scalar channel
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Pseudoscalar and topological charge density
[W.S. et al, Chin.Phys.C 42(2018) no 9, 093103]

n(1295) n(1405) n(1475)

[A.Masoni ef al, J. Phys. G 32, R293(2006)]...
may contain glueball state

EJ.-J. Wu et al, Phys.Rev.Lett 108, 081803(2012)?

same state n(1440)

19



Pseudoscalar and topological charge density
[W.S. et al, Chin.Phys.C 42(2018) no 9, 093103]

m U(1)4 anomaly gives
0, A" () = 2mP(z) — Nyq(a)

m P(x):flavor singlet pseudoscalar density

P(z) = ¢(x)ys9(x)
m q(x):topological charge density

1
- 3272

q(x) e"PTTrEF Foy

20



Correlation of P(X) (N = 2) [C.Helmes et al, £77 Web Conf175(2018)05025]

go o Cy,
& | g:s:.ge @ <] o * E * } !
& = @(D 99@@ Eo
@8 =
4" % =
- § %% %@@%% ® tmclover Ny = 2,a ~ 0.09 fm
SR B tm Nr=2.a~0.09 fm
M % ﬁ % %Ti% T l l ﬁ%}ﬁﬁ s . Em Nj: :2,Zm0.08 fm
[ |
g -9@® %} 0.0 0.2 0.4 0.6 0.8 1.0 1.2
¥ ®@@® (’I"()Mﬂ-:t)Q
7 ) {1 o @
g - 6 o m 9 = 0.4907(5) fm gives
[ | [ | [ |
0 10 20 30 40 50 ]\4,,72 — 768(24)M3V
t/a
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[W.S. et al, Chin.Phys.C42(2018) no 9, 093103]

Correlationof q(x) (Nr=2)

3.2E-4 | t=0.2 —=— - 3.2E-4 |, t=0.2 —=—
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(a)mx ~ 938 MeV (b)ms ~ 650 MeV

Colz—y) = (g(z)a(y)) = A0 (z — y) — Cylz — y)

_ .
Co(r) = N7 K1 (mpsr)
use Wilson gradient flow
M fit range(a.) My s m, (MeV) | x*/dof
038 MeV | 3.74-5.92 | 0.856(21) | 1481(36) | 1.01
650 MeV | 3.87-5.48 | 0.514(22) | 890(38) | 1.43 .




COrrelatlon Of Q(X) (Nf — 2 —l_ 1) [H. Fukaya et al, Phy. Rev. D92 (R), 111501 (2015)]
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CO rre | ati O n Of q (X) (q U e n C h ed) [A. Chowdhury et al., Phys. Rev. D 91 (2015)074507]
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agrees with quenched pseudoscalar glueball
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summary of pseudoscalar results

P(x) q(z) Oc
N;=0 — 2563(34)MeV 2590(40)(130)MeV
A.Chowdhury, PRD91(2015) Y.Chen, PRD73(2006)
N; =2 768(24)MeV 890(38)MeV 2605(52)MeV
C.Urbach, Lattice2017 this work m = 650MeV this work m, = 650MeV
N;=2+1 047(142)MeV 1019(119)MeV
N.Christ, PRL105(2010) JLQCD, PRD92(2015)
N;=2+1+1 | 1006(54)(38)MeV —
C.Michael, PRL111(2013)

m P(x): Py
m d(x): topological charge density
m O¢g: glueball operators
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Continuum form of operators

m [ he continuum form of our pseudoscalar glueball operator is
oM (x, 1) ~ €571 Bi(x,t)D; By(x, 1) + O(a?)
m Topological charge density operator goes like
q(r) X €upe F'FP? < E(z) - B(x)

m The large difference of our glueball and n'(n2) mass can be
explained.

26



summary

m Ground state |=0 scalar, pseudoscalar and tensor states investigated by “glueball” operator
m |arge difference between topological charge density and pseudoscalar glueball operator
m Still no definite answer on the precise spectrum
m Need next:
m Control systematic errors(continuum limit, infinite volume, physical quark mass---)

m Include multi-hadron operators(especially for scalar channel)

Thank you!
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Backu O [W.S. et al, £PJ Web Conf175(2018) 05016]

m Single particle or multi-particle state?
m Dispersion relation of one-particle and lowest free two pion state

O'E_"I""I'"'I""I""I"",."'_I O-Eh | L B B L B
Dispersion relation of scalar: m, = 938Mevl," L Dispersion relation of scalar: m, = 650MeV g
0.5[ 0.5~
0.4[ 0.4
g ~
| =
w . L
0.3+ 0.3+
026 — E(plag=apy/m*+|p]|? h 020 E(p)=ym*+|p|* h
1 <> Lattice dispersion relation J 1 Lattice dispersion relation |
-0 Ertrt I -t E".11
I ®  Etir ] [ ® Egse ]
[ T ] P I IR U SRR R [ s | ISP P B R PR B
0.0 0.1 0.2 0.3 0.4 0.5 0.0 0.1 0.2 0.3 0.4 0.5
Iplat Iplat
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backup

Lattice study on J/ radiatively decay into glueballs

m From experimental J/¢) — +X —— ~mmw, X — 7 we can esti-

mated _
Br(J/v — vfo(1710)) = 2.5 x 1077

Br(J/1 — 7fo(1500)) = 3.1 x 10~*

m Quenched LQCD predicted the J /1 radiatively decay into scalar glue-
ball with branching ratio :
[L.C Gui et al, CLQCD Collaboration, Phys.Rev.Lett. 110 (2013) no.2, 021601 ]

Br(J/vy — vGo++) = 3.8(9) x 1073,

which suggested the f,(1710) as scalar glueball candidate.

m J/v radiative decay into tensor glueball gives
[Yi-Bo Yang et al, CLQCD Collaboration, Phys. Rev. Lett. 111, 091601 (2013)]

Br(J/ — 7Gor+) = 1.1(2) x 107
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