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Beijing Electron P0s1tr0n Colhder II

2004: Started BEPCIIl upgrade,
BESIII construction

2009 - now: BESIII phy5|cs run

{ Peak Ium|n05|ty 1. 05x1033cm'zs =
Energy spread: 5.16x10-4

g Cross angle: *11mrad
Optimum energy: 1.89 GeV
Number of bunches: 93




BESIII Detector

RPC: 9 RPC: 8

Electro Magnetic
Iayers Calorimeter ayers

Main Drift Chamber:
o(p)/p =0.5% @ 1 GeV
o(dE/dx) = 6%

SC
Solenoid

Barrel

Time of Flight:
o, = 68 ps (barrel)
o, = 110(60) ps (endcap,upgrade)

ToF

Endcap
ToF

SC
Quadrupole

pt — ﬁ - ! W—%

Electromagnetic Calorimeter:
Csl(TI) crystal;

o/E<2.5% @ 1 GeV (barrel)
o/E<5% @ 1 GeV (endcap)
o, = (6mm)/V @ 1GeV

Total weight 730 tons,

Magnet: 1T superconducting

~40,000 read-out channels,

Data rate: 5kHz, 50Mb/s

In full operation since 2008, still in very good status now!

Muon Counter:
Resistive Plate Chamber
o(xy)<2cm
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BESIII physics program

R value “exotic” hadrons
physics / decays
Hadron form Baryon spectrum

v’ XYZ states ( ©)decays v’ Dark matter
v" charmonium - mixing v Rare decay
transitions Strong phases Vo

factors Meson spectrum § v ... CKM matrix
Light vector Hyperon physics

mesons

Charm baryons

R é | ] id ] 1 | ] 1 1 1 | I 1 I I g 7 N T | T T T 5
E= i S = -

E e 3 loop pQCD 16 F A MarkI =

10 E---------- Naive quark model ¥ Mark-I + 5
g : 10. x / B Mark-1I ~
V= . e o —T ® PLUTO ]
e T T g e e v ey it i e el o : % Crystal Ba]_l :

F=E Inclusive: EEE = * BES -]

£ o KEDR ===t i
i * BES II 99 01 2= =
: ¥ BES II 09 - Cotorol :

E | | 1 | L | [ | | 1 | | 1 | 1 2| : | :

1.5 2 2.5 3 5 5

World’s largest / and () data samples directly collected,

~40 ~ datain =2-4.95 GeV An excellent opportunity for studying light
: " hadron physics!
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Hadron spectroscopy

Hadron spectroscopy: Establish the spectrum and study the exotic hadrons properties.

X
»> | Conventional hadrons contain 2
two or three quarks (a)-(b) g € ® ®
q g g ® g

(¢) two- and three-gluon glucballs

q

(a) meson

(c) compact tetraquark (d) compact pentaquark

> QCD allows also different combinations of
quarks and gluons: EXOTIC states (c)-(g) (f) hybrid state

___________________ e = o e e = i e e ot e U e e o et e P e e v H e e e e e e

(g) weakly-bound hadronic molecules

Many exotic states have been observed, but their nature is still far from being understood!
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Searches for exotic states

g = ) iy

b FECE )
ST e
hG, =)~ ()

o SR )= ()

(c) (d)

Charmonium radiative decays provide an ideal laboratory for exotic states studies

» High statistics data samples.
» Well defined initial and final states (clean).
v’ Kinematic constraints
v I ) filter
> “Gluon-rich” environment. ¢/ - )> €L - )5 (- 9z f > )
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Searches for exotic states

Ambiguous exotic

_ » Overpopulation of states.
» Quark contents more than or
» Mass/width not fit in spectra.

» Quantum number not reachable for L . .
» Production incompatible with

Y

ordinary mesons or baryons.

standard mesons/baryons.

«e

» Light-flavor exotic states are hard to establish. gt =
+

Hybrids eAn® [94%)
+

» Exotic quantum numbers are forbidden by — configuration.
Glueballs |gg>

> Focus on spin-exotic states = = = = Multi- .-.+.-. 5%5%)
quarks +
J PC U++ n+— u—+ 0 1++ 14—— 1-* = 2++ 2+— 2—+ == 3++ 3+— 3—+
qq v ® v ® v v » v v 4 v v v v ®
a7 v/ / v/ 7 v/ v/ - v/ v v/ / 5. v/ /
qag 7 & / 5 v/ v/ 7 % / - / / v/ 7 o
gg v ¥ v X v X v * / X v X v X v
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Searches for exotic states

LQCD predictions for Glueballs
5

Glueball searches i L .
10 : _3= 4
» Provide critical information on the gluon field. - e
[0) 2-+_1+'— S %
» Obtain quantitative understanding of confinement. == o
2
=
> 07", 07" and 27" glueballs predicted by LQCD: 1
2
D 73, 014516
Mass under 3.0 GeV. - PRD 73, 0145 =
3000 | ]
Elolic hybrids LQCD predlctlons for EXOt[IC Hybflds
- =
» Some low-order hybrids have exotic quantum numbers = |
i : =
1=* 0%, 2%~ which are forbidden by qg configuration. | =m *
g 2
» 177 hybrids predicted by LQCD: Mass around 2.0 GeV. . m—
= '243 x 128[‘
An excellent opportunity for studying them using / | isoscalar B
or () datasamples! , . W
2023-8-30 1500 | PRD 88, 094505 9



Searches for exotic states

Exotic hybrids LQCD predictions for Exotic Hybrids
3000 | ]
> " nonet of hybrids is predicted to be the lightest. '
[
> lIsovector ~ have been observed including ( ), _ -
2500 t | -
—
( )and  ( )- g
* Hybrid is the most popular interpretation. ' ot~
o
* 1(1400) and 1(1600) can be explained as one pole. /| == =
(PRD 105, 012005) = 24° 128
r isoscalar [l
> lsoscalar ~7 is critical for establishing the hybrid nonet “ EgycetaT
e Can be produced in the gluon-rich / radiative decays. 1500+  PRD 88, 094505 |
e Candecayto in P-wave. 2 190™)= 1-(1-%)
(PRD 83, 014021; PRD 83, 014006; EPJP 135, 945) S :
\ Ky I60P)=> (17)

Observation of states with exotic quantum numbers,

= : . 13 16079)= 0*(17)
such as ~7, has been of great experimental interest!  n,1°0"9=071™%)
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Observation of Exotic Isoscalar State ( Y¥in / —

PRL 129, 192002 (2022)

PWAof / - using 10 Billion of / data @ BESIII PRD 106, 072012 (2022)

Decay mode Resonance M (MeV/c?) T (MeV) Mppa (MeV/c?) Tepe (MeV) B.E (x107%)  Sig.
> = and ’ = == -/ St fo(1500) 1506 112 1506 12— L81E0 e =say
fo(1810) 1795 95 1795 95 0.1140.0175% 11.1a
= f0(2020) 2010+£615 20319173 1992 442 2.2840.12753 24.60
> An isoscalar state, ( ), Iy =4 X = | fo(2330) 23124710 6541073, 2314 144 0.1040.023090 1324
h b b d = h = | [ n1(1855) 1855497 188+18*) - - 0.2740.0412-02 21.40]
as been observed with statistica f2(1565) 1542 122 1542 1225 == 0320055 5= 8510
D0 x % —0.02 5
Si nificance Iar er than F2(2010) 206246110 165+17H° 2011 202 0.71£0.0670:08 13.40
g g g f4(2050) 2018 237 2018 237 0.06+0.0170:0%  4.60
0"+ PHSP - - - - 1.44£0.157020 1570
] ] . e !y > i = = 40.01
> COnS|stent Wlth LQCD calculatlon J/p = n'X — ymn'| hi(1415) 1416 90 1416 90 0.08+£0.01% 55, 10.20
hi(1595) 1584 384 1584 384 0.16+0.02709% 9,94
_+ °
for hybrid (Mass 1.7 - 2.1 GeV). w1
—~ [+ @yxm,= 157 : — ~F ®yn,= 152 ;
EPJA16,537 & f Xy, = 15 1 Gaof 2, : ;
> [ ] o™ i > C ]
Q P (] [ ]
= [N = = 300F E
2 200f | = ] & ¢t ]
e 0 0 — . =3 & = ecti i J s 200+ -
Critical to establish the hybrid nonet ! £ ¢ |- P B jactin s ] £ ]
@ 100f a o [ 9
w [ ; o 100F -
: A rtang e
Y =T 2 25 3 l 1 15 2
C > M(Mm)(GeV/c) M(m)(GeVi/c?)
e P A EE S e
_C,_ < 400F (c) ¥¥m,,, = 1.24 . (d) y¥m,,, = 1.77
B : e ] 400
n 3 300F g Sl
=k = <)
N i r 3 R
= 200} - = = s
n' ac—f = = 3 200
o B -
& 100k -
G- Ov—*——~——_.._.._.._‘.—._—|~_q—. e e |

o 2 5 11 05 0 05 1
2023-8-30 M) (GeV/c?) cos8,, 11
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Further checks on the

" state

» The cos( ) distribution can be expressed as an expansion in terms of
Legendre polynomials; the coefficients (unnormalized moments of

expansion) characterize the spin of the
for the kth bin of M( ) is:

Ny _
= Z W;Y;? (costy).

=it
» The moments are related to the spin-0(S),
spin-1(P) and spin-2(D) amplitudes by:
Var(Y3) = S} + P} + P} + D} + D} + D},

2
—=(2PyDy cos(ghp,

V5
—7P? 4 10D3 + 5D -

Var(Y)) = 25,Py cos pp, +

Van(Y)) = ]

7\

—¢p,) + V3P,D, cos(¢p,

(14P3

r_m

—¢p,) — P1D; cos(¢p,

Vaz(y3) = ﬁﬂﬁ%aﬂ coswﬁp.] ~®0,)).

Van(Y9) = {6D{)—4D + D3).

P > indicates significant P-wave.

> In 'system, the narrow structure should be

' resonances. The moment

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

Weight sum/(10 MeV/c?)

100

50|~

+Data - Sideband (d)
—PWA fit projection (baseline fit)
..PWA fit projection (exclude n')

(Yo

—ép,)).

].OD%) + 2SGDU Cos (j)D“.

(

) P-wave component.
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Good agreement between the PWA fit

results and data.
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Statesin / - s =

f PRL 95, 262001 (2005) 58M / \ ﬂRL 106, 072002 (2011)

-
<
N
W

120 (q;‘\ Bl F e e e e e
2 = S00F -
%-’ e E ]
= S 400F 3
< C’. r 9
S S 300F
& 2 E 3

o 200'_ =
pd = B ]
m & g :
= 100 =
W = — E

1.4 2.0 26 0 1.4 16 18 20 22 24 26 2.8

M(r'Tn’) (GeV/c?) M, (GeV/c?)

k Observation of X(1835) / \ Observation of X(2120) and X(237j
/ PRL 117, 042002 (2016) 1.38 / \

2500 [T T e B e [ S PR P R A BB R
] ExfF ‘ : ' : ] = ‘ ‘ 4 — Data
i s6o0f- ++ 1 i;i:;g% Fit 9 | e + 1 ; ;g&::%)m 4 i el ] —g;(l;:gré)ﬁt ]
G 2000 |- ol = :-1)3((1835; g < 2000 E 1 ;‘gggg; =) G 2000 | il ] - X(1835)+X(1870)]
_L\) L ; :(:,:_“:gsa“am ] ‘Q i - X(2120) : § B + — )l:(ozr:%Rogsonant
% == +—H— 1 | W Background | % B 1200 1 ;gg&-(g?:‘?ﬂsnt: () [ = | -BEC:QTO;:H;:] il
= 1500 =t g i‘é pPthreshold | = 1500 = i - pp threshold ]| =S 1500 - il 4 pp threshold |
8 L s T 7o T E o E 'y 3 ) T 4 8 £ 7 TH (5] £ET —
"o 1000 & 1000 : > 1000 | =
2 L D) I 1 C
: ; 5
z g S
500 W 500 W 500
1314 15 16 17 18-18 221 22 A R T e R T S =7
e Sum of Flatte X(1839) at ppb Coherent Sum of BW X(1835
. . umo atte at ar oherent sum o
Observation of anomalous line shape ( ) at pp ( )
and BW X(1920) and BW X(1870) at ppbar
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Observation of a new state X(2600) in /

4+ —

_)
Study / - * ~ using 10 Billionof / data @ BESII| PRL 129, 042001 (2022)
x10° . == X107 . . ;
= ool (a) ggf:?(gmund oL = (b) E:g?(ground =)
= 2 == 10 + — =
()] - = ] ] =
g 15X(1835) X(2120) X(2370) X(2600) = g [ X(1835) X(2120) X(2370) X(2600)
= = - :
S e\ T e e |
= | ; M i = | s M\V |
(5] ) I
> >
L _ = .
D e T R D

1.5

2

> Anewstatein M(
to a structure in M(

2.5

3

e

2

2.5

') invariant mass is observed around 2.6 GeV, which is correlated
~) at 1.5 GeV.

22

2023-8-30 M [T]'TE+TE ] (GGV/ 02)

22

2.4 2.6 2.8
Mn'n '] (GeV/c?)

(B
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Observation of a new state X(2600)in / -

+ -

+

1> Simultaneous fit to

+ — 7

PRL 129, 042001

=

* 7 mass spectra is performed.

» X(2600) observed for the first

time with a statistical significance
greater than

> The structurein M( © ) around
1.5 GeV can be well described
with the interference between
( ) and X(1540).

2e 3= RA-— 15 S t6=17=—1"8="1-0

>

E208s T —1E5176= |=/=—~158=0170

M...(GeV/c?) M...(GeV/c?)
Resonance Mass (MeV/c?) Width (MeV)
f0(1500) 1492.5 + 3.615: 1079
X (1540) 1540.2 + 7.0+ 157 £ 101
X(2600) 2618.3 +2.0+163 55

y 2 >4 )
UL O JU

~Tor T isfavored for X(2600).

radial excitation?

an exotic hadron?
?
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“ (1405/1475)” Confusion / ¢ ” Puzzle

1st radial excitation
7(2225)

4 - X(1835)

n(1475)
7(1760)

M?(GeV?)
w

A (1405)

7(1295)

PRD 83, 114007

X(2500)

X(2370)

X(2120)

X(2100)

= o 3 4
n

5

» A structure is first observed by MARK I,

“single structure” is named “ ”.

» Mark Il suggested there should exist two

called ( )and ( )

» (1405/1475) Confusion:

2023-8-30

Their nature? Glueball / 1st radial excitation states of

Entries/(0.002GeV )

is 07", the

Two states or just one? (Triangle Singularity Mechanism)

300

200

100

K(K K 7 73 K (K
11(1440) 0 KK N(1440) B '1(1440}( ) =
== = +L< K(K 7
* structures K (K) :ﬁ 8,(980) K E(K;&(K

- PRL 65, 2506
e 1 1

0 1.2 14 1.6 18 2.0

Mgk n (GeV)

PRL 108, 081803

—t— TT

a,(980) K

(@) (b) (c)

Long standing puzzle!
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Events/(0.005GeV/c?)

Partial Wave Analysisof / -

PWAof / - using 10 Billion of / data @ BESIII JHEP 03(2023)121
0 e == Mass Dependent PWA: Mass Independent PWA:
— - ;
> Study of (1405) and (1475) /Explore the lineshape of\
- Extract the resonance e T (e e
> Prominent structure around parameters of the for the different decay
intermediate states modes, and minimize bias
1.45 GeV and a clear bump _ ,
o by choosing particular from particular dynamic
around 1. eV. _
dynamic models. models of the
k intermediate states. /
4000 — ( a) 4000 _(b - — 7000
3500 o 3500F 4 < 6000
E 4-Data (7C fit) k) 2 3 L
3000E __ pata (4C fit) E 30005_ 3 % 5000
2500E _pysp mc (7C fit) S 20E 3 3 4000
2000 - S 2000F i 3
1500; % 15002_ _ % 3000
10005— 2 1000 - q 5 2000
500 f- 500 3 1000
N Ty R R R PR TR TR Y RN R A F R T R R R T puc et O 6 07 07508 065 05 095 1 1“ 1.1
M(KgKgnﬂ)(Geva) M(K;Kg)(eevmz) M(KZn%)(GeVic?)
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/== - Mass Dependent PWA

JHEP 03(2023)121
Thon|SiEEssEEeaEe T ; == 35> The pseudoscalar components: two states are needed in
o~ i;ot_a)l:tnn ; 2 . oE——0 ° :
T € 3 MD-PWA using relativistic BW model, and both of them can
2 10000 e 3
@ 'WUUur— oo -
LS T e 1 decayby ( e and ( )= modes.
g —- T K (892)°KS 3
= 6000 1 2,(980)°n° =]
R SR R e = Yand ( ) are observed for the
> 2°- a,(980)°n ] = S g .
Y 2000 : =1  first time in this process.
0 e teatiot ot v omom el L ST : E
so et L% 0 TSM and one ~* state assumptions: the description of
. -
1055532 1 3b=—1 4= hdb=- 5= =lhossc O invariant mass spectrum deteriorates significantly.
M(K’K2n%) (GeVic?)
2 Resonance M(MeV /c?) I'(MeV)
maoi— n('140.5i§ 1391.7 + 0.711L3  60.8 + 1.235'7“]
">9' ">9‘ Bmé_ (147 5)_5 1507.6 + 1.6115:3 llS.SiZ.aﬁ”'ﬂ
8 8 5000 ;_ - —32.2 —10.9
é é 4000;— 12802+ 0.6712  28.2+1.1153
o o =
= = 3000 =
1‘2 ?’E : s 14335+ 117229 o959+ 23739
g u:g 2[]00:—
= " 1000F- 15154 + 25732 64.0 £4.3129
U:
= D] S vroarm ot OO SO
0.35 == T NS = 21261231236 14 145 6E =0 S S) aEA = (RO (RO S == E ==
M(Kgxg)(eev;cz’) M(K;::”)(Ge\ﬁc?)
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» Datasets of MI-PWA: dividing M(

/

) from
1.24GeV to 1.6GeV into 24 bins, the width of each
bin is 15MeV.

MI-PWA in each bin: the dynamic function of
M(
constant. Perform PWA in each bin and extract

) in each bin is approximate to be a

components with significance greater than
The 0" component is the dominant contribution:

The relatively flat lineshape around 1.4 GeV rules
out one standard resonance parameterization.

C. ) & ) -

of comparable magnitudes, but with different

waves are

lineshape and peaks.

2023-8-30

JHEP 03(2023)121
dominant spin components
E'"l'""""|'"'|""[""[""|""|"
12000 |- T e (a)
L 10000F +-0*
=> E ._.:*""-...:.-
§ 8000 *T° o -,
S C b
S 6000 1= - -,
S -
g 4000f = =
L
2000 T s
125 13 135 14 145 15 155 16
M(KgKgnD)(GeWc?)
dominant decay modes
e e
12000 - ~4- pata B ==
% 10000 4 0 KK, .7 == = =
% - o ’ =
=== ‘alK; }P-muK;
@ 8000F = = =
5 E —4— 1" a,(980)'n 3
o — —
S 6000F . e ., - :
S 4000f — . et .
o 4 - 2" K (892K} —gr ca = =
2000 - - £ g =
E iy, ot e, d
sl i A

- Mass Independent PWA

13 135 14 145 15 155 16

M(KgKgn“)(GeWc?)

1.25

19




/

dominant spin components

e
.
12000 |- —+ Data et (a)
& —— 07 (M1) .- -
< 10000 = =
e 0*(MD) = Y
sf 2000 1°(m) - ~
o = ;
S 6000 T{u0) - -,
e 4000 = ' e
S -= 2" (MD) . ==
L e
2000 > are-
.. s A
S =SS = =
0 el
125 13 135 14 145 15 155 16
M(KgKgnD)(GewCz)
. —+
dominant decay modes fo
e e R e e
[& e
= 12000 :— —4—pata Eo% (b) =]
NU 10000 = —+—u"—>{K:K§jsmn°{MI| = |
-S E —.—
8 B 0" (K2KS),,_7*(MD)
B 8000 = = -
g = 07 (K, KS(MI) 5
S 4000F - s =]
= 5 . ., —-— -
w : "i“' ".‘"."\" (s g7 :
2000 | - e =
E .. - e

125 1.3 135 14 145 15
M(KgKgnf’)(GeWc?)
2023-8-30
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>

» Tensor component around 1.52 GeV decays by

>

- Mass Independent PWA

JHEP 03(2023)121

Axial vector component at 1.28 GeV and 1.42 GeV in MI-
( Yand ( ) in MD-PWA
clearly. The firstone decaysby ( ) and the second

=

PWA corresponding to

one decays by

)

( ) in MD-PWA clearly.

Consistency between Ml and MD results.

in MI-PWA corresponding to

dominant decay modes for

- —.——
H12000 = —4- paa e (c)
10000 | 4 1 nomtem Bs =
% o -
..... 17— a,(980) "= MD)
@ 8000F = =
g b 17 K (892) K &I
S 6000F . . .-
‘a - =1 = K (892) Ks{Mnl
& 4000 - =
Lu E ——
E g
2000 | =
""'*-*_._,_._-o-—.- - -
o b s . ki
125 13 135 14 145 15 155

' M(KgKgnf’)(Gewcz’)
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PWAof / -

>

WLV i NN

Partial Wave Analysis of /

"using 10 Billion of / data @ BESIII

PRD 105, 072002(2022)

! + — + - 14005 ‘#.. y2INbins =1.21 (a) e C : xszll)ins=1IZQ e (b)
5 —and=—— / Cgrwf M ¥ Data 1 ¢ f 2= ?
‘%1000 = | 5 — Fit Projections §1500 =
P 3 —-0"PHSP | !
Ot o A s 800 !h%'L ot 1 Stooof
= ’ ) N % 600 ;— ﬂ.‘ . .f0:2430 —; % ;
e B
== — ! o 200 F = = i E
=11 1% 9,: e e 2_ i o :
( ok - = 3 __i'i:..',;f*f.*f‘.’ffifﬁf?ﬁ?fﬁﬁ*_#?%i’_‘fﬁfﬁ{ff%fﬂﬁfé 5 ¢ %‘.ﬁ.ﬁ%ﬁﬁﬁ?fﬂfﬂfﬂ?*ﬁt*i{_lﬂ*t?ﬂff{.*ﬂ..*?i*f‘fi*ﬁﬁé
opservea in mode = 2 75 3 SGEee T 17— 14 a8 -8 =2 27
M,.. (GeVic?) M, (GeVic)
for the first time, its significanceis —————— === [
S E = R oo
Ew— M«— §102;— fﬁ"’ ________ 3
( ) is one potential tensor 310;_.."*““ e '"'"“"_:; = ;::ff” """""""" :
glueball candidate which is close toz | a8
LQCD prediction for 2** glueballs.” [ = i
5 3 'Cz' 26 = 1“”1|1”“1I2I”1]3‘”‘1}4(0;”115”“1'6””1'7
: :  (GeVicY) (GeVIc)
= ( P including: =
o S PRD 87, 092009
= PRD 98, 072003 Helelol = 72 ==t ++)/ =&
= = PRD 93, 112011 PRL 111, 091601
2023-8-30
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Partial Wave Analysisof / -

= )t ) observedin ~  mode for the first time.
> ): new scalar state observed.
»  0(2020): PRD 87, 092009 PRD 98, 072003

e Production compatible with that of  ( )in / - and ( )in / -

e |ts large production rate in radiative / decay suggest a large overlap with scalar glueball.

e Consistent with previous analysis results, but its mass is lower than the mass of the first
excitation of scalar glueball from the LQCD prediction. PLB 309,378 PRD 60, 034509

PRD 105, 072002(2022)

Resonance M(MeV/c?) I'(MeV) B.F. Significance (o)
[ /0(2020) 1982 + 373° 436 £ 47,5 (2.63+£0.067030) x 10+ dominant 25

£0(2330) 2312 +2+10 134 + 5+3° (6.09 4+ 0.641499)  10-6 components 16.3

Fo(2430) 2FT0 £ 47, 75 £ 9711 (8.18 £ 1.7775,7) X 10~/ new **state 2.2

R (1413) 1384 £6., 66 £ 10. 5 (4.69 £ 0.80774;) x 1077 3.3

f2(2340) 2346 + 81 332 + 1412 (8.67 £0.701727) x 107° 16.1

0+ PHSP (1.17 £ 0.23+499) » 10-3 15.7
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Light hadrons in open-charm decays

T ground state

** radially excited states

* 1=0: ¢(500), ¢(980) .
* 1=1: 7(980) y
BABAR PRD 104, 072002
<, 300-F = =
5__ E - == a,(980)
SO 250 | exe a,(1400)
X E - = 2a,(1710)
S 200
= E
5 150
100 —
50 ~
0 E

** higher set of excitations

1=0: o(1370), o(1500) e 1=0: o(1710), o(1770)
1=1: o(1450) e =12 ()Y ()
&: 60 BESIII PRD 105, L051103
; I —— Data |
e — Total fit
= 40- s e
= = K%K (892) ‘
== — S(1710)r* +
a4 20
== =
> b AP
a8 1*1++-tr‘ = ;'_'_‘:.I-r' i

1III‘IIII|II1II\\II|IIII|II\\|I

mnt) (GeV/c?)

m(ag(1700)) = 1704 + 5. + 2, MeV/ 2,

[(ag(1700)) = 110 & 15, + 11

sys
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MeV/c?.

= = o= e g i
MKOKO (GGV/C2)
S-S
B(D} — S(1710)7") = (0.31 £ 0.03 £+ 0.01)%

(1.723 £ 0.01 1y £ 0.002,,) GeV/c?
(0.140 =+ 0.014,,, + 0.004,y,) GeV/c?

Suppression attributed to the destructive interference
between ( )and ( ).

One order of magnitude larger than the expectation.

Constructive interference between ( ) and its
isospin=1 partner. 23



Light hadrons in open-charm decays

+ +

» Amplitude analysis of Cabibbo-favored = °F

> Together with BESIIl analysis * - * O this result__
|

PRL 129, 182001

%
i 0
support the existence of anew triplet. prD 105, L051103 (El) KK (892)
e K'K (892)"
> BRef=f - yithe = * is roughly consisteg 100 S :
- o= - —- K"K (1410)
with the prediction. gpjc 82, 225 o
B aﬂ(93ﬂ)+n”
» M( o) about 100 I\/Ie\_//c2 greater than the expectatlon: 50) = HH(ISI?)J'TI:”
for o(1710). SE————_————
= + . + GeV/c2 ch
> ( ) could be the isospin=1 partner of the LT;E _
() I[X(1812)]. prp 105, 114014 _ s
» The possibility of the  ( ) as the scalar glueball MK"K* (.GEVI’CE)
still cannot be excluded. -
Amplitude Phase (rad) FF (%) BF (107?) o
Dt - K*(892)°K* 0.0 (fixed) 327422419 477 +£0.38 £0.32 > 10
Df — K*(892)+K2 —0.16 2 0.12 £ 0.11 159+ =175 203026020 =11
D} — a(980)*+z° —0.97 +£0.27 £0.25 77+17+18 1.12 +0.25 £ 0.27 6.7
DS K (1410)2K 0.17 £ 0.15 £ 0.08 014413 0.58:40.21 =019 7.6
[D;“ — ap(1817)*t#° =255 402 - 4107 23 6=F34-r20 3.44 +0.52 £0.32 > 10]

2023-8-30

24



Summary

» The BESIII experiment is an excellent laboratory to study light hadron physics, while

the charmonium provides an unique opportunity to search for glueball and exotic states.

> Selection of latest physics results on light exotic states are presented:

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

X(1835), X(2120) and X(2370) are confirmedin / - * ~ "and X(2600) is observed for

* First observation of exotic isoscalar 1~ state  (

the first time. PRL 129, 042001 (2022)

Two states of ( )and ( ) are neededin / - 0 and both MD-PWA and

MI-PWA results have been povided. JHEP 03(2023)121

* The tensor glueball candidate ( ) is observed in ~  mode for the first timein / -
" "and anew scalar state  ( ) is observed as well. PRD 105, 072002(2022)
* Light hadron ( ) is observed for the first time in open-charm decays. Flide)e iy [Lokn s e

PRL 129, 182001
» The BESIII detector is still in very good status, more surprises at BESIII are expected!

Thanks for your attention!
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Backup slide (I)

o JAp — yPP: 0,2+, ...

Lt 2 - « JAp — yPPP,yVV: 0+
St iy PRDR1.092009) » Neutral channel is much
Jp—yn®n? (PrD92,052003)
Jp—yPP JAp—yK K g (PRD9S 072003) cleaner than the charged
JAp—ynm’ (PRL129,192002) ones
Jhp—yn’n’ (PRD105,072002)

Amplitude Analysis: toll

JAp—ymg (PRDST,032008)

JAp—yVV Jp—vyd e (PrRDY3 112011) to extract the complex
Jp—yowo (PRD100,052012) amplitudes from
Jp—yPPP Jhp—yn’ T (PRL106,072002, experimental data

noPWA)

JPp—yK K (PRL115,091803) * Models with free
Jhp—yKKgn® (JHEP 03,121) parameters ==
*» (Consider the kinematic of

final states particles

: * Vary the parameters to
* Mass Dependent (MD) PWA: model the dynamics of At ze it likeilinod

particle interactions as coherent sum of resonances

* Mass Independent (MI) PWA: make minimal model assumptions and measure the

dynamical amplitudes independently in small regions of two-meson invariant mass
(JHEP 03,121 (2023))
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Backup slide (1I)

http:/fenglish.ihep.cas.cn/bes/re/pu/NewParticles/

Y(4790)4
2Y(4390) Y(4500) @
'Y (4320
Z.(4020) Z_(4020)° ’YE4230} :
O i : v,(3823)
S
>
()]
G ; 26 new hadrons at BESIII
0 X(2600)
)] : N(2570) = oX(
(O X(2370) X(2500) ®1,(2480)
= £X(2120) s X(2262)° ®0(2250) X(23%)
2 5
9X(1870) X(1840) 1855
i ® N )Aoao (1817)"°
2012 2014 2016 2018 2020 2022

Date of arXiv submission




BaCkllp slide (III) X(18xx) between 1.8-1.9 GeV

Jp—yK K
P 5 L R R B RS
':?_70 (m) ;E:r_na,,,mmn 3 — 250 .
;gfﬁ?m" - - | = @® PRL106,072002
&o L X{1580) § - . 0~ | ¥ PRL108,112003
50 Pl tpas e | 4+ PRL115,091803
Sa L3BIp L 200 i . ()** | + PRDS87,032008
£ - G pCo| W PRDES091502
gaor ¥ % }l - - JY“?| A PRL107,182001
w 1ol W\W = 0.
2 : 150 Gt
16 1B 20 22 24 26 28 — i
e, o - £
: —Jhp—yn’ Tt - Py 1
(3;;’; Ry X212y X(2370) l[)D,_,, u-: I
2 a : = GE
= = ; = 200
= B E ™2 14 18 18 20 ==
= = M. (GeVicH
0 1 | 1 L 1 | 1 | 1 |: | o T L R - L - l"p'll. PR e
1800 1820 880 1900 1920 1940 1960
M (MeV/c)
I _zr?j:::;m {E‘J e rhEre L rr—— T mﬂ |||1IFIII'II1FIIII|IIFIII
g 20F ft TGy 700 kT G TP a
2z T . <, 600 — PS 1M IR Em Jflp—> 3(n'n)
150 —_— — f(2100) 2 500 =
- 3 500 Figy T ooy s 25M I ;
% 100 Wy 400 E150 _:
§ § 300 E 100 —;
oL 59 "E“ 200 50 -
0 0 o2 g e 1.6 1.7 1.8 1.9 2 2.1
2 25 3 0 M(3({=*1)) (GeVic?)

M(K*K'm‘::ﬁ(eewczy 0.0 0.1 0.2 0.3
M(pp)-2m, (GeV/c?)
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Backup sllde V)

Events/0.016

Events/0.016

1400

1200 ‘, ++¢,¢+ + Y
1000
800
600

IIIlIII|I“l“'l'“l'“i“'l“"

-1 08 06 04 02 0 02 04 06 08
cos 8, in Jy

1

=

-1 08 06 -04 02 0 02 04 06 08
cos 6 _ in KgKen®

1

Events/0.016

Events/0.016

2500

2000
1500
1000

500"

1‘Illlli1lill:;lllllllllll"

-1 -08 -06 -04 -02 0 02 04 06 08
CoSf,, in KIKIn®

-1 -08 -06 -04 -02 0
cos6,.; in KeKg

02 04 06 08 1

Resonance M (MeV /c?) I'(MeV) Decay Mode BrES Sig.(o)
: c. T = n(1405) = YK KIm)pwave — YESKOT? (584 £0.127333) x107° > 35
n(1405) 13917+ 07413 gog 4 1.g+ns  _2/W = vu(1408) = AR Bl L ( 336)
J/p = yn(1405) = Y(K2EK s wave™® — 71\2115w (2.88 £ 0.04755) x10~° 184
= J/p — yn(1475) — YE LK 97 powave — YES KO0 (6.58 £0.127535) x 107° > 35
n(1475) 15076 £ 164383 115.8 4+ 2.471as IV = 70(4T) = yKs(Ksm )x l ( 252)
J/p — ym(1475) = y(KIK s wave®® — YKIK I (3.99 £ 0.09734) > 35
f1(1285)  1280.2 £0.6712  28.2+1.1753 T/ — vf1(1285) — vap(980)°7" — yKOK %" (8.55 + 0.4173:42) > 35
= = = 1420) — vK*(892)° K% — yKAK %Y 7:25~F 012+ )12 > 35
F1(1420) 14335+ 1.132%° 959 + 237136 Pissin IS~ ( 25)
T/ — 4 f1(1420) — ag(980)°7° — KO K90 (4.62 + 0.3612:36) 17.8
£2(1525) 15154 25732 64043120 J/p — v £5(1525) — yK*(892)°KY — yKOKOx? (947 +0.43113) 23.8
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2023-8-30

iy oo |
Isovetor Isoscalar
2115 £,(2100)

FIG. 1. Two Regge trajectories for the isovector and isoscalar
scalar states. Here, the red triangles denote the a,(1817) and
X(1812), while the solid points and empty circles are the experi-
mental and predicted states, respectively. Except the a,(1817),
X(1812) and predicted ay(2115), f((1450), the masses of the
other scalar states are taken from PDG. Here, the established
states are marked by the black solid points, while the predicted
states are denoted by the black circles. The error bars present total
experimental uncertainties.
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