Highlights of BESIII Light Hadron Spectroscopy
(For BESIII Collaboration)
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Beijing Electron P05|tron Colllder (BEPC)
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BESIII detector
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BESIII Data Sample
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BESIII amasses record J/y dataset
On 11 February, the BESIII experi-
ment at the Beijing Electron Pos-
itron Collider in China finished
accumulating a sample of 10bil-
lion J/3 events — the world’s larg-

I control room

Nd30

est dataset produced directly from
electron-positron annihilations.
Decays of the J/y particle offer a
clean laboratory for studying exotic
hadrons composed of light quarks
and gluons, including those com-
posed of pure gluons. With 1.3bil-
lion J/3 events collected in 2009 and
2012, BESIII has reported many such
studies. The record J/\p-event data
sample — which adds the 8.7billion ‘
events collected in 2017, 2018 and
2019 - will improve the precision
of such studies.

1911N0J

Unique sample for studying
light hadron spectroscopy
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Selected Results from LHS

HMeson spectroscopy
® X(pp) and X(1835)
® Mixing of a,(980)-1,(980)
® Scarch for Glueball
® Scarch for Hybrid
® Strangeonium spectrum

HLight meson decays

O n'_) T "‘(0)7'['(0) 7'[0

®n oy

® Br(n'—X) measurements
HBaryon spectroscopy

® Search for N*A* ,X* and E*



X(pP) and X(1835)



pp threshold enhancement X(pp)

Phys. Rev. Lett. 91, 022001 (2003)

Y
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B Observed at BESIl in J /Y — ypp . o
M = 1859%3, " MeV/c?, é
[ < 30 MeV /c? (90% CL) £ F
w0l B) | |
B Confirmed by CLEO-c and BESIII in 4°°
Y(3686) >t ]/, ]/ - ypp 1
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_ AM=M(pp) - 2m, (MeV/c?)
| Many pOSSibi“tieS: Chin. Phys. C 34, 421 (2010)
Phys. Rev. D 82, 092002 (2010)
ordinary meson/pp bound state/ multiquark/glueball/final state
interaction (FSI)



PWA of ]/ - ypPp

BConfirmed in J/y - ypp

® /¢ =+ Significance of X(pp) >>300

® M =183211° 1184 19 MeV /(2
® [ =13+ 3913 +4 MeV /c?
® B(/Y - yX)-B(X— pp)=9.019% *15+ 23 x107°.

Phys. Rev. Lett. 108, 112003 (2012)
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®The fit quality i1s much better
than that without FSI effect.




Events/ (0.01 GeV/c?)

Searching for X(pp) in other hadronic decays

B No significant narrow threshold enhancement observed :
o Jy2opp: BJ /Y - oX(pp)— wpp) <3.7x107° (95% CL), > 10x suppressed
o JN2opp: BJ/Y - ¢X(pp) — dpp) <2.0x1077 (90% CL), > 100x suppressed
* Y(3686)>0pp : B (3686) » ¢pX(pp)— ¢pp) <1.82 %1077 (90% CL)

B Seems not from pure FSI effect
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X(1835) in J/y =2 yr*nn’ (n'—>yp/nnr)

B Observed at BES” Phys. Rev. Lett. 95, 262001 (2005)

B Confirmed by BESIIl in J /Y = yn'm* ™ with
two 1’ decays

® M =1836.571° + 3.013% MeV /c?
® =190 + 938 MeV /c?

. . . . . . — 1.4 2.0 2.6
® Angular distribution is consistent with 0 M(xtn’) (GeV/c?)

EVENTS/(20MeV/c?)

® 1’ excited state? Glueball state? same as pp enhancement?
Phys. Rev. Lett. 106, 072002 (2011)

BMObserved two additional structures > 2 GeV /c?

500 F I(b) | 5000

o r

Resonance M(MeV/c?) I'(MeV/c?) Nevent % 400 4000
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Observation and spin-parity determination of X(1835) in
0170

JIY = vYKsKsn

M Clear structure on mass spectrum of K¢ K&n around 1.85 GeV /c?

B Strongly correlated to f,(980)

_ Phys. Rev. Lett. 115, 091803 (2015)
B PWAinM (KK <1.1 GeV
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- | § 5
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BT = 192420762 Mey /2 grwp e Pt 1D S0 i
Lo e I A A dn sl o]
M B(J/yY — yX(1835))-B(X(1835) > anKSQ):(3_31f8:§(3)f%:gg) x10~5 0796 1.8 20 22 2.4 26 2.8 3.0 %0 12 1.4 16 1.8 20 2.2 24
. . . L Myoyo, (GeV/c?) Moo (GeV/C?)
M Consistent with X(1835) parameters obtained from | /Y = yn'm™n e
24 (C) Data 1w TOF (d) -+ Data
2.2F s g mm Background
«— % 60 - }h — Phase space MC
O 2.0 170 50:_
> E
M X(1560) 8 o 18 o
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—-13-28 1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0 1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0

B Consistent with n(1405)/n(1475) within 2.0 ¢ Moo, (GeV/c’) Moe, (GeV/c?)
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Phys. Rev. D 87, 032008 (2012) Phys. Rev. Lett. 107, 182001 (2011)
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Phys. Rev. D 88, 091502 (2013) 1800 1820 1840 1860 1880 1900 1920 '1\/‘9(4'& V/c1:2 ?60
e

B Any relations?

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

B What is the role of the pp threshold (and other thresholds)?

ettt B Patterns in the production and decay modes

M(3(r*)) (GeV/c?)
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Anomalous line shape of n'T* ™ near the pp mass threshold:
connection between X(1835) and X(pp)

X(1835) observed in J/y->yn'n*n” X(pp) observed in J/y—>ypp
Phys. Rev. Lett. 106, 072002 (2011) PRL 108, 112003 (2012)

'(b) - PRL 115, 091803 (2015)
< >0 700 ' '
> 400 _ 600 f
S X(1835) JPe=0-+ X(pp) JPe=0-* S 500
(s 300 (5] E
= M = 1844 + 9*1¢ MeV/c? M = 183273° 718 + 19 MeV/c? ‘é 400
Z 200 > 300 F
§ P , _ 1go+20+62 2 I =13 1 19 MeV/c? $ 200
2 100 —"f‘,"__,.- ['=192717745 MeV/c (< 76 MeV/c2 @ 90% C.L.) ‘:E ook
0%4 16 18 20 22 24 26 28 TN S Gt
PP m,, ev/ct
2500 T TITT T T rrrIrororyTTT - ™ - 25m YVVTIY\'YYTYITY]TY'YTYV‘IYI\'VTYTYA7'[1ITVIYY1YTI
AR *‘:;.“: I‘F " Connection is emerging St NV
- — Global Fit r ] === Global Fit
A G *. S E [N S 11510 4 - - £(1510)
g™ = PRL 117, 042002 (2016) o™ ey
S L — Non-Resonant _ ; L — Non-Resonant ]
[05) L . B Background | [O) i _Bac:gro:n:’ 1
=S 1500 - PP threshold | s 1500— pp threshold |
e 1 Model 1: Model 2: e
= ool | Flatte lineshape Coherent sum of X(1835)% 10!
E I 1 with strong coupling to pp Breit-Wigner and one ‘OE, I
B g { and one additional, additional, narrow Breit- 5
. narrow Breit-Wigner at Wigner at ~1870 MeV/c? i
4 ~1920 MeV/c?
01.3 14 15 16 1.7 18 19 2 21 22

93 14 15 16 17 18 19 2 21 22
Mnn'n] (GeV/c?) Mnn'n] (GeV/c?)

» Suggest the existence of a state, either a broad one with strong

couplings to pp, or a narrow state just below the pp mass thresh.
e Support the existence of a pp molecule-like state or bound state

14



Search for X(1835)’s other decay modes
J/¥ - vy J/Y - otmy’

Phys. Rev. D 97, 051101(R) (2018) Phys. Rev. D 99, 071101(R) (2019)

| 7(7)Eblsf;r7v5a)t,i;)(Iz {)é 35) > v B No obvious signal of X(1835) is found
BB.R. Jly20X(1835)2nrntm)

B Angular distributions favor 0~
<6.2x107° @ 90% C.L.

gFrrT T T T T T o
o % F (b) [ —+— Data ¢
§ . 11(1475) (@) ] % C a1 . 4001~ Inclusive MC ++++++++%+++#++
O 7\1350  x(s3s) O %F S oo X(183), ++++++ f t
§ 200~ : 4630 8 zoof 3 300 X(1835)-nm'n ++++ }
S [ A ' 7 % C = - +++
o e A 3 100f 2 *+#+
S <56, ] P N PN o e i s T < - o
12 14 16 18 2 12 14 16 18 2 i - A
M(yo) (GeV/c?) M(y¢) (GeVic?) 100 |- . o
- ‘«“‘ [ ]
B m
1.4 16 1.8 2 2.2 2.4

M, (GEV/C?)

BX(1835) contains a sizable sS component
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Mixing of a,(980)-f,(980)



a,(980) and f,(980)

M a,(980) and 1,(980) are theoretically explained as ordinary mesons,
tetraquarks, molecules or hybrids.

B Mixing intensity provides important information in understanding the
nature of a,(980) and 1,(980).

B Narrow peak (8 MeV) at around 980 MeV can be expected:
B in nr invariant mass spectra of Jy — ¢f, > ¢a, —> ¢nn
B or in 7' invariant mass spectra of y.; — ayn’ - fyn’ > T’

J.Wu, Q.Zhao, B.Zou PRD75 114012, J.Wu, B.Zou PRD78 074017
C. Hanhart etc. PRD76 074028,

etc.
¢

3/ n
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Evidence of a,(980) — f,(980) mixing

PRD 83, 032003 (2011)
DT Y -~ ] :
0@ { 3 7 -; ]
"§ 112 - 3.30 S ¢ 2.0c 1 L3
S b i 2 ap—fy ; 2 02 AT
S 12 : E = < "g°q |
£ 8 : E . 1 o0 999
§ 6 } 3 20 ¢ ) 0 y 4 E *SND | .
S U u 2 #KLOE
X %IT L D 1 & U T 10°F *BNL |+
AR .‘1...»-.-:.1‘;:.'"["..-.le , t AR 0 LI ] Ev x CB .
’ 08 09 10 11 12 08 09 10 LI '-22 | [-BESII ]
mixing intensity T;fa
€ = Br(J/v — 6£5(980) — ¢ad(980) — onx®) = Br(y' = yxa — 77°a)(980) = 7 £5(980) — yn’ztxT)
fo Br(J/¢ — ¢fo(980) — ¢mm) [20] of Br(v' = yxa — 17%a)(980) — ya07%n) [17]
= (0.60 + 0.20(3101.) + 0.12(sys.) + 0.28(])07‘(1.)%. - (0‘31 + 0.16(stat.) + 0014(3313‘) + 0_03(mm.))%.
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Observation of a;(980) -f,(980) mixing at BESIII

B Using 1.3x10° J /v, fo = ag is
observed in the 1sospin violating
decay:

J/Y = ¢ag(980) - ¢pnn® (7.4 0)

B Using 4.48%x10%¢Y’, ay - f, is
observed in the isospin violating

decay:
Xe1 — f0(980)7° —» w0 (5.5 0)

Events / (20MeV/c?)
L]

DDD

—= P D B )
C.‘l

(:JD

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

(d)i

Mw

D.
IVI (Gewc )

Events / (5

v 1 |Iﬂ| |;II||| Ij ||'uI
7 08 09 10 11 1.2
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Observation of a,(980)-1,(980) mixing

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

B The statistical significance of the mixing
signal scanned in the 2D space of
9r,-k+tx-and gg _xt+g-

B The region with higher significance
indicate the larger probability

B The markers indicate predictions from

various theoretical models (without

uncertainties of model)

20



Search for Glueball



o Mg

Search for Glueball

B Formed by gluon-gluon interaction
H Allowed by QCD
M Lattice QCD prediction
M 0**ground state: 1.5~1.7GeV/c?
B 2%*ground state: 2.3~2.4 GeV/c?
B 0 *ground state: 2.3~2.6 GeV/c?

Phys. Rev. D 73, 014516 (2006)

L 5
12 0 m— (a b)
10 - 2 m— (23: 4 hadrons hadrons
. . T — _
3 3 99 999
8 |8
2'+—1+-_ 3 <
©
o o] (©) (d)
6 prrm 0 o mj@
= hadrons hadrons
2
4 | OFm— au gq99
1 F(J/Y = vG) ~ O(aa?),F(J/v — vH) ~ O(aad),
2 |5
F(J/Yp = YM) ~ O(aa), T (J/1 = vF) ~ O(aa?)
0 0

++ -+ +-

B Challenges

® Ground glueballs have ordinary
guantum number

® Mixing with ggbar mesons
® No clear criterion

B Systematic exp. studies are required:

® Over-population
® Mapout the resonances
® Production patterns

* JY-ov/w/d+X

* Other experiments
® Decay patterns
*  “flavor blind”, ”chiral suppression”, ...

B / /1) radiative decays: gluon rich

B An ideal place to search for glueballs

22



Glueball program @BESIII in a nutshell

o+

2+

0-

J/V->yPP

J/Y->yVV

J/Y->YyPPP

/o>y /m'm'/mn’ /n°n®/KsKs
> vwd/dd/ww

® 0%, 2* : Coupled channel analyses
®J/Yy->yPP
®J/Y>w/d + X

® 0 : trajectory, X(2370)
®J/y->yPPP
®J/Y->yyV

* PWA published
* Published, PWA undone
* Ongoing

J/WW->yn'nn /InKK/nnrn/KKn/mKK/ i n

Flavor Filters:

J/O=>yX 2yyV

J/b2>w/ b+ X

JC JC

Anti filter:

23



PWA Of J /1 — ymm ===

S 180 | 't’q'?ﬂl If'(lls‘o(l)‘ Nozig—l ‘\'ﬂli IIIIII 20f 'n ......
BUse 225 6 - B I £ o700 | 33t W f2100)
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H BI' Of 1 2 1(~:)1-6A1ﬂ-'e(§ovzfzzekz.'e"z.aa.o 23 1214161'32”2“26;1;;0 2§- T w‘”"
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Possi I 1 3% | L :
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wof™ ( ,M?"GveV/T)' . (e) M,‘,,(Gew;:). e 12 ‘(’Z)‘-GA:’-B govz.z 5426 28 30
] StI'OIlg PrOducti f §°° b , §
on of 1,(2340) EIRT R
23)% 3
- _ _ () Mm((;ew.cz)- 262830 S o2 1(:)1-61‘:’;:«2;.:\;;2_4 56 28 90 okl 1(:4)1.6 e e s a0
Resonance Mass (M i) My Gevic)
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o130 L4g8: 1412 - L Significance
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Amplitude analysis of | /{y — yKsKs

PRD 98, 072003 (2018)

% sooof- @ * MD analysis is well consistent with
S ¥¥nbin=1.45 . -
$ 50 . mass-independent(MI) analysis.
8 4000 — Global Fit
=~ 3000
g 2000
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1 12 14 16 18 2 22 24 26 28 3 E 1500 :— , i
Mass(K.K,) [GeV/c?] 0 e !
o .

R 30002_(0)
g’ 2500 E_ ¥*/mbin=1.41 o =
& F 3
?é’ 1500; _:g;)':ll Fit i 250];—
g 1000:— 20 §_
W 500 b

4FE — ) E—
s 3E {. H}HA bl ghd H«I} h» o ]
= E H{MHWﬁ e ir h}q{’tf + {h Mass(KK,) (GeVic’

osoa 1 12 14 16 18 2 22 24 26
Mass(vK,) [GeV/c?]

* Dominate scalars: f,(1710), f,(2200)
* Dominate tensors: f',(1525), f,(2340)
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PWA Of]/1p % y¢¢ Phys. Rev. D 93, 112011 (2016)

()

(b) 3000F

% —4— Data-bkg 3000
% 2000 — MC projection
§ g 2000 é 2000
B Besides 17(2225), little known on the ¢ ? 2
S | @ 1000 &
pseduoscalar above 2 GeV s
02 2.‘2 2.‘4 2?6 0—1 —01.5 (l) 055 1 0—1 —0145 (l) 0f5 1
B New ressults help to map out the M) (Govie) costy cost)
Sr (@ M 2 —
psedoscalar excitations and search for = s el
O_+ glueball ] 2000; § 1500 .’ ’
g g 1000
& 1000[ i :
r 500F
. . . [ lenbm=1A55 .:‘ T ™ i
B Dominant contribution from e 0L T Rttt

M(00) (GeV/c?)

pseudoscalars cost)
W 1(2225) is confirmed .

L 7’](2100) and X(2500) are signiﬁcant Resonance M (MCV/CZ) r (MGV/CZ) B.F (X10_4) Sig.

B Three tensor states n(2225) 22167442 1g85+12+43

a7 (2.40£0.10135) 286

B ,(2010), f,(2300) and f,(2340)  5(2100) 2050739175  25013¢+181 (3.30 4+ 0.091018) 220

are observed X(2500)  2470F3H00 23075450 (0.17 +£0.0250%2) 8.80

B Strong production of f,(2340) £0(2100) 2101 224 (0.43 £ 0.041024) 240

M Well consistent with the results from f2(2010) 2011 202 (0.35 4+ 0.0572%) 9.5¢0
£2(2300) 2297 149 (0.44 £ 0.0710%) 6.40

Model Independent PWA NGET) 5339 379 (191 L0143 Tio
0~+ PHSP (2.74 £ 0.151018) 6.80
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Scalar glueball candidate (0™)

J/¥ - yX - ynn BES, PLB(2006)441
Br(J/y¥ - yf,(1710) - yam)=(4.01 + 1.0) x 10~*
Br(J/yY - yf,(1500) - ynm)=(1.01+ 0.34) x 10~°

J/¥ —» yX - ynn | BESII, PRD87(2013)092009

Br(J/ - vfo(1710) - ynqn)=(2.351327) x 10~*
Br(J /¥ - vfo(1500) - ynn)=(1.651%7) x 10~°
Br(J/Y - yfo(1370) -» ynn)=———-—

J/Y - yX - yK K, | BESH, PRD98,072003 (2018)
Br(J/¥ - vfo(1710) - yK,K,) = (2.002303*035) x 10~
Br(J/y - yf,(1500) - yK,K,) = (1.597012103%) x 10>
Br(J/¥ - vfy(1370) - yK,K,) = (1.077398+3-3¢) x 10~5
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Scalar glueball candidate (0™™)

Lattice QCD: Iy /b - yGyr) = 247 nllpl
J/Y

r/r_tot =0.33(7)/93.2 =3.8(9) x 1073
L.Gui, et al. (CLQCD Collaboration), PRL 110, 021601 (2013))

|E;1(0)]|? = 0.35(8)keV

Experimental results from J/y radiative decays to scalars
J/¥ = ¥fo(1500 -» yrr) = (1.01+0.32) x 10~*

Br(fo(1500) » ) = (34.9+2.3)% = Br(J/Y — yf,(1500)) : 104

J/Y - vfo(1710) —)yKi{ (1 0+8%% ) % 10-3
J/Y - vfo(1710) > yrmr  (3.8+0.5) x 107* . ( B
/b Yfo(1710) > yoo (314 1.0) x 10-¢ ~ 2TU/¥ = vfo(1710) >< 10

J/W = vfo(1710) >y (2.4%55 ) x107*

)= 2.4x10°
=2.7x1073

Using Br(f,(1710)—> KK)=0.36 = Br(J/y—yf,(171
Br(f,(1710)—> nn)= 0.15 = Br(J/y—yf,(171C

f,(1710) : the candidate of the scalar glueball ?
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Tensor glueball candidate (27)

: 4 |pl
Lattice QCD: FJ/p = v6y+) = —a—5—[E1(0)? + [M2(0)]? + |E3(0)[?]
27 M},
Y.B. Yang ,et al .(CLQCD Collaboration) rJg/y - yG,+) = 1.01(22)keV
Phys. Rev. Lett. 111, 091601 (2013)) F(J/P - y6y+)/Tyor = 1.1(2) X 1072

J/¥ - yX - ynn BESIII, PRD87(2013)092009

Br(J/¥ — vf2(2340) - ynn)=(5.6013¢2*237) x 10~°

J/Y - ¥X - y@@ | BESII, PRD93(2016)112011

Br(J/y - vf2(2340) > ydpd)=(1.91 + 0.14+)72) x 1074

J/¥ - yX - yK.K, BESIII, PRD 98, 072003 (2018)

Br(J/} - vf2(2340) > yKK,) = (5.54703373%5) x 1075

f,(2340) : the candidate for the tensor glueball ?
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Amplitude Analysis of y.4 & N o™

BWorld largest y.;sample (~35K)
W 448M 1(3686) >y xcy Dy N im
B Secarch for exotic meson with 1™ in nm, n’m and www final states

Phys. Rev. D 95, 032002 (2017)

o107
5 a
%, _____ 600 . . a,(980)r 6005— b) } - a,980)r
O ~ - a) a,(1320)r ~ . a,(1320)r
A A o C -~ a,(1700)n °Q F - a,(1700)T
£ S 500 o T y > 500 - - SKK o
® I I .S
&5 E 400 :‘--'-ffgzosogg
= N -
~ 300
i2) r
S 200
........ P G>J F
® 100}
2 6 8 10, vpnperen RN R g a1 0 Bttt s e
N b NN 05 1 15 2 25 3 35 05 1 15 2 , 25 3
.-
M*(nr™) [GeV/c?] M(nr) [GeV/cZ] M(m*m) [GeV/c?]

B Observed y.; = a,(1700)m for the first time (> 170)
B First measurement of gy, # 0 using ay(980) — nm line shape.

B Determined upper limits for m;(17%) in 1.4-2.0 GeV/c2 region

973 1R A LE 30



Strangeonium Spectrum



Strange()nium Spectrum PHYS. REV.D 68, 054014 (2003)

B [ike charmonium and bottomonium, a similar pattern for

the strangeonium 1s expected ¢, =
" S -S—
% 22 :_ qﬁxﬁmm
B Much less well understood, § b o
s s s ufoy iy {18847
most of them have not been 18
observed yet L g
1'4---_ — ‘m‘.‘ff’.’.’...“ 1 (1420)7)
mSimilarity of Y(2175) and Y(4260)  “f
. = s —
production(ISR) and decay E

fs=o0 o T o o2t 2 2 ¥
Only 7 of them have been identified !
BNarrow Z states in Y(2175n - 1tZS - nno, Eur. Phys. J. C 72, 2008 (2012)

with Z, mass close to KK* and K*K* thresholds
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Search for Zs at 2.125 GeV Phys. Rev. D99. 011101 (2019)

+ +
ee >t | |ete — o'’
M Data: 108.49 = 0.75 pb'! collected - lee o9
at 2 125 GGV > > (b) M st
= 400 2 60p M%W W2 sional
Ay = !
£ o 40f
3200 5 ﬂ } *
. . o L N
B No clear Zg signal is observed in the ¢n AV
mass spectrums around 1.5 GeV/c?. 1271416 18 2 052 14 16 18 2
M(or*) (GeV/c?) M(on?)(GeV/c?)
B The cross-sections of e‘e—¢n'n-and £ farr=y —wew] €
ete—on'nlat 2.125 GeV/c? are A
measured P AVARVAN
. . . 1.2 1?4 1.I6 . 1.I8 ) q.2 1.14 1.I6 . 178 )
B Determined upper limits on the cross- Mg (o) M) (Govie)
. . ) — s 8 _
section for Zg production (90% C.L.) S =1 2l @J° =1

12 14 16 18 92792 76 18
MZ)) (GeVIc?) M(z‘;) (GeVIc?)



Observation of h,(1380) i y(3686)—yy.,—voh,(1380)

Phys. Rev. D 91, 112008 (2015)

B With 106M y(3686), Study w(3686)—vy; (J=1,2), and y_,—dh,(1380)

(o) B
o O

M First direct observation of

hi(1380)  ¢,(1680)  ¢3(1850)
h,(1380)—K*(892)K J

(&)
o

OM = 1412 4+ 4 4+ 8MeV /c?
O = 84+ 12 + 40MeV /2

Events / ( 0.02 GeV/c?)
W EaN
o o
o V~
.—*—1
._Q_.
? H
r'
|~
./
/7
’.
).
/.
| ——e

20 i
10f 1 s
B Eveidences for the decays ok y: TR b

13141516171819 2 21 22

Yy — ¢ ¢(1680) and y ; — ¢ ¢(1850)
Mx (GeV/c?)
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Observation of h,(1380) in J/iy—n'KKn

B Simultaneous fit to the M(K*(892)K) in K*K ~n° and Bhys. Rev. D98, 072005(2018)
KQK*m™ modes.
250
E — Total fit J/l// — UKTKT}T
200 ; ----- h,(1380) Signal I

B Observation of h;(1380) in J/y—n"h;(1380) (>100) b
M=(1423.2 + 2.1 + 7.3)MeV /c? *

1003
r=(90.3 + 9.8+ 17.5)MeV/c? i

Events/(0.01GeV/c?)

50 ¢

B The quark contents of h,(1380) 1s predominantly ss: C MKK)(Gevic)

® Mixing angle between h,(1170) and h,(1380):35.9" + 2.6 300/ + o . +
N% ZSO; _ma;;g) Signal 7 5.: juplgsg:
B [sospin symmetry violation s fZZ‘ o
7 0ol KK
B(h,(1380) - K**(892)K~ + c.c.) a5 4 044 5 ' s 7
= 4. . W 50F
B(h,(1380) —» K*9(892)K0 + c.c.) - R

M(KgKfrﬁ)(GeV/cz)
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2019 Review of Particle Physics.
M. Tanabashi et al. (Particle Data Group), Phys. Rev. D 98, 030001 (2018) and 2019 update.

PDG

LIGHT UNFLAVORED MESONS
(S=C=B=0)
ForI=1(z,b,p,a):ud, (uu—ddiv2,du; INSPIRE search

forl =

,n’,h,h’,w,¢,f,f’):c1(uﬁ+dt_1)+cz(s5)

hi(1415) ISP =0"(1M)
was h;(1380)

h.(1415) MASS

INSPIRE search
VALUE (MeV) EVTS DOCUMENT ID TECN COMMENT
1416 = 8 OUR AVERAGE Error includes scale factor g 5.
1423 +2.1 +7.3 2.2k 1 ABLIKIM 2018AB BES3

J/w—>r7,h1 —>r],K*E

1412 +4 +8 1 ABLIKIM 2015M BES3 w2S) — yxers — yP( 1 — K*K)

1440 +60 ABELE 1997H Pp — K} K n°xn°

1380 +20 ASTON 1988C LASS 11 K p — KQ K=77A

1 Final states K* K~ #z° and K2 K*z+ . I
WEIGHTED AVERAGE

1416+8 (Error scaled by 1.5)

V

2

X
Y- - - - - - ABLIKIM 18AB BES3 0.9
—+— 1 - - - - ABLIKIM 15M BESS3 0.2

! ABELE S7H CBAR
-1- - - ASTON 88C LASS 3.2
4.3
(Confidence Level =0.118)
1 1 ~ 1 ]
1300 1350 1400 1450 1500 1550

h1(1415) MASS (MeV)



Observation and study of the decay J/y—>dnn'’

B Evidence for a structure

denoted as X in the o1’ mass Phys. Rev. D 99, 112008 (2019)
spectra n' - yntnT n' ->nnitn”

)
—_
[=3
o
T
B
o

mJr=1- (4.4 0)
B Mass: (2002.1 + 27.5 + 21.4) MeV/c2
B Width:(129 + 17 + 9) MeV
B B(J/Y > nX) xB(X->¢n)=(9.8 +1.2 +1.7) x 10
B The massis 50 away from Y (2175)

mJr=1(3.8 0)

B Mass: (2062.8+13.1+7.2) MeV/c2
B Width:(177 + 36 + 35) MeV

B B(J/Y > nX) x B(X > dn’) (9.6 + 1.4 + 2.0) x 1075

[~
(=]
1
W
o

D
(=]
T

Jp=1-

'S
=)
1

=y
o

Events/(20MeV/c?

Events/(20MeV/c?)
N
[=]

n

o o
U

ﬁ'.','.

(=)

)
—_
o
(=]
T
=
o
T

[~
o
T

JP=1"

D
o
T
w
(=)
T

Events/(20MeV/c?
3
T

S
Events/(20MeV/c?)
- )
? (=]

(=]
T
a3

2 21 22 23 24 25

Clearly be diStingUiShed due to M(gn') (GeV/c) Mg (GeV/c)
the limited statistics.

o
’ﬁ

BTwo assumptions cannot
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Light Meson Decay



n and n° decays

n —2y chiral anomaly
. n —m+mr-m° quark masses, TT+T- scattering
° n —ym+m- box anomaly
Rich physics 1oy box anoma
s n —mmn CP violation
* Test ChPT predictions N ete G violation
° Form factors nNn—ye LF violation

* Test fundamental symmetries
* Probe new physics beyond the SM

 High Production (1.3 BlJ/y) Aail
" h
¢ 7.2x10° 1’ —
° 6 Ll - en
2.4x10° n l o ym

0 20 40

0
Br X 10‘q
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Amplitude Analysis of n'— 7 "0 ©) 70

PRL, 118, 012001(2017)

TEO

* 1'— 7 T T are 1sospin-violating
processes, dominated by strong
Interaction

* Light quark mass difference can be

extracted | ,
| SV 3 [mg—my
r = ~ (16.8)—
16 My

Fn’—>777r+7r—

* Using ChPT, large P-wave

contribution of ' — p*m* is predicted  ;
Decay Mode B (x107%) ; YN
’f“g mom 35.91 £ 0.54 £ 1.74 A o
o7 35.22 + 0.82 + 2.60 |
p*‘r 3TOE030 20632002 7 Ol | R @ u
pmh 3.72 4+ 0.30 + 0.63 4 0.92 S M\
(rtm 7)s  37.6340.77 +2.22 + 4.48 8 R NV

M(rr0) (GeV/c?) M(r°r0) (GeV/c?)




Study of n"—yn"n decay dynamics

PRL.120,242003(2018)
B The second most probable decay mode of the 1 meson

B [n VMD model, the process i1s dominated by n'— yp(770)
B A peak shift of ¥~ 20 MeV/c2 for the p(770) meson
B This discrepancy could be attributed to the box anomaly in ChPT

= 0.992 = 0.039
g =-0.5229 = 0.039
&= 0.1990 = 0.0056

Events/5 MeV

pull

0.4 0.5 0.6 0.7

= 1 1 1 1 3 . i i i i
0.8 9.9 0.4 0.5 0.6 0.7 0.8 ?.9 0.4 0.5 0.6 0.7 0.8 K-
M ) (GeV/c™) M(x*x) (GeV/c™) M(xx*x) (GeV/c

. P(s,,) = 1+as_, +bO(s?,)+dBW,
fit with p(770)-0-box anomaly fit with p(770)-w-r(1450)

B Besides the p(770), the w contribution is needed
B p(770)-o cannot describe data well

B Extra contribution (maybe r(1450) or box-anomaly) is also necessary
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Precision Measurement of the Branching
-ractions of n’ Decays

PhysRevLett.122.142002 (2019)_

* Gamma conversion: Jy-yn,y > et e~

* I(7n (958) = m*n™n ) /Thotal < — Total Fit <
S 3000 _ (a) S _
© ---- Signal ()
5 2500 G 10*E
s Background - 3
S 2000 . o
S B Jy-nee )
Value EVTS  Document ID TECN Comment o 1500 S 10°
0.429 + 0.007 OURFIT .g 1000 %
***We do not use the following data for averages, fits, limits, etc *** L% 508 < R 3 102 3 . )
0.424 +0.011 £0.004 12k 1 PEDLAR 2009 CLEO J/+) — ’Y”]l 0.7 08 09 1 1.1 1.2 0.9 0.95 1
rE— ; : - — M,ocoi(€€) (GeV/c?) Myr*r) (GeV/c?)
Not independent of other 77 branching fractions and ratios in PEDLAR 2009 .
No N’J
> © | =,
0] 10° F
8 1 3
* Ind dent m ments of ¢ 3
naependaen easurements o S 0 g 1
@ @
[] ° "E ‘E 10
five dominant decay channels g 0 ey 8 g
w - 1 L 1 s w 1 P i ST
0.92 0.94 0.96 0.98 1 0.9 0.95 1

with h |g her prec ision M) (GeV/c?) M(rr®n) (GeV/c?)

10° x10°

N o
S 35f (e)| S s
8 3F © gf
1) 3
B(n' — X)(%) g *3F N 4f
=] 3 3
Decay mode This measurement PDG [7] g 15F 3 3
e F S Lf
W — ynta 29.90 + 0.03 = 0.55 28.9 + 0.5 2 ook g
W — nrta 41.24 +=0.08+£1.24 42.6 0.7 L%’ .0 , - o N SR )
17 — na°=° 21.36 =0.10 =0.92 228+ 0.8 0.9 0.95 1 08 09 095 1 105
W — yw 2.489 + 0.018 + 0.074 2.62 + 0.13 M(yw) (GeV/c?) M(yy) (GeV/c?)
W — vy 2.331 +0.012 = 0.035 2.22 + 0.08
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Baryon spectroscopy



Search for excited baryons

BNROQM i1s successful in interpreting of the excited baryons
BPredicted more excited stated (“missing resonance problem”)

B/ /Yy (Y )decays offers an window to search for the missing
resonance

BIsospin filter for J /i > NNm« and]/t,b — NNrm, N and NN
systems are limited to be pure 1sosp1n -

J/y@') = BBM = N* A*,Z*,E*I

e S A

o

had
>
M
)
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N* in PWA of y(2S) — pp n*

PRL 110, 022001 (2013)

(=]

106 M y(2S)
Resonance M(MeV/c?) TI'(MeV/c?) AS ANy, Sig.
PE O e ] N(1440)  1390%11*2L  340*46+70 725 4 1150
g 1% - Nas9) i N(1520) 1510433 11572919, 198 6  5.00
3 N(1535) 153543713 120733*9, 494 4 93¢
g 100 N(1650) 165073715 150731*18 821 4 1220
i N(1720)  1700*30*32 4507194149 s56 6  9.60
..... N(2300) | 2300733130 340130710 1207 4 1500
0 L m -t N(2570) 257071038 250*13tS 789 6 1170
M,(GeV/c?)
0 f o o1 * 7 N*intermediate resonances are observed
—— N(2300)
Ol e * Two new baryonic excited states are
2
g . observed
g L * N(2300) (%+)
S A © N(@2570)(5/2-)
2.0 2.5

M GV * No clear evidence for N(1885) or N(2065)
has been found
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N* in PWA of w(2S) — pp 1

 Intermediate state
N(1535) > pn dominant

* No evidence for a pp resonance

Mass and width of N(1535)
» M = 1524 £ 571° MeV/c?
> I =130+31137 MeV/c?

PDG value:

» M = 1525 to 1545 MeV/c?
> [ = 125 to 175 MeV/c?

B((28)— N(1535)p) X B(N(1535)— pn)
— Nobs
€Ny s) *B(n—1y7y)

=(52+0.3533) X 107°

106 M y(2S)

PRD 88, 032010(2013)

(a)

Events/(25MeV/c?)

1.6 1.8 2 2.2

Events/(25MeV/c?)

Events/(25MeV/c?)

2 22 2.4 2.6
M_(GeV/c?)

b

2.8

3

cos(epn)

-1 -08 -06 -04 -02 0 02 04 06 08 1

B(y(2S) — ppm) = (6.4 £ 0.2 = 0.6) X 107°.
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N*m J/y (y(25)) = pp 7'

1.31B Jhy

106 M w(2S)

Events/(0.0475 GeV/c?)

Events/(0.0024 GeV/c?)

n
(=]
(=]

—
o
=

T

(=)

paaa da e Lol gl
90 195 200 205 210

M, (GeV/c?)

BN
(=}
— T T

N
o
— T

o

%

PRI RSN SR | -
2 22 24 26

M, (GeV/c?)

Phys. Rev. D 99, 032006 (2019)

N %, 300F N
2 2 ©) ;
D D L 4
O o |
< r~ 200} ]
N N i
o o i
< =
o o i
= = 100} -
2 2 1
c c I ‘
o | ) et
li 0 s ol b e a b aaly E Olllll L 1
190 195 200 205 2.10 1.9 2.0 21
2 2
M_m, (GeV/co) Mpp (GeV/c)
o T T 1 T T S F T T T T T T T T
RS) b) { ‘o eof c) -
= (b) S % (c) :
o + 1T o + -
Lo o 40r + 7
[ 1 & ]
o B 7] o
7 | 13 '
T 1 €
g | L g | J( :
W 0552 24 26 28 W 98 2 22 24 26 2.8
M, (GeV/c) M (GeV/c?)

No evident structures were observed
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A* and 2* in w(2S) > AXn

(b)

L]
c00eD00
co0000000D®
ooopo0000000
0000 « o00oo00
s00cooos o0o0 0Qo
oJo00o o« opoOoo(dQ
0000 oeO0e0e0s0e00J00
oopoJoocoonn -QDDG 0
O0o0oeoe0 s0o0o so([]
pooQoecpooescpne0000000e
o DoD0Doo oooooOOO n.n__u_uD_u
c00co0ooQ O :D__-nDDD_u_un
oo sDooo DoooooQoDoQ[]e
coopoo O oo oooopfOoOe
co0000o000 DooooO o0OO[]
0o 0oOo oo oooeoo0o0dod
00oo0000000cec=000000000
000000000000cos 000000
0000o0oo0o00cop00e00o0s
o[J00oo0oooocooooo0do
o[JO000o0o0ooen0oo000
0000o000o000000

o0 popo0OQooO

1 _ 1 1 1 — 1 1 1 _ 1

o < N

APINeD) (2 )N

d

Phys. Rev. D 88, 112007 (2013)

e 106 M wy(2S)
e Clear structures were observe

M?(Ar)(GeV/c?)

3.2 34 36

M(AZ")(GeV/c?)

2.8

wlo bl

sl b by

© © ©
N ©

© ©O © © o
T M N

(;9/A3NST)/sIuaAT

M(E " 7)(GeV/c?)

M(AT)(GeV/c?)
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Observation Z* of y(2S) = (Y)K AZt+c.c.

PRD 91, 092006 (2015)

20f490 620 Besm]  AOMvES)
< | -
z | KAZ: _ _ _
Z 20 ] « Z(1690) and Z(1820) observed in M(KA)
2z } {3 * Mass and width consistent with PDG
%]
>
= ik * First observation in Charmonium decay
LI
M(K'A) (GeV/c?)
Decay Branching fraction
w(3686) > K-AE+ (3.86 £ 0.27 £ 0.32) x 1075
- - - - w(3686) - E(1690)" =", (521 +1.48 £0.57) x 107°
=(1690) =(1820) 2(1690)" — K-A _
M(MeV/c?) 1687.7+38+10  18267+55+ 1.6 "’(3?18207_5(122_%5+’ (12.03 £2.94 +1.22) x 107
= -
I“(MeV). 27.1£10.0 i’2.7 544+157+£42 w(3686) - K-X0E+ (3.67 4 0.33 +0.28) x 105
Event yields 744 +21.2 136.2 + 334 w(3686) = 7xc0, xco = K-AEY  (1.90 £0.30 £0.16) x 107>
Significance(o) 49 6.2 w(3686) = yxc1, ye1 = KAET  (1.324£0.2040.12) x 1073
Efficiency(%) 32.8 26.1 v (3686) 7\‘}/{&’ Yo = K AET E1.68 +0.26 = 0.153 X 10‘451
10-6 521 +148+057  12.03+2.94+1.22 Zeo = K7AZ 1.96£031:£0.16) > 107
1[;( (1\)/1 Vel 1690+ 10 193 4 5 Yo = K-AE* (1.43 £0.22 +0.12) x 1074
po(MeV/c?) 2 Yoy — K-AS* (1.93 £ 0.30 £ 0.15) x 10~
[ppg(MeV) <30 24:113
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Summary and Outlook

B Highlights from BESIII LHS

® Connection between X(pp) and X(1835) to upport a pp molecule-
like state or bound state

® First observation of a,(980)-1,(980) Mixing

® Scale Glueball: strong production of f,(1710) in J /Y — ynn/yKK/
yrrrr, consists with LOQCD’ s prediction;

® Tensor Glueball: strong production of 1,(2340) in J /¥ = ynn /YKK/
yod ; consists with LQCD’ s prediction ?

® No obvious Zs was found and h1(1380) changed to h1(1415)
® Precision measurement of light meson (n° ) decays
® Several N*A* X* and =* were observed

BCollected 10 billion j/w events

B Allows us to study light hadrons with the unprecedented statistics
B More interesting results are expected
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Thanks for your attention!



