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Outline

—> Introduction
-> Observation of charged Z.(3985)~
@ ete™ = KY(D7D™ + D;~DY)
- Observation of threshold enhancement of AA
“ ete” = PAA
-> Search for X(3872) state
& eTe™ = 7YX(3872)y
-> Search for new decay modes of y,(3823)
* ete” - n T y,(3823)

@ ete” = n'nV%,(3823)
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New forms of hadron
B Conventional hadrons consist of 2 or 3 quarks:

Naive Quark Model:

'meson } @ ? | baryon

B QCD predicts the new forms of hadrons:
e Multi-quark states : Number of quarks >= 4

® &

e Hybrids: qgg, qqgg ... 5

e Glueballs: gg, ggsg.. g % g
G
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BEPCII and BESIII

Hadron and Flavor Physics

S {:“’» 28 ;;.‘ ‘ C "'&.ﬂ« Z, g K,
\ [ e g ; - o~ . i - S
PN e SR 07 ol Ty 4
Storage ring I e e T N
- V’o\f’:‘f“ - B —a * 3 > 4 P 2 y &S S~ >
h o4 T > - ' \ T < >

BEPCII:

*First collision in 2008, physics run in 2009
%% . *Energy region: 2.0 —4.95 GeV

*Designed luminosity: 1x1033 cm2s ! @ y(3770).

BESI |
! detector

MDC

 small cell & Gas, He/C;Hg
(60/40)
* Oy =120 um
* o/p=0.5% @ 1GeV/c
« dE/dx=6%
TOF
* o,=80 ps (Barrel)
60 ps(Endcap)

Non-vector charmonium(-like) states

o ’ . E .’ : : :: 3 S B 3 > N ' L‘ ’ /. ] )
i B SSEECAT 2oL s reach in April 2016

EMC:

* GCsI(T)

* AE/E=2.5% @1 GeV

e o0,~0.6cm

MUC

* 9layers RPC for barrel

* 8 layers RPC for endcap
Superconducting magnet (1T)
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Observation of Z. (3985)~

> ¢*e™ — K*(D7D™ + D;~D") e
% 3.7fb~! data accumulated at from 4.628, ]
4.641,4.661,4.681 and 4.698 GeV in 2020. _ 103_ """"" T HEE
. i wPoqqe®es * ¢ e o 1]
% Partial reconstruction of K™ and D;. 2 ’ o ]
© : | ; § o
% Signature in the recoils mass spectrum - . - B
of K™D to identify the precess of i . |
ete” - KT (D;D™° + D;~D") : T |
38 40 42 44 46 48 50
Ecm (GeV) ==
DO D*O
- L { ®
AT @
P4 S Dy~ P 4 N D;
— 3 \ - : *
G
ete” - K*D: D° ete” - K*D;D*°
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Observation of Z. (3985)~

o E (s = 4.681 GeV Lok (s = 4.681 GeV
g . t Data g i it ' t Data
= 1500 F ' —Signal MC o 400 - + + —SignalMC
. [ y : p +
™ 1000 F ‘ i) -“’“ﬂ“#‘ﬂ’oc ‘ ' Wt o,
B L e || ) MRV PR,
"E :-'--l' “atagatug” T E 200 B
(o) 500 - L LU T - q>J
@ o IR R R S
1.9 1.95 2 2.05 1.9 1.95 . - ) 2.05
M(K'K') (GeV/c?) M(KK) (GeV/c)
O e v' D; reconstructed with K* K~ (¢ or K*K)
200 F — Z_.— D_,D*° = 4.681 GeV _
L I80F .- Z..—~ D*,D° ‘/§—+— Data ° and KSO k™.
% 160 E — k*p,p*° + —— Fit result v . )
E 14218 KD W WS Data Both decay modes can survive the selection.
g 1‘;8 v’ Data driven background description :
=
z 28 Wrong Sign (WS) combination of Dy and K.
20 e . : :
v' Absolute contribution in signal region determined
1.95 2 2.05 2.1
RM(K*D)+M(D))-m(D)) (GeV/c?) from a fit to RM(K*Dy).

PRL 126, 102001 (2021)
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Observation of Z. (3985)~

PRL 126, 102001 (2021)

40 ¢ 2.75 2.75
© | Totalfit  —+— Data - (s=4.681 GeV] _ | (s =4.681 GeV]
%30 [ s 7 (3985)  ------- non-Res. b 27F Right-sign 3 o 2.7¢ Wrong-sign

i ———— D, BKG > ¥ 3)3“'-;,,- .o . > -, .3 ]

Son | . Q265 ANt v - 1 ®2%F - .7 E
520} S SRR 1 S 5
o | + = 26F  IIUL LN . = 26F e el L :
= : c e ] : T e e ]
9 0 ——H—+ = 2.5F * " . — S 25F | :‘...°,. " =
L i :...|....|....|......|°...: E...l.,..l....1...'1:1....5

005 241 415 2T 405 Al Al 2T 405 a1 45

K* Recoil Mass (GeV/c?) RM(K) (GeV/c) RM(K") (GeV/c?)

v" Conventional charmed mesons can not describe the enhancement below 4.0 GeV/c?.
(With a sufficient study for all possible D ;) background and their interference effect, see Appendix.)

v’ Assume the structure as a D7 D*° /D~ D resonance, denoting it as the Z,s(3985)".

v Afit of J¥ = 1% S-wave Breit-Wigner with mass dependent width returns:
M = 3985.2%23 + 1.7 MeV/c?
I=13.8131 + 4.9 MeV

v" Global significance: > 5.3 o

First candidate of the hidden-charm tetraquark with strangeness
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Observation of Z. (3985)~

40

T Ty

% "I’,""

5

l'dnn.

s = 4.681 GeV —+— Data
- Total fit
30 _
: — — — Z,(3985)
20 - [_)*1(2600)°D*°
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Non-vector charmonium(-like) states

y

Hadron and Flavor Physics

PRL 126, 102001 (2021)

2 -
i ' . .
0 1 I 1 | 1 1 I | 1 1 1 | 1 1 1 | 1 1 1

464 466 4.68 4.7 4.72
's (GeV)

v’ Simultaneous fit to the five energy points.

v’ Largest cross sections around 4.681 GeV.
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Discussions on the nature of Z. (3985)~

-> Various interpretations are possible for the structure

* Molecule

1 DS*2(2573)+D: ~ threshold kinematic effects / reflecting

40 — PRL126.102001(2021)

. . . . %35 =4.
% Re-scattering / Triangle singularity. S30 s 4(231 oev
()
. =25
% Mixture of molecular and tetraquark. G20F [t
3 215 " '
" S10F f'\ H +
w 5 }.o--un-ntnm. D DYV .
_ el B ..
> 7.(3985) from eTe ™ annihilations and Z. (4000) from B o™= =0
RM(K") (GeV/c?)
decays. " arXiv: 2103.01803

/(10 MeV)

"andidates

® 7.(3985): o C5(4000)_:
JPF =1t JP — 1+ .
I'=13.8255 £ 4.9 MeV [ =131+ 15+ 26 MeV
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Observation of threshold enhancementine™e™ — PAA

arXiv: 2104.08754
> 17(2225) interpreted to be AA bound states. (PRD87, 054034)

-> Threshold enhancement of baryon anti-baryon pair observed in J/ywv — ypp (PRL91,
022001), B — Kpp (PLB659, 80), B — KAA (PRL79, 052006).

-> 28 data sets with \/E = 3.51 ~ 4.6 GeV, with total luminosity 19.462 fb~!.
- Events reconstructed with¢p = KTK~, A — pa~(or A = pr™).

- Breit-Wigner parametrization: M = (2262 + 4 +28) MeV/c*, ' = (72 =5 + 43) MeV.
(250)

- Angular distribution analysis: J7¢ = 17+ or 2% or 2+
BESIII, 2104.08754

S 90F

% 38: EEE:P - 077 rejected with significance of 7o.

E 602— ]HLH background = Nambu model is rejected.

828? } Sum of all -> The enhancement consistent with that observed
S 30 data events in B - KAA by Belle. (PRL79, 052006).

W =0 %% aE 3 a2
M(AA) (GeV/c?)
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Search for ZC(4020)O — X(3872)y

> ete” > ﬂOZC(4020)O — 7X(3872)y at energies from 4.178 to 4.600 GeV.

- The enhancement around 4.2 GeV inthe ete™ — X(3872)y and the observation of the ¥(4220)
resonancein ete™ — 7°Z (3900)" suggest the connections between X — Y and Y — Z states.

PRD104, 012001 (2021)

- Connection between Z. and X states in the DD* molecule picture.

-> Branching fractions of ZC(4O2O)0 — yX(3872) and Z.(4020)* — 7*X(3872) are predicted
with quite different results. [PRD99.054028]

-> No significant signal is found
@[ZC(4O2O)O — X(3872)y] - B[X(3872) —» T n " Jly]

N — < 0.24 % (@4.23GeV)
RB(Z.(4020)0 - (D*D*)V]
0T : . : . 31 31 .
S | (1451b7 418460 GeV - (a) v v - (b)
= 3 - - | N
z | ~ 5 2f
9 £ I a
= RQ [ AQ v v
o 1t ' o 1 v
L v v L
O. : : O:valvv.".'v.vlvlvlv.v.vvlv....l....Y O:vVvlvvlvvlvv.v.vlv.vlv.v.vlvlv..111...Y
39 = 4 4.1 | 42 43 44 45 46 42 43 44 45 46
M(X(3872)y) (GeV/c?)
(s (GeV) (s (GeV)

FIG. 2. The upper limits at the 90% C.L. on o(eTe™ — 7°X(3872)y) - B(X(3872) - ntn~J/y) (a) and o(ete™ — 7°Z_(4020)°) -
B(Z.(4020)° — X(3872)y) - B(X(3872) —» ntn~J/w) (b) for each energy point.


https://doi.org/10.1103/PhysRevD.99.054028
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(3823

-> Evidence of y,(3823) from Belle experimentin B — (y,(33823)yy.)K
& 772 % 10° BB events, 3.80. Phys.Rev.Lett. 111, 032001(2013)
< M=3823.1%£18=+0.7MeV, I, < 24 MeV

- Observed by BESIIl experimentinete™ — 7t y»(3823), y,(3823) — vy,
% Scan data sample at\/g = 4.23, 4.26, 4.36, 4.42, 4.60 GeV, 6.20
o M=38217x13x0.7MeV,I', <16 MeV  pnysRev.Lett. 115, 011803(2015)

- Decays of y»(3823) to yy,., 777~ J/y, ggg, ygg have been predicted by
various theoretical work

Phys.Rev.D. 55, 4001(1997)
@ L) 3823)=yp, ~ 45 — 200 KeV Phys.Rev.Lett. 89, 162002(2002)

2 ¢ Phys.Rev.D. 67, 014027(2003)
Phys.Rev.D. 69, 054008(2004)
Phys.Rev.D. 72, 054026(2005)
Phys.Rev.D. 79, 094004(2009)
Phys.Rev.D. 94, 034005(2016)
Front.Phys. 11, 111402(2016)
arXiv:1501.08269
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New decay modes of y/,(3323)

. B (@)yy, tDaa

= Fit result
- = Background
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PRD103, L091102 (2021)

= Using processete™ — 777 y,(3823)ina 9fb™!
data sample between 4.3 and 4.6 GeV, several

decay channels are studied.

=> Evidence for the y,(3823) — yy., is found.

w,(3823) — vy, is rediscovered, no significant

y,(3823) signals for other channels.

> ete” — n'7%5(3823) is found with 4.30.

- Nosignificante™e™ — 777 y;(3842) signals in

all channels.

->| Consistent with the theoretical predictions.

Channel A2 (3823 \ By, (3823) )
B(W2(3823)—’72’c1)

YX c1 63.1 = 8.5 e

YX 2 8.8137 0.2810-14 +0.02

ntn=J/y <21.0 <0.06
0707 /s <10.0 <0.11

nd/y <0.14

7°J [y <0.03

YX c0 <0.24

Non-vector charmonium(-like) states
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Summary

-> BESIII is successfully operating since 2008 and will continue to run for 5~10
years.

-> Unique data samples from 3.8 GeV to 4.95 GeV. Many exciting results have
been published covering many aspects on ZC(S) states.

< Observation of the Z_(3985).
< Threshold enhancement of AA is observed inete™ — pAA.

% New modes of ZC(4020)0 — yX(3872) is searched, but no significant signals
are seen.

< New modes of y,(3823) are searched, evidence for the y»(3823) — yy.,is
found.

-> More searches for the new Z, decay modes are in process.



