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Why light hadron physics
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"That [intermediate distance] scale is the richest phenomenologically,
and is certainly the crux region to understand..what QCD is really
about. And at the heart of the subject is the hadron spectrum, in

particular the spectrum built from light quarks. (..) Without question,

there is a great need... for a new round of experiments,..."
James D. Bjorken (2000)

v QCD degrees of freedom at low energy
v Understanding of the quark and gluon confinement
v’ Particles beyond the QM



BEPC lI/BESIII: T —charm factory

CsI(TD calorimeter

BESIII detector

Beam energy:
1-2 GeV
Luminosity:
1x10% cm2s!
Optimum energy:
1.89 GeV
Energy spread:
5.16 x10-4
No. of bunches:
93
Bunch length:
1.5 cm
Total current:
0,91 A
SR mode:
0.25A @ 2.5 GeV






World largest data sample directly collected in
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the t-charm region
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Light meson spectroscopy

qq Mesons I Each box corresponds
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Scalar and Tensor mesons



Light scalar meson

= Why light scalar mesons are interesting?

There have been hot debates on the existence of o and x

o, k and fy(980) are also possible mutiquark states.
They are all near threshold.

Lattice QCD predicts the 0** scalar glueball mass ~ 1.6 GeV.
fo(1500) and fo(1710) are good candidates.

Name Mass [MeV/c2]  Width [MeV/c?] Decays
fo(600) = | 400 — 1200 600 — 1000 T, Yy
fo(980) = | 980 £ 10 40 — 100 mm, KK, vy
fo(1370) = | 1200 — 1500 200 — 500 w, pp. oo, w(1300)x, aymw, mm, KK
fo(1500) = | 1507 £ 5 109 + 7 wr, oo, pp, ©(1300)w, aym, . ny’
KK, vy
fo(1710) = | 1718 £ 6 137 +8 mm, KK, nm, ww, vy
fo(1790)
f0(2020) 1992 £+ 16 442 £+ 60 P, T, PP, Ww, N1
f0(2100) 2103 £ 7 206 =15 nww, T, TATT, . 9’
f0(2200) | 2189 £ 13 238 + 50 ar, KK, nn




Unusual properties of f,(1370), f,(1710) and f,(1790)
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= f,(1710):

e dominantly decays to KK (not to nnt) - AN

e | mainly produced together with o (not ¢) > UU
e Whatisit?

= f,(1370) and f,(1790)

e dominantly decays to nr (notto KK) > UU + dd
e mainly produced together with ¢ (not ) > §.§
e What are they ?
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PWA of J/ Y—YNn Phys. Rev. D. 87, 092009 (2013)

" 1 1 1 I I I 1 1 | 1 1 1 I I 1 1 1 1
- 1| - * f,(1710) and f,(2100) are
" 200] . nbin=172 dominant scalars
> 0 ]
O - ] * f,(1500) exists (8.20)
= 1507 1
N I i
S I - . .
< Jook R * f,’(1525) is the dominant
§ i ] tensor
5 I i
2 sof .
- ' * f,(1810) and f,(2340) exist
I o (6.4 and 7.60)
0 ==
1.5 2 2.5 3
2 .

(a) M., (GeV/c) * No evidence for f,(2220)
Resonance Mass (MeV/c?) Width (MeV/c?) B/ — yX — ynn) Significance
fo(1500) 1468712723 1367517238 (1.6570:267921) X 1073 8.20
fo(1710) 1759 + 671¢ 172 + 1072 (2.352013283) x 107 25.00
f0(2100) 2081 + 1372 27375508 (1.1370:097068) X 1074 13.90
f5(1525) 1513 + 574 75712710 (3.4270871371) X 1073 11.00
f>(1810) 1822737796 229+32+88, (5.407597342) X 1073 6.40
f2(2340) 23627307140 334757163 (5.6070:627237) X 1073 7.60
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* f,(1710) and f,(2200) are dominant
scalars

* low production for f,(1500)

* f,’(1525) and f2(2340) are the
dominant tensors
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Events / 15 MeV/c? Events / 15 MeV/c®

Events / 15 MeV/c?

1.3B J/y

Phys. Rev. D 92, 052003 ( 2015
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PWA of J/y—ybd

Phys. Rev. D. 93, 112011 (2016)

N 2500 - ¢ 07 model independent
e - 1.3B J/ U} o 0 model dep::dem Resonance M(MeV /c*) T'(MeV /c?)
%2000 [ . » 07 model independent L i1o1 12443
S I .1-%”1 === 0" model dependent n(2225) 22167577, 1857177
L E ; ; 4+ 2" model independent : . '
g 1 500 :_ E}j :-i-!.*.---- 2" model dependent "r](2100) 2050i32j;2 250t§(6}—_i_}2}1
*% : # q:mh X(2500) 2470% 155550 230755138
= 1000 - F J"’*’hh f0(2100) 2101 224
C - i o
W 5000 i, M f2(2010) 2011 202
L F ol Py 2300 2207 49
o) '_.i"'!"f.-'tfﬁﬂkf"'."i?'-'#-!-?ﬂ-q-ﬂ,t“.];thﬂ. I ) ' 14
2 2.2 2.4 2.6 1(2340) 2339 319
(f) M(dd) (GeV/c?) 0+ PHSP

« Dominant contribution from pseudoscalars
« 1(2225) is confirmed;
« 11(2100) and X(2500) are observed

« The three tensors f,(2010), f,(2300) and f.(2340) stated in p-p reactions
are also observed
14



PWA of J/P>yw MY

PRD 87, 032008(2013)

250 | —e— Data
[ | —— Projection (a)
- - ~e X(1810)
No 200 - : weeees _0(2020)
6 S - ; | e f_2(1950)
- O - a — — 1)(2225)
o - ¢ 150 : — - - Phase-space
b L g : % | —— Background
< 4r o -
St < 100}
g I c I
x| S i
L o woosop
= | P
0 P T ST T AN YT YR WY YA T TR TN WO TN T TN WO NN NN N NN NN 2 2-5 3
o 1+ 2 3 4 5 M(K'K ' %) (GeV/c?)

M2(yr*r ) (GeV/c?)?

@ Confirmed the enhancement observed at BESIT
@ M= 1795+7+13 5 +19(model) MeV/c2,
M=95+10+21 ;, +75(model) MeV
@ Spin-parity is determined to be 0*
@ the same as fy(1710)/fy(1790), or a new state ? 15



100 F gess Iy — YK'K
§~ 80 +
B ANV AL
0* : experimental results saturated 2 s s 4 { ti
16‘-]0 PR S T ' PR S R 1 |_>. 1 |(|K|+|KS_)| PR
%ot PP — Pr( P,
. £, (1710) /£,(1790) , one or two iz, T
« Large production rate of f5(2100) in s op T *m o,
gluon rich environment ppbar annihilations 2 %0F l R A
and J/psi radiative decays S Y —> KK
2 20f 1t
% 30} ‘:’#c.r !
¥ 20 : J
& 77, Tello !
lg AP T l 1 >¢ *".’Q"'Fﬁ‘?'jo
13 14 15 1.6 17 18 19

MIKYK) (GeVv/ich)

2*: complicated situation around 2 GeV

18 22 M F(1980) 2.0 2.2
r ! ‘ L0
= f,(1810 E g [F2200) | £ 2350
! | 2
300 ‘ I"300 ) / o T
L - ¢
200 {7}. 200 ) |
100 100 w
f,(2050) o
fao20) Mt i22s0) M
O review B B oo G.l.-Sates
NN = O pp
47’ @ nn o KK
O 4 m KK m ¢
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About f,(1710): “Still controversial”?

Phys.Rev. D92 (2015) no.9, 094006 o Clarify f0(1710) /f0(1790)

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 . P u re g I u e ba I I “ca n n ot”
Experiment Model I [28] Model II [23]

| fo(1370)) [N) ~0.01 —0.07 040 078(2)  0.52(3) —0.36(1) d ecay to (1)¢

Lfo(1500)) | = (.| 19) 041 035 —0.84 ~0.55(3) 0.84(2) 0.03(2) -
(fo(1710)>) (G>) ( ) ( ) m Establish fo (2100)

009 093 036 0.31(1)  0.17(1) 0.934(4)
-
Mass of the lightest scalar G/ Mg ~ 1464 — 1519 MeV ( Mg ~ 1665 MeV \

. F - - -
R LGCD = O ® First excitation of scalar
7'*:’4 Vs ~ O(10) If f4(1500) is primarily a glueball, Yes, as |fp(1710)) ~ |G) b '?
T(J/dh—fo(1500)7)
this ratio will be less than 1. g I u e a I I -
Ww =0.31+0.05 fo(1710) dominated by s3 Chiral suppression - Sea rc h fo r fO (1 7 1 O) a n d
If fo(1500) is primarily a glueball, ‘Well explained with the -
% =41+05 this ratio will be of order unity. flavor octet structure of fO (2 1 O 0) I n ]/lp —_ yn / n (,)
Needs a large mixing with ¢g. fo(1500).
rihiio ik — 048015 " i ® Complete information on
0.230 £ 0.097
= = os 00 s flavor
g [T ® Pure glueball “cannot
T o) = { L3404 e ratio is naively less than 1. es, as |9) is smal d eca to I}
Needs large OZI-violating effects. in fo(1710) y TITI
Non-observation of fu(1710) Dominant fp(1710) production |JDominant f(1500) production, -
and observation of fo(1500) followed by fo(1500) while fo(1710) is negligible - C o u p I e c h a n n e I a n a Iys I S
ill B e L ] T 11
Near mass degeneracy of No, it eannot be explained Yes, as Mg — My ~ 25 MeV
ag(1450) and K§(1430) as Mg — My = 200-300 MeV
f0(1500) not seen in v
reactions except probably See Eq. (30) See Eq. (30)
in yy — 7070

J

17



ro Mg

12

10 |

Where iIs the glueball?

0+

2+

3++_ 3+_

2™ w— 1+

. () —
2 s

O " —

Phys. Rev. D 73, 014516

++ -+

+-

Mg (GeV)

no
°

At BESIII
fo(1710) and fy(2100) are observed

inJ/y -y, yn’n°

f2(2340) is observed in J /Y — ynn /¢

|00

X(2120) and X(2370) in of / /¢ —
ynte Ty’

Systematic studies needed
* J/Y -y
* JY -
* J/Y - VKK
* J/Y - dX, wX

Low lying glueballs have ordinary quantum
number->mixing with g g mesons 18



Exotic mesons



PWA of J/\>vp p

* PWA of J/U->yp p was first performed
* The fit with a BW and S-wave FSI(1=0)

factor can well describe p p mass

threshold structure.

e |tis much better than that without FSI

effect, and A2InL=51 (7.10)

Events/(0.005GeV/c?)

; : =Y. — ) -+ y By g e T
" spin-parity of X(p p):  JPC=() 00 01 02 03
>6.80 better than other JP¢ assignments M -2m,(GeV/c?)
E PRL 108,112003(2012)
80 £ — total fi
« v « Jiydata
§’ 70 ? - -var’uf;(wa_.MX(m)) |
8 60 :: :f):j;eebsg:gr;ittcontnbutnon
5 S0F - wsdeanddata No similar structure was observed in
S 40 — —
2 5 IJ/b2op p,J/b2>¢p p
:>J’ 20

1 1

| RS

0 T ‘0.05' o ‘0.1‘ . 0.15
M(pp)-2m, (GeV/c?)

0.2

PRD 87, 112004(2013) 20



Confirmation of X(1835) and two new structures
PRL 106, 072002(2011)

"2 500 ¢ two newsl! = o
= | :
CD i
& 400| AR | Thyomne
£ 300} N S n'->nuin-
S f1(1510) 4 . : n' >yt
LE ' ; - ] 1000 3 / E
100 E %0 | ‘0i2‘ | ‘0.‘ [~ ‘0.‘6‘ | ‘0.‘8‘ | ‘17.0
/ |cos@, |
M, (GeV/c?) / .
i X(1835) consistent with O-

BESIII fit results:

Resonance M( MeV/c?) I'( MeV/c?)  Stat.Sig.
X(1835) 1836.5+3.06,; 190.1+9.0*38 3, >200
X(2120) 2122.416.7*%7_,5 83+16+31 7.20
X(2370) 2376.3+8.7+32 45 83+17+44 6.40

v'Nature of X(2120)/X(2370): pseudoscalar glueball ? n/n’ excited
states?

21



Observation of X(1840) in J/y—>y3(n*n)

PRD 88, 091502 (2013)

N N W
o O O
o o o

M=1842.2+4.2 +7'1—2.6 MeV/c?
' = 83x14+x11MeV

EVENTS/(10 MeV/c?)
(@)
o

—
. O
o O

-
-
-
"

; i N Y L Ll L]
1.6 1.7 1.8 1.9 2 2.1
M(3(*m)) (GeVIc?)

o

@ Mass is consistent with that of X(1835), but the width is
much smaller than T,g35 =190.119.0%38 ;; MeV

@ A new decay modes of X(1835)?

22



Comparisons of the observations at BES

250 * X(1840): J? unknown,J/y—y3(n+rn-) PRD88,091502
: o X(1870): JP unknown, Jly—on+r—n PRL107, 182001
200 A X(1835): JP =0", Jly—yn+n—n’ PRL106, 072002
> o — i} —
2 150 = X(p p): JP=0"Jiy—yp p PRL108,112003
< E 1 X(1810): JP=0", J/y—yod PRD 87, 032008
S 100 —d—oo
s F 4 ]
50— l T
O - 1 1 I 1 | | 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1

1800 1850 1900 1950
Mass (MeV/c?)

X(18??) near the threshold position of proton-antiproton

Are they the same particle? It is crucial to identify these

observations.
23



Latest result on X(1835) from J/y—yn'n*n-

Faltte formula

2500
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2000 14000
C:JS:E | 1200
> I N
@® 1500 |- i
2 i 10::-0_-I
= B 18
~ B
£ 1000 -
e i
lu -
500 —
0 ==t
1.3 14

1.5

PRI
1.85

P FUTI RS SR |
1.9

1.3B J/y

Two BWs
2500IIII|IIIIIIII|IIII|IIII|IIIE|IIII|IIII|IIII|II
i . . —+Data -
—+ - :
—_— g?t:?)al Fit . i i =——Gilobal Fit .
-----£,(1510) i - i -----1(1510) §
---X(1835) | 2000 [~ i --- X(1835)+X(1870}]
— X(1920) ) - L —-X(2120) 7
-= X(2120) 1 i i — Non-Resonant |
— Non-Resonant | "© i { [ Background
I Background S - * I
i . ! pp threshold
= pp threshold | % 1500 —
15 i
1= I
41 o
£ 1000 |-
qJ -
>
w I
7, 042(02(2016)
500 |~
13 14 15 16 17 18 19 2 21 22

2 21 22

MnW7*r] (GeV/c?)

9% =

9% » /9%

M=1638.2+121.9 "127'8_254_3 MeV/c?
93.7+35.4 +47'6_43.9 GeV/c?

2.31+0.37 +0-83_ (o

existence of a structure strongly coupling to p p !

M[n'mn] (GeV/c?)

M;=1825.31+2 .4 +17.2_, , MeV/c?
r, = 245.2+13.1 +4.6_ g , MeV

M,=1870.2+2.2 *2:3_5; MeV/c?
I', = 13.0+6.1 +2'1-3.8 MeV

24



M’ (') [GeV/e?P

events / 10 MeV/c?

Search exotics in y., > nn' '~

-
H o (s3] o

o

600}
500
400F
300F
200F
100F-
0 : -ﬁ*#l{ﬁ"-'—"r‘:—?-r"f""r"r‘t;?"”?‘I"'F R A e
0.5 1 15 2 25 3
M(nm) [GeV/c?]
20
a) 18
--a,(980) |16
..... a,(1320) {14
~a,(1700)

Bt e e 1

M2(n1I+) [GeV/c2]2

: .. & (@80)m
~ 600F D) (12200
L - (1700

— —-171rl
g - iEion
= 400 - - £,(2050)n
N o
— 300
L g
$ 200F
> -
® 100} |

0— e R g =
35 0.5 1 15 2 2 5 3

M(TtTT) [GeV/c?]

..... £,(1270)| 12 ® Clear evidence for a,(1700) in x.idecays.
e First measurement of g,,, #0

using ay(980) — nm line shape.

* Upper limits for m,(1"") in 1.4 - 2.0 GeV/c?

25



Strangeonia spectrum

@ Like charmonia, a similar pattern for the strangeonia is expected

@Much less well understood, most of them have not been observed yet

@ Strangeonia serve as a bridge between short and large distance behavior of
QCD confinement potential

T odf
~ 24
>
0 _
O 22 oFS)V(2175)7)
3 _
T o ke ZPD
E 2 - nl(3 %0) xw(z3pl : ‘(ZIPJ ,
Z heey o(T'D,) o(1D;) ,(1850)(TDy)
1.8
- 0(1680)(2s)
1.6 :_ (TP,)f(1525)) -
n2%) o rmor S S System — what do we know?
1.4/ h1380)(1P) 7, P
1.2 Only 7 of them have been identified !
B o(f's
1 nasy =
- Also listed in JLAB physics program
0.8

Je=0* 1~ 1T o™ 1™ 2©* 20 2+ 3



Y(2175)/¢(2170)

PRD 91, 052017

&‘;: 140 + weus baCkgrounds
) - e backgrounds+direct decay
O 120}
S
S 100f-
&
§ sof
T &
60
20}
ob. " PE B | PR | el ———
2 21 22 23 24 25
M(6 f (980))(GeVic?)
Collaboration Process M (MeV/c*) [' (MeV)
BABAR [2] ete” = dfo (ISR) 2175+ 104+ 15 58 4 16 + 20
BESIT [3] J/Y = nopfo(980) 2186 =10£6 65£23 17
BELLE [4] ete™ = ¢fo (ISR) 2079+ 13159 192 +23+2°
BABAR(updated) [5] eTe™ = ¢fo (ISR) 2172108 96+ 19+ 12
BESIII J/P = nofo(980) 220065 104 £ 15+£ 15

- hybrids or strangeonium ?



J/\|I — (I)r]n’ PRD99,112008(2019)

100

@
(=

60

Events/(20MeV/c?)

2 21 22 23 24 25
M(on') (GeV/c?)

04 1

Fractional yield
I

0.2 E— ............................. +

40

w
o

Events/(20MeV/c?)
N
o

'y
o

2 2.1 2.2 2.3 24 2.5
M(¢n') (GeV/c?)

o JP=1*

(2062.8 + 13.1 £ 7.2) MeV/?
(1774364 35) MeV

o JP=1-
(2002.1 & 27.5 +21.4) MeV/c?

(129 £ 17 + 9) MeV.
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Fit

m = 2239.2 + 7.1 MeV/c?

I'=139.8 + 12.3 MeV
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PRD99,032001(2019)
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o(e*e’ — K'K'K*K) (pb)

ete— KTK-K+*K- axv:1907.00015

240 ¢

160 (a) -+ BESII| = 220 (b) < BESIII
140;‘ - BaBar 2 fggé 41
1200 + " g 1600 B
100 1w ¥ 140F )
o AL ] R el
: e[ ] +,1__ 1 1 100¢ i
o J T )| o % o 2l
40F T e 60p | [:] I O
20%11&1‘1.111...|...|...|‘.. i ggf‘r:Tl 1 M 1 |
2 22 24 26 28 3 2 22 24 26 28 3
(s (GeV) (s (GeV)

@ Too narrow for ¢(2170) ?
@ New strangeonium state?

@ AAbar mass threshold enhancement?


%20http:/arxiv.org/abs/1907.06015
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177 (1650 MeV/cz)
— 2
@ Clear structures were observed 177 (2050 MeV/c?)
@ Further study needed for the  x0’ x10°
structures observed in o [@¢ °
K+K- mass spectrum E 15¢ E ar
g 1 g |
c 0.5- c [
g | S
1] w i
(1] I I EEPSPSI B ol L L
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Mkn>1.05 GeV




Search for Zs in e+e-— ¢n=w

PRD99, 011101

Y (4260) — J/yx T

Y (2175) — ¢ (1020)7 T~
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Upgrades on BEPCII/BESIII

@ Beam energy

@ Ebeam=2.322.35 GeV in 2019
@ Ebeam = 2.35>2.45 GeV in 2020-21

@ Top-up injection
@ Data taking efficiency increases by 20-30%

@ Inner tracker 2CGEM inner tracker

@ Construction by Italian group

@ Will be shipped to IHEP this summer, installation in
summer 2020

@ Super conducting magnet

@ New valve box of SC magnet
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Summary

® BESIIT plays an important role in light hadron physics

® Rich physics in light hadrons

o search for exotics — QCD
o study of strangeonia — Quark model

® Couple channel analysis may help map the spectroscopy
e 10 billion J/y events available |

® More surprises @ BESIII

34



Thank you !



