Light Hadron Spectroscopy at BESIIT
Li GONG

(On behalf of BECSII collaboration)

fﬂﬁﬂmufﬁﬁwmﬁ

of High Energy Physics Chin cademy of S

% FAIRNESS 2019, 20—24 May, Arenzano, Italy

FAIRNESS 2019, Arenzano, Italy




Outline

@ Introduction

€ Recent highlights of BESIII results
v" pp threshold enhancement X(pp)/X(1835)
v Study of the glueball candidates
v £,(980)-a,(980) mixing

€ Summary

FAIRNESS 2019, Arenzano, Italy 2



5016/04/05 22:29:41
Luminosity 10.00 E32/cm”2/s
e+ D~

Ncreey 1.8833 1.8830
(curet 849,97 852.83

Y 'y -

si -2\ é
»‘x\ ‘//‘ > " wieume 1.52 2%
CNR L~ % e “ tmaming 0.00 0.00
BESIll detector Wi S N\ 2004 started BEPCII/BESIII construction

. e v Double rmgs

v" Designed lummosnt\" 1x10% em2s!
2008: test run
2009 — today: BESIII physics runs




BESIII detector

RPC: 9

RPC: 8
Electro Magnetic

Superconducting

solenoid (1T)
Barrel i 9‘%
ToF i ‘é ?;
e G- 1|°

ToF
6,= 90 ps (barrel)
6,= 120 ps (end

caps)
Electromagnetic CsI(Tl) Calorimeter RPC Muon Detector
Drift Chamber o/E <2.5% @ 1 GeV (barrel) AQ/AT=93%
6= 130 pm (single wire) o /E <5% @ 1 GeV (end caps)
6,/P=0.5% @ 1 GeV 0 =16 mm)/E"2 @ 1 GeV )




Introduction

» Conventional hadrons consist of 2 or 3 quarks:

Naive Quark Model: O 12 |
meson g baryon

® ®,
v' Hybrids: qqg, qqqg ... c e °
) 4 K

» QCD predicts the new forms of hadrons:

v' Multi-quark states: Number of quarks >4

ro Mg

v Glueballs: gg, ggg ...
¢ 0% " ground state: 1.5~1.7 GeV/¢?
e 277 ground state: 2.3~2.4 GeV/c?
¢ 0~ " ground state: 2.3~2.6 GeV/c?

0" m—

L Phys. Rev. D 73, 014516 (2006) |

++ -+ +-

None of the new forms of hadrons is settled!

World largest J/y (1.0x10%), y(3686) (4.5x108) ... produced directly from e*e- collision!% "
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pp threshold enhancement X(pp)/X(1835)



pp threshold enhancement X(pp)
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60%1 . Rev. Lett. 108, 112003 (SO?

> First observed in J/yw—>ypp at BESIL Then confirmed by BESIII and CLEO. &
> S00 F11, PWA of JAy-Dypp
> PWA of J/y=>ypp: JPC=0""7 O 400 v=rpp
g -
v' A signal model of BW and S-wave FSI factor can well describe pp mass = 300
o : 2 200
threshold structure, the fit quality 1s much better than that without FSI effect. £ 100
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() gt ¥ H » L
0.0 0.1 0.2 0.3
No significant narrow threshold enhancement observed here: M 5_zmp((}ev/&)
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Seems not from pure FSI| effect



X(1835)

goE LTS
n 2ln_. =1.40
» First observed in J/iy=2>yntn™m’ by BESIL and T 2ok )£+_ Bata
S F — MC projection
then confirmed by BESIII using the same decay © goE } Bl Background
©C ¢ ---- X(1835) ]
channel with more J/y data. o 50F — X(1560) -
o : Phase space |
> PWA of J/y>vK LK n: o 40;
v JpC=0—+ ﬂ 30;
o 20
v'M = 1844 + 9(stat.) 118(syst.) MeV/c? D 10l
v'T =192 129 (stat.) T8 (syst.) MeV

o

1.6 18 20 22 24 26 2.8
v' Consistent with X(1835) in J\y2>yntn T/’ - (GeV/c )

K Ksn
BESIIL: Phys. Rev. Lett. 115, 091803 (2015)
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Events / (10 MeV/c?)

Anomalous line shape of t*n™n’ near pp mass threshold
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.. . Phys. Rev. Lett. 117, 042002 (2016
What causes this distorted line shape? Y (2016)

v" The opening of X(1835)>pp ? 2000 N
Data
- Global Fit
v’ Interference between two resonances? ,, _ | imenxaer
& : Egzl:?t:son:nt
Model I % 1500 - -pﬁaih?;::;d
Flatte line shape =
with strong =
coupling to pp Model II: g
(11
and one Two coherent BW,
additional X(1835)and one

narrow BW at ~

1920 M V/ 2 additional, narrow Bw—
cV/C

at ~ 1870 MeV/c? 03 14 15 16 17 18 18 2 21 22

Minn*n] (GeV/c®)

» Both models well describes data with almost equally good fit quality.
» Suggest the existence of a state, either a broad one with strong couplings to pp,

or a narrow state just below the pp mass threshold.
» Support the existence of a pp molecule-like state or bound state.
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Observation of n(1475) and X(1835) in J/w2>yyd

I_ | | | | | | | | | I ! ! | _I — _1> | | | I | | | | | | | I | ]
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v First observation of n(1475)/X(1835)2>v¢.
v’ Angular distribution favor J’¢= 0~
v’ Sizeable s5 components in X(1835):
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Events/(0.011 GeV/c?)

Search for X(1835) in J/'y2ontt™n’

Phys. Rev. D 99, 071101(R) (2019)
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- Inclusive MC % #
L — Jﬁ?@ééﬁf:? ! + v No obvious signal of X(1835) is found.
300 (- + ¢ ¢
: *#gﬂ v Upper limit on the branching fraction at
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Study of glueball and hybrid candidates



PWA of JAy=2ynn/yK'K°
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PWA of J/y=2>v0¢

Besides n(2225), the structures in the pseudoscalar sector above Phys. Rev. D 93, 112011 (2016)
2 GeV/c? are poorly understand. 2500 o 0" model independent
Provide an opportunity to study 0~ and 2%+ states above 2 GeV/c2. Ng 2000 5 ~ o g..:ﬁ:?:j:g::;;m
B E?-l:i - A n
Dominant contribution from 0~ 7 states % * ’ §¢_: ) 2” :ZZZ: ;ZZe(:z:m
v’ n(2225) is confirmed K 1500 F ¥ '*‘;41."" 2" model dependent
@ [ o 4
v' 1(2100) and X(1500) are observed D i e
< 1000 [ - Yed,.
2% contibutions L - » Hoy
L g o .
v 1,(2010), £5(2300), £,(2340) are observed. 500 - o R S O *Cwe
v' Large production rate of £,(2340) 0 ;*g‘;‘;?'ﬁ?:ﬁﬁ?"'f‘i'!""r"-"-f _,.;:"‘:u-,‘-_‘. "
Model dependent PWA results are well consistent with the results 2 2.2 2.4 2.6
2
from MIPWA., M(09) (GeV/c?)
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Scalar glueball candidate (07)

Ip|

Decay rate of pure glueball ~ T'U/¥ = ¥Go+) =z a mz, |E1(0)|* = 0.35(8)keV

from LQCD:

Experimental results from J/y radiative decays
>B(Jy 2 vf(1710) = yKK)=(8.5133)x1074 .
>B(J/y = y£,(1710) = yrm)=(4.0£1.0)x10~*

>B(J/y = yf,(1710) = yoo)=(3.1+1.0)x10~*

r/T_tot = 0.33(7)/93.2 = 3.8(9) x 1073

Phys. Rev. Lett. 110, 021601 (2013)

to scalars:

- = B(/y > yf0(1710))><10_3

»B(Uy > yf,(1710) > yn)=(2.352813157)x107* —

f,(1710) : The candidate of the scalar glueball ?
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Tensor glueball candidate (277)

rJ/y - y6G,+) = 1.01(22)keV

FU/IIJ G )/I.. 1 1(2) v 10_2 Phys. Rev. Lett. 111, 091601 (2013)
B A tot — 1.

LQCD:

Experimental results from J/y radiative decays to scalars:

»By > v,(2340) > yMm)=(5. 601782 *357)x 107>
>B(Jy > v1,(2340) > v6¢)=(1.91 + 0.14737%5)x107*

>B(JAy > v6,(2340) > YK LK 0)=(5.54 1335 +328) 105

£,(2340) : The candidate of the tensor glueball ?
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20(980)-f0(980) mixing



a,(980)-f,(980) mixing

» Mixing intensity provides important information in understanding the nature of a,(980) and f,(980).

» Narrow peak (8 MeV) at around 980 MeV can be expected in n® (J/y =2 ¢£,(980)=> ¢pay(980)=> dnmn?)
or T (Y1 229(980)1°2>£,(980)n’ >t n?) invariant mass spectra.

J.Wu, Q.Zhao, B.Zou PRD75 114012, J.Wu, B.Zou PRD78 074017
C. Hanhart etc. PRD76 074028,
tc.
etc q) 0
J/EE < / n X«Cl n+
a, > f
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Observation of a,(980)-1,(980) mixing

destructive (upper) and constructive (lower)
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Observation of a,(980)-1,(980) mixing

Phys. Rev. Lett. 121, 022001 (2018)

. 16
NQ 14¢
g 12¢ B Using 450 million y(3686) events,

10
? 8 2,(980)=2>1,(980) 1s observed in the isospin violating
..UE) 2 : XCI930(980)7509f0(980)ﬂ:09ﬂ:+ﬂ:_ﬂ:0 (55 G)
2
w 2

0

07 08 09 10 11 1.2
M. (GeV/c?)
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Observation of a,(980)-1,(980) mixing

Aqq “KK " 4qG xqqg

9, i (GeV)
v" The statistical significance of the mixing signal scanned in the 2D space of g fooktx—and g L gtg-

v" The region with higher significance indicate the larger probability

v The markers indicate predictions from various theoretical models (without uncertainties of model)
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Summary

» A set of interesting and important results from the light hadron spectroscopy achieved:

v Both X(1835) and pp are confirmed by BESIII.
« JPC(X(1835)/X(pp))=0~";
* Anomalous line shape of m*n™n’ near pp mass threshold is observed.

v 07* and 2% structures are studied from J/y radiative decays:
 Strong production of f,(1710) in J/y=2>ynn/yK K¢,

production rate of f,(1710) is about 1 order of magnitude larger than that of f,(1500).

 Strong production of £,(2340) in J/\y=2>ynm/yK K /vdd;

could be a candidate for the lowest lying tensor glueball? Th anks '

v" First observation of a,(980)-f,(980) mixing.
» With 10 billion J/y events, more and more interesting results ‘Lﬁd‘ ‘Lgﬂ‘ '
22

are expected in the near future.
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