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Introduction

* Quarks and gluons not isolated in nature.

Hardon size

r fm l

1/2000 1/200 1/20 172

— Formation of colorless bound states: “Hadrons”

— 1-fm scale size of hadrons?
04

« Hadron spectroscopy provides a ., —’—W‘% o0
, i %0 PP

0.3 -

opportunities to study QCD in the non-
perturbative region il

— Extensive and precise spectroscopy combined
with a thorough theoretical analysis, will add
substantially to our knowledge of QCD 0

0.1 -

confinement
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/ ool & ™
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hadrons
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* Complex exotic hadrons can reveal new or
hidden aspects of the dynamics of strong

Interactions

Higgs mechanism
— Predicted in quark model %%
o
— Recent results show strong evidence _— e

Mass =1.78x10%6 g

for their existence

~ 1% of proton mass

(~ 10 MeV)

0.01 0.1 1
1/Q GeV

| QCD dynamics

Proton
Mass = 168x1026 g

~99% of proton mass

(~ 928 MeV)
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Different types of hadrons
to be explored

Baryons are red-blue-

Mesons are color- -
‘ green triplets anticolor pairs “
- 4

NA=usd n=ud

Other possible combinations of quarks and gluons :
Pentaquark

H di-Baryon Glueball
S=+1 “ Tightly bound I \ Color-singlet multi- §
Baryon 6 quark state gluon bound state
Molecule
Tetraquark . qq -gluon hybrid
Tightly bound loosely bound . mesons
diquark & S0 .//‘\"
anti-diquark antmeson 4 ‘
“molecule” -
s
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BESII

Zc(3900)* Zc(3900)°
PRL 110, 252001 (2013)  PRL 115, 112003 (2015)
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The Zc(s) Family at BESIII

Zc(4020)°
PRL113,212002 (2014)

Event(0.01 GeVieh)

19 195 ng- 405 41 4l 42
MM (GeVich)

ete~ — m970h,

Zc(3885)* Zc(3885)° Zc(4025)* Zc(4025)°
ST: PRL 112, 022001(2014) PRL 115, 222002 (2015) PRL 112, 132001 (2014) PRL115, 182002 (2015)
DT: PRD92, 092006 (20]5) _MF = -comn.BkG  —+-dsta S \ : ‘ —
i, = %k e e, | 1
g :‘:: Fe O PHSP signal % sl
%n :,_,:‘ f;,'wj[ @
Su g [ 1ol
£ SH

4.04 4.06 X
RMT) (GeVic?)

ete™ — = (D*D*)™

4.(]& - .l »
RM(r?)(GeV/c?)

ete” —» n’(D*D*)°

- 0
Z.4(3985) Z,.(3985)

PRI 126, 102001 (2021) —+— Data 180 FPRL 129, 112003 (2022) 555"
330 @ Total fit G 160
%25- (a) 1{ ]l 4 — —— 7_(3085) E 140
020 [lu ” 5‘1(2600)°D"° z 120 -
215F LLI Pl 4, | - non-Res. S 100 F
£ F T [ - s 80F
§10 '_ \ 77 7. Dl DS) "g 60 F
w sk [ comb. BKG L% 40 g

O 405 41 415 I . S

RM(K) (GeV/e?) %95 4 4.05 1 415 42
+ - + £0 1y — 0 n*— RM(K)(GeV/e?)
e'e” > K'(D"Dg + D'Dy") ete” - KD Df + D™D
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BESI To explore the property of the
T.:(4020)

Production mechanism

PRL 115, 112003 (2015) PRD 102, 012009 (2020)

PRL 110, 252001 (2013) PRL 115, 222002 (2015)

: : First ob ti f th li Decay mechanism
First observation of T,z;(3900)% Observation of T.z;(3900)° [betl\f:e;n ;ervzz;gr(l) 8) anedclzt(lzzlg(%)] __________________ .
inete” - T[+TL'_]/1/J in neutral process ccl Investlgate the '
I

2014 2017 {decay property of Tegy (3900);

— - — ' F—IeAA—— AN L - >

2013 2015 2020 Time

Ob " £T..(3900) [F irst Determination of
servation ot Lec1 12 P of T,z (3900 Study of T,z (3900) at BESIII
[ inete” - T (DD*)* ﬂ / Gk ) Y = )

PRL 112, 022001 (2014) PRL 119, 072001 (2017)

r=-—=—==-==-== I
PRL 111, 242001 (2013) e T ggig 1 Decay mechanism I Production mechanism
First observation of T.+(4020)* Observation of T,=(4020)° I :' _____ I r_l\;e_st_iéa;e_tﬁe- o _‘. :’I- fn-vgs-ti:ga-lt; ;h_e_cglzp_li-né i \:
inete” » wtn~h, in neutral process I ' decay property of Tce(4020), " between T,(4020) and i) !
2014 7] /At t et t I
L - - - ! - - ' Fe—— AN — x >

2013 2015

inete™ - nt(D*D")* Study of T,.-(4020) at BESIII

PRL 112, 132001 (2014)

[Observation of TCC—(4020)J—j - ‘_' e Tttt

PDG naming: Z.(3900/3885) = T,z (3900), Z.(4020/4025) = T,-(4020)
s cEEKRYIESEFEMNFMTES 5



BESIT Multi-channel joint analysis for
T ; (4.() 2 O) ArXivi2603.05564

[Three Channels: e*e™ —» D*'D* n*, n*n™] /¢, n*n™h, ]

PRL 112, 132001 (2014) PRL 118, 092001 (2017) PRL 111, 242001 (2013)

« For D**D*~mr™: Double-tag method is used, details in Appendix. v The charge conjugated
D*9D*~mt - [D7°()][D°n~]n ™ channels are implied.

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------

3
. 3
-

JIp =T (L= e,p)

. » For m"m™ h,: Full reconstruction method is used.
: he = ¥Ne, e —16 channels

Ne = pp, 2(n*n7), 2AK*K"), ' K*K™, n*n”pp, 3(n*n7), 2(n*n")K* K™, KoK*n¥, K{K*n ¥ n*n”,
KgKinTr, KgKin Fata, KK~ 70, ppr®, K*Kn, ntnn, 2(x 7 )y, ata 7% and 2(x* 77 )n°

03
. .
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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BESII Partial Wave Analysis

arXivi2603.05564

* Full procedure uses helicity
amplitude formalism based on
TF-PWA package

* Simultaneously fit on sampels at
4.395 GeV and 4.416 GeV with
sharing parameters of the decay
dynamics of the T,7(4020)~

S

CM frame

Baseline model:
D**D*~r*: T,:(4020)"n*, D*D1(2420), NRD*°
ntn ] J: T.6(4020) Tt Tz, (3900) ¥, o] /vy, £,(980)] /¥,

fo(1370)] /¥, f.(1270)] /¢
ntn~hq: T.z(4020) E, oh,, f,(980)h,

s SEEBERIBSSEFENFIMIS Q


https://tf-pwa.readthedocs.io/en/latest/index.html

BESIL Fit result at Vs = 4.395 GeV

arXiv:2603.05564
D*D* m* i ] /Y i ntnh,
1
S F 0% r@is-4305cev i | 2wy @ (s=4395GeV PGS0 T T L @ (s-4395Gev ]
Q C D’D" n* @ \s = 4.395 GeV 1 19 gok mtn )y @ \s = 4.395 GeV 110 ntrh, s=4. e _
% 40 -¢-Data I i % | ¢-Data i % [ ;Pata . 1
= . | P = L Towlft i = 100k —Total 4
o 30F 7T‘z;40'20).f ] i g 40k — Tut0207 7 - i g L 7 _uoooyw ]
o - —NR D" 1 1 [ [P I .
- 20F 71 ! S’ [ ra200iy =t 1
S 1 1g 20 i o S0F ]
g 10F 115 | i g ]
Li 3 P> > ]
ot it T TR, DL ]
4 41 4.2 ! _ . 9 4 47
0y 2 1 1 .6 3.8 .
M(D "D ") (GeV/c?) ! MJly %) (GeVlc?) ! M(h.7*) (GeV/c?)
1 1
— T T T I~ — 1 T 1 I~ T — T T T T
T sol DDz @ Vs - 4.395 GeV 1 1% nnJy @ Vs = 4.395 GeV 11 % aof ph. @ (5 = 4.395 GeV E
S 11> 10> f :
R 1 12 2 F ]
S L 1= :: = 30F -]
o 40 1 19 e
L i3 1! & 20F ]
~ B 1 =1 B
L 20f 1 ia f e f
5 2 | 11 £ 10f :
= [ W, 1O - 11 @ -
L O- ¢ | :L1>.J I ‘ ‘ 11 Li [ ]
L L L L L . . 1 A . 1 [T e
2.2 2.3 2.4 0 0.5 1 ! 062" 04 06 08 1
1 1
1 1

M(D °“r+) (GeV/c)

M(r* ) (GeV/c?) M(r*r) (GeV/c?)
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BESIL Fit result at Vs = 4.416 GeV

arXiv:2603.05564
+ -_
D*°D* i ]/ i ntn~h,
1 1 — T 3
% 100 D°D" 7+ @ \s = 4.416 GeV - i 100 "+ oot ')y @ (s =4.416 GeV — i © 300k m'mh, @ (s = 4.416 GeV h
3 (IS 1S L -#-Data 1
% --Data :% sk LD :
= — Total fit : = 7T0t?40n20)+ - + : = I — Total fit
o | — T (4020 7* 1o e I ©200F 7 .
cc 1 o 1 o N ch(4020)7[
L 5ok 4 1™ 50 1S ]
— L g — (12701 y g r ]
Q| I I »n 100 -
c = [ B L i
[8) i 1 GC) [T
o [ L2 P oL
O | I — " L 1 f L 1 1 1 " 1 " " " 1 1 h 1 1
4 41 4.2 i 0 . ] 96 3.8 4 4.2
M(D"D") (GeV/c?) ; MUy ) (GeV/c?) I M(h.m*) (GeVic?)
1 1
— — 1 T T T T T T T e~ Er — T T T T T 1~ 80FT - T T T T T
& 150+ D’D" n* @ Vs = 4.416 GeV * 4 1 - ' l/y @ \s=4.416 GeV RS i m'wh, @ \s = 4.416 GeV
- b 1 I Jr s
%) L * :%.) 30¢ | Q@ 60 i
S = [ 11 =
100 1 1o I 11 o
o ML ' = 20F 11 ©
2 13 T 11 & 40p ]
~ |v - I~
%) - T . 1
g >0 ' 10F 11 2 20f .
o - { c -
> R P 9L
L [ :Lﬁ I : Li [ L 1 : ]
0 2.2 2.3 24 1 08 05 7 i 062" 04 06 08 1
1 1
1 1

M(D°“z+) (GeVic?) M(rz* ) (GeV/c)

M(r*7) (GeV/c?)
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spin-parity

BESI T :(4020) resonance parameters and

arXiv:2603.05564

Pole Mpole (MeV/c?) Tpole (MeV) Imag.(p) 801 TCL,(4025)i—>(D+'B*)i PRL 112, 132001 (2014) |

1 4022 A4+ 1 55 38 54 T 5 94 (_ — :A T £(4020) —>77:*hc* PRL 111, 242001 (2013)
’ ' ' ' o < 60e T (4025 (DD )’ PRL 115, 182002 (2015)

2 4023.014+135 35024220 (—, +, —) > L Ftonofnth, | PRL 113, 212008 (2014
3 4029.39 + 0.86 0.03 +15.66 (—, +, +) = 40 % This work E
4 4029.87+£0.95 2.85+14.56 (—, —, +) 240 i ]
) 4022.44+1.55 —38.54+294 (—, —, — = + A
6  4023.01+1.35 —35.02+2.20 (—, +, —) 201 ]
7 4029.39 +0.86 —0.03 £ 15.66 (—, +, +) =]

8  4029.874+0.95 —2.85+14.56 (—, —, +) 0™72010 4020 4030 4040

Moo (MeV/c?)
1 I
R(m) = - . 1 J 2 |p|
m? — M2 + im[Ip-op+-(m) + [ e (M) + Iy (M) + Ty ()] r(m) = poym z |HAB,AC 2
ApAc
JARANIESAARE ev-er.2 BN saannanrmaanay vionrs I Seanaranas maners
o 100[ = 1 +Toy1 - o 100[ TR 4 o 100f D +Toy 2 -
o |‘ 1 ©® [ } o [ H‘ .
& so- | 1 & sof i 1 & sof I ]
4 50_ ¥|“ S 50_ il 2 50_ “|*
. " : I‘t = r f i t = - | I \
A L Al
JAR ; L o 5 o ’ y - .
0 -500 0 500 0 ~500 0 500 0 500 0 500
t t t

JP =1t with>11.76 T (4020)=> T 1(4020)
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BESIIRelative Branching Fractions

arXiv:2603.05564

Simultaneously Fit Vs =4.395GeV s=4.416 GeV
D*°D* mt FR(Tzr™) (%) 75.1+ 4.3 61.4+ 4.6
. FR(TEm™) (%) 4.4 +1.4 51+ 1.5
mr /v FR(Tomh) (%) 4.4+14 51415
N FR(TEm™) (%) 35.0+ 6.4 33.5+ 4.7
¢ FR(TZm™) (%) 35.0+ 6.4 33.5+ 4.7

O3pody - B|Tcz(4020)* — D**D*~(c.c.)] (pb) 335.2 + 21.0 336.4 + 25.7

Opody - BIT(4020)* — ] /] (pb) 1.1+ 0.3 1.4+0.3
08 ,0dy - BIT 2(4020)* > mth,] (pb) 30.4 + 4.5 29.6 + 3.3

* The relative branching fractions of T,#(4020)% combing two datasets
(weighted by yields) :

first evidence!
B[T.:(4020)" » =] /Y]/B[T,s (4020)~ - D*D*"] = (3.6 + 0.6 + 1.6)x1073

B[T,s (4020)™ > = h,]/B[T.+(4020)~ —» D*°D*"] = (8.9 + 1.3 + 2.3)x10™2

s SEEBERIBSSEFENFIMIS 19



BESIL Joint PWA of ete™ > mwrm ] /4

PRD112, 092013 (2025)

e Basedon 12.0 fb~1 of ete™ collision
data between 4.1271 and 4.3583 GeV
* Z.(3900): BW model with constant

width

* fo(980) seen at all energy points

Sample

M (MeV/c?)

I' MeV)
4.1567 —4.1989 3883.5+t1.6 38.6 & 3.6
4.2091 — 4.2357 3884.0%+1.0 37.8+ 1.6
4.2438 — 4.2776  3884.9 +1.8 34.2 + 3.3
4.2866 — 4.3583  3890.0 £ 2.3 36.1 +4.2
Average 3884.6+0.7£3.3 372+13+6.6
State Mass (MeV/c?) Width (MeV) Decay Process
3883.9+1.5+4.2 24.8+3.3+11.0 (DD")*  e*e™ -» (DD*)*mt
Single D tag Single D tag
Z(3885)" 38817416421 26.6+2.0+23 (DD*):  e*e~ — (DD*)*n*
Double D tag Double D tag
Z(3885°  3885.7%%3+84 35711415 (DD*)°  e*e” - (DD*)°n°

%
<&

[ e Data — Fit result
3000~ — Z,(3900)* R
o = _f0?980) (TS wave
§ C £,(1270) [ ]Background
) i
22000}
o i
N -
> i
= i
$1000
T i
of
6 s
X 0 M _.'_'20_0._0._"‘!..,’;°.._.'_ go"_o._u.-...
7Y SR Y IR RPN AL S R
3 32 34 36 38 4 4.2
m(rtd/v) (GeV/c?)
L e Data N — Fit result
2000 — Z.(3900)* .
N 000: —1,(980) (T'T)g ave
§ - £,(1270) [ ]Background
21500~
s ®
~1000[
€ C
o) L
S B
W 500(
o: —
6 P
= o ?m‘-. o—..’.._‘._. ._’.......:Oo.... "_.n“ - 2.'.—.. —» ;0;.0.“0“
7Y S PRI RN B SR PR
02 04 06 08 1 1.2
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BESII Cross sections of ete™ » m*Z,.(3900)"

- . 50¢
g fg— ~+ Data g fg_ —+—E.?ta 8 &b ~+- Data
= '°F — Fit 3 ..F —Fi T 40E C — Fit
z e (2 — vizs0) z .- (D) — Y(4230) 3 ;2_ ©
L RL Y(4320) (NI rF
I 1B +1 12F & 30t
S 10f S 1of 1 oasE
o E o - Q E
3 sf 8 gF g 205
o ¥ e = e
& E g 1 E
T 4 T 4 o 10E
x L $
+ 2 3 £ T E
o E © 0
° 4 4
4» — E . ~— E . . .
@ OE—""’ _____ '”__._‘_'___,_.”.___'._'”0__._____.___”.____. ________ % Og--u-. ----- '--~~.~l-‘-.-'-'-'-.'-'.-.----. ----- LT CLICEILE % 0;—- --------------- L T T e e RECEE LT
xR E |..,|.. 4t ! L Y | S R R
47 42 43 a4 A 4.2 4.3 PR 4.2 4.3 4.4
Is (GeV) s (GeV) s (GeV)
120 —— Data
o) L — Fit
& 1of (@) — vz Y(4220) Y(4320)
S r Y(4320)
S I PHSP . .
; 80: Process M (MeV /c?) I' (MeV) Significance
< 60
£ F 7*Z.(3900)F (model I) 42257+ 68+68  66.5+16.1+24.1 210
T 40 -
;g u 7*Z.(3900)F (model II) 42231 +£64+0.6 53.8+19.1 +£0.3 2.00
v 20— D ——
T-—*sfv!/" _ f0(980)J/9 (model I1I) 42256 +45+0.6  484+9.8+0.2 0.50
% gi . . e . (775 waved /9 (Model 1V) 42188 +34+37  43.5+53+5.0 11.7¢
;’( - '"""."‘"'."v";‘r""; """" e |
Ay
1_1 4.2 43 4.4 45 Y (4220)2v® 4225.7+4.1+34 57.5+94+12.1

(s (GeV)
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Vector Charmonium-like States

Over the past two decades, a series of charmoniumlike states
with JP¢ = 177, referred to as the Y states, have been observed

by a number of experiments.

—=— y(4160) PDG16—=— Y(4260) PDG16—=— Y(4360) PDG16-=- (4415) PDG16—— Y(4660) PDG16-o- Y, -y 4= Y, , ~KKIy-8- Y, ,ndhy-+- Y, , -uoy(2S)-+- Y, ,-nnX(3823)

A=Y, p o mmh, FYmh, Y1'(”Xco —+- Y1'(’)Xc1 - Y1'mxcz Y‘—Wcz I ' X - Y Y mZ —o- Yy X(3872)
- Y, nDD* Y,,;mD'D* <+ Y,,D, D’ YmDD % Y D,D(2536) -+ Y-D,D,,(2573)
r T : x x T r r T x x r . T x x x r T T r r r r T

} + :
oaf + T, F TJr BB :
| I i L
O a3 a4 a5 as a1 iz
M (GeV/c?)
Nucl. Phys. B 1021 (2025) 117194

I' (GeV)

BRE SEEBERIBSSEFENFIMIS 185



BESII

Improved measurement of
olete” > m ' h,)

PRL135, 071901 (2025)

« Initially observed by CLEO-c at Vs=4.17 GeV [PRL107, 041803 (2011)]
« Cross sections of ete™ - wTm~h, obtained by BESIII at 3.9-4.6 GeV, found
two structures [PRL118, 092002 (2017)]

* New data collected by BESIII between 4.18-4.95 GeV (27 data samples)

250 :— - BESIII: R-scan data sample
F = BESIIL: XYZ data sample
:_ = Fit curve: Total

C - Fit curve: Y(4220)
C ~ Fit curve: Y(4390)

T T T T T T
80 s
-g_ 200
g s
2 60 g 150
> [ 2 F
£ g 100F
’5 40 o s
3 E S0p
ﬁ C
20 a 0:
-50F
0 | ! (1 ithigieia] Lo ” B
39 40 41 42 43 44 45 46 39
Eey/GeV

PRL107, 041803 (2011) — CLEO-c
PRL111, 242001 (2013) — BESIII
CPC 38, 043001 (2014)

Vs (GeV)

PRL118, 092002 (2017) - BESIII

Y(4230)

@140“

-5
4 4.2 4.4 4.6 4.8

£ Y(4230) | y(a360)

¢ XYZData

¢ Rscan Data
Total fit

BWs, Solution |
BWs, Solution Il

\ i \ g

A
iy
v/ o) A‘u"

(s (GeV)

PRL135, 071901 (2025)

Y(4360)
Parameter R, R R
M (HEYe) 42236735720 ToTA T 146747122
F (MeV) 8.5+ 040 ] qu it e 62,8+ 15103
a bit larger width >50
[Mv(a360= 12021 MeV Y (4500)

FEERVIEBES=EFEmNFMIS
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BESII Study of o(e*e” » n'n%P(3686))

arXiv:2601.02136
i B I O,y ey (This Work)
) R S —+- Data 0 o
. Solution I —— Fit result - ’ b otess 019
E : ...... Single BW - : I 0.5%67 1y aese)
o0 5 @ - Non-resonance 0 ” following isospin
F ¢ 2 C ! symmetry
T T 6 20 [ f
s : | ‘
o i . ' (it
-1 " - 10 — I{u*l'i’ }l } l I
. | | g 4 | - I i {"{ | l { i { l } {
4 42 44 46 48 5 L R ' L ' ' ' b
Vs (GeV) 4 45 5
/s (GeV)
Parameter Solution I Solution II Solution III Solution IV
M (Y 4230) (MeV/c?) 4234.4 (fixed)
['*°*(Y4230) (MeV) 17.6 (fixed)
BI¢¢(Y4230) (eV) 0.81 £ 0.07 £0.37 0.02 £0.01 £0.01 0.87 £ 0.08 £ 0.43 0.02 4+ 0.01 £0.01
M (Y 4390) (MeV/c?) 4383.0 £ 8.6 + 1.9
['*°*(Y4390) (MeV) 117.4 +20.7 £ 4.8
BI'°¢(Y4390) (eV) 3.18 £1.21 £ 0.57 2.924+1.074+0.36 9.90+1.424+0.76 9.03 £1.22 +£0.09
M (Y 4660) (MeV/c?) 4684.0 +17.3+1.9
I't°t(Y4660) (MeV) 119.5+47.1+9.1

BI*¢(Y 4660) (eV) 0.80+£0.73 £ 0.14 0.79+£0.70 = 0.13 5.36 £+ 1.60 = 0.39 5.31 £1.58 +£0.23

s SEEBERIBSSEFENFIMIS 17



% Amplitude analysis of BT —» K9 (25)

PRD 113 (2026) L071101

 About T, (4430)*
« Discovered by Belle in 2007 in B*? - K%~m*(2S) PRL 100 (2008) 142001
« Confirmed by LHCb J? = 1% in B® decays.  PRL12(2014) 22, 222002
4-dimensional amplitude analysis based on RUN 2 data Triangle singularity (TS) 2

K'(892)

F T T T T 3 F T T T T E Tt
%88 . LHCb,54fb" E 500F  LHCb, 541! . il
S 1800 .|_Data i 2 4005 HEEE Iy, p2S)
% 1600F i % o T
O 1400F v st E O r - -1 7
§ 1200;_ —Fit (K" only) | § 3005 ~ +Data LHCb, 5.4 fb
S 1388{ 3 S 200f L 400F 1S 3
S eo0f i3 2t ]
E 400F 3 -;—’ 100f O 300 —Breit-Wigner 3
200F — = ] o . . . p i ]
=08 1 1z 14 =TT T a6 S 200F B
m. [GeV/c] m,, [GeV/c?] S | g ;
: — T T T © 100 Baseline fit .
450F LHCb, 5.4 fb™! 3 P ’ ]
& 400F E T TR T R S
L 350F +Jr 3 K* stat 1 ¢ 0 4 42 44 46
< 250F escribe the T :
S 200f Y model with a rel. BW state
S 150 i enhancement around
—_— .E_ —E * 2
2 i 4.4 GeV in data m(GeV/c?) I'(GeV)

W
(=3
1

Ve vy 4.452 + 0.016%3933 0.174 + 0.019%3:973

GeV/c2 : i 1
m, . [GeV/e?] « JP = 1% is determined unambiguously

* consistent with previous measurements
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ILlIJHCI\?] Amplitude analysis of B - K*m™n,

An evidence of a charged T,.z(4100) was reported previously ArIvi2309:03133

with 2011, 2012 and 2016 data

o P
5 2 F LHCbOfb™  —paa
i p= 500 ﬁ — Total fit =
n RUN1+2 Bon (9K 892"
~ 400 { —B“—)n(1S)K(1410)“ E
i » ] — B, AK T,
§ 300 E B>, (1)K (1430) :
< — =
- ] o - B" > (15K’ (1680) ]
2 ) "‘g r ﬁ nC pp — B —)n(lS)K 1(1950)° Z
B g5 200 — BT (41000K"
d d @] H Nonresonant bkg.
EPJC78, 1019 (201 8) 100 F — Comb. bkg. =
C ¢ ]
L L | ! '_1' ! [ ! ' B - .: M
—— Data —— Total PDF — K'(1680) 4.7 fb *i LHCb ] 2 [G V]
l Combinatorial bkg L—H K'(892) peiie K'(1410)° + + + -] m K (5
| = R ]
B” — ppK '~ (NR) bkg BK T~ S-wave K,(1430) # ﬁ + ] = 160 :_ LHCb 9 fb } i
?w JUUL = C
2 ok . *ﬁ . | E 140 F
T 80p ,#& by b S mf
g OF # E % 100F
© do0f : e S 80F
E i ] 5 F
20 T-- 3 £ 60 3
L IR Y " 4.5 5 ~ W
' ; 20 -
m(n (1) [GeV] :
My as)r [GeV]

While a better description of the data is achieved when including
T.z(4100), the contribution 1s not significant
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LHCD
% )

0/++ .
CS

T

in D.{(2460)*

Joint amplitude analysis of the three channels

B* - D°D_,(2460)*, B - D™D

70
60
50
4
30
20
10

Events/7.1 MeV/c?
O

LHCb 9fb~!

m(DFw+) [GeV]

— T T T T T T T T T T T T

+ Jﬁ\ puzzling structure

iy

t Hi
3 +
- I3(I)0I - .35IOI - ‘4(l)0I - I4SIO. —
m(ntn) MeV/c?
o/++ . .
TC S-/ 1s observed with

significance larger than 100
J? favours 07

Candidates / (0.008 GeV)

Dinmtm™

Sci. Bull. 70, 1432 (2025)

51(246O)+ (D51(2460)+ - D+1t+1t )

; % f LHCb
E ] 2 80 C 9 fbfl - (b) 7]
; ] 8 I P -
;  IR=T S U L]
: ] E wl o u S
: - BN, P L
5 ER st
L ] < [ L]
t i 1 Q I S S S— — Liri ]
0.25 0.30 0.35 0.40 0.45 0.50 2.10 2.15 2.20 2.25 2.30
m(rtn) (GeV) m(D} ) (GeV)
50 — . —
______ TCJS_rJr > | LHCb m(yr+ ) > O 39 GeV
0 Qa0F gyl (c) 7
TCS' S i 1
————— fo(500) A |
Background Z0f
— Total fit 5t
-+ Data gop L
S EE L
2.10 215 2.20 225 2.30
m(Dint) (GeV)
Resonance Mass (MeV) Width (MeV) FF (%)
£,(500) 474430+ 18 | 224423416 | 248+ +39
TH/0 (Kematrix) | 2327 £13£13 | 96£16£23 | 156335 + 25
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T/ **in D,;(2460)* > D m*m™

Joint amplitude analysis of the three channels  5¢-Bull- 70, 1432 (2025)
B* - D°D_,(2460)*, B® > D®~D_,(2460)* (D,1(2460)* - Dim*m")

LHCD
% )

An alternative model: f;(500) + f,(980) + f,(1270)

Not a favorite model: -~ e T ——
. % i % | LHCb
* Very large interference between f,(500) ¢ Swl gl m)
apd fo (989) to present the double-peak < " : -~ T,
lineshape in m(mm). s s Cf e t
. . . = fs 5 20 F T4 +
» Large contribution from the tail of the S bt 8 BT e
2.10 2.15 2.20 2:25 2.30
f>,(1270) and £,(980) (@77 (GeV) D T) GeV)
e The mass and width of f,(500) are i500] AT m-(n;n)->6;3§-®)'
. v 40 | c B
different from other measurements fog980)) g OF 7
_____ f2(1270 SwF
Background PE
. Total fit g
Resonance | Mass (MeV) Width (MeV) FF (%) + Data 20
S o L= i
fo(500) | 376 +9+16 | 175+23+16 | 197 +35 + 23 A
£0(980) 945.5 167 187 + 38 + 43
£,(1270) 1275.4 186.6 294241
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Summary

An exciting period of finding new hadrons, among which
most of them are candidates of exotic hadrons

Exotic heavy hadrons:

— Unique feature of exotic hadron candidates

— Thorough studies on the properties of the T,.-(4020): spin-
parity, pole position and relative branching fractions

— advances 1n studying T,.-(4430) in a new channel and in
scenario of hadronic molecule or triangle diagram

= TCO§/+Jr observed Dy, (2460)" - Din*m~

More results based on higher statistics data can be expected
regarding to the ongoing 3xL upgraded BEPCII-U and LHC
RUN3.
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Backup
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