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e Introduction
e BESIII Detector

o XYZ from BESIII
« X(3872)
* Productions: etfe-—yX(3872), ®X(3872), X(3872)
* Decays: X(3872)—n%co, Tmyco
* A coupled channel analysis of the line shape
* Y states with the exclusive process measurements
o creoniml/y, Trry(2S), tmp(3823), KKy, oy
¢ ¢e—DEHID®), Ds**Ds*-, DOD*-nt+, D*D*-n", D*D-n*n-
o Zcs(3985)

* Summary



Hadrons

A SCHEMATIC MODEL OF BARYONS AND MESONS * Conventional hadrons
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— iero for all known baryons and
Y M - B - teresting example of such a
eson'qq’ aryon'qqq | the triplet has spin 3 and
1r particles d”, s~, u® and b° Tt j/l// | |

e QCD allows hadrons o

e elegant scheme can be Meson

'w non-integral values for the
beyo n d m eSO n a n d )lense entirely with the basic
to the triplet t the following
. = -3, and baryon number D
baryon eXISt nembers u3, d-3, and s-7 of
" 6) q and the members of the
way tne Selection Ol SPeCcllC COmpOoNnents oI tne k- anu-tripiet as anu-quarks . Baryons can now be
spin by electromagnetism and the weak interactions onstructed from quarks by using the combinations
determines the choice of isotopic spin and hyper- etc., while mesons are made out
charge directions. etc. It is assuming that the lowest
Even if we consider the scattering amplitudes of baryon conliguration (qqq) gives just the represen-
strongly interacting particles on the mass shell only tations 1, 8, and 10 that have been observed, while
and treat the matrix elements of the weak, electro-  the lowest meson configuration (qq) similarly gives
magnetic, and gravitational interactions by means just 1 and 8.

AN SU3 MODEL FOR STRONG INTERACTION SYMMETRY AND ITS BREAKING

#
G.Zweig ) Molecule Tetraquark

CERN ~ Geneva
Both mescns and baryons are constructed from a set

e 3
of three fundamental particles called aceg, The aces

In general, we would expect that baryons are built not only from the

product of three aces, AAA, but also Trom AAAAA, AAAAAAA, etc., Hybrid

Glueball

where A denotes an anti-ace, Similarly, mesons could be formed

from AA, AAAA etec. Tor the low mass mesons and baryons we will

assume the gimplest possgibilities, AA and AAA, that is,

Pentaquark

"deuces and treys".

e CZY & S.L. Olsen, Nature Reviews Physics 1, 480 (2019)
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The charmonium spectrum is
calculated with the potential
model.

Good agreement between theory
and experiment below the open-
charm threshold.

Exotic candidates are observed at
experiments above the open-
charm thresholds.



BEPCII

1989-2004 (BEPC):
Lpeak=1.0x103! /em?s

: * 2004: started BEPCIl upgrade,
» BESIII construction

| 2008: test run
®” * 2009-now (BEPCII):
Lpear= 1.0 x10%3/cm?(4/5/2016)

2020: energy upgrade to 2.45
GeV & top-up mode

BESIII
" detector




BEPCII and BESIII
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Data Samples at BESIII
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Data Samples BESIII

| BESIII publications
| (May 9, 2023)
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XYZ Data Samples at BESIII
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o(yX(3872)—ywdly) (pb)

ete-—yX(3872)

PRL 112, 092001 (2014)
PRL 122, 232002 (2019)

e Study the line shape of ete-—yX(3872) with the decays X(3872)—1mt+rt-J/
and wJ/P
* A single Breit-Wigner function to describe the line shape
M= 4200.6";; + 3.0 MeV/c?
= 115538 + 12 MeV
e Agree with P(4230) parameters, and support the radiative transition
P(4230)—yX(3872)

0.8

—+ Data
-4 BESIII 2014

2F —+-Data ]
0.6F — Fit
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ete—mX(3872)
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Events / (3.0 MeV/c?)

ete—0X(3872)

PRL 130, 151904 (2023)

* Events accumulation in X(3872) signal regions
* Observed 24.6+5.4 signals with 7.80 significance

 The cross section of ete-—wX(3872) at each energy point is measured

* Line shape indicates nontrivial structures
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ete-—X(3872)

* Direct formation of C-even states with two-photon fusion process

-+

e C
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e BESIIl observed ete-—y.1(1P) with 5.10 significance
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PRL 129, 122001 (2022)
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ete-—X(3872)

PRD 107, 032007 (2023)

* Direct formation of C-even states with two-photon fusion process

et C
e AVAVAY =

]PC

— 1++’2++

AVAY ) S——

e~ C

e Search for ete-—X(3872)
Pee x B(X(3872) = nhw~J/p) < 7.5 x 1073 eV
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X(3872) Decays

Experiments

8.611+0.82+0.52 Belle [14]

BABAR [15]
Belle [14]
BABAR [15]

Belle [22]
BABAR [23]
Belle [22]
BABAR [23]

Belle [22]
BABAR [23]
Belle [22]
BABAR [23]

0.77+£0.16+0.10 Belle [16]
1.67+0.36+0.47 BABAR [17]
0.97+0.46+0.13 Belle [16]
2.22+1.05+0.42 BABAR [17]

Index (i) Parameters Values
X(3872) » zta~J/w (x1079)
1 Bt > X(3872)K*
2 8.4+15+0.7
3 B° > X(3872)K® 43412404
4 3.5+1.9+0.4
X(3872) » yJ /y (x107%)
5 Bt ->X(3872)K+  1.781043+0.12
6 2.8+0.8+0.1
7 B° > X(3872)K°  1.24%076+0.11
8 2.6+1.8+0.2
X(3872) - yy(3686) (x107%)
9 B* > X(3872)K*  0.831]35+0.44
10 9.5+2.7+0.6
11 B° > X(3872)K°  1.12733140.57
12 1144+55+1.0
X(3872) - D*D°  (x107%)
+c.c.
13 Bt > X(3872)K*
14
15 B° - X(3872)K?°
16
X(3872)»wl/y  (x107°)
17 Bt > X(3872)Kt  6+2+1
18 B’ X(3872)K®  643+1
o Rt
19 Bt s 0.79+0.28
20 B(X(3872)»D*"D°+c.c.) 14.81+3.80

B(X(3872)=x" 1 /y)

21 B(X(3872)=wJ /)

B(X(3872)=r" x~J]y)

B(X(3872)~17.,)
B

23 T BX(3872)o7w(3686))
B(X(3872)—=yJ/y)
B* - X(3872)K*
24
25

1.6104+0.2

08857 4010

(x107%)
2.1+0.6+0.3
1.24+1.1£0.1

BABAR [18]

BABAR [18]

BESIII [19]
BESIII [19]
BESIII [20]
BESIII [21]

BABAR [27]
Belle [26]

Chunhua Li & CZY, PRD 100, 094003 (2019)

* Determination of X(3872) absolute branching fractions
by globally analyzing all experimental measurements

Parameter index Decay mode

Branching fraction

1 X(3872) = nta—J/p (417N %

2 X(3872) — DDV + c.c. (52.4730)%

3 X (3872) — ~.J /¢ (11795 %

4 X(3872) — y14(3686)  (2.470H%

5 X (3872) — mxe1 (3.6175)%

6 X (3872) = wJ /v (4.4723)%

7 BT — X(3872)K ™" (1.9 £0.6) x 10~*

8 BY — X (3872)K° (1.1F55) x 104
X (3872) — unknown  (31. ??i%)%

2.46+0.64+0.29 LHCb [24]

16




X(3872) Decays at BESIII

PRL 124, 242001 (2020)

PRL 122, 202001 (2019)
X(3872) = 1%c1, 50

X(3872)—DoDo, 7.40 X(3872)—yJ/y, 3.50 Y LB a0~ B pii) B iy
| | X(3872)—=yY(23) =
10 ‘ L (a) i 2 43
- ‘ (d) ® ® 205_ % 3; ﬁ 506
o | ~10f - @b
S or sl Wi : g |
o y ' = 4oF = 1 } Al 44
= 1] l l S sob 3 : J L
S?, l E E E e e L.“.—_. b4 1A7Y
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101 3 X (3872) — - ]/@ (1145 %
5 4 X (3872) — ~v1(3686) (2.4f5;§)%
o4 ¢'s 5 X (3872) — WOXd (3.6235)%
39 395 6]  X(3872) mwJ/d  (44IED%
M(DD’) (GeV/c?) 7 BT = X(3872)K * (1.9£0.6) x 10~
_ - BY — X (3872)K° (1.1F55) x 104
© e ‘ — ST
% 20 - X(3872)—=wd/y, >50 :..’iggggg X (3872) — unknown (31 9+31 =)0
E N n. . r . Bacq(ground
E 10 :_ - Sideband
&
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PRL 122, 232002 (2019)
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Search for X(3872)—m0%co, wmwyco

Theoretical predictions [PRD 77, 014013 (2008)] PRD 105, 072009 (2022)

B(X(3872)— 7" xc0) B(X(3872)— 7 xc0)

Interpretation B(X(3872) ot n—J/b) | B(X(3872) 50xc1)
Four-quark /molecule NA 2.97
Xo1(2P) 0.0 0.0

EFT predictions [PRD 79, 094013 (2009), PRD 78, 094019 (2008)]

B(X(3872)—=nmmXc0) _ _
B(X(3872)—=7%x.0) 0(1_0 ?i) or O(107?)

e Search for X(3872)— 100 with 9.9fb-1 between 4.15-4.30 GeV

X T % —KK

B(X(3872) =7 x0) | s
B(X(3872)—>7T+7T_JO/’L[)) < 3.6

o]
=

N
&)
>
>
)
=
12)
Q0
[22]
£
c
o
>
L

3

Events/5 MeV/c?

B(X (3872)— 70 o0)
B(xX (387050 1) < 45

Il ]
3075 3.80 385 390 3.95 400
Mass(n%_ ) [GeV/c?] Mass(r%y | [GeVic

X =TT X —K'K

B(X (3872)—=7%7%x.0)
B(X(3872)—>7r+7r—J/Ozp) < 1.7

Events/5 MeV/c?
Events/5 MeV/c?

- N w » ($)] (o2} ~
Lo LN R R R R

B(X(3872) =T 7~ x0)
B(X(3872)—)7r+7T_J/1(L) < 0.56

3075 380 385 390 395 40(
Mass(n*n ya ) [GeV/cE]

P75 380 385 390 395 400
Mass(n'ny_ ) [GeV/c?]
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A coupled channel analysis of the X(3872) line shape at BESIII

: .. BESIII Preliminary
Line shape parameterization

[C. Hanhart, PRD 81, 094028 (2010)]

dBr(D°D°n®) _ g L 9 ken(E)

X X Br(D*® - D%r?
dE 27 |D(E)|2 Br(D™® — D°r’)

Kegf(E) + ikege(E)

dBr(n*n~]/Y) _B 1 y Cntn gy

dE 2 |D(E)|? ~
|D(E)| >
1 I
DEE)=E—-Ex+59+* (Kete(E) + ikege(E) +kgpe (E) + ikge(E)) + > To
kegt(E) = \/.u_p\/\/(E —Eg)*+T?/4+E — Eg
Kert (E) = —J#_pJJ (E —Ep)® +1%/4 —E + E Key features:
— * Model independent
+Hh \/ (Ex — Er)* + I /4 — Ex + Ep  Including the D" D self energy terms
To = Ttn-7/p + Tknown + Tunknown * Including the width of D*
Ex = My — (mpo + mpo + m,0) * Including the coupled channel effect
B: the global normalization * Fitparameters: g, [+, Mx

*superscript c¢: charged D**D~
* Due to the limited statistics, Dynknown/Tntn—jy is fixed
[Chunhua Li, Chang-Zheng Yuan, PRD 100, 094003 (2019) ]
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A coupled channel analysis of the X(3872) line shape at BESIII

BESIII Preliminary
Fit results

16 : = ) 240¢
= == Signal 70— =++= Signal F
o 14:— - B.ackground o 605— - B'ackground 220; ]
S 12} :’If:;;i(:llapo S ; : ;:':Zihapo 200? :ﬁ
= r 2 40F L 160 il
Z s e 4 S 140 |
PR B Pl = 1200 i
g ab F 3 NS s g 20 i 3 1000
3 o [ % ' - l T l. 2 10F- H ' = 8ot : 8
= A S S B = {int /a B n

0% ‘: .ﬁl I, H'”."”':","L',-'ﬁ'.‘n\unlrn-g WP e o b o b o s T e = 60;_ : %

3.86 3.92 3.94 3.96 3.98 prod — + x 4 40;— ......

5 | { { H N ux(3372) (9.8 £+ 3.9) 10 20- y I

o [ SAMCERRAEE {1};;14%1} Large systematic uncertainty from 2866 3.868 3.87 13I.8|7I213:.8|7;1113l.£317él3:.53‘718I 3.88

386 ' ,Do;hgf((;e\s}'%z) 598 598 I-unknow/rn"'n_l/(p E(GeV)

Parameters g ['o (MeV) Mx (MeV)
Fit results 0.16 £0.10 2.67+ 1.77 3871.63 +£0.13
I 1.00 029 Hx(agrz) = 15€ = 2
| Large systematic uncertainty from
M x 1.00

I-unknow/rn*’n_lltp
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Y States
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Y States

» Measure the \/s-dependent cross section of exclusive processes with high
precision.

* Model the line shape of cross section with a coherent sum of multiple Breit-
Wigner functions together with the continuum and near threshold components.

2
O.dressed(\/E) — Zkeld)l\ . BWk(S) —I_ ei¢com . WCOHI ,

40
20

E i E A Fit result
Ftotr‘ee 100 — Fit result 100 TN
F o . . . . —3— Data
Mk \/1 271«- k k Bk @ S 80 Solution 1| + gi?\tgle BW 80 Solution I1 ; Single BW
B ‘ L S i E 5 Non-resonance : \ Non-resonance|
k 60— : - Inteference 60 Inteference

VS = M: + iM T\ ®(M,)

LA RARNRRRERERNRRRE R

o(e'e’—n'ny(3686)) (pb)
o(e'e’—»m'ny(3686)) (pb)

* Fit gives multiple solutions with different 5, ____________ __________ e

magnltUdeS but the Same maSS and Wldth Y ey 4.3@21648\/)4.5 46 47 48 Y ey 4.3V§?G4ev)4.5 46 47 48

f 100 —_ B‘n result 100 SN — B’n result
F Q ; ata F g : 7 i ata
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a E Non-resonance = F ‘ ' Non-resonance
~ 60 Inteference ~ 60 *- Inteference
() - () E 1Y o,
3 S 40f
@ e E
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B = £
® = * i —
T F T F
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© 40 © 40
-60— -60—
] . s e R ] mte
2F S
iy iy
4 41 42 43 _4.4 45 46 47 438 4 41 42 43 44 45 46 47 48
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ete—mt-J/\y

8

vvvvvvv

* First vector charmonium-like state Y(4260) was
observed by BaBar in 2005.

e Fine structure around 4.26 GeV appear precise
measurement in 2017, Y(4260)— Y(4230)+Y(4320)

0
OH

s’ RN f’+f'"”""1 i o f r'i i
L

36 38 4 42 44 46 48 5__

Events / 20 MeV/c?
3
[

[\
(=]
lllllll LI

1021 14

e Update measurement with more datasets in 2022 | g s
confirm the fine structure. 3 ¢ 48 3
m(rIp) (GeV/c?)
Named as Y(4230) in PDG, also known as Y(4220), Y(4260) BaBar, PRL 95, 142001 (2005)
2017, 9 fb- 2022, 23 fb-
100 100€
. 4 XYZ o0 —+XYZ data
S 8ol R 3 gob (b) —+ R-scan
— I Fit | = o (s=3.8713
> R o > = I
S 60 Fit 1l S 60F Fit
&t B s0b
,$ 40~ '-’ ? 40
2 i o 30}
e *F T
- 10 '
R Y Y Y 0t f?
Is (GeV) P(4230) (4320)

PRL 118, 092001 (2017) PRD 106, 072001 (2022)
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ete-—ntmh(1P), mrmy(2S)

* Precisely determine the line shape of ete-—rm+m-hc cross section, benefit
from both the unique datasets and excellent reconstruction of hc at BESIII.

o it P(2S) line shape confirms the P(4390) announced in mt+1-he. Also clear
P(4660)— T+ P(2S)

e P(4230)—11t11-he and T+ P(2S)

_ _ +,— + -
ete T+ he ete” - nan y(2S)
250 :_ -+ BESIII: R-scan data sample 100 5— —_ [F)it tresult
[ =BESIIL XYZ data sample = go[ Sclution II1 + Si‘%&e BW
= 200— _ .. . Q = Non-resonance
& - Fit curve: Total —~ 60F Inteference
g 150 Fit curve: Y (4220) g -
T UF - Fit curve: Y(4390) g 40 2
2 100 = ¢
E ~ +l=’ OpF
@) - 1 -
© S0 o 20
g [~ +ﬂ) E
S u © 40—
& 0 - © -
u —-60 [—
S0 T T T B B S B B
:| PR AT T N T T T T T A T T T T e AT T T N M S S B BT g :: " .m . - . -
3.9 4.6 = 2: ---- e e Lt L P
2%eV) f 4E . . o . .
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ete— KTK-J/y, KsKs J/y

cP(e*e” = K*'K'J/vy) (pb)

e QObservations of Pp(4230)—>K+K-J/W, KsKs J/

 Two new structures P(4500) and Pp(4710) are needed to describe the line
shape.
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ete-—mty2(3823), m0ndy2(3823)
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Update the measurement of ete-—=11+11-P2(3823)
* More datasets

e Partial reconstruction to improve the reconstruction efficiency
* First observation of vector Y-states coupling to D-wave charmonium state
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ete-—ypJ/\y

JHEP 01, 132 (2023)
e Why is ete-—y¢pd/YP

e Search for hadronic decay e+e-—=¢Xc1,2—= ¢[yJ/ V] 120
e LHCb reports X(4140)/X(4274)/X(4500)/ = 10
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ete-—ypJ/\y

Events / 20 MeV/c?

JHEP 01, 132 (2023)
e Search for e+e-—y X(4140)/X(4274)/X(4500) —=yopd/P

e ete—ypd/YP signals are from e+e-—=¢Xc1,2
e No significant e+e-—y X—ydpJd/P signals
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ete-—open charm at BESIII
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ete-—open charm at BESIII
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Z..+(3985)

PRL 126,7102001 (2021)
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Z.:5(3985)0

PRL 129, 112003 (2022)
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Events / (2 MeV/c?)

Search for 7'

. b0 CPC 47, 033001 (2023)
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Summary

* BESIII keeps making contributions to the XYZ physics
* Investigate the X(3872) in productions, decays and line shape.
 Vector Y states

. A series of Vs-dependent cross sections of exclusive processes are measured with
high precision using the BESIII unique XYZ data.

« A series of vector resonances are reported.

« (Global analysis of these measurements is essential to explore the correlation
between these structures.

« Observations of the tetraquark states with strangeness.

«  BEPCII Upgrade (BEPCII-U) in 2024 " | Ubgeado BEPCI

(BEPCII-U)
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 Beam energy up to 2.8 GeV
« 3x BEPCII luminosity above 4 GeV
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