Study of QCD exotics at BESII

(for BESIII collaboration)
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Beljing Electron Positron Collider (BEPC)

Upgrade of BEPC (started 2004,

first collisions July 2008)
Beam energy 1GeV to 2.3GeV
Optimum energy 1.89 GeV
Single beam current 0.91A
Crossing angle +11 mrad
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Design luminosity 1 x 103 cm—2s™]
Achieved in 2016
Beam energy measurement:
Laser Compton backscattering
AEJE ~ 2 x107°

(contributes ~ 50 keV to m; uncertainty)
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BESIII detector

SCmagnet, 1T

Magnet yoke ,
RPC
CGEM-IT is
BTOF, 70 ps being built &
ETOF, 60 ps placed here

Be beam pipe

MDC, 120 um

Total weight 750 t
0.5% at 1 GeV/c otal weight 750 tonnes,

~40,000 readout channels,
Data rate: 5 kHz, 50 Mb/s

.t
CslI(TIl) calorimeter, 2.5% @ 1 GeV

full operation since 2008
all subdetectors are in good status
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BESII collaboration

v 14 countries
67 institutions
~ 500 members
BESIII Physics and Software Workshop in Spring of 2019

Hunan Normal University, Changsha, March 28-31, 2019
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10 years of data taking at BESIII
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Hadron spectroscopy

Strong couplmg

strong QCD

10" 10" 10'°

Distance (m)

e Testing QCD in the confinement regime
* Revealing the fundamental degrees of freedom

<< 0.l fm 0.1 =1 fm > | fm

d G\ Effec of Freedom Mesons & Baryons
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QCD exotics

B Conventional hadrons consist of 2 or 3 quarks:

Naive Quark Model:

meson

o ¥

B QCD predicts t

baryon

ne new forms of hadrons:

* Multi-quark states : Number of quarks >4

Q)
® ¥
g

« Hybrids : Tqg, qgqqg ... I

* Glueballs: gg, 9gg -+ g % 9

Not established yet
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Selected topics

« XY/Z states
* Z.(3900)
* Y(4260)
* X(3872)

e Glueball studies
e scalar
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MASS [GeV/c?]

Charmonium and exotics at BESII|
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direct production of ¢ , Y
radiative and hadronic transitions
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PRL 110, 252001 (2013)
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Discovery of the Z.(3900)

Events / 0.01 GeV/c?

—4— Data

Significance — Total fit
>80 -=- Background fit
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Munax (/) (GeV/c?)

> Mass = (3899.0+3.6+4.9) MeV

» Width = (46+10+20) MeV
» Fraction = (21.5+3.3+7.5)%

XHET, +/\

In e*e—»n*nJ/y events at
4.26 GeV, a particle decays
Into n*J/y is observed!

« Couplesto cc

« Has electric charge

» At least 4 quarks

« Atetraquark state?
A DD* molecule?

PRL110, 252001 (2013)

[BEE SR AS 10



Properties of the Z.(3900)

PRL 119, 072001 (2017)

E 3, = e _ _
1°=1 5 s A PWA of ete™ » mtn~J /¢
\JPC:1+_ ; 123 g ' g ° JP:1+

- Asymmetric line sh
Decay mOdeS %;mrm-.. MJ z Sy o et C es ape

v « Significant f,(980)
Ti‘] v Eh e contribution
v' DD* 2 - mtg~ D-wave fraction
v pne (420) £ T b 2 A increases as Eg,
v Tchc (216) " e Gevi) T . (Gevicd) creases
v" Not seen in light hadrons

Partner state: Z_(4020)

v

AN NN

|G=1+ JPC=27?-

Couples to nh, and D*D*

Couples possibly to my’
M=4022.9+2.8 MeV
['=7.91£3.7 MeV

Events/(0.005 GeV/c?)
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:’295 400 405 410 415 420 4.25
M, ., (GeV/c’)

PRL 111, 242001 (2013)
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arxXiv:1906.00831

Evidence for Z. = pn,

 Strong evidence of ete—nZ,., Z, - pn,
. ete~ - wrnOn at /s = 4.23, statistical significance is
+ 1.9 hadronic décays 4.20. (3.90 including systematics)

- ete—nZ.Z. = pn.not seen

Decay mode BR
n.— PP ~0.13% 60
Ne — 2(K*K") ~0.15% o 50
Q F #2/DOF = 33.7/33
Ne — T KYK- ~1.50% % 40F ’
30F
Ne — KK~ ~1.20% Y H
Ne — PP ~0.18% = 10;” }
Ne — KgKTT ~1.80% £ Oglql l }
-10F
Ne — TN ~1.60% g ook ]’ ] {
r]c—>K+K‘r| ~0.57% g _305—. P B I R
B p—— 5 A0% v 3.8 ) 3.9 , 4 3.7 3.8 ) 3.9 , 4
c : M(p™n,) (GeVic?) M(pn,) (GeV/c?)

etfe—mi.,Z.— pn. @ 4.23 GeV

XHET, St/\EEEFSEzERS 12



arXiv:1906.00831

Evidence for Z. = pn,

 Measure Born cross section at 4.23 GeV:
oB(ete” » nmtn nn.) = (46 *2_, + 10) pb
L oB(ete > nZ.,Z.—» pn) = 48+ 11 = 11) pb

s = 4.226 GeV /s = 4.258GeV +/s = 4.358 GeV| Type-1 Type-II Molecule
yp yp

Rz.(3000) 2.24+0.9 < 5.6 2301100 0.2-7i3;‘;'; 0.046+3'_3‘§§

Rz (1020 <16 < 0.9 <14 6.67252 0.01070 008

A.Esposito, A.L.Guerrieri, A.Pilloni, Phys. Lett. B 746, 194 (2015)

100

Dynamical Z. tetraq.Type-l —

namical Z’. tetraq. (type indep.) —
1

Molecular Z. — | 7
Q107 Q 102
107 10~

Molecular Z'c — |

10502 0o+ 0% 100 o1 1 0 10
Rz
R — B(Zc > pnc) r— B(Zc=pne)
*~ B(Z, ~ 1/V) “ = B(ZL — mhy)
Z_states have both tetraquark and molecule components? Refined calculations needed!

XHEGT, Ht/\EEEFSEERS 13



o(ete” > ntn™]/Y): Y(4260) = Y(4220)

PRL118, 092001 (2017)

c(e'e > J/y) (pb)

150F
B + Be”e dat 100 - e
" BABAR r = [ tXvzZ BES
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» Most precise cross section measurment to date from BESII|
* Y(4220): M =4222.0x3.1+1.4MeV,I'=44.1+-4.3+2.0 MeV
(lower) (narrower)

. Y(4320): M = 4320.0+10.4+7.0 MeV, T =101.4*253 __+10.2 MeV

XHEGT, Ht/\EEEFSEERS 14



Y(4260)=>»Y(4220). more modes

PRD99, 091103 (2019)
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PRL118, 092001 (2017)
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Y(4220) appears in wy, mtn Iy, ntny’, ntnh,, D°D* nt
Mass~4220 MeV, width~ 60 MeV
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ete” » T Y(3770)

e Study the intermediate states of ete™ -» ntn~ DD,
ete” > ntn~D*D~D°

e DO 5 K nt K ntn®, K ntntn-and K n ntnn®
and Kdntmtm™

e Dt s K ntnt, K ntntn KO+, K9

o 4.42 GeV
o o e
~ 45F 5.20
40F +Data
35 _ —mmy(3770)
E ~mDD
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37 38

ete” - ntn~yY(3770) is observed for the first time, no evidence for 1(13D;)
Hints of Z, in M(T1*y(3770)) at 4.04 and 4.13 GeV in /s = 4.42 GeV data
Clear structure in line-shape of n*nt~y(3770)

Sideband

4.1

ntn?,

_ 30;_+Data 4.42 GeV o
§ 25 —TTW(3770) g -
o [ [sidebands 3 150}
© 20F N
S 2100}
[ S i
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2 10F ? 50;
a:g l o L
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M(r*y(3770)) (GeV/c)

39395 4 4.05 4141542425 4.3
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e+e_ — 1)1(24‘20)ﬁ arXiv:1903.08126

- r 4.42 GeV
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:{ 160 - ¥ Upper limit at the 90 % C.L. ’;‘ 250 __ ¥ Upper limit at the 90 % C.L. g 120 ; ¥ Upper limit at the 90 % C.L.
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Three different decay channels (D°nt*n~, D**n~, and D*n*n™) are used to
search for D,(2420)

Clear structure in the line-shape of ete™ - D;(2420)D

No D;(2420)D near threshold enhancement = Y(4260) not a D;(2420)D

molecule? o N
NHET, #+)\BLEHSLEAS 17



Events / 3 MeV/c?

Observation of e*e- 2>vyX(3872)

X(3872) » ']/

PRL 112, 092001 PRL122, 232002
v ! ! ' 1 ' ' ! ! I ' ' ' ' 50_ ' v ¥ ¥ I ¥ ’ ’ ’ I , , ¥
15-_ =+ Data B E —+- Data
— Total fit ] © 40 — Total fit
10'_ === Background 7 g 305_ ' === Background _E
i © f :
i ] @ 20F ! .
5 — S [ :
| 0T S AT |
o 0 00 L R 1 “'L;t&u‘liﬂ LS LR G Y
g.8 3.85 3.9 3.95 g.8 3.85 3.9 3.95
M Jhy) (GeV/c?) M+ J/y) (GeV/c?)
4.0 fb-1, 2045 evts 11.6 fb™1, 7949 evts
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Observation of X(3872) - w]/y PRL122. 232002

There were only evidence at

Belle (4.3c) and BaBar (4c)
» Signal process: ete™ - yX - yo] /W, with w » ntn ™ n?,

[
L ]
N

—
L]
LI L

Events / 5 MeV/c?

L ]
LI

J/b - 1717
7 . Signal PDF:

310 e X

v’ 3 resonances: (X(3872), X(3915) and
X(3960))

B e Nyig(X(3872)) = 45 £9 £33

o]
o
T 1

Events / 5 MeV/c?
=)
T T T 7T

=
LI

— Dlata

v Two resonances: (X(3872), X(3915))
Nsig(X(3872)) =40 £ 8 £ 2

Mass Width
2 bl X (3872) 3873.3 + 1.1 (3872.8 + 1.2) 1.2 (1.2)
39 3.95 4 wmmﬁamﬁ) X (3915) 3926.4 + 2.2 (3932.6 £ 8.7) 3.8 £ 7.5 (59.7 + 15.5)
X (3960) 3963.7 + 5.5 33.3 4+ 34.2

two hypotheses different by only 2.5¢
XHET, SE+/\EEEdSEIEAS 19



o(ete” - yX(3872)

PRL122, 232002

-+ Data
-4~ BESIII 2014
B — Fit

2F —+-Data
- — Fit
5

©c o o o
o N B O

o(yX(3872)—ywJ/y) (pb)

o(yX(3872)—>yr wJ/y) (pb)

4 42 44 46 2T 44 46
(s (GeV) (s (GeV)
A simultaneous fit to
the X(3872) - wJ/y and t*m~] /i cross section gives
M(Y(4200)) = 4200.6175, + 3.0 MeV/c?
r(Y(4200)) = 115238 + 12 MeV
B(X(3872)-w]/Y) _. ,+04
B(X(3872)—>1T+7T‘]/1/))_1' 6203 £ 0.2,

previous measurement: 0.8+0.3 from BaBar
XHET, SE+/\EEEdSEIEAS 20
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Observation of X(3872) - 7%y, (1P)

PRL 122, 202001

ete™ - yX(3872), X(3872) - m % (with x¢; = YI/W, J/ = 1717)

e'e — Y, 0 X, With = v, I

od -
(@] E
S 9 (a) 415<E_, <4.30 GeV
Q 8E
= E
w0 4=
‘?_’) 6: +
C
) 5
>
w4
3
2:
0:| | |J.|ml|“:-m“”| T |
NO L
S i (b) 4.00 < ECM <4.15,4.30 < ECM < 4.60 GeV
@ -
> 4L
Te) L
P i
C -
$ 0
L L
1—«— - -4
el
[ E——

A Y T R ¥ TV R YT 4.00
M(x’%_) [GeV/c?]

tam o U ith - "
ee -y ;(CJWIth,(CJ—>{2J;‘w

Events / 5 MeV/c?

= T N R N I
[
T S—
4

ok

45 350 355 360
M(y, /) [GeV/c]

Clear signal of X(3872) in Y(4260) region,
Ny(3872) = 16-915133
No X (3872) events outside of Y (4260)

Clear cluster of y.;(1P) events in X(3872) mass
window

First observation of X(3872) - %y, (1P) with
significance >5¢

XHEGT, Ht/\EEEFSEERS 21



Measurements of X(3872) — v]/y,yy(3686)
BESII

preliminary
30
X(3872) - v/ /y O p
8 3
J/ — uu/ee ° 15 e
@ 1 P
Belle (4.95); BaBar (3.65); LHCb (>50) G s + 1{ 5
wo 3 32I95 4 w-o 38 3AI85 N 3 2I9 4
M(Y wa(n W) (GeVic') M(y Jiv(e'e)) (GeVic)

» Simultaneous fit; significance > 3.50

X(3872) - y(3686) S :z xpectation strength
2 ol
P(3686) > ) = o H ]
~ 6
vosso - 3 PRMLELLLL
Belle (0.45); BaBar (3.56); LHCb (4.40) i it T“ gl :
975738 ses 39 "395"‘4 9757738 385 39 395‘“'4
M(yy' (tnd/y)) (GeVi/c?) M(yy'(up)) (GeVic?)
[ ( ) 1/)( )] » Simultaneous fit; NO evident signal!
B[X(3872)-yY (3686
< 0.59 at 90% C.L.

B|X(3872)-y] /Y]

PDG average: 2.6
XHET, SE+/\EEEdSEIEAS 22



Measurements of X(3872) —» D’D*Y, yD*D~

BESII

Events / (3 MeV/c?)

preim nary
_ D** - yDO nODO X(3872) > yD*D~
X(3872) - D°D*? + c.c.
D% - Kn, Knm, Knnem D - Knn,Knnm
— 10
: o 18F o
C &) - - [
| > N
8F S 12f | ” E 6
of ™ 10;— - [
. IR
% 4— ", l ] =TT ) 25r-
g R B s TR A i (O o L
0 39 g.§35 ok 39 395 " 385 39, - 395
My, D) (GeV/c?) M(xDD) (GeV/c?) M(y U'D) Gevic
Npp = (25.5 + 4.4) Npp* = (32.5£5.5) N, p+p- = 0.0%33
> Simultaneous fit on D*® - ¥D° and n°D" : : _
D Y 4 No evident signal for yD*D
» Significance > 7.40
Relative branching ratio compared with X(3872) - n*tn~J /Y
mode D*'DO 4 c.c. ~yJ [ v ~vDT D™ wJ /i X e1
ratio 14.81 £3.80 0.79+£0.28 < 0.42 <099 17703 +£0.2[27] 0.8875352 +£0.10 [37]

XHEGT, Ht/\EEEFSEERS 23



a— X(3872) decay BRs

mode D*"D° + c.c. v/ ~) ADTD T e
ratio 14.81 £3.80 0.79+£0.28 < 0.42 <099  1.7703£0.2[27] 0.887552 +£0.10 [37]

With recent B(X(3872) -» n*n~J/y) = (4.1£1.3)% from BaBar,
one gets

B(known)=(1+14.81+0.79+1.7+0.88)*4.1%
= 19.2x4.1% ~ (79+32)%

Find more decay modes, and/or improve the precisions

XHEGT, Ht/\EEEFSEERS 24



Emerging connections between XYZ

X(3872) gemramd 7c(3900) Two isospin triplets

Zc(4020)

What is the nature?
Molecule/Tetraquark/

Hybrid/...
Threshold effectsl/...

Further experimental efforts needed:
Production/Decay mechanism;
Resonance parameters (any kinematic dependency?);

Partners? ... B
XHET, F+/\BEEHSEEZIIEAS 25



Selected topics

« XY/ states
* Z.(3900)
* Y(4260)
* X(3872)

e Glueball studies
e scalar

[EEE, 6/25]



rp Mg

Glueball

12 |

10 |

++ -+ +- --

Glueballs from Quenched LQCD
XHET, $£+/\EEEFSteiERs

5
0" —
2 m— . ; .
2 m— Z Low lying glueballs with ordinary
3 3" guantum number
O — - 3 = —2Mmixing with qgbar mesons
O]
o
5 =
Systematic studies needed
1
Phys. Rev. D 73, 014516
0
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Glueball

qq Mesons Each box corresponds (a) (b)
> to 4 nonets (2 for L=0)
@ hadrons hadrons
-+
2.5 II 0-+ I 99 qqg
2++ 2= S
% D 2+ &
n \— \ (c) (d)
20| FEE o . fﬁ@
b c 1-+ ¢€— exotic hadrons hadrons
B % I & 1+- nonets _ i
&5 D @ " T
1.5 1] 0+- Lattice C(J/ = vG) ~ (_)(r.rr.}?)_. F(J/ —~yH) ~ O(aad),
s 0o+ l-+ l 1 9 GeV
0t++ F(J/Y — yM) ~ O(aad), [(J/Y = 4F) ~ O(a af)
1.01
0++ 1.6 GeV

L=01 2 3 4
Charmonium decays provides an ideal hunting ground for light glueballs
€ “Gluon-rich” process
€ Clean high statistics data samples from e+e- production
€ 1(JPC) filter in strong decays of charmonium

XHEGT, Ht/\EEEFSEERS 28



Overpopulated scalar mesons

£,(1370)

Scalar mesons SN

“ ,10(1500>\ ‘ :“‘!7,‘, 1710)\ ‘
‘ _/‘;(1370) “‘\‘ v /
‘ £;(600) ‘
; ‘(“K;(1430)L‘“ [
J;(980) ‘
““ 4(980) ‘L\ ‘ “ \\
\ ‘ 10(1450) “‘: \L\_“
K(800) ““
! / [ K3(1950) |
B \ From M. Pennington
Name Mass [MeV/c?] Width [MeV/c?]
f,(600) + | 400 — 1200 600 — 1000
f,(980) « | 980+ 10 40 — 100
fo(1370) = | 1200 — 1500 200 — 500
f,(1500) % | 1507 +5 109 + 7
fo(1710) = | 1718 -6 137 £ 8
f5(1790)
f,(2020) | 1992 + 16 442 + 60
f6(2100) 2103+ 7 206 + 15
f0(2200) 2189 £ 13 238 £ 50

D
RS
\QX

N

Glueball

£,(1700)

g5

| UL-H-(I(-l)

Mixing scheme: Glucbal
f,(1500) , f,(1710)
which one has more gluonic component?



Events / 20 MeV/c?

Events /0.020 GeV/c

Amplitude analysis of J/{ - ynn/K2oK.

BESIII PRD 87, 092009 (2013)

- T T T T
200 [ | -
150 [ .
100 [ .
50 4 -
-t t, +i + * i
L7 + \ ]
o PR S I T S SR SR N R SR T S B " *,
1.5 2 2.5 3
M, (GeV/c?)
BESIII PRD 98, 072003 (2018)
E * Data
6000 8
2 .- PHSP MC
5000 [ — Signal MC
4000 [
3000
2000 ; }
1000 "4
0 :. il S YOt T 0 T T (4 T 4 Py [ L Y 0 T o T I ] I )
1 12 14 16 18 2 22 24 26 28 3

Mass(K,K,) [GeV/c?]

Resonance Mass (MeV/c?) Width (MeV/¢?) — yX — Significance
En(lsom 146871423 136731428 (1.65+926051) 5 1075 8.20 J
o(1710) 1759 + 614 172 + 10132 (23550137124 x 1074 25.00r
fo(2100) 2081 + 13723 273447470 (1T 13.9a
£5(1525) 1513 + 574, 75t (3.42708+137) % 1073 11.00
f2(1810) 1822129466 229+32+88, (5.40:089*343) X 1075 6.4
(£>(2340) 2362131110 33418 (5.6070627237) > 1075 7.60 )

Br of f,(1710) and f,(2100) ~10x larger than f,(1500)

Resonance M (MeV/c?) Mppg (MeV/c?) I' (MeV/c?) Ippg (MeV/c?) Branching fraction Significance
K*(892) 896 895.81 £0.19 48 474406 (6.2810181029) x 107 356
K,(1270) 1272 1272 +7 90 90 + 20 (85411 01233) x 1077 160
fo(1370) 1350 -+ 971 1200 to 1500 231 + 212 200 to 500 pRAILER 256
£o(1500) 1505 1504 + 6 109 109 £+ 7 (1591 0151018) %1073 236
fo(1710) 1765 + 2+ 172318 146 + 317 139 + 8 2.0012001031) 5 104 > 350
f0(1790) 1870 + 742 146 + 141], (L.EETy e 240
£0(2200) 2184 + 54 2189+ 13 364 + 973 238 £+ 50 (2:7212%+017) 5. 104 > 350
£0(2330) 2411 £ 1047 349 + 1817 (4951022 1060y 5107 350
£2(1270) 1275 1275.5+£0.8 185 186.7132 (2:581 0981 00) %1075 330
15(1525) 1516+ 1 15255 75+1+1 7318 (7.991 35 198) %105 > 350
(/2(2340) 2233 + 3415, 2345130 507 + 375} 32213 (5.542 040" 148) X 1075 260 )

0"+ PHSP (185350 as) x 1073 260
2++ PHSP (5.0 H1) %1075 136
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Scalar glueball candidate?

Flavor-blindness of glueball decays

%T(G —>ar:KK :nn:nn':n'n')=3:4:1:0:1

CLQCD Phys. Rev. Lett. 110, 021601 I'(J/y —> 7Go+) — 247 a A';;| ‘E1 (0)‘2 = 0.35(8)kelV
Jly

I'/T" tot=0.33(7)/93.2=3.8(9)x10”*
Experiment

>B(J/y > vf,(1710) > yKK)=(8.575:3) x 1074
»B(Jy 2 y£,(1710) = ynn)=(4.0+1.0)x 1074
>B(Jy 2 y1,(1710) 2 yow)=(3.1+1.0)x 1074
»B(JAy 2 yf,(1710) 2 ymm)=(2.35F313+12%4)x 1074
= By = yf(1710)) > 1.7x 1073
Largely overlapped with scalar glueball?

XHEGT, Ht/\EEEFSEERS 31



Glueba

| program at BESIII in a nutshell

O+

2+

O_

J/Ig—yPP

JIg—yVvV

J/Iwy—yPPP

Jg—ymn /m'n'mn’ /n®n’ /KK
JIg—-ywe/ee/ww
Jw—y n'nr 'KKpnrn/KKnmKK/| o’

Flavor Filters:

J/Ig—yX -yyV

JIg—w/e + X

XHEGT, Ht/\EEEFSEERS 32

® O0*, 2" : Coupled channel analyses
® J/y—yPP
® J/y—wlp + X
® O : trajectory, X(2370)
® J/y—yPPP
® Jy—yyV
« PWA published
* Published, PWA

undone
Ongoing

Anti filter: |
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Summary

« The data with unprecedented statistical accuracy
and clearly defined initial and final state properties
brings BESIII great opportunities to investigate
QCD exotics and many other topics

« BEPCII beam energy is upgraded from 2.3 to 2.45 GeV;
top-up injection increases luminosity by 30%; peak
luminosity upgrade at high energy is under discussion;

« BESIII will continue data taking for another 5-10 years
and contribute more in these fields
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About f,(1710)

Phys.Rev. D92 (2015) no.9, 094006

TABLE V: Comparison of two different types of models for the mixing matrices of the isosinglet

scalar mesons fo(1370), fo(1500) and fo(1710). Experimental results are taken from Sec. IIL

N

Experiment Model T [28] Model 1T [23]
|fo(1370)) IN) 091 —0.07 040 0.78(2)  0.52(3) —0.36(1)
fo(1500)) | = () | [9) 041 035 —0.84 _055(3) 0.84(2) 0.03(2)
| fo(1710)) G) 000 093 036 031(1) 0.17(1) 0.934(4)

Mass of the lightest scalar G
in LQCD ~ O(1700)MeV

Mg ~ 1464 — 1519 MeV

Mg ~ 1665 MeV

DI/ fo(1710)1)
T oy~ ©(10)

If fo(1500) is primarily a glueball,

this ratio will be less than 1.

Yes, as |fo(1710)) ~ |G)

T(f5(1710)—7r)

s = 031 £0.05

fo(1710) dominated by s3

Chiral suppression

O(fo(1500)=7xm)
W =41+05

It fo(1500) is primarily a glueball,

this ratio will be of order unity.

Well explained with the

flavor octet structure of

Needs a large mixing with ¢q. fo(1500).
C(fo(17T10)=mm) _ (4 , y +0.33
(TS ki = 048 £ 0.15 0.24 0.527075)
0.230 £+ 0.097
L(fo(1500)—nm) _ 0.025
T Sy = § 018 £0.03 0.19 0.078+0025
0.080 £+ 0.033

T fo(1Ti0) _ [33£13
TUM=fo(IT0)18) ~ | 13+04

The ratio is naively less than 1.

Needs large OZI-violating effects.

Yes, as |.5) is small

in fo(1710)

Non-observation of fy(1710)
and observation of fo(1500)
in By — J/¢atmx™ by LHCh

Dominant fp(1710) production
followed by fo(1500)

Dominant f5(1500) production,

while fo(1710) is negligible

Near mass degeneracy of

ap(1450) and 15 (1430)

No, it cannot be explained

as Mg — My == 200-300 MeV

Yes, as Mg — My ~ 25 MeV

fo(1500) not seen in 77
reactions except probably

in yy — 700

See Eq. (30)
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Tensor mesons

1.8 2.0 2.2 M
r N

= || . o
. ‘ Still have large uncertainties
200 ’ ? .

oF .
100 “

£,(1980)

1 review H OO 2.0 2.2

m NN m ’ m ‘ I

m = mwewe | f(1810) o | F:2200)| ¢ 2350

1 4x m KK m o0 ﬁ // (

1"3001 % V
‘7

200 \
"W gﬁﬁ |
f,(2050) 3

A tasz) Bt aasey M

G.l.-Sates
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BGS]I[ Partial Wave Analysis of J/yw=2>yo@@
[PR D93 112011]

ric,_:i‘zsoﬂ . Ex": :‘:"PE::T' Resonance M(MeV/c*) I(MeV/c*) BE.(x107")  Sig.
. esesas &l dependen

Egggg_ i -_E:Emm n(2225) 2677 18573 (240 40.0073 1) 28110

S 1500 N z:mmm 7(2100) 205075770 250571 (3.30 £0.09758)) 2L

._”ﬁ : h *s,,” X(2500) 2470715750 280785 (007 £0.0270%) 880

21000 ¥ e, BRI00) 202 21 (0432004702 242
S - ; Fia,

u=_| 50 0:_ ;f _— ""»--._.h_‘ f(2010) 2011 202 (0354£005757) 950

x ;_-i: s 4 "'-‘-—1.__,_J1 f2(2300) 2207 149 (044£007°0%) 6.4o

D{‘E‘Eﬂz '25"""'2'?:"’ 26 BOMO) 2 319 (L91£0070T) 1070

(f) ' ' ' 0+ PHSP RH£01571) 687

M(o0) (GeV/c?) -

« Dominant contribution from pseudoscalars
* n(2225) is confirmed;
* n(2100) and X(2500) are observed with large significance.

* The three tensors f,(2010), f,(2300) and f,(2340) stated in wp reactions
are also observed with a strong production of ,(2340).

 Model-dependent PWA results are well consistent with the results
XHET, T/ B S EhSeeEE RS 38
from MIPWA



