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Introduction

» Key tool to test QCD theory in nonperturbative region

» Understanding of the quark and gluon confinement

B Conventional quark model

00 7 Xg
reson 7
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B QCD allows for ha?iq‘oons beyond Quark Model
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glueball Hy brid state tetragquark Pentagquark molecule
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BESII| data sets
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> I(JP°) filter
 Ideal place for study light hadron spectroscopy
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Glueball

B Searching for glueball provides a direct fundamental test of the QCD theory.
B Lattice QCD predicts the low lying mass spectrum for glueballs

e 0** ground state: 1.5-1.7 GeV /c?

« 2%t ground state: 2.3-2.4 GeV /c?

e 0" ground state: 2.3-2.6 GeV /c?

B Low lying glueballs with ordinary quantum number, can be mixed with nearby qq states

» Systematical study is needed in the identification
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Scalar glueball

> PWA of [/ — YK.K. » PWA of J/ — yny > Ml analysis of ]/ — ymym,
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%) ™" 8},9[):8| o " PT74¢06 6 280I53) X 100 e Resonance Mass(MeV/c?) Width(MeV/c*) B(J/4 —vX — ynn) Significance .
pR 3 i o *=P-0.17-0.52 o
K,(1270) 1272 127247 90 90 + 20 (8.541 190123y x 1077 160 +14423 441428 +0.26+0.51 _5 > MaSS lndependent approaCh haS
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B f,(1710) ~10 times larger production rate than f;(1500) in ]/ — YK;K and ]/ — ynm
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Scalar glueball
| LQCDprediction of scalarglueball |

> Mass: 1.5-1.7 GeV/c?  puysrevLet 110 (2013) 2 021601

» T(J/P — Y6y+)/Teor = 3.8x1073 e

0 40
B(J/y—y f°(1 500) -y KsKs)
B(J/y—y 10(171 0) -y K:Kg)

Measurement form BESIII

s B(J/y—y fu(1 500) —ymm)
B(J/y—y fo(1 710) -»ymm)

 B(J/Y — yfo(1710) - yKK) = (9.62 + 0.29)*211x10~*
* B(J/Y — yfy(1710) > yrm) = (4.0 £ 0.06 + 1.1)x10~*
* B(J/Y — yf,(1710) > yow) = (3.1 + 0.6 + 0.78)x107*

* BU /¥ — vfo(1710) - ynn) = 2.35551715:75x107* T e

Branching fractions (10

B(J/y—y 1‘0(1 500) —ynn)
B(J/y—y £ (1710) —ynn)

= B(J/¥ — vfo(1710)) > 1.9x1073

» fo(1710) has ~10 times larger production rate than f;(1500)
» f5(1710) has more gluonic component than f,(1500)
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Tensor glueball

Phys. Rev. D.87, 092009 @013)

220 ' ' L
LQCD prediction of tensor glueball “§ fgg f% #H ] /1[) — ynn
Mass: 2.3-2.4 GeV/ C% PhysReviett 111 (2013) 9, 091601 2 :33
o
> TJ/P — Y6y+)/Tior = 1.1x1072 % b +
£ 80
® 60
w40
20 A
The results of the experiment °T12141.61.8 202224 26 28 3.0
(f) M, (GeV/c?)
B 2500 [ Phys. Rev. D 93,112011 ——ee
> B(/¥ > vf,(2340) ~> ynm) = 3.855¢2337x1075 e y¢¢ o e
> BU/W ~ v,(2340) - ydd) = (1.91 4 0.14*37H)x10* _ | R
C ,4»; .*E"":#
> B - yf,(2340) - yKK;) = (5.5470367355)x107> 1000 |- b,
(]/ll" Y 2( ) Y ) ( 0.40- 14-9) . .‘ f2(234'0) +.’
500 .1,5". PO UL S P S
. Consistent with WA102 experiment ruys.sect.s 471 (2000) 429-434 S -.*..*"'* HE S
ot ‘*’__ '!Ii #...-i_.. _____ L T O
2.2 2.4 2.6

=need to search for more decay modes

M(dd) (GeV/c?)

2021/9/5 8




{ LQCD prediction of scalar glueball w

> Mass: 2.3-2.6 GeV/c?  riys rev. 0 73, 014515

> T(J/Y — vGy-) = 2.31x107*

» The X(2370) is first observed in the process of |/ - yntn™n’
» Based on chiral effective Lagrangian with mass of X(2370), the

predicted branching ratio of pseudoscalar glueball is: B(G —

nn"): B(G - KKn"): B(G —» mtmn') = 0.00082,0.011, 0.09

Phys. Rev. D 87, 054036 (2013).
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M_. . (GeV/c?)

Tt



> X(2370) is observed in J/¢ = yKKn'; B(J/Y - yX(2370) - yKKn)= (1.7940.23 + 0.65) x107°
> No X(2370) signal in ]/ = ymmn’, BJ/¥ - yX(2370) - ynmm’) <9.2x107% at 90% C.L.
> No contradiction to the calculation for X(2370) as 0~ * glueball

Eur. Phys. ], C (2020) 80:746 Phys. Rev. D 103, 012009
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___ 500F J/y—y KRy frad . qopYvoymmin'o yntn E: I - Jiy—ynm'm'— ntnm .
N<\-> - —— Data .l:} : © N III:)_ata I ( 1% 4| — Data (@ .
> 400 _fy; it La = - — Fit result 1= [ — Fit result ]
3 s & 8FmEmx(sr0) 13 &3 X(2370)
~— 300 —_ @ |gna ( ) Y ] — [ - T.ll Sldeband il - 3 __ AT ,rll S|deband
2 e el ©  6[ - Chebychev ) - - Chebychev
= - (=2 = 8 B
-‘\(2 200 - _ a 4 "_ a 2 T e s :
GCJ B E : E : L1
> - e - o o gl
i 100f 1 o 2 1 @ T 1 i
0 2O ) g ] o s o 0 5 | | des o i2'3:3:~:-:-.~.-. - o : - —— = el . o :
2 21 22 5 26 27 2.0 2.3 2.4 2.5 2.6 2. 22 23 24 25 26 27
\, 2 2
K Rn M, (GeV/c?) M, (GeV/c?)

> More decay modes are needed and with high statistics J/{ data to determine its JF¢
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The structure near pp threshold

» The pp mass threshold enhancement was first observed in J/y — ypp decays
> First observation of the X(1835) in J /Y —» ym*n~n’ at BESII, then confirmed by BESIII,

also observed in J /Y - YK, K1
» The spin-parity of X(1835) and X(pp )is JP* =07

» Anonlmoly line shape of X(1835) is observed in J /Y —» yn'nt* ©~ decay(with two hypotheses)
v" One broad state with strong coupling to pp (flatte model)
v' One narrow state below to the pp mass threshold interfering with X(1835)

ecis | ppyc Rev. Lett 117, 042002

Events / (10 MeV/c?)

15 16 17 18 19 2 21 22 13 14 15 16 1.7 18 19 2 21
Mnn'ne] (GeV/c®) M) (GeV/c?)

» Connection between X(1835) and X(pp ), support the existence of a pp molecule-like state or bound state
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The structure near pp threshold
»Study the nature of X(1835).

J/Y-vve \ J/Y - ontnn’
N S B A A AL B AL B
< 400~  4(1475) 13.50 (b) gp—— }
% E E I . 400 - Inclusive MC ++#+#+w#+#++
O 3001 = : S [ — e +++++*++ 1
S F X(1835) 6.30 l o S0F }
S 200/ - . 5 | +++++++*+
° " P4 O I . . : T 1ol . *
2 o e T e Simncii] I % . |
1.2 1.4 18 b 2 : =554 16 ‘1f8‘ T2 22 2.4
M(yd) (GeV/c?) [ M, ... (GeV/c?)
Phys. Rev. D 97, 051101 I Phys. Rev. D 95, 071101
» According to angular distribution, the JP¢ around 1.4 I » The comparison of the production rates between
and 1.8 tends to be 0~ % . J/Y = w X(1835) and J /Y — y X(1835) could get
I information on the gq or gluon component of

> J/Y->yX, X->yV (V=w,¢):flavor filter process. | X(1835) ruys rev. D74 (2006) 034019;  Eur. Phys. J. A 28, 351-360 (2006)
=X(1835) and n(1475) have sizeable ss component,

I
> No significant X(1835) is observed. B(J/y —

: wX(1835) » wntn1n')<6.2x107> at 90% C.L.
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Strangeonia spectrum

Chin. Phys. C 39 (2015) 8, 082001

24
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1.8
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0(3°(Y(2175)?)

6(1680)2’S))

% (PP, )(£5(1525))
% (PP (£,(1420)?)

JC=0""

[ e g = e e R

Fig. 1.

The strangeonium family.

* Study of the strangeonium mesons of particular
interest
« Bridge between light u, d quark and heavy c, b quark
» Helps to identify the exotics

« Strangeonium spectroscopy is not well understand
experimentally

* Only 7 states in the expected spectrum assigned to
the observed mesons(marked with red solid lines)
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Amplitude analysis of J/y - KTK~r".

Phys. Rev. D100, 032004

— x10° x10° x10° x10°
L “ Tl @ ° (b) % [@: S o
- [ o ) 60 ~ ~
- = o = > S 150 S 4t
= 51 e - N (1) [} Q B ] L
Iy s N = = = . =
1 o U B g g i g |
F = el =H10 ~ i ~ ~ F ~
F 4 - r 2k
2 i "& 2-, 2 L .2 5 ﬂ L
R T c c 20 € 0.5 c
i 3 e s g g g Ly a>, |
1 1 1 | 31 w w L | L w w I
3 S WO AR | IR i N e e N g o i i NN
AL P o 1.5 2 2.5 3 0 1 15 2 2.5 o 15 2 25 3 0 .
2 2 2 2
M, - (GeV/c?) My, (GeV/c?) M, (GeV/c?) M, .. (GeV/c?)
With K*(892) cut in M(Kn®)

* The dominant contribution is from K*(892)
* First observation of K*,(1980) and K*,(2045) in J /i decays

> KtK~
« Two broad 1-structures were observed in K*K~ mass spectrum, possibly
contributed from w(1650) and p(2150)

* Further studieson /Yy - K.K 7" and J/y - K"K~ n are needed
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Amplitude analysis of ' - K™K ™n

448M’ - Phys. Rev. D101 (2020) 3, 032008
N§ 50 Inbin =095 + % N§ OF 4 cata N‘;’ 50F 4 data ] o
[0) i sideband (0] — total fi [) —total fi
5 Raew’ | 2 wof moming ML bl | E aof msesms PRI * The discrepancy of the ¢(1680) in its
© - X(1750) % - Ky'(1980) | [Ih i % -- K;’(1980) ; d t
3 % et I R T 2 g0 - K(1780) Y prodauction
¢ = “ g & 2 *¢(1680) (e* e~ annihilation)
i oF . X oF i *X(1750) (photoproduction)
ey T T e L e reported by FOCUS (Phys. Lett. B 545, 50)
M(K*K') (GeV/c?) M(K*) (GeV/c?) M(Kn) (GeV/c?)
* The simultaneous observation of the
——" FDG 3 X(1750) and ¢(1680) may explain
Hesonance M (MeV/c?) T (MeV) M (MeV/c?) I (MeV) the previous discrepancy in ¢(1680)
$(1680) 16802100 i85 9t 1680 + 20 150 + 50 decays.
X (1750) 178411249, 1062218, (1720 £ 20) 1700 (250 £ 100) 1700
(1753.5 + 1.5+ 2.3) x 1750) [15] (122.2 4 6.2 + 8.0) x (1750) [15]
(2175 & 15) (2170 (61 £ 18)y(2170) * p(2150)/¢$(2170) is also observed
p3(2250) 2248117439 185 2T, 2232 [33] 220 [33] R . det ined
K3(1980) 204611574 40815317 1973 £ 8+ 25 373 4 33 + 60 ISOSpl.n IS unge e.rmlr.le
K (1780) 1813115465 191+43+3, 1776 £ 6 159 + 21 * combined analysis with other

channels is needed
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Summary

2021/9/5

Glueball

® The BRofa f;,(1710) is one order of magnitude higher than that of f,(1500)
* fo(1710) has more gluonic component than f,(1500)
® X(2370) was observed in J/y » yn*n™n’, yKKn' and no signal in J/{ - ynnn’

Structure near pp threshold

® X(1835) observed in]/y - yy¢
* have sizeable ss component
® No X(1835) signalin J/y —» wntn™n’

Strangeonium
® Two 1™~ structures, possibly w(1650) and p(2150), observed in ]/ » K*K ~r°
® X(1750) and ¢(1680), p(2150)/¢(2170) have been observed in (3686)—> K*K™n.

B BESIII collected 10 billions of Jiy from 2019 and will continue to run for ~ 10 more years.
Data with unprecedented statistical accuracy provides great opportunities to map out
light meson spectroscopy and study QCD exotics

16



*Back Up

22222222




2021/9/5

TABLE I. Mass, width, B(J/¢Y — vX — ~v¢¢) (B.F.) and
significance (Sig.) of each component in the baseline solu-
tion. The first errors are statistical and the second ones are
systematic.

Resonance M(MeV/c?) I'(MeV/c®) B.F.(x107%)  Sig.

f2225) 221602t 185NN (240010720 ) R
(2100) 2050° 7" 2500 o5, (830-L0097 ) 2a
X(500) 24@mticiint 93¢t 17 EB.0250 ) 88
f0(2100) 2101 204 ([DA3L0D4F ) 246
£2(2010) 2011 202 (0.35 £ 0.0510-4%) 9.5 ¢
£2(2300) 2297 149  (0.44 £0.0710%3) 640
£2(2340) 2339 319 (1.914+0.147072) 110
0~ PHSP (274 £ 0.1577,2) 68 ¢




TABLE I. Fit results of using Flatté formula. The first errors TABLE Il Fit results using a coherent sum of two

L : ) Breit-Wigner amplitudes. The first errors are statistical
are statistical errors, the second errors are systematic errors; S he Bl BT a e B e e p

the branching ratio is the product of B(J/¢ — ~X) and ratio is the product of B(J/¢) — vX) and B(X — 'z t77).
I
B(X = n'mmn7). X (1835)
The state around 1.85 GeV /c? Mass (MeV/c?) 1825.3 & 247,77
% A 2 +4.6
M (MeV/c?) 1638.0 £ 121.971278 ;V;jth (Metv/ Ct_) - 2;‘)‘%1233171;96 o
2 eV /e2)? 037 & 95 4+47.6 R. (constructive interference) (3. M EDy
9o (( € /C ) ) . “*—-43.9 B.R. (destructive interference) (3.72 +0.2110:2%) x 10~*
g .10 2.31 + 0.37+0-83 X (1870)
Mpole (MeV/c?) 1909.5 + 15.975:%, Mass (MeV/c?) 1870.2 £ 2.2357
5 2 +2.1

B.R. (constructive interference) (2.03 40.1270733) x 1077

g . +0.31 —4
Branching Ratio (3.93 £ 0'38—0-84) x 10 B.R. (destructive interference) (1.57 0.09F0%2) x 107°
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TABLE II. List of components for solution II. For the reported states in the Kx channel [K*(892)*, K}(1430)*, K3(1980)* and
K;(2045)*] and the reported signals in the K™K~ channel (JP¢ = 17~ signals with masses around 1650 and 2050 MeV/c?) the first
uncertainty is statistical and the second is systematic. In the Kz channel the decay fraction is given for both charged conjugated modes
(b) and for the contribution of one charged mode [b*()], so that their interference can be determined. As the K*(1410)*, K*(1680)*
and K%(1780)* contributions are not reliably identified (see the main text), their masses and widths are fixed (marked with *) and only
statistical uncertainties are given for their decay fractions.

K*7° channels

J*F PDG M (MeV/c?) I' MeV/c?) b (%) b*2) (%) ANLL
1- K*(892)* 893.6 +0.11)2 46:7:£0240 93.4 +£0413 42.5+0.14)3 o
1- K*(1410)* 1380* 176* 0.26 + 0.04 0.11+0.02 80
1~ K*(1680)* 1677* 205* 0.20 +0.03 0.08 + 0.01 56
2t K3(1430)* 1432.7 + 0.7+32 102.5 + 1.613 9.4 £ 0.110% 42 +0.1703 e
2 K3(1980)* 1868 + 8150 212424172 0.38 £0.047022 0:15:E0:02:0 0 192
3 K%(1780)* 1781* 203* 0.16 £ 0.02 0.07 £ 0.01 105
4+ K;(2045)* 2090 + 973 201 + 19777 0.21 £0.027533 0.09 +0.0170%; 212
3= Nonresonant e e ~1.5% ~0.6% 629
K™K~ channel
g PDG M (MeV/c?) I' MeV/c?) b (%) Aln L
1= 1651.::372° 194 4 8735 1:834:0111102 796
1= 2039 + 8736 196 + 2312 0.23 40,0470 102
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