Light hadron spectroscopy at BESIII
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LN T,
Center of mass energy 2.0- 4 95 GeV
l

BESIII @ Beijing EIectron P05|tron Colllder (BEPC) - charm faC|I|ty

2004 started BEPCII upgrade,
BESIII construction

BESIII < AL 2009 now: BESIIIphyS|cs run

detector

P\ 1989 2004 (BEPC)
K Lpea=1.0x1031 cm-2s-?

5 442009-now (BEPCII):
Lpeal= 1.0 x1033 cm™2s™t

|Reached peak lumi. In April 2016




BESTIII at BEPCIT
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AE/E=2.5%@1GeV —barrel e
AE/E=5.0%@1GeV —endcaps,.  [i{i== ‘ 2yl

Solenoid ; : e
e TOF Barrel |
o;=68ps for barrel T
— Endcap
6;=110(60)ps for endcap oy
SC

Quadrupole

e MDC: spatial reso. 115um
c,/p=0.5%@1GeV = 5 2 e
dE/dx reso.=6%

Total weight 730ton, ~40,000 readout channels
e Magnet: 1T super conducting Data rate: 5kHz, 50Mb/s

e Muon ID: 9 layer RPC
Has been in full operation since 2008,

* Trigger: Tracks & showers all subdetectors are in very good status!



Rich Physics at t-charm Energy Region

olete” — J/1p) = 3400nb a(eTe™ — 9(3686)) = 600nb
e L L T
5 = ;@ :fq) e'e” — hadrons 4
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eHadron form factors eLight hadron spectroscopy eXYZ particles
B wEllies e GO eGluonic and exotic states eCharm mesons
ePhysics with t lepton eCharm baryons

world’s largest data samples directly
collected , ~40fb! data in E_, = 2~4.95GeV



light hadrons

Establish the spectrum and study the exotic hadrons properties
» Conventional hadron in quark model

Baryon Meson

» QCD allows for hadrons beyond quark model

Glueball Hybrid Hadronic
y Tetraquark olacille
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Searches for glueballs and new exotics

» Charmonium decays provide an ideal laboratory for light hadron
studies (clean, high statistics and gluon-rich environment)

NW\F (a) N\M’\N (b) = (c) N Y (d)
;:M an
Dﬁﬁiﬁ hadrons mhadmns . N“I/E hadrons iﬁﬁu@ hadrons
09 999 0 0099

L/ y—yG)~ o(aag), T()/y—yH)~ o(aal), TU/y—>yM)~ o(aas), T(J/y—yF)~ o(aal)
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e Glueball searches
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--Evidence of gluon self interaction T e

6 | o e

--Provide critical information on the gluon field o 12
--quantitative understanding of confinement

mg (GeV)
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PRD 73(2006) 014516
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LQCDPF():rediction,s




Searches for glueballs and new exotics

» Charmonium decays provide an ideal laboratory for light hadron
studies (clean, high statistics and gluon-rich environment)

e Exotic hybrids LQCD pr

--JPC=0* 1+, 2+ (forbidden 2500 |

in the conventional QCD )

-- 1-* nonet of hybrid mesons is s000 |

predicted to be the lightest
(1.8-2.1GeV mass region)

m [ MeV

-- Only isovector candidate observed
n1(1400), m4(1600) , m1(2015)

1000 |

1500

|1

Finding an isoscalar 1* hybrid state is
critical to establish the hybrid multiplet.

ediction for Exotic Hyb

PRD 88 (2013) 09

My = 392 MeV

247 » 128
i
isoscalar [

isovector

rids

1505




Pseudoscalar glueball searches: (1405/1475)

_ 300
6L | 1st radial excitation -4
I hd >
| v~ X(2370) -
_ ‘ ® S 200
< 4 Ll . X(2120) =
o ~y -
Q 3t 1(1475) ® o
s | - n(1760) = 100
2 n(958) ,:\* \ (]
il w 1(1295) n(1405)
L 4 0 .
of  ©n(548) PRD 83 (2011)114007 w12 16 16 18 20
ST TR MARKIII Mk (GeV)
1 2 3 4 5
n

» A structure was first observed by MARKIII.

» One or two pseudoscalar mesons exist in ~1.4GeV? to Lr:v:_ 4
n(14‘05) — a,oT[_ L I l q 37— e -
n(1475) > KK 00 P P e

cy ] ppe— |2

» Where is the 0" glueball? : I /

e LQCD: 0%*(2.3~2.6 GeV); e Nature of n(1405) ? [ FRo7@oeomste |




Pseudoscalar glueball searches: 1(1405/1475)
JIy—>yrrar®, y3n©

e

(a) T |+ T ] {h} EEI:—' e _:

,: zm;— Jlrll+ 1 2 a0f \{. : 225M J/y events,

Z 1F 1 2L + J( :

s gt 1 S ¢ | 1( 1 PRL 108 (2012) 182001

SF A v oo 10 BYE Hﬁ Iy b

R I T VLI

0> - v -'IE — 'IF: — 0 :'—'_-iT .'+ﬁ Y
ML, {980)x W GeV /e M( 980" WGeV/ )

> Isospin-violating decay 1(1405)—f,(980)n° observed for the first time.
stat. significance >10c

» Anomalously large isospin violation:

Br(n(1405) - f,(980)n° -» n*tr~n°) n(1405/1475)

= (17.9 + 4.2)%
Br(1(1405) — a3(980)7° — nr°r°) (17.9 £ 4.2)%

£,(980)
Br(x¢; = f0(980)n° - n*n~w®) . .
Br(xe) — ad(980)70 = ooy ~ 0 (0% CL) J.JWu et al, PRL 108 (2012) 081803

PRDS3 (2011) 032003

0



Pseudoscalar glueball searches: n(1405/1475)
J/w hadronic decays

~ J/—wnmtn

N Mass, witdth and B(J/y 2> ® X) X B(X - a,5(980)n) X B(a,*(980) - nrt)

= 0

_E 100k 7 A O Resonance | Mass (MeV /e®] Width (MeV /) B 10~

= ol f12ss) (12851 £ 10708 220431770 1 +00tly

w400k : f - ; S N - m il 1 iy 021

£ ol n(1405) |13008 £22%57 s28+7670, 1szo21')3 (>100)
= ﬁ; X(1870) |1877.3+£ 63341 sTx127)? 1500267002

12 14 1.6 1.8 20 22

My n= (GeV/c?) » Observed in J/y hadronic decays
PRL 107 (2011) 182001

» No significant structure at~1.4GeV

J/y—=>dmnn y(3686)—>¢nnn
“r s 100 [ — for J/y—>¢nnr, 3.60
350 [~ — — non-1/¢ backgrounds —_ B )

[ —— histograms: R ) — Fit result ) i ifi i
sof P 7 Hetograme: X125 % sop f](;1;‘3835 b Larger significance (9.7c) in
> ol o — 1(1405) ’
© = ’ ‘g_ %0 N ---gideband v —)(I)T]TCTC
S < — L. C ,

S z 4op Proder el Br(y’—¢n(1405),1(1405)—>nnn) =
G o 200 (8.4611.37,,+0.92 ,)x10°
0 T T i S I
12 14 16 18 2 22

M., (GeV/c?)

Mt 7)(GeVi/c?)

PRD97 (2015) 052017 PRD100 (2019)092003

More of quark contents u and d!

11




Pseudoscalar glueball searches: n(1405/1475)

_— I —>yyo
=~ 400 - L
= sooF ® 3 Resonance mp (MeVic) [ (MeV) B (10°)
O L _
2 pooE. 3 ) 4TI £7413 UB£2417  1036+151+154
S 3 X(I8%) B9£20£26  I5E57ES 809£199+ 13
B Lt
[y LIS R Er I 1 | ro-yie o
1.2

’

@
8

dM/dcos8,

w
8

400

200

1.4 1.6 1.8

M(yo) (GeVic?)
PRD97 (2018) 051101

2

» Observed in J/w—yyd using 1.3B J/y events
» Favor O*

» Contain a sizeble sS component

Not match to the expectation for 0 glueball!

> '(n(1475) — yp)

F(n(1475) — y¢)
Larger than the theory prediction 3.8:1

= (11.1 + 3.5): 1

g 1
PWA of J/y—yyd ongoing using 10B J/y eW
12




Pseudoscalar glueball searches: n(1405/1475)
— T/ YK KT

T T T T T T LA DA R R L R R B Jrorr e TTTTE
14000 —4+—Data = [ . J 7
ot Fi @) 3 12000 ~+ Data - (a) 1 12000F < oms N (b) -
----- 2 (K ! 3 & [ 0 (MI L ] - - h
10000 ___:g:i:,‘;;m:: - %10000— +re " - %mmn 4 0 KK, * .
8000 0"~ %:1321?)::’: ] g  U(MD) #,'_-'P"'_-,f % 0 KK, D) " :
1 K (892K 1 ®© 8000F 4 ) +* *, 1 3 000 ) - - '
6000 12 2,(080)'0 4 o C £00D) ! 1 & b 0 e, K ]
a000f= - - 2o KBOKY [+ . g 6000 ' ) *a ] g 6000 o - -
2 aﬂ(gso)nnn : ) :___.‘ 1 g : + 2“{”” :-'I* : g coe DR KD . ,"M:F*_P'L . .
2000 ) E mﬂ:' ----- 2*(MD) up e L%‘mm ; *** w1
? T 2000 e er . 2000 - gy ]
0 ‘-;:M‘r:h’:w_-'_w-t--ﬁa:ﬂm*:‘:*:’:g L g IFﬁ' - r S o -y *:’ yh ""',..H- ]
] R e e e LR ﬂ' N e SRt ) PERTY PRI FETT PPN PP
125 13 135 14 145 15 155 16 125 13 135 14 145 15 155 16 0 125 13 135 14 145 15 155 156
M(K’Kn)(GeVic?) MKK2R) (GeViic?) 0,0
& MK Ken”)(GeVie*
10B J/y; JHEPO3 (2023) 121 5 ¥ Kfse e
- 0r70 0
» Two pseudoscalar states needed, both decay into (K5 K )s—wave™
0.0 0
and (KS n )p—WaveKS Resonance M (MeV /c?) "'(MeV)
77(1405) 1391.7 = 0.77}5°% 60.8 =1.2+7°,
7(1475) 1507.6 &= 1.673353 115.8 4+ 2471535

»> £,(1285), f,(1420) and f,(1525) observed for the first time in this process

13
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Events/(0.02GeV/c?)

yas

Pseudoscalar glueball searches: X(2370)?

\

)

Event/0.01 (GeVk?

J/\|/—>yn’7c+7r Jhy—yKKn'
500Fyyoy KRy
s00F (b) {, X(212702)G X(23(755)k)Y 5 E“i‘fDLzK”
:_ > % 400 Fit result ]
400 < 8 O 3003 [ Signal X(2370) E
300:_ - ; E ----- Total bkg .
- @ 200}
. c
200k 223MUNy & 100}
100F “PRL 106(2011)07200 _ :
O g 0>=231 22 23 24 25 26 27
14 16 1.8 2.0 22 24 26 2.8 My g, (GeV/c?)
N n,(GeV/cz) . . ,
» Two structures first observed inn'nw
' . -
SRS TCSRVAVES 501 Ko ——  using 225M J/y events, confirmed by
3 —+— Data nc"""'} . . .
30| 4 analysis using 10B J/y events
sk 108 J/y ;
sob. X% PRL129 (2022) 042001 > KKn':
3 X(2120) X(2370) ?(2600) i : .
15 ) 1 - 1 ®X(2370) observed with signif. 8.6c;
E ;‘ '\./W PR . .
12- / "~/"1 e no evidence signal for X(2120)
0 3 T

2.5
M[n't*r] (GeV/c?)

3 X(2370) could be 0* glueball candidat




New results about f4(1500) and f;(1710)

400F T N
|1 @pm,= 187 1| » Amplitude analysis of J/y—ynn’
;&3005' | 3 1| > Since glueball decays to the nn’ final
2 2000 Ei‘; ] state are suppressed due to gauge
g of k" ot rejsction faseine 4] duality, the nn’ final state is a crucial
Wt N ] probe for distinguishing glueballs from

oG5 —="% R conventional mesons

M(n')(GeV/c?)

PRD 106, 072012 (2022)

(" B(fo(1710) = 1)
oo ) B(fo(1710) — 7m)
= (8.96Z357) x 10 Such suppressed decay rate supports
the f,(1710) has a large overlap with

< 1.61 x 10~3 @90%CL.

(" B(fo(1500) — nn’)
B(fo(1500) — 7rr)

— consistent with PDG

% ) \the ground state scalar glueball Y,
Resonance M (MeV/c?) I'(MeV) Mppe (MeVic®) I'ppe (MeV) B.E (x107%)  Sig.
fo(1500) 1506 112 1506 112 1.81£0.11%015 300
fo(1810) 1795 95 1795 95 0.11£0.017595 11.10
fo(2020) 20104615 20397} 1992 442 2.284+0.12102 24 60
fo(2330) 2312+7*7 6541073, 2314 144 0.10+£0.027000 1320
7 (1855) 185549+% 188+18%3 - - 0.2740.04739% 21.40




Tensors glueball candidate f,(2340)

LQCD prediction:

Experimental results:

N\

ﬁ,f/w — Gyt ) = 1.01(22)keV

F(J/'l,b — 7G2+)/I‘tot — ]..1 X 10_2

Br(J/y — "i"fz(2340) — ) = (3-8-0.55_2_{:?
Phys.Rev. D87, 092009 (2013)

CLQCD, Phys. Rev. Lett. 111, 091601 (2013)

PWA of J/{ = ydd ,1.3B J/y

\(f}

NUZS'UD [ & 07 model independent
E 1 |;| madel q.:l-ependem
22000 Fi 0 mecedependent.
' "ii + 2" model independent
ﬁ .1 500 * -¢E+:- === 2" model dependent
B _ # "
210008 T
"E : h—' oy ~
W 500- ra e "
0 .;":‘T"ﬁ-r""“ri*"‘.' il 'r'-'-'h-; Ih:.: Y
2 2.2 2.4 2.6
M(o0) (GeV/c?)

Phys.Rev. D93, 112011 (2016)

Br(J/y — vf,(2340) - YK K ) = (5.54 "7,
Phys.Rev. D98, 072003 (2018)

Br(J/y —f,(2340)~ yo¢) = (1.91+0.14°) 72 )x 10"

nI34+3.32
A9

)x107

)x107°

e f,(2010), f,(2300) and f,(2340) observed

o Br(J/w—f,(2340), f,(2340)— )

= (1.91 4+ 0.14%372) x 1074

-f,(2340) be a tensor glueball candidate

-Searches for additional decay mod
necessary.

es are

-—J



Salars and Tensors in J/y — yn'n’

< PWAof J/y >y

Events / (0.02 GeV/c?)

Alc

1400 - __» Dominant contributions are from the
o) enons=12 @1 £(2020), £,(2330), f,(2340)
— Fit Projections J
s00 - “hozee ] > £,(2020), the same as f,(2100) in
--- 10_2330 : ) .
600 |- --f02480 - J/W —=ynn and f,(2200) in J/y—>yKsKsm
4g00fF Lo - = _
w0 f2.2340 A large overlap with 0** glueball; Mass
ok lower than the 15t excitation of 0** glueball
L = o o ——
_gé*_***ﬁﬂ"*w“ﬁ +*+*+*#++**+++++****++#H+++§ > f,(2340) observed in n'n’ mode for the
M, (GeVic) ’ first time, Stat. significance 16.1c
PRD 105 2022) 072002
2 » new scalar f,(2480)
Resonance M(MeV/c?) I'(MeV) B.F.
£0(2020) 1982 + 3134 436 £ 4758 (2.63 +0.061931) x 10
To(2330) 322 ° 3150 (6.09 T U680 X T0°
f0(2480) 2470 & 4755 75 + 911! (8.18 £ 1.775373) x 1077
hi(1415) 1384 + 67 66 + 1053 (4.69 £ 0.801074) x 1077
f2(2340) 2346 + 812 332 £ 1413 (8.67 £0.701)¢7) x 1076

U PHSP (TI7E023 %) x 10




Event / 0.01 (GeV/c?)
n o

[

—y
o

M[rn] (GeV/c?)

—y
M

=t M3
= =]

=]

A new exotic X(2600) in J/y—yn'n*r

I " I v I I
—+— Data :
u (a) =2 Background =

2:2 274 2:5 ETB
Mn7'r] (GeV/c?)

PRL 129(2022)042001

Tt

[11]

=

S ey w

1.5 2 25 3
M) (GeV/c?)

-lllE( g

- 1410 2
] {4s0
1 1460

J/Jy=>yn'n*'n 10B J/y events

500

YT T T
M,,..(GeV/c)

12 13 14 15 16 1.7 1.8 19

M, (GeV/c)

» A new state X(2600)
-- stat. signif. >20c
-- connection with a structure
~1.5GeV in Tt mass spectrum

> M =26183 + 2.17163MeV

I'= 195 + 5X{5MeV

{ > 07 or 2" is favored for X(2600)

an m radial excitation?

or an exotic hadron?
JPC?




Exotic X(183D5) in J/y—yn'ntr

o— Jly—>yn'ntn . Jy—>ym'nt
o ~ ——
= S 500f (b)
0 X
= 80 S 400F
S I:
) S 3001 . i
- 40 *a E r/’ E 1000 -
Z g 200 __ ’ PRL 106(2f)11)076-02092 1JI4 0‘6 0.8 1.0
U>J PRL 95(2005)2620(1 = 100} T o lcos,|
H 0 I : b e \cose | distribution

M(r'tn’) (GeV/c?) M, (GeVIED)
58M J/y events (BESII) 225M J/y events (BESIII)
» First observed exotic X(1835) » X(1835) confirmed
e significance 7.7, e significance >20c
e M=1833.7+6.1+2.7 MeV/c? * M = 1836.5 + 3.0137MeV/c?
['=67.7+20.3+7.7 MeV/c? [ =190 £ 9%3gMeV/c?
e prime candidate for the source e angular distribution consists with 0

of pp mass threshold in J/y—>ypp




Exotic X(1835) in J/y—yn'n*n

J/y—>yn'n*n, 1.09 B J/y events J/ly—>yn'n*n, 10 B J/y events
2500 M T T T [ T T T T T T T T T T T T T [T K"UE: . : i : i
[ 1600 o+ 1 ;?.E;E%}Fit ] rb (a) —+— Data
2000 [ 1a00} ] TXasss) S O [ZEE Background
i . ] T X{2120) ] = F
g | 1200 ] — MNon-Resonant _| w
> sool X‘”‘i'x O rheechold ] S 15f PRL 129(2022)042001 7
= [ 1000 ] ] — ] ]
= 18 T8 8 T i ] G )
S LN S 10
£ 1000 ; — 1
2 PRL ] T i £ s
i g
500 . — :
I - LLI D -.-.-:1'5:5-‘.:55:. e,
I 1.5 2 25 3
%3 14 15 16 17 18 19 2 =21 22 M[T].ﬂ+ﬂ ] (GE‘VJ"CZJ

Mn™ ] (GeV/c?)
> a significant distoration near PP mass threshold
» two models used to describe the anomalous line shape :

flatte formula or the coherent sum of two resonant amplitudes.
Both support the existence of a pp molecule-like state or bound state




Exotic X(1835) in J/y—yK2K2n and yyd

~ PWAJ/y—>yK2KIn PWA J/y—776
80 ;_l T T T T TTT |2II '-' |='1'-4'.O| T |__ :\I_\ 400 _|._I T T | T T T | T T T | T T T | I_I_
c:&! 70:_ (a) Ef—n[b)gta i} ) - Q [ (b) ]
2 eof o Background D a0k -
S oo 0 N - E
g_ 50; - Pf‘lase )space _g 8 200 :_ _:
© 40 E =) n .
2w . :
S 20f = 2 - . ot e
@ 10] E R e e
o b STyl E 12 14 16 1.8 2
16 1.8 20 22 24 26 238 M(yo) (GeV/c2)
MKgKgn (GeV/c)
PRL 115, 091803(2015) PRD97, 051101(2018)

» Observed in KsKsn invariant mass spectrum
JP€ =0+ determined by performing PWA, using 1.3B J/y events

» Observed in y¢ invariant mass spectrum
JP€ =0+ favored by performing angle distribution fit, using 1.3B J/\y events
Contains a sizeable ss component!




Observation of n;(1855) in J/y - ynn'’

PWA of J/yw—ynn’ (n’—>yrn-/nmne) using 10B J/y events

AQFT— T T T

o [ 4 (@) x¥dof = 1.57 ]

o ' e Dat ]
c 4 S 300 4 o E 10
[ X o o
= Z — 4 ] e
c S 200 — 1* (n,(1855)) ] 2
n = - — 1 . =
n i --++ PWA fit projection (exclude 1) ] ﬂ>)
q‘:) L — PWA fit projection (baseline fit) 4 L

/ S 100 | A -

n (w [
0 1.5 2 25 3
M@ (GeV/c?)

PRL 129 (2022) 192002, PRD 106 (2022) 072012

> Isoscalar state 1n,(1855) with exotic quantum numbers JF¢ = 1+
a stat. significance >19c

» Mass Is consistent with LQCD calculation for the 1-* hybrid (1.7-2.1GeV)
M = (1855 + 9*%)MeV

I'= (188 £+ 18*3)MeV
B(J /1 — ym1(1855) = ym') = (2.70 £0.417038) x 107°
» Critical to establish the 1= hybrid nonet !




Light hadrons in open-charm decays

el

Ground state Radial excited states | | Next radial excitation higher radial excitation
f(500), f5(980):0**, 1=0| | fo(1370), fo(1500) fo(1710), fo(1770) X(1812)
ap(980): 0+, 1=1 ao(1450) ag(1710) ? ap(1817) ?

BaBar N, =TT BESIII D} — KJKn*

: > B(DY — 5(980)7™) < 1.8 x 107

\g/ 250 f\(l:(mo()) é g L (a) — Total fit @ 90 /0 CL

% : wie A(1710) : s 40— ----- KgK*(892)+ { . .

= [ = su71o || suppression attributed to

i S 20_ Rals ° °
g1 Fi the destructive interference
§ Lt Wit 8 between ag(980) and f,(980)

M 00 (GeVic?)
PRD105, 051103 (2022)

> B(D; = S(1710)7™) = (0.31£0.03 £0.01)%

PRD104, 072002 (2021 (GeV/e)

a,(1710)* :

M=1704+5,,+2 . MeV/c*> - one order of magnitude larger than expectation.

[=110+15.,+11 MeV/c* - implies the existence of a,(1710)




Light hadrons in open-charm decays

pall
Ground state Radial excited states | | Next radial excitation higher radial excitation
f(500), f5(980):0**, 1=0| | fo(1370), fo(1500) fo(1710), fo(1770) X(1812)

N

ao(980): 0**, 1=1 ao(1450) ao(1710) ? ao(1817) ?
Q) - (a) K'K (892
% 100k KUK (892) Amplitude analysis of D} - K{K*n® based
> — KK (1410 on 6.32fb! data between 4.178 and 4.226GeV
s I o
% S0 » Observed a,(1817) for the first time
(D) [ :
= AL e M = (1.817+0.008,,+0.020, . ) GeV/c?

stat—

1 12 14 16 18
MK§K+ (GeVlic?) I'=(0.097£0.022
PRL129, 182001 (2022

+0.015, ;) GeV/c?

stat—

-- the mass is ~100MeV greater than the predicted value for a,(1710)
-- 87(1817) could be the isovector partner of the X(1812)

QA‘ more sophisticated study of this a,-like state is necessary

il



Summary
» Rich physics in light hadrons

» Charmonium data provides a unique opportunity to map the light
hadron spectroscopy and search for glueball and exotic states

¢ 11(1405)/M(1475) puzzle:
- a sizeble ss component
- not match to the expectation for 0 glueball
- two separated states in Jy—yKIKIm°

e X(1835),X(2120),X(2370) and X(2600) observed in J/\y—yn'n*n
- 0* glueball candidate X(2370)

e f,(2340) observed in '’ mode for the first time in J/y—yn'n’

- a tensor glueball candidate

25



Summary

e first observation of exotic 1~ state 1,(1855) in J/y— ynn’
e new results on f,(1500) and f,(1710) in J/y— ynn'

-f,(1710) has a large overlap with the ground state scalar glueball

»> Light hadrons a,(1710) and a,(1817) observed in open-charm
decays

» More surprise at BESIII are expected

| am sorry for not being able to cover all the important results.
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Thanks for your attention!
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f,(1285) 1276.6%2.1 17.2+6 4
n(1405) 1400.8+52 55.1+15.9
4:[_f7r]r' Tl YTl rTrrlrrrrex '--11--—r1xr-ﬁ’-
" 10 E % d.o.f = 1.40 £
(&) L —+— vaia u
S - — Tp(al -
B o— V] | |
) : + m— 1
(g 10°E s, Background
= | X0 Sidebands :
. oud 5% -
o - with efficiency-corrected =
o i . il
; 10° v ¢ /\ A :
- e ZTE ", » ORI
S bR e
> - Yo% % " R s 0’0’0"’0‘2’ %020 % %% 5% % % % % % % %
T 1267%6% 0% %% 00’0’0’0’0"0‘(’»‘0’0’0 SREERRRRRKN
L[] S 0200000, 00070000000 8305000 2036 1020 0202036 2002020205022
SIS0 %0028 %% 2071% %0 % %02 %% %020 %0% %20 %% % % % % %0 %=
0.9 1 ¥ 1.2 1.3 21. 5 1.6
2022-10-18 M(Y Ew)mﬁaya/&tams of n(1405/1475) By Y. Zhang(USTC)

J/Y - yyw

BESIII preliminary result

From X.S Kang, G.F Xu's report

=

dN/dcos
2.8 8 8

gy gy ;;5;6‘
@1400MeV 0 : -InL=-93048.9

1*: -InL=-927534
Favors (- [n(1405)]

gt S
02 04 06 08

8% 96 04 02 0
co T
@1300MeV 0 : -InL=-27171.6
1*: -InL=-27183 4
Nearly equal goodness
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/20MeV
P
o ©

Events
—
N
o

—s
o
o

80 |

60 [

20t

40}

J/¥ - yyp (BESI)

Phys.Lett.B 594 (2004) 47-53

J/ = v X (X — 4p) results.

Mass Width B(J/{ = vX — vvp) | Events Signi-
(MeV /c?) (MeV/c?) (x10™%) ficanc
1276.1 £8.1 + 8.0 | 40.0 £8.6 +9.3 0.38 £ 0.09 + 0.06 203+ 49 | 6.30

1424 £ 10

+11 101.0 + 8.8 =

8.8 1.07 £0.17 £ 0.11

547+ 86 | 9.30

Comparison with other experiments

Decay Mass Width B(J/t = v X )= Experi-
Mode (MeV/c?) (MeV/c?) B(X — V) ment
(x10™%)
f1(1285) 1281.9 £+ 0.6 240+1.2 0.34 + 0.09 PDG [1]
-+ 7p° 1271 + 7 31 + 14 0.25 £ 0.07 £ 0.03 | MarkIII [7]
1276.1 = 8.1 £+ 8.0 | 40.0 £+ 8.6 + 9.3 | 0.38 = 0.09 £ 0.06 BESII
n(1440) 1400-1470 50-80 0.64 £ 0.12 £+ 0.07 PDG [1]
— yp" 1432 + 8 90 + 26 0.64 = 0.12 = 0.07 | MarkIII [7]
1424 + 10 + 11 101.0+88+88 | 1.07T+£0.17£0.11 BESII
n(1440) < 0.82 (95% C.L) BESII
~+ YO
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Pseudoscalar states above 2GeV

Aside from 1n(2225), the structure in pseudoscalar sector above
2GeV are poorly understood.

Jy—=>76¢
NOZSOO r » 07 modsl independent
S c e 0™ model dependent
{1)2000 N F i m 0" model independent
E N ib ¢ :*_ ———— 0" model dependent
o T . ; It: 4 2" model independent
ﬁ 1 500 C *?- 4‘_;1- - 2" model dependent
w C -
21000¢ v Mo,
= E -of‘ hi"‘-‘x
W 500 ¢ L T e
- :-.-: r|.-L t i"'"-p_i.._;
O C E!‘!f-"‘:;:i*;'t*‘"‘i-lllﬂ:ﬂ!; » +i::1 = i.l_p.,
2 2.2 2.4 2.6
(f) M(00) (GeV/c?)

1.3B J/y, PRD93 (2016) 112011

Resonance M (MeV/c?) T (Me‘v‘jcz)

BF (x10™)  Sig.

n(2225)
7(2100)
X(2500)
£4(2100)
f>(2010)
£-(2300)
£,(2340)
0~ PHSP

22161377

205073947

2470555
2101
2011
2297
2339

+12+43
18573715

+36+181
2507507 6

2307655

224
202
149
319

286
220

247
(2.40 £ 0.10124

(3.30 £ 0.09708
(0.17 +£0.025555) 8.8
(0.43 £0.045051) 240

)
)
)
)
(0.35 £0.055]%) 9.5¢
)
)
)

=1

—0.15
(0.44 £0.077%) 646
lle

—0.15
(1.91 £0.145072
6.80

.16
(2.74 +0.15:018

» Dominant contribution from 0*: n(2225), n(2100) and X(2500)
» Three 2**: ,(2010), f,(2300) and f,(2340)




Events/(0.02GeV/c?)

Anomalous line shape of n'm*n™ near pp mass threshold

(S IR Y I e )]

X(1835) observed in J/y-yn'n - X(pp) observed in]/y—ypp

500 -
400 X(1835) J*==0"* X(pp) JFe=0-+
300 M= 1844 + 918 Mev/c2 M

r - 7-25
200F = 1832727 *1% + 19 MeV/c2
100 S e = 192+20+62 Mev/cz =13+19 NIEV/C2

N —17-43 (< 76 MeV/c2 @ 90% C.L.)
14 16 1.8 20 22 24 26 28
M(mn’ N GeV/c?) PRL 106, 072002 (2011)

connection between X(1835) and X(pp)

Events/(0.005GeV/c?)

[

c83338%3

PRL 108, 112003 (2012)

0.1 0.2 0.3
M __-2m,(GeV/c?)
TTTT TT ‘ TTT

PP

The anomalous line shape :

-- Suggest the existence of a state, either a broad state 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

—+— Data

........ pp threshold |

TTTT TT

T T T T i
e ] = Global Fit B
77777 £,(1510) 1
1400 i - - - X(1835)+X (18707
o ——-X(2120) T
; -+ 1 — Non-Resonant |
+ B Background |

™4

I‘B 1 8 1ID 1 :

Events /(10 MeV/c?

[ O I L B

14 15 16 1.7 18 19 2 21 22
M[T'n] (GeV/c?)

PRL 117, 042002 (2016)
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Landscape of light glueball has updated

(" . : v Strong production of
Scalar: Overpopulation £ (1710)/£,(2100) in ) /ys —
+ LQCD : ground state 0* glueball y n/KK/mn, the pattern
~1.7 GeV, first excitation ~2.1 » Coné‘-'SE? i [E21DT
S prediction

N R

v Strong production of

Tensor: large uncertainty » fz(ii‘(lbo) inJ/g _t) YH%KK/
mn ; consists wi
. LQCD 2++(23"’24 GeV) LQCD’ s pred|ct|on
\_ J
. _ )
Pseudoscalar: very little known v Trajectory:

above 2 GeV, puzzles in low mass » - £,(1285), no n(1295)
region « n(1405) /n(1475) can
- LQCD: 0-*(2.3~2.6 GeV) be two resonances?

. ?
\ O Above 2 GeV: X(2370)? j




Discussions about f,(1500) & f;(1710)

* Significant f;(1500)

=y’

400 T T 3
G+ @xfdof= 157 ]
! S 300F +-Oata .
- > L s o ]
B(fO(lsoo) Uil ) (1 66+0 42) % 10—1 -1 3 o
0.40 g 200K — 1" (n(1855)) .
B(f0(1500) _) 1-[1-[) g E ....l‘?WAhlpwwchon(axcwdanl)5
. . ® : ~ PWA fit projection (baseline lll)_.
consistent with PDG @ "F] N
Hpg—t 25 3
* Absence of f(,(1710) M(m)(GeVic?)
Decay mode Resonance M (MeV/c?) T'(MeV) Mppg (MeVic?) Tppe (MeV) BE (x107°)  Sig.
{! fo(1500) 1506 12 1306 12 18120117012 300 |
/
B(f0(1710) — m ) fo(1810) 1795 95 1795 95 0.11£0017g03 1l.lo
B(f (1710) N 1-[1-[) f0(2020)  2010£61%  203+9*13 1992 42 2284012402 2460
< 2087 X 10 @90% C L Jfb =X =y | fo(2330) ’L*l]i?;g Giil()if? 2314 144 ()I():i:(lll}l'[;'(;é 1320
m(1855) 1835£9%% 18841873 0.27+0.04700 2140
fa(1565) 1542 122 1542 122 0324005700 870
f2(2010) 20624671 16541710 2011 2020 0712006105 1340
> Supports to the hyp()thesis that fO (]_7]_()) £1(2050) 2018 237 2018 37 006£001108 460
. 1 0.10
overlaps with the ground state scalar T PHSP L 401520 1570
glueball Ji = ' X = | hi(1415) 1416 90 1416 90 0.08£0.01700% 1020
hy(1595) 1584 384 1584 384 0.06+£0.0270% 9,95

 Scalar glueball expected to be
suppressed
B(G - nm’)/B(G - mr) < 0.04
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Prospects for 1" hybrids

» Together with m1(1600)

Opens a new direction to completing the picture of the hybrid
multiplets

» LQCD: B(Jh\y—yn,(hybrid)~O(10~) [2207.04694]
nm’ IS not a dominate mode—> Search for more

» Interpretations: Hybrid/KK; Molecule/Tetraquark?



Isoscalar: n1(1855) Isovector: m{(1600)

» Decay properties *J/U->pn'm, ...
Jy—-yf, K,Kbar, ...... * Xc1 — Tmbq, mtf; , TN’
» Production properties yoereee
J/W - onn’,dnn’, ...... * LQCD predicted major decay
R0 modes: tb,, Tf;
« Where isn;” and other
partners?

» Analogs In the heavy sector ?

» Data with unprecedented statistical accuracy from BESIII provides
great opportunities to study QCD exotics. Will continue to run until
~2030

» To explore the high statistics data sets, synergies between
experiment and theory are essential



