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. Introduction to BESIII experiment

 Selected highlights of BESIII results related to spectroscopy

« Charmonium spectroscopy
« Charmonium states
« Charmonium-like states

« Light meson spectroscopy

« Prospects and summary
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BEPCII and BESIII

BEPCII: 7-charm factory
Beam Energy: 1-2.3 (2.45) GeV
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BESIII Detector

TOF:
ot: 80 ps - barrel
110 ps (60 ps) - endcap
MDC:
Oxy: 130 um
ap/p: 0.5% @ 1 GeV
dE/dx: 6%
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Lumi: 1 x 10°3 cm™2s~! (achieved 2016)

BEPCII upgrade &
BESIII construction: 2004-2008 |

BESIII physics run: 2009-now

BESIT

NIM A614, 345 (2010)

AE/E @ 1GeV: 2.5% - barrel
5.0% - endcap

0,: 0.6 cm/\/l_f

Acceptance: 93% 4
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Data Samples

R-QED Scan Sample
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Hadrons and Exotic Hadrons
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| Conventional | Exotic
Hadrons | Hadrons

Glueball Hybrid Molecule H

2

Tetraquark Pentaquark H-dibaryon

Exotic Signature:

Exotic quantum numbers: JPC=0-, O+, 1-+, 2+, ...

OR clear non-conventional-hadron signature
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Charmonium Spectroscopy
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1°D, States - y,(3823)

- Evidence of y,(3823) from Belle experiment in B = (y,(3823) — yy.)K

. 772 x 10° BB events, 3.8¢
-« M =(3823.1x1.8x0.7)MeV, T, < 24 MeV

. Observed by BESIIl experiment in ete™ — 7177 y»(3823), y»(3823) — vy,

N
&)

« Scan data sample at \/E = 4.23, 4.26, 4.36, 4.42, 4.60 GeV, 6.2¢ % BESTI + data
;" 2 — Y(4360)
. M=(3821.7+£13+0.7)MeV, T, < 16 MeV f1s ., wwars)
8 1
. Decays of y,(3823) to yy.,, a7 n~J/y, ggg, vgg have Sost 1/ N\
been predicted by various theoretical work % 0 A
4.2 4.3E 4{(13 vﬁ'S 4.6
cm e
. FW2(3823)_)7)(C1 g 200 - 350 keV, FW2(3823)_>7)(c2 g 40 - 90 keV
[,3823)— ! Tya(3823) -1, ~ 0-19 = 0.32

Ly,3823) s mman ' Uyo3823) 5y, ~ 0-12 =039
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New Decay Modes of y,(3823)

- 9 tb'scan data sample between \/§=4.3 and 4.7 GeV

. ee” = 1 y,(3823), study of the decays of y»(3823) = yy.0.10, #at/w, nlly, 70y
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New Decay Modes of y,(3823)

- 9 fb' scan data sample between \/§=4.3 and 4.7 GeV

Search for eTe™ — 77%5(3823) with y,(3823) — yy,,

olete” — n'n'y,(3823)]

olete™ = ntay,(3823)] - 020
{t//3(13D3) candidate |
'Found by LHCb in 2019 |

Search for eTe™ - n7n7y;(3842)

« Not found in any decay modes

Y. P. GUO/Fudan University
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Mass: (3871.65 £ 0.06) MeV
very close to DD * mass threshold
[(3871.69 = 0.01) MeV]

X(3872)

First observation in B* — K*ztn~J/y process

Width: (1.19 + 0.21) MeV [BW Width]

JPC = 1"“"

Production: B decays, B, decays, A, decays,
pp collision, pp collision, PbPb collision,

e*e™ radiative transition, yy™ process

Decay: DD, nta~Jly, ntn~n Iy, 7',
vJly, yw(25)[7]

Y. P. GUO/Fudan University
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Events / 5 MeV/c?

Events / 5 MeV/c?

X(3872) Decays

eTe”™ — yX(3872) cross section peaks around 4.2 GeV, studied from 11.6 fb-!
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Y States

. First states Y(4260), discovered in ISR process at BaBar

_8

« Not observed in inclusive hadron cross section
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S
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- Not observed in open charm pair cross section

- Confirmed by CLEO and Belle experiment
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- Y(4360) and Y(4660) discovered in similar process :
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Y(4260) -> Y(4230)
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New Information about Y(4660)

o) B
2 | - Belle: PRL101,172001 (2008)
5 AA, +
B —+— BcESIII: PRL120,132001 (2018)
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« Precision of BESIII measurement much

higher than B-factories

« Parameterization of the cross section

line-shape is a challenge task

« Data sample from

s =4.7 GeV to 4.95

GeV taken in 20-21-run-period

Y. P. GUO/Fudan University
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Events/5.0 (MeV/c?)

Events/5.0 (MeV/c?)

D*D_, Cross Section Around 4.6

- Enhancement just above 4.6 GeV observed at Belle experiment in

ete” — DFD.,(2536)F process, evidence seen in ete™ — DL(>,J—“DS>‘<2(2573)1 process

. ete” —» D;*D #(2317), D;*D,;(2460)¥, D;*D,;(2536)7 studied at BESIII

- Clear D¥D,; signal in data, no significant resonance structures in cross section line-shape
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Z. States

State M (MeV/c?) T (MeV) JYC  Process Experiment
7Z.(3900)(F0) 38884425 283425 1t efem — x(H0(x(=0) g/4) BESIII, Belle
ete™ = 70 (DD*)(=0) BESIII
Hy, —» X7t (n=J/Y) DO
ete” = 7 (nep™) BESIII
Z.(4020)F9  4024.14+1.9 13+£5  177(7) ete” = a9 (x~h,) BESIII, Belle
ete™ = 70 (D* D*)(=0) BESIII
Z(4050)* 405177, 82159 7+ B = K~ (17 xe1) Belle
Z(4055)* 4054 + 3.2 45413 7= etem = wt(mm(29)) Belle
7(4100)* 4096 + 28 152757 77" BY = Kt (1 n.) LHCb
Z(4200)* 4196135 3705100 17T B K~ (ntJ/y) Belle, LHCb
7 (4250)* 42481190 1777250 7 B K (mTxa) Belle
Z(4430)* 4478713 181£31 17— B — K+ (7 4(29)) Belle, LHCb
BY - K~ (ntJ/y) Belle
R (4240) 4239157 220732 07~ B° — Kt (29) LHCb
Z.5(3985)% 3982.575%  12.87%% ? ete” — KT (D;D* + D:~D°) BESIII
Z.(4000)* 4003*7, 131 + 30 1t BT = ¢(J/YKT) LHCb
Z.5(4220)* 4216739 23315 1t BT = ¢(J/YKT) LHCb

. Produced in ete™ annihilation or b-flavor hadron decays S , o
Spin-parity and Argand plot;

. . . + . M ‘ . .
Typically in h+charmonium final states | Production mechanism;

- Intrinsic nature unclear, exotic states? kinematic effects? More decay modes; Partner states;...

Y. P. GUO/Fudan University 16 STRONG2020/University of York



Z.(3900)/Z.(3885)
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Seen in both charged and neutral modes
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Z . States

Events/(0.005 GeV/c?)

Events / (2.5 MeV/c?)
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Illlllllllll
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IIIIIIIII|
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17

New decay modes
- searched with
| Z.(4020) — yX(3872),

L. — N, L. — N1,

| and Z. — my,., processes, no

- signal observed in all cases
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Observation of Z_. (3985)

-D-)‘O
— — * *__
. e'e _)K+(DSDO+DS DO) /Z;s<
] D5
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K* -/
- Partial reconstruction of the process, tag K and D /ch N 2 T
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_ : _ _ i D
. Dy reconstructed with KY¥K~ 7~ [¢px or K*K] and K{K AN = e .
+ + 220 ——T1T 71— 7713
o : D= N, | D= : . ]
o E s Vs =4.681 GeV QO A0 s s =4.681 GeV 4,200 F— Z,,~D.D* s =4.681 GeV]
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- Both decay modes can survive the selection

- Combinatorial background described by wrong sign (WS) events

- Absolute contribution in signal region determined from a fit to RM(K*D_")
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Observation of Z_. (3985)
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An enhancement around 3.98 GeV

Cannot be described by D)~D** and

DODH™0 or interference between two of
them

Assume JP="1*
Simultaneous fit to five data samples
Signal component:

\/4 " Pj |2

M? = m3 + imo(f T (M) + (1 = f)To(M))

f = 0.5 represents the fraction of the two
decay modes

Pole position: m =3982.5%)% +2.1 MeV/c”

[=12.837+3.0 MeV

Significance: 5.30

At least four quarks (ccsi)
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Z (3985) and Z_(4000)

Z,(4000):

. JP=1t

. m =4003 + 6**, MeV/c?
. T=131%15+26 MeV

Mass consistent within 1o

3.6 38 4 4

wme [%}eV] . i C g
40 Z (3985): Width differs significantly
2,35 \/5=4.681 GeV cs
530 BESII| o +2.1 4 2
%252_ i * * m = 398575, 1.7 MeV/c
020 E (T
3150 {4\ VT . '=13.875) +£4.9 MeV
30 ) Ut '
0 LY R e 1Y Studies in D.D* + D*D system from B decay and

4 405 41 415 K*K~J/y system from e*e™ annihilation are needed!
RM(K") (GeV/c?)

No clear structure from Belle study in eTe™ — KKJ/y
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Structures Around M(pp)

X(pp) in Jly — ypp X(1835) in Jlw — yatn™n’
 First observed at BESII, confirmed at BESIIl  « First observed at BESII, confirmed at BESII|
with higher significance using PWA (FSI experiment with higher significance
considered) . Mass: (1836.5 + 3.0+36) MeV.
. Mass: (183211°115 + 19) MeV . Width: (190 = 93%) MeV
-  Width: <76 MeV . JPC: [cosO, | agrees with expectation of O
» e 0 . Also observed in//y — yK¢Kgn, JP=0-
N§ 700%. 0.28illion J/y (a) 7 N§ 500
o 600 E ) I
R ik S 400}
S 500F S -
Q : o C
S 400} S 300}
& 300} S 200
7 200F 5 a :
100;_ -'--—‘-‘-'w--.--'--* 100;
Vet T e ] O =

00 o1 02 '0.23 2
Mpr_)-ZmP(GeV/c ) Mmm](GeV/c )
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StI‘UCtUI‘eS Around M(pp) 1.3 B J/y events

Jly — yrr~

- Model |: Flatte line-shape with strong
coupling to pp and narrow BW at 1920

MeV

}/]/

« Model ll: Two-coherent BWs,
X(1835)+X(1870) (70)

» Jly > yyd

- 1(1475) and X(1835) consider coherently

- X(1835): JPC=0-*, sizeable s§ component

S N
L 400
=
o r
5 300
Lo N
S B
S 200/
o F
B 1285
B 100/
@ -
> o
= B

(1475), 136

(b)

X(1835), 6.30
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+

14 16 18 2
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Summary and Outlook

- Unique data samples at BESIII provide good opportunity for spectroscopy study

- 10B J/y events, 2.7B y(2S5) events for light hadron spectroscopy study through
radiative and hadronic transition processes

- X(18xx) around pp threshold
e Glueballs: O*+in 1.5-1.7 GeV: 2+t in 2.3-2.4 GeV: O+ in 2.3-2.6 GeV

$(2170)/Y(2175)
- Scan data sample between 4.0 to 4.95 GeV

. Study of excited charmonium states: decay modes of y,(3823)

« Charmonium-like states: decay modes of X(3872); high precision measurement of cross

section for study of Y states; decay modes of Z_ states and observation of new Z . states

- More results will full data set are ongoing, more exciting results are expected
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7 (4020) — yX(3872)

- Connection between Z_ states and X states in molecule picture

. Branching fraction of ZC(4O2O)0 — ¥X(3872) and Z,(4020)* — 7*X(3872)

of several per mille level e
:m/f ‘H"‘T
et v i e
= 14.5 fb~!, 418-460 GeV |  No signal for
=
. ete™ — 197 (4020)°[ — yX(3872)]
i B(Z.(4020)° — yX(3872)] - B[X(3872) — a*n~JIy] 024
BIZ.(4020)° — (D*D*)0] o
at 4230

3.9 4 4.1
M(X(3872)y) (GeV/c?)

Do not contradict with theoretical prediction!
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/. — nn.and yn..

. ete™ = Z [ = n.a™Vnxin search of Z, close to m(DD)
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Zc — )(CJ

Z(4050) and Z.(4250) in 7%y, from B decays

Ze

/S N

251

Ecms (GGV)

Ecms (Gev)

P &
_ o . . et e
Z.(3900) and Z.(4020) from e"e™ annihilation at BESIII N )
Cross section of eTe™ = n¥ 7y, R
/e Cross section 25‘ DServed Cross Section 1 served Cross Section
: (L?Ezeerrvlillnit at 90% CL 1 TX CO : I(J)l)per lirlnit at 90% CL TX Cl (73 : [(J)Eper li(Ilnit at 90% CL X 02
I 11.2 tb™ 201 I .
1.5
11 r 2 ! I 2 T
T T T T \; 107 TT T T \; 3
il . T 7
it \ I | oo ML I - OIH“HH Lo ]
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Ecms (GGV)

_J

No obvious signal of ete” > ﬂ+7t_)(cj

Upper limit of cross section also apply for Z. — ﬂi)(cj

Y. P. GUO/Fudan University

23

STRONG2020/University of York



