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Hadrons

® Quark Model [1964 by Gell-Mann and Zweig]

Conventional hadrons

Meson

o Exotic hadrons:

Molecule

Non-standard hadrons

Tetraquark

Lowest Configuration!

Hadro-quarkonium
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anti-triplet as anti-quarks q. Baryons can now be

constructed from quarks by using the combinations

while mesons are made out
of (qa), (qaggq), etc. It is assuming that the lowest
baryon configuration (gqq) gives just the represen-
tations 1, 8, and 10 that have been observed, while
the lowest meson configuration (g q) similarly gives
just 1 and 8.
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Overview of CS measurements at BESIII

® Precise cross section measurements of open charm, hidden charm, and light hadron processes
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® Precise cross section measurements of open charm, hidden charm, and light hadron processes
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® Precise cross section measurements of open charm, hidden charm, and light hadron processes
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® Seen in more than 10 decay modes, including open charm final states
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S [ --Y(4230) +--Y(4500) - Y(4710) |- Continuum g
s I N - BW1 il PRL130, 121901 (2023)
g SEK'K Jly PRL131, 211902 |5 b BW2 i My~
n - (2023) 50! l | s N L
2 — 3 REIN ¢"J‘ L
8 4 : £15 4.2 4.25 43 s
© oF M (GeV/c?) Al e e _
@ r M o e :1 N S k14 Rt et
o T neIr e P M. 1] i a1 CT e — L , » L
) 0 P PR ol L1 1 4|1 I N 4|2 I N 4|3 I I 4|4 L1 1 1 4|5 L1 1 1 4|6 4_|2 4!3 4{4 4!5\/7 é}lﬁ 4_|7 4!8 4{9 5
4.2 4.4 4.6 4.8 : : : : : : s (GeV)
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Update of 6le"e¢™ — 777 h ]

o0
-

N
-

o(n'n h,)/pb

® The eTe™ — a7~ h, process was observed by CLEO at \/§=4.1 7 GeV [106]  PRL107, 041803 (2011)

® The cross section of eTe™ — n7n~h.was measured by BESIII at \/E from 3.9 to 4.6 GeV, two

resonant structures was observed PrL118 092002 (2017)

® New data (27 data samples) between \/§=4.1 8 to 4.95 GeV has been collected by BESII!
4

N .
9140
— 1201 ¢ XYZData
O -
= c = ¢ R scan Data
e 2501 -« BESII: R-scan data sample PR.178, 092002 (2017) & 100 . i |
i 11 242001 ’ J _ - = BESIII: XYZ data sample ' +t'~’ - vy —— Total fit
- PRL 111, 242001 (2013) : :S; 200:— — Fit curve: Total 1l A 80 .: o BWs, Solut!onl
i = C - Fit curve: Y(4220) ° '© u ¥ o BWs, Solution Il
[ CPC38, 043001 g 1501 ! + 60— 'z' A
o1t ) g | Ftewmve@BO gy Th 2 of || arXiv: 2504.04096
. - - ool L 1 e EPMG®” | TRpL
— —> g 100 - — - 4 g SR}
| =) : - > A T . “\‘ Teell
0 5 B j-T‘. .,-- HIT | ® 20 [ Y \ \‘l“:\:x E|ﬂ' _________________
g 50 [ l ’/, i\i\"\, ® O = - 0 !,r%'ﬁ Rt S SO
& n L2 N S <AL - ¥ - Y @ s e ==- =
4 - r l{ S J ) i —
5 - —|oé 1 1 [ T t=— — O
5 0—3 am—1 1‘1 1 ™ 20—
0_.| - )i H &l TT 2 5_1 ! | 1 l
39 40 41 42 43 44 45 46 50— A
E.,/GeV Y L T D7 B =y ) EIRARXIRIK GO PO By TROL s LIRS I IO BN XX XX X
om/ e 39 40 41 42 43 44 45 46 A A A A AR TR S e Attt RS
Vs (GeV) 5L
4 4.2 4.4 4.6 4.8
/s (GeV)
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Update of ole¢"¢™ — 77" h ]

Baseline model: gdressed — | BW, + Beri¢2 + BW3€i¢3 ‘2

Significance of the third resonance: 5.40

FUDAN UNIVERSITY
9 140 ® Test of resonance structures:
Qo C arXiv: 2504.04096 s XYZ Data
1201 ¢ R scan Data Starting with two coherent BWs, add one more BW, two
& 100 . — Total fit
+ b :
A = C ..... BWs, Solu. | more BWs, one more BW and a continuum termt
A AU A Y BWs, Solu. Ii
o O0F Check signiticance of each addtional term
o) il

Significance of addtional contribution smaller than 1o

G \
O NGNS TavA ST T Y YN %}.zs‘,@.\\g\‘s.c’ TR YT Neraraaerarea Na
S SN TR AL TR "\'%V’V‘\\“"();;\:ﬁ;\;"i‘f"‘*“‘"\“"\‘ ORI R R MPE R
N Y O
L
_5 _ L N N " 1 " N " " " }l " " 2 1 "
° Vs — e — = p — A 1 1
Yuping Guo @ EtEEEEFYIES EFBNNFHITE
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140

III|III|III|III|III|III|III|I

arXiv: 2504.04096

¢ XYZ Data

¢ R scan Data
—— Total fit
----- BWs, Solu. |
----- BWs, Solu. I

-~
-~ -
-

- -
- e - .
- - -

NANEY A QY T
NSRRI N &

\
RN S
"\"i\‘ R B A SRR IR RO RE
\\ &

\"\\‘

(N

fo.c\‘:“c\.\c\\ RSOSSN

%

'\E (GeV)

—— b

c(e'e—n*wh,) (pb)

II|III|III|III|III|III|III|I

T

® XYZData

® R scan Data
— Total fit
----- BWs, Solution |
----- BWs, Solution |

R R R XN

N

A \0,5‘ o& \,.‘. } B ORI X I X R O X X g X

A P 2N Al Al
ATV NY YA A9 va. X X )\} & § NI AL S S S NIRRT N

4

1 i 1 2 L

4

4.6 4.8

/s (GeV)

Cannot be described by two coherent BWs

ore BW, two

termt

L BW,e'ds |2

ler than lo
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Update of ole e — n7n"h ]

= — : —4— m*wh, this work —— wd/y o
o 140 — N © 95.5% C.L., this work —— 107 n+*D°D* —— K'KJy
g — 3 ® XYZData 14 68.3% C.L., this work —— 'y (3686) —— *D*°D¥ PDG
.’C?J‘I 20 = | ¢ Rscan Data —4— wh, Ret. [20] oo —— ndly
+l;' 100 : b ) — Total fit %: - % -
$ 80 | / N e BWs, Solution | = 100 =
'‘© E ! |'; e BWs, Solution |l [_‘§ - [_‘;5300_
+ 60 Lok - I
& ¢ g 1™ arXiv: 2504.04096 : —
b 40 :— e - 200__
20 % TR P i ¥ W G SR 50— i
O_ = == - _-s;*____--—-—--"~——--——--— __‘_‘_'_'_‘=_=_—_=_=_-':.-;.-:-_—;;;“ == | 100:_
20— ﬁ :
x 5_I I I : I Lo by by v by by by s by gy L b b e by
4190 4200 4210 4220 4230 4240 4250 4260 4300 4400 4500 4600 4700
XA XX XXXV e 9 @ .:3_.\0):&'0.&..\,“3 R DO X IR X X XXX X g X Mass (MeV/ Cz) MaSS (MeV/ 02)
0 AR VDNYY %S Yo XN Aw‘e;\ RIS O S NIRNYNIRIRED
-9 . . . .
4 4.2 4.4 4.6 4.8 Resonance| Parameter |[this measurement (3BW) this measurement (2BW) |previous measurement
/s (GeV) R, M (MeV/c?) 4223.675 0750 4219.7 + 34 4218.4+ 4.0+ 0.9
Tiot (MeV) 58.5119-8+8.7 83.8+5.5 66.0 + 9.0 £+ 0.4
R> M (MeV/c?) 4327.4750 0% 4382.6 + 6.0 4391.6 + 6.3 £ 1.0
Tiot (MeV) 244.1152913%-3 163.1 + 10.4 139.5 + 16.1 + 0.6
R3 M (MeV/c?) 44674705102 - 4421 + 4
Tiot (MeV) 62.8713 5108 = 62 + 20
(from PDG)
x°/ndf 41.9/70 78.5/66 —

12



Update of ole e — n7n"h ]

® Parameters of R, consistent with previous —4— w'mh,, this work —é— e dly O
7 95.5% C.L., this work A1z ~— n*D°D* —— K'KJhy
i 68.3% C.L., this work —4— n'n'y(3686) —— D*°D* PDG
measu I’ement d ﬂd l//(4230) —4— m*mh,, Ref. [20] wxco —— nd/y
: . % i S T
® Mass of R, consistent with y(4360), but 2 100 : " 2
: s 5300
width much broader = =
. : - 200
® Parameters of R; consistent with yw(4500), 5oL !
and a hybrid state PRD107, 054034 (2023) i 100:_
® No obvious resonance structure is found at N T P D T S
4190 4200 4210 4220 4230 4240 4250 4260 4300 4400 4500 4600 4700
around w(4660) Mass (MeV/c?) Mass (MeV/c?)
® InS—-D mixing Scheme, 485 — 3 D, 58§ — 4D Resonance| Parameter |[this measurement (3BW) this measurement (2BW) |previous measurement
R1 |M (MeV/c?) 4223.675575°5 4219.7 + 3.4 4218.44+4.0 £0.9
: : - Tior (MeV) 58.5119-5101 83.8 £5.5 66.0 £ 9.0+ 0.4
states are located in this mass region, only R> M (MeV/c?) 4327.4750 0% 4382.6 + 6.0 4391.6 + 6.3 + 1.0
: : Lot (MeV 244.1752-01239 163.1 4+ 10.4 139.5 4+ 16.1 + 0.6
three stuctures are observed in this mode o Mt(tM(eV/cg) 1467451752 = oI
PRD99, 114003 (2019) Tior (MeV) 62.81719-2+98 - 62 + 20
® Mass of R,/R; compatible with y(3D) — — e (from PDG)
PRD100, 074016 (2019) X" /ndf 9/ 5/ -
Yuping Guo @ EtEE2EEWKYIES EFEMHEHITE 12




ee” — DD,(2536) and D.D*(2573)

EPE

FUDAN UNIVERSITY

® 15 data samples corresponding to a total integrated lum. of 6.6 tb-1 from \/§=4.53 to 4.95 GeV

A~
O
=
Partial reconstruction =< D.D.(253
8 i s sl (a)
LO
P @/ 20_ 4.30
D, ~ *‘
s/ ™ 7(4)0 X }
N0 - et
el et g . L
Dy % 4.6 4.8
/s (GeV)
R1 R2
PRL 133, 171903 (2024) (Ml\gfs/scz) 4584[14, 68] 4749.9[8.2, 6.7
Width (MeV) 57[12, 211] 24.9[8.0, 7.8]

o(e’e—=D;D,,(2573)) (pb)

Mass
(MeV/c?)

Width (MeV)

4603.1[3.9, 0.8]

45.2[5.7,0.7]

AR OIS I W PRANRRNI R RVNUOS

4720[13, 2]

50[12, 1]

13
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TUD4 D
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dTs e

Decay Property of D_(2536) and DS*2(2573)

ML fit to the exclusive and inclusive CS: L(6!"¢, 5¢, 67%¢, 57 o,

— 176 INC J €XcC
,j % l,] 9 l,] 9 la_] b l,j’ Bl) - HJ=1LZ,] Ll,]

® The absolute branching fractions are: T | (a)
o
g 00.5-
B(D,(2536)" > DK™) =(359+t4.8*3.5) % ) t
o= [ i,
. _ s S I /4 e A, A L
B(D,(2573)" - D'K") = (37.4£3.1+4.6)% L0 I\
. . - . )
In tension with predictions based on the assumption =
| PRD93, 034035 (2016); o
that they are dominated by a bare ¢§ component PRL 128, 112001 (2022)
® (b)
oy
%, | b) « | @) « | (b) 1095
> ] | ﬂ | S0l S f —~~ SR . 0. . I W,
Q f { oty |I !|!| O ] O N o LU L U Y Y
2200 qu ‘i '. .{.,":','IJilllu .,|| "I‘l .|| \ E ] 220-_ B ® °
N Y b gl I Q
o 4 010 2 PPNE I
o \ (o | % 4 210 H * J[ e
\ — I —
= \ = Ll E = 0O PRL 133, 171903 (2024)
N I g 0 Mmimmens
0= 5E 0§ 07 2.5 286 26 245 25 255 26 4.6 4.65 4.7
RI(D?) (GeV/c3 RM(D?) (GeVic?) RM(D?) (GeVic?) s (GeV)
Yuping Guo @ EtEE2EEWKYIES EFEMHEHITE '
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Study of e e~ — KK + cC

—— Fit result
—5— Data
------ Single BW

S A AN L e Non-resonance
Y (4230) -, Inteference

100 g
—+ XYZ data a 140
90
a)
----- BWs, Solution |

: ~120F
80 / —+ R-scan 3
Y(4230) — Fit T 80 w
'‘© = :' l s‘\ l ————— BWs, Solution I

_ 2 100
70 Vs=3.8713 +l=’
20 S 4 T’ R O R e S e S
10 .";!'T“ L Y(4330) N T U T RS
—_ 4 . e e e . o OS2 s‘\:’s‘)&’:‘;ﬁ:&}w\(“‘.f-',\:“;:\(“,egg?““é’frﬁ;z‘aﬁtﬁ;?s\é?}"&g‘%\\e‘%\\j?%gv‘:;&‘g )—- X 8 = - LR LT ] y e e
3 O E.-.'.--.n.. ....... - ""'."’"'Q':; o-...---o. 'o..._. .\0‘ 0.‘._0_ Q :i 3 . . . | » | | |
h x 45 Lo S e, * '5_4 4-2 4-4 4I6 4I8 4 41 42 43 \/_4.4 4.5 46 47 4.8
c _ _ . : : s (GeV)
3.8 4 \/géz.éev)4.4 4.6 (s (GeV)
K*K~Jly - _
KK, KKy (25)
3 ¢ BESIII (2022) ¢ This work — Fit result
| -~ Y(4230) -+ Y(4500) --Y(4710)
6 A

[ w(3686)

]z'+ T h 100
T ¢ XYZData
¢ R scan Data

Y(4230) x<450w Tota it

+
|

N
N
~
S~

<

Solution I

Yo

N
<

IIIIIIIII|IIII|IIII|IIIIIIIII|IIII

. Z

o(e’e’— ntrd/y) (pb)
o(e'e—»n*ny(3686)) (pb)

[l II|III|III|IIIIIIIIII|III|III|III|II

[

i

|

1

!

|

I

!

!

:

!
T
.
%
]

|
!
[ ]
]
!

|

!

I

!

!

|
|
n
I
n
'w
)

1

|

|

I

!

|

!

Dressed Cross Section (pb)
AN

P _,_ug Mass threshold: ~4.513 GeV, 4.673 GeV

42 44 46 '4.8'
/s (GeV)

s RIS 2 F B HSHTe 1>

Yuping Guo @ Ft/FEE
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Study of e "¢~ — KKy(3686), KKh, ) fisk 4

Y/

FUDAN UNIVERSITY
® Partial reconstruction technique to improve the reconstruction - 2840
efficiency L0 1 R
> 15F
D Inclusive MC
R s /o
K™K~y (3686): data sample at \/E = 4.669 to 4.951 GeV, 2.5 b w
<101
% ete” - K"K w(3686), w(3686) — J/w+ X, JIy — [T~ % - t arXiv: 2407.20009
> 5 _
LIJ |
% ete” - KTK w(3686), w(3686) — J/yrntn~, JIw — [T]1~, missing one Kaon - ,JE}:EJL._JW
%LHmLEiJI |
/\ _ _ _ 6 3.65 3.7 3.75 3.8
% eTe” - KTK w(3686), w(3686) — [T] RM(K*K) GeV/c2
N 4+ - 4 B 47— . . (.’\];\ B L L
w eTe” - KK y(3686), w(3686) — [T]~, missing one Kaon S 10 JHEP02, 120 (2025) e aiom _
KOK%(3686): dat e aty/s = 4.682 to 4.951 GeV, 4.1 fb- 5 | Allsample oo
S Sl/j( ) a a S amp e a S — . O . e , . \\_/ - J- Combinatorial background =
g B 6 Vol ——— Inclusive MC
« ete™ — KOKOy(3686), w(3686) — JIy+ X, Jly — 117, KO — n*a™ N
5_ —
» KKPh T
K¢Kgh, :data sample at\/g =4.6t04.951 GeV, 6.4 b - B
« ete™ - K{KQ + h, h, = yn,, tag KoKQ + 7 | | F—
3.5 3.8 3.9
Mrlngg (GeV/c?)
Yuping Guo @ EtEE2EEWKYIES EFEMHEHITE 16




Study of ¢Te~ - KKy(3686), KKh,

VUNJ

e S
el
o i(:’\?’

Y/

EPE

® Partial reconstruction technique to improve the reconstruction

efficiency

K™K w(3686): data sample at \/E = 4.669 to 4.951 GeV, 2.5 b1
% ete™ = KYK-w(3686), w(3686) = Jiy+ X, Jhy — 11~
% ete™ — KK y(3686), w(3686) — Jiynta~, Jly — I*1~, missing one Kaon
% ete = KK w(3686), w(3686) — I+
w ete”™ - KTKy(3686), w(3686) — [7]~, missing one Kaon

KK %y (3686): data sample at /s = 4.682 to 4.951 GeV, 4.1 fb-
« ete™ = KK (3686), w(3686) — Jiy+ X, Jly — 117, K0 — nta~

Kgthc -data sample at \/E =4.6t04.951 GeV, 6.4 tb"

w ete” — KgKg + hc, hc — YR, tag KgKg T

fleV/c?)

Entries/(2 MeV/c?)

FUDAN UNIVERSITY
20 _— 4840 —@— Data
: H — Signal MC
15 - — !t 1 | Inclusive
i 7 Inclusive MC
~ % Data sample
- 4750 — Total Fit
30__ - Signal
3 - =BG
=== inclusive MC
20
|| MH_-.J|I 1.40
I |L ‘\ I _
10 | |'n| o e dln
_aerv 2504. 04096
0 - Accpt. JHEP
5E...|...|...|...|...|...|...|...|...

3.5 3.55

3.8 — 3.9
Myt (GeV/e?)
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Study of ete™ - KKy (3686), KKh,

o 5F
3 TE —o— ok’ K y(3686) £ { Nominal results 00
[ ) . - C.l. fromo(K? K (3686 00 gy | KSKShC
S o5F Single BW Exponential 2 6f o K{Koyw(3686) 545 . v
g ) : fu n C. E 5 é ¥ Upper limit of 6(K'K y(3686)) y 3 :_ v v
—~ B I} £ = B v
a)\ 2__ / g 45 'I 2:_ v
@ - — ; 3 -l-&), - v v v v é
Z st & , B T
< N D |- ] 0'*vv*|<>||
| 'y N _;_o E_ Y 1 :_ D
'2, 1: T~ g Of = l 1 ‘L pa l‘}{a
+ _ = B
o 05 - -1E 3
o) - K+KW(3686) Y B N R I BN SR T T T T T D T
: 265 47 475 48 485 49 495 46 465 47 475 48 485 4.9 495
O I — Is (GeV) arXiv: 2504.04096, accpt. JHEP Is (GeV)
p
21 5
R . (b) E_'_G(Kg Ky (3686)) A - 0.6
‘nl—. ~F ! - o(K'K'y(3686)) x%n.d.f. = 0.
C& 2- 1.5 :_ / 4: The C.lI. ofo(Kg K;w(asas))
| = “Q : / ; :_ o(K K v(3686))
X |t 1 1 ~NE
XL | 22 [
X ? - ¢ @ & 2
T 'mos—_ 1 0\5;‘)5- - 4
ot L ] AT 1 + - 0 0
ol o+ sle | — fo g dee 2 REWOOBOL ) 454005
O N (0] _ B . - U.
3 arXiv: 2407.20009 : | ' olete™ - K*K~y(3680)]
S S D D ~1E JHEP02, 120 (2025)
4.7 4.75 4. 4.85 4. 4.95 5 I N I B B A B
\'s (GeV) 265 47 475 48 485 49 495
/s (GeV)
M =4787.7+17.7 MeV/c?, T = 110.3 +33.9 MeV
Yuping Guo @ E+tELEEHYES EF RN LHITR "




Z.inete™ - KK + ccC

EPE

FUDAN UNIVERSITY

Z.(3900)"

Z.(3900)/Z.(3885) Z.(4020)/Z.(4025)
i ~+- Data U 120f
O 100 ote™ — 7[+7T_J/l// —'Il?otalfit = -
S B -=== Background fit 6 100_
8 80~ 4260 -.=. PHSP MC § 80:
) i
b %/ B
S % 2 6of A
o 40f = ot !
o [ :
LI>J 20 r 20
0 37 38 3.9 4.0 £9. v 05 410 4.15M 422(;)9‘7/5325
Munax(mtJ/y) (GeV/c?) ¥, o
Al
90 _
§ 80 ete™ - gt (DD*)” c:'c:
® 70 =
= 60 4260 2
< 50 o) + w(2S), -
S~ AN
5 40 =
2 30 8, | >
G 20 P 2
ﬁj 10E |. T PRL110, 252001 (2013) PRL112, 022001 (2014)
0 VN BT B B B
3°85 300 3.95 400 4.05 410 415 PRL111, 242001 (2013) PRL112, 132001 (2014)

M(D°D*) (GeV/c?)

402 404 406 408
RM(t) (GeV/c?)

PRL115, 112003 (2015) PRL115, 222002 (2015)
PRL113, 212002 (2014) PRL115, 182002 (2015)

Seen in both charged and neutral modes

Z.(4020)"

Z:5(3992)° Z5(3985)*

Z,(3900)°

Z.5(3985) Z:5(3992)°

Z,(4020)°

Z:(3900)*

Z.(4020)*

Yuping Guo @ 5+

H

==

E

S xRS & F1

B NFHTE
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FUDAN UNIVERSITY

W
o
T

K*(D°D;=+ D™D?)

N N
o (&)
T

—
(6)
IIIII

Events / 10 MeV/c?

4 4.05 4.1 4.15
PRI 126, 102001 (2021)  RM(K™) (GeV/c?)

o
W ()
I L L
\

Z (3985):

m = 39853:(1) + 1.7 MeV/c?

[=13.8%%) £ 4.9 MeV

. B[Z (3985) — KJ/y]

—
o
I
——
-

~ B[Z.,(3985) = (D°D¥* + D*D,)]

- s =4.63 ~ 4.92 GeV
= K"K Jly

.8 3.9 4

2.30

PRL131, 211902

4.1
M. (K=J/p) (GeV/c?)

m = 4044 + 6 MeV/c?
['=36+16 MeV

4.2

(2023)

< 0.03 at 20% C. L.

4.3

Events / (0.1 (GeV/c?)?)

—
o

Events / (0.1 (GeV/c?)?)

—_ —
o N
T T 11

S NN B~ OO
T 1717 17T 17T 17T 17T 17T T T 17T T T 7177171

—
N
I

o N ~ O 00
T T T T

- arXiv: 2407.20009

1.20

K*K~(3686)

L4

.
.. hd
= e g

| =T} —

18

18.5

RMZ(K®) (GeV/c?)

19

A

——

"
]
'
: .
vy
' .
. .
. .
.
0‘-..‘ 2_.—- —— . .
. oS n .
s y
) “ ]
. “ :
. * y
)

“\
I

* ¢
*
- *
) 2®
— - P

18

18.5

RMA(K*) (GeV/c?)

- 4208.4 + 3.1 MeV/c?
6.1 £5.7 MeV

m = 4316.0 + 2.7 MeV/c?

19

9.0 = 8.6 MeV

19
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Z. inete™ > KK+ cc S fH o & &

Events/ 5.0MeV/c?

40 ¢ _
: . . ~ —~  F arXiv: 2407.20009 -
35 £ 4680 KA (DD~ +DD; & o o ot A KK j(3686)
s 7E — PHSP MC 3103 126
: S o o Seband S + m=4208.4 % 3.1 MeV/c?
g Z_ JHEPO2, 120 (2025) 5 6f %«J» ['=6.1%x5.7MeV
O B 25— oo 'eoo [ ) GCJ . ,'::\\“"
u - > 2_ —— :
HE = | 5 T .
15_ /” | ‘ﬁ. [ WL S B ¥ I i
0 4 4.05 4.1 4. T A & S T — : 218 18.52 19
PRI 126, 102001 (2021)  RM(K™) (GeV, Mysyaese (GEV/C?) RM(K®) (GeVi/c?)
> | NES
Z.(3985): 82000-0.80 for extra | S F
g2 0 . — Fit to data >10F 1.0
m=3985%7 0+ 1.7 MeV/c* * Lcontribution 8. |
8.1, besides < | m = 4316.0 £ 2.7 MeV/c>
F_13.8_5-2_4°9 MeV 1000-PHSP = o —Aik ['=9.0%8.6 MeV
- n 4r | T = 9.0 £ 8.6 Me
B E - "' /ﬂ‘ ~ .
500 L%J of : Al
R = B[ch(3985) - 0: —”:1'—"1-'":-*1 ""'I—I l-—\..
" B[Z.(3985) —» (D %050 " T00 110 120 130 140 150 160 170 180 - 18 18.5 19
. La() RMF(K®) (GeV/c?Y

19



Summary efeh 149 4 #

FUDAN UNIVERSITY

® Benefit from the fine scan data samples collected between \/§=3.8 to 4.95 GeV, good performance
of BEPCII and BESIII, the properties of charmonium and charmoniumlike states have been studied

Y(4260) has fine structure, cross section enhancement around Y(4230) is observed in more than 10 decay modes: #7z " J/y,

ntnh, xtnw(2S), wy.o nly, ntx" 1%, KTK~Jly, 1°Z(3900), zDD*, zD*D*, nh,, yX(3872)
Discovered new charmonium-like states Y(4500) and Y(4710)/Y(4790)

Cross section of eTe™ — a7z~ h, has been measured with improved precision up tp 4.95 GeV, the cross section betwen 4.3 and

4.45 GeV exhibits a plateau-like shape and drops sharply around 4.5 GeV

Enhancement around 4.6 and 4.75 GeV observed in D.D

\)

1(2536) and D .D*(2573) cross section

S 52

Y and Z_, studies at KK + cc final state, need more statistics

® BEPCII finished upgrade, increase the luminosity at \/§=4.7 GeV by a factor of 3, and extend the \/E

up to 5.6 GeV starting from 2028, more exciting results are expected!

s RIS B F B HLHTS 20
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Summary efeh 149 4 #

FUDAN UNIVERSITY

® Benefit from the fine scan data samples collected between \/§=3.8 to 4.95 GeV, good performance
of BEPCII and BESIII, the properties of charmonium and charmoniumlike states have been studied

Y(4260) has fine structure, cross section enhancement around Y(4230) is observed in more than 10 decay modes: #7z " J/y,

ntnh, xtnw(2S), wy.o nly, ntx" 1%, KTK~Jly, 1°Z(3900), zDD*, zD*D*, nh,, yX(3872)
Discovered new charmonium-like states Y(4500) and Y(4710)/Y(4790)

Cross section of eTe™ — a7z~ h, has been measured with improved precision up tp 4.95 GeV, the cross section betwen 4.3 and

4.45 GeV exhibits a plateau-like shape and drops sharply around 4.5 GeV

Enhancement around 4.6 and 4.75 GeV observed in D.D

\)

1(2536) and D .D*(2573) cross section

S 52

Y and Z_, studies at KK + cc final state, need more statistics

® BEPCII finished upgrade, increase the luminosity at \/§=4.7 GeV by a factor of 3, and extend the \/E

up to 5.6 GeV starting from 2028, more exciting results are expected!

Thank You!
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Future Data Samples

B4 (5 o

Table 7.1. List of data samples collected by BESIII/BEPCII up to 2019, and the proposed samples

3
most column shows the number of required data taking days with the current (7c) and upgraded (.

8x 10%

implementation and beam current increase.

F(Cm “s" ")

' 6x 10% |

Energy Physics motivations Current data % | \
1.8 -2.0 GeV R values Nucleon cross-sections N/A E e \ .?{.'
2.0-3.1 GeV R values Cross-sections Fine scan (20 energy points) ~ 2x10%} »

J/w peak Light hadron & Glueball J/y decays 321fb (10 billion) 'V —— —
Y¥(3686) peak Light hadron & Glueball Charmonium decays 0.67 fb ' (0.45 billion) - N Beam <‘*nf*rgyé(€ SeV) -
W(3770) peak D°/D* decays 29fb 20.0 fb ' 610/360 days
3.8-4.6 GeV R values XYZ/Open charm Fine scan (105 energy points) No requirement N/A

4.180 GeV D, decay xyZ/Open charm 321fb 6fb 140/50 days
4.0-4.6 Gev XYZ/Open charm Higher charmonia cross-sections 16.0 fb ' at different /s 30 fb ' at different /s 770/310 days
4.6 - 4.9 GeV Charmed baryon/XYZ cross-sections 0.56 fb ' at 4.6 GeV 15 fb ' at different /s 1490/600 days

4.74 GeV X+ A7 cross-section N/A 1.0fb" 100/40 days

4.91 GeV %2, cross-section N/A 1.0 fb 120/50 days

4.95 GeV E. decays N/A 1.0 b 130/50 days
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Update of s[ete™ — 5h ] o) (e x ¥

® The first evidence of eTe™ — nh.was found by CLEO at \/§=4.1 7 GeV [30]

PRL 107, 041803 (2011)

® The process eTe™ — nh.was observed for the first time at \/§=4.226 GeV by BESIII, a hint of a

resonance around 4.2 GeV was observed  PrD 9, 012001 2017)

® New data (15 fb-1) between \/§=4.1 3 to 4.6 GeV has been collected by BESII!

. ~
60 30

- S I —— Best Fit BW3
S 50F ®  BESIl measurement S aW2ied  § Moasurmen

- U2 -
= N EIJ CLEO measurement = of ¢ )
—, 40 1 i PRD111, LO11101 (2025).
< - | i i

u PRD 96, 012001 (2017 v
1\: 30 ( ) $ + 1071 |
2 b P . \‘}\
= - 5 0f T
3 10 v F B S
0 - i
@) B g 20: }

- 2 8

O: | AT BRI U S SR R § O‘_“|_T_£'if*;q‘ﬂ;|_iT_Tf‘i_{“r-+nnfnn“-
4.1 4.2 4.3 4.4 4.5 4.6 4.1 4.2 4.3 4.4 4.5 4.6 4.7
Vs (GeV
s (GeV) g (GEN) )
Yuping Guo @ EtEE2EEWKYIES EFEMHEHITE 23
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W
o

.' OdrESSEd(e+e——>nhc) (pb)

N N W
() U o

c,dressed(e+e— — nhc) (pb)

N
o

[
o

o

—— Best Fit

BW1
BW?2 fixed

BW3
-- Interference
¢ Measurement

¢ PRD111, LO11101 (2025)

=
o

Ul

o

—— (4320)
—— (4390)
—— (4380)
—— (4360)
—— 2BW

—— BW+PS

—— Int. BW1&BW2&BW3

® Measurement

|

»

| | l | | |

| | | l | | | | l | |
4.3 4.4 4.5

Vs (GeV)

o olessed = | BW, + BWye' |> + | BW; |
Mass and Width of BW, fixed to Y(4360)

M, =4188.8 £4.7 £ 8.0 MeV/c*

[ % =080%0.19 £ 0.45 eV

® Alternative parameterizations:

Fix parameters of the second resonance to

Y(4320)/Y(4380)/Y(4390)

Remove BW,

Use sum of a BW and phase space
Coherent sum of three BWs

Statistical significance of BW; in all cases >7¢

Yuping Guo @ |

EH
lmi

S xRS & F1

B NFHTE
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140
120 f_ - nh (this work) # KK J/y
~ 100" Tory Ty
% - T y(3686) wTmJ/y
S 80 gl N
Z 60 - *ﬂ T G-mth “ DD
B b & 40D Fy@i60)PDG
< 40p | 3
: " - w(4230) PDG
20—
O:_IllllllllIlllIlllllIllll
4150 4200 4250 4300 4350 4400
Mass (MeV/c?)

The first resonance:

» Parameters consistent with y(4160)

% Mass consistent with hybrid with a mass of
(4.15 £0.15) GeV/c*

PRD92, 114019 (2015)

o olessed = | BW, + BWye' |> + | BW; |

Mass and Width of BW, fixed to Y(4360)

M, = 4188.8 £ 4.7 + 8.0 MeV/c?
I',,% =0.80=%0.19+0.45 eV

® Alternative parameterizations:

Fix parameters of the second resonance to

Y(4320)/Y(4380)/Y(4390)

Remove BW,

Use sum of a BW and phase space
Coherent sum of three BWs

Statistical significance of BW; in all cases >7¢

Yuping Guo @ Ft/FEE

S xRS & F1

B NFHTE
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» Small production rate in radiative transition process

20.8
o . . ~ 0 —+- Data
®» Radiative and hadronic transitions to X(3872) are observed at BESIII ES ] BES]]I - -~ BESIII 2014
ZJ 0.6 [ 11 — Fit
® Several decay modes of X(3872) have been searched: 7., [observed], +§_ 0 43 #l  NIERT9+9
RTTY 0,120 WX 20 TN, YW (3823) [not found] 17 (| & PRL. 122, 232002
g 0ol (2019)
~ound evidence of X(3915)/X(3960) [wJ/y mode], no obvious signal ;<°2 ]
for X(4140), X(4274), X(4500) [J/y mode], no evidence of X»(4013) t 0 24 46
‘DD mode] 's (GeV)
320 — s N o 207
o L """ Batkground § <S> - o—KK] ~data
% - Ww sideband | 0> 4~ 4o MC | 9z L = ¢ 1
! o 2 15 &;MC
ok S - . o o — X FOX, MC
M(wJhy) (GeV/cd) ﬁ S 105 I sideband
v [ —— Data N 2] i
3 200 = Xaots) I= c : JHEP01, 132 (2023)
g 1or : .. |
QY e e e el e 2 44 46 48 5 %422 44 46 48 5
M) (Gevic?) M(¢oJrp) (GeV/c?) M(pJry) (GeV/c?)

PRL 122, 232002 (2019)
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C-even States

® Small production rate in radiative transition process 161
8 14F I ~25 events
® Radiative and hadronic transitions to X(3872) are observed at BESIII % 12F e £s peaks at 4750
S 10 - ---- Background
® Several decay modes of X(3872) have been searched: 7., [observed], S (=] Sideband PRL130, 151904 (2023)
RIY 0120 THe0.00 BTN, YYW(3823) [not found] P 6F
S 4f
® Found evidence of X(3915)/X(3960) [wJ/yw mode], no obvious signal 11 2
. 0 7 =t A 4| st L O E—
for_X(4140), X(4274), X(4500) [¢J/ywy mode], no evidence of X5(4013) 36 285 384 386 388 39 392 394
[DD mode] M(m+ /) (GeV/c?)
320 ~ T N ~ 20
o I o O ound S L | K — data
% 10 : Ww sideband | 0> 4~ 4o MC | 9z L = ¢Xc1 MC
2 % % LA ¢x_, MC
ok = e T o o — XX, MC
M(wJhy) (GeV/cd) ﬁ S 105 I sideband
O [ —— Data )] (2] :
% 20 - —_ ;:(?3915) E E B ]HEPO], 132 (2023)
= B Sl gg&?(ground o 2 5 -
0 - e Sideband > > L
£ 10 L ot
Lq>|j E . - ’ | O_. ' ) + |
T S L . 4 46 48 5 4 42 44 46 48 5
M) (Gevic?) M(oJrp) (GeV/c?) M(pJry) (GeV/c?)

PRL 122, 232002 (2019)
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Events / 5 MeV/c?

X(3872) Decay Property

EPE
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N
)
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o

M(x%_) [GeV/c?]

PRL 122, 202001 (2019)

) : |
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T’O4‘ ! = 08 > o] > 08 e @ "
o I Il & PRL.122,232002 8 = 40} = 60
clof = | = |
o 0.2 UL S | @ 30} P
- I.IJ-|O c 540_
o i o f o
‘>-</ i . i @ 20 o[
= 0 A T = 5| 0
S 4 4.2 4.4 4.6 e e 8 8_
3.9 3.9 8 385 3.9 395 38
s (GeV) LM(D*Oﬁo) (GeV/c?)] My _Jhp) (GeVic?)|
mo/de ratio UL mode ratio UL
/Y 0.79 £ 0.28 - D*°D0 + c.c. 11.77 + 3.09 i
i J/ PRL. 122, 232002 (2019) N ] ’Y'Qb, 280lower —(.03 £ 0.22 < 0.42 ’yD+D_ 0.001_8:38 < 0.99
W S i 100" 0 D0 054+ 048 <158  w/v  L67Gi=02(8)
X(3915)? =, ‘5 - T Xl 070 150 _013+L047 <116 ™ xe 08855 +0.10 [31]
0 20
*2 3 4 Ratio 90% C.L Upper Limit
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