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Introduction

Charmonium spectrum
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Charmonium(-like) structuresll

(11 From Fengkun’s talk on the XYZ Workshop in China
[21 M. Gell-Mann, A schematic model of baryons and mesons, Phys. Lett. 8 (1964) 214.
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The existence of exotic state has been discussed
since 1964[21,

In 2003, Belle Collaboration reported the first
observation of y.,(3872).

Many exotic states are observed in the past two
decades.

A series of theoretical models are established to
describe these states.
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Introduction

Z..(3985)"°

Sub-system Performance

Oxy = 130 pm
- MDC AP/P = 0.5% @ 1GeV
Solenoid O4e/dx = 6%
Barrel TOF or = 68 ps (barrel)
SO \ Sz, 80 ps (endcaps)
. 1 AE/NE = 2.5% @ 1GeV
EMC o, = 0.5cm @ 1GeV
Magnet 1.0 Tesla
BEPCII BESIII MUC 0.9X 4n
XYZ scan
41792}12_?0 463(:::1700 - .
P —— 2o ) @ Datasets in BESIHII (~14 years):
10 %(23) 4040 Vureo 4420 . ] ]
CH M || L iiow | RN (LR > The worldwide largest e*e ™ datasets in T-charm region
ot Sousr ) % A » 46 datasets with /s > 3.8 GeV, Y L; = 21.9 fb™?
| * BES i = I ] d — |1T h - - —_
Al i | ‘I T "’“ﬂ Nafh [ a0 ] > 29 energy points with L; > 0.4 fb™1
2 f::?{k:r— —*Jf?l:t ’\c’ '$can13fb 1(130 pomts) s .. _; .
3 e . s [cev] @ Large datasets for exotic analyses!
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Introduction

Z.(3900)" Z.(3900)° Z.(4020)" Z.(4020)°
PRL 110, 252001 (2013) PRL 115, 112003 (2015) PRL 111, 242001 (2013) PRL 113, 212002 (2014)

H 230 GeV. | < 120
: 5 1000 N _
» The ~4 fb~! data with /s from % P g
. o f 1 g g
4.23 to 4.42 GeV collected in 3 i S
2 40f | [ ' e £
2013 and 2014 years. e A :
0==37 38 39 40 : :7 RN T ! $95 400 405 410 4Qs 420 i2s 390395 4 Taes a1 M
Mo 1) (GeVIC?) e o0 My (GeVic) M, (GeVIE)
ete > mwt]/P ete” - n'n'J /)y ete” >m mwth, ete” - n°nOh,
Z.(3885)" Z.(3885)° Z.(4025)* Z.(4025)°
ST:PRL 112,022001 (2014)  pRy 115, 222002 (2015) PRL 112, 132001 (2014) PRL 115, 182002 (2015)
_ . DT: PRD 92, 092006 (2014) [ w .
v" Observation of the L% B S e e
. . o 5 ok, : 20 —-Z(4025) §
charmonium-like Z,. and Z;. = e 5 etk il B £
states in both open charm and g 3 f of
o S g2 1 C
hidden charm final states! 0 a ah . )
M(D°D*) (GeV/c?) R S RN Gevie) B e
ete” > m (DD")* ete” - n%(D*D)° ete” > m (D*D)* ete” - (D*D"°

> The ~3.7 fb~1 data with /s from 4.626 to 4.70 GeV collected in 20201,

P

v’ Potential SU(3) counter-part Z ., state

[ arXiv.2205.04809
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Introduction _

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

90F [ —+-Data
. % 80F 3% G 8o — Gilobal Fit
» Compare with Z.(3885)". $u £ i B4
S 40k P g s < PHSP
Z,5(3985)* Z.(3885)" P | e Ea | .
10F | - ‘ ! " @
Mass (MeV/cZ) 3985.2%21 4 17 388394+ 1.5+ 4.2 $65 580 365 400 405 410415 495 500 385 400 405 410715 205 Y
4-2.0 = - i M(D'D") (GeV/c) M(D'D) (GeVic?) O35 38 8% 4 405
Width (MeV) 13.8781 + 4.9 248+33+11.0 Z.(3885)* - (D*D** + D**D° MIDD’) (GeVi<')
= ¢ ( ) Z.(3885)? » (D~ D** + D°D*?)
D°D(;, (MeV/c?) 3977.04 3875.10 o
(s = 4.681 GeV
D**D(;, (MeV/c?) 3975.20 3876.51 3o}

- ?

v ~10 MeV/c? above D*°D%,/D°D() mass. -- SU(3) counter-part.

Events /(5.0 MeV/c?)
> B

o

4 405 41 415

v" Search for neutral Z. in same dataset. RM(K") (GeV/c) B
Z.,(3985)* - (D{D** + D;*D?) Z% - (D;D** + Dy DY)

» Compare to Z,.,(4000)" observed by LHCb.

Z,.(3985)* Z,.(4000)*

Mass (MeV/c?) 3985.2723 + 1.7 4003 + 617,
Width (MeV) 13.8%87 + 4.9 131+ 15+ 26
) _ ] ) . . TR 4 mj,wﬁ[cv:]
v' Mass is consistent, but width is one order larger than BESIII result. |

Z,,(4000)* > K*j/p  PRL 127, 082001 (2021)
v ings? . .
They are same things: - Search for neutral Z . state in open-charm final states.
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Evidence for a Neutral Near-Threshold Structure
in the K9 Recoil-Mass Spectra in
ete” - KIDID*” andete™ - K?D:tD™

New! PRL 129, 112003 (2022)
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Z..(3985)"°

® Decay chain: ete™ - K°Z%. - KY(DID*~ + D:*D™)

v i i T
Partial reconstruction ‘_@I L
® Two types of tag method Q ising o e
Tag: K2,D~ 9
Tag D~ method ’ @ {@' . {
Missing: Dt < 5 —
or D} and ° . é . é
+Q. +Q -
Decay channel ete” -» KD~ D] ete” - K)D™ Dt
e e i IR
B S
Tag: KSQ,D;_ ‘@ Missing T ' ‘I\/Ilssmg
Tag D method g | 9 |
’ Missing: D*~ {e o ‘ 6
or D~ and y(no) ’ ‘w’ |

@ 1@
'Y

Ruiting Ma (UCAS) QWG2022 -GS| Darmstadt



Z..(3985)"°

® Compare to Z,,(3985)" analysis » DY and D~ tag modes:

s eve K-8 » K-(D{B + D5 DY

O Two DS tagmode: K" K*nt, KoK

KK Ktn—n~
O Tag D and bachelor K—, fit RM(K™). K-K+m+ KO-
— 7 S % _ K—K+ +.0 0+ — -
> ete” - K°Z% - KY(D!D*~ + D:*D") mm Kdn*nn
—o _ —o 0 . KOK*tmtm™
O K" reconstruction: K® - K - ™ —
« ~20% relative efficiency compare to single K . T Ttny

» More backgrounds.
O Tag DI/D~ and bachelor K9, fit RM(K?).

O Need more Dg and D~ tag modes. Final state Requirement

] M(KTK™) < 1.05 GeV/c?
+ + +
Df - K'K~x |M(K*2~) — m[K*(892)]| < 70 MeV/c?

v' Selected tag modes by Figure of Merit (FoM) M(K*K~) < 1.05 GeV/c?
M(z=7°) —m(p)| < 150 MeV /c?

v" Optimize FoM based on three-body signals. D - KOK*tata  [M(K*a~) — m[K*(892)] < 70 MeV/c?
v Apply cuts to suppress combinatorial backgrounds. Do Komimn | |M(Ksr?) = miK(892))] < 70 MeV /e

> Additional cuts

D} - K*K-nta°

Ruiting Ma (UCAS) QWG2022 -GS| Darmstadt 8



Three body signals & Combinatorial backgrounds

Z..(3985)"°

® Three body signals: Region Signal (MeV/c?) Sideband (MeV/c?)
RQ(K2DY) |IRQ(KOD;) —m(D*)| < 20 [1.90,1.97] && [2.05,2.15]
» From KOZES or D(S)D((S)) processes. RQ(KJD™) |IRQ(KID™) —m(D;*)| < 10 [2.05,2.08] && [2.14,2.20]

.. Signal and sideband region
» K{DSD*":RQ(K{DS) = RM(K{DS) + M(DS) — m(Dy)

> K'SQD;-FD_: RQ(KSOD—) = RM(KSOD_) + M(D_) - m(D_) %) 100 Eiz;aresonantsignalMC i 300 EII\DIOL resonant signal MC st
_ _ o o ©| 0P (d)
® Extracted number of combinatorial backgrounds S s ﬁ,{ 4‘& o0} T“r i
- | | o Yialy -
> Define signal and sideband region of RQ(K2DJ) and 2 Ve o oo S 215 2.2
RO(K(DY) (GeVi/c?) RQ(KgD) (GeV/c2)

RQ(KJD™) spectra.
. . _ _ _ _ RQ(K?D}) & RQ(K2D™) @ +/s = 4.68 GeV
» Fit the sideband region with one-order polynomial function.

» Integral the function to extracted yields of combinatorial Vs MeV)  D/-tag D™-tag
4628 406 £ 34 132.1 £6.1
baCkgroundS' 4641 498 +3.7 169.1 £6.8
_ _ o _ _ 4661 57.5+4.0 184.3£6.9
® Retain the candidates inside three-body signal region. 4682 1990473 668.8+129
4699 68.6 4.2 2175+ 74

: 0
® Fitthe RM(K) spectra to search for the neutral Z . state. Number of combinatorial backgrounds
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Z..(3985)"°

Fit strategy on RM(K?) spectra

» Signal PDF
M: RM(K?)
BW e os XEFFrerst + BWoee s+ X EFffre ) , my: mass of the resonance.
( Wp D:t ffo pi+ T Wp DS ffp Ds ®Gauss (1, 0) I,: width of the resonance.
BW, (M) 1 2 q: momentum of K9 in e*e™ system.
(=P d ) 5 m2 + imp|f - Ty (M) + (1 — f) - [5(M)] p;: momentum of D@~ in D@~p* system.
p;: momentum of D&~ in p&~p{I*
r,(M)=r, 2.1 rz(M):ro.p_i.@’ system when M = my.
py M P, M £ ratio of the two signal channels.

€ Import a Gaussian constraint:
Restrict the width of Z2, within the uncertainty of Z.,(3985)*.

» The shape of D~ (D) combinatorial backgrounds
The yields of D~ (D) backgrounds are fixed by a fit on RQ(K?D~) (RQ(K?D})) spectra.

» The shape of PHSP MC samples
To model the contributions form non-resonant three body K0DJ D*~ and K2D:* D~ process.

> The shape of D*(‘;‘)Dgg MC samples

The yields of D;* candidates are fixed by the control samples study in charged Z ., analysis.
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Fit result

€ Apply a simultaneous fit between two tag methods at all energy points.

v" The mass and width are measured to be (with J? = 1+ o o R,
Breit-Wigner): A0F ) 5=4628Gev | 40F ) 5=4641GeV
' 30F
m(Z.,(3985)%) = (3992.2 + 1.7 + 1.6) MeV/c? 20f
I(Z.5(3985)°) = (7.7741 + 4.3) MeV _ | o
o o _ Z A0F o G=as61Geyv |10
v The statistical significance is 5. 0o. = 30} _[_ ;
v' Becomes 4. 60 after considering systematic uncertainties. f;; sof ¥
g ,
v' The width is 4. 113 MeV if remove the width constraint. = LA
40;— (@) V5=4699GeV 3(5)2_ (p Alldata
® Evidence of a neutral Z states: Z,.,(3985)° 30F : e
200 100
v Measured mass near D} D*~ + D;* D~ mass threshold. 1ok 50F
v Mass and width consistent with charged Z_, state. e e TR
RM(K)(GeV/c?)
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Separate D tag and D~ tag methods

Z..(3985)"°

—3— Daa Total PDF Signal —+ Daa — TowPDE Signal

Sl oo e e “=— v D~-tag method suffered high level of

15F @) Vs = 4.628 GeV 15F (®) 5= 4.641 GeV 30— (a) Vs = 4.628 GeV 30‘ (b) (s =4.641 GeV . .

: : : : combinatorial backgrounds.

10F 10} 201 +

st 5t 10 I v" Both the two tag methods contribute to
TRt Sl ) sof the signal yields.
% 20F (o Vs=4.661GeV 40F (q) Vs=4.682GeV % [ (@) V5=4.682GeV
= : : = 60F
S 30¢ . E :
“:é 10} 20 +++ + z o Vs(MeV) Df-tag D™ -tag
5 sf 3 T4 T 5 20}
g Vgt W8 | | 4628 65711 7.g+1d

P o B=469Gey zg; ( Alldata 30f @ V=469Gev 1500 ) Alldata 4641 0.0igg O.Oj:;:%

15 : ' g +3.2 +3.7

st Ut Lo J[ sof FIEEET sof /- 4682  12.01%3 13.6757

I IR LY e T WS +3.9 +4.5
095 4 405 41 415 42 $95 4 405 41 415 4.2 395 4 405 4.1 415 4.2 4699 12.2735%s 14.024%
RM(K)(GeV/c?) RM(K)(GeV/c?)
D}-tag method D~ -tag method Z ; yields from two tag methods
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Compare with Z,,(3985)"

Z..(3985)"°

T s = 4681 Gev g0
> 30'_ = (f) ata
N 2 =)
Charged Z,, < | g 100} Neutral Z
5 £ Sop
E 0 ) 5 E ".I,f[::_"‘--'-_-.'f_';F;-‘r‘----_h‘_
4405 41 415 905 4 205 4.1 415 42
RM(K") (GeV/c?) RM(K{)(GeV/c?)
Mass (MeV/c?) Width (MeV) ® Mass and width
Z.5(3985)° 39922 £ 17416 7755 £43 v The mass and width of Z,(3985)° are consistent
Z.(3985)" 272041, 873 +4. .
es(3985) D825 =17 185, 49 with the recently observed Z.,(3985)" at BESIII.
5o  Bpb) v" Also consistent with the theoretical predictions
MeV) K°Z.(3985)° K~Z.,(3985)t * y2./ndf . ] .
Vs BV) RZ(3989) 98] % fiow/n ® Born cross section x branching fraction
4628 4438+20 087 3+06 12
4641 0.0550+02 16f7+13 05 v’ The UBom(Kch) X B(Z.s = D:D + D,D*) are
4661 28°18+£06 L6f7+08 03 51/5 : .
4632 2272108 4400514 10 consistent with each other.
4699 7055 £18  24%5£12 21 v Agree with the prediction based on isospin symmetry.

The Z_.,(3985)° should be the isospin partner of Z.;,(3985)*
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Z..(3985)"°

CPC \ol. 44 No.126, 102001 (2021)

Future Z ., analyses at BESI I

® On going analyses: xiPpgrade vs BEPCII /o -
« ete” > K*K7J/y T il
> E C " .
. etem - KOKY /i I S —
_ : :
« ete” > K D:tD*0 : £ ol
® Data taking: 0 :
> BEPCII — Upgrade @ 2024 BEPCII-Upgrade L,
. . . . _JI o I4‘.1I = I4.|2I = I4.|3I - |4.|4-I.I = I4.|5I = I4.|6
» Three times peaking luminosity @ /s = 4.6 GeV Genter-ofMass Energy (GeV)

> Possibilities for future XY Z data taking at BESIII. The plan for XYZ data taking

v Detailed Z ., analyses with large statistic and more energy point will come soon!

Table 3.4. Data taking requirements for X¥Z physics and charmonium physics.

plan data sets
X¥Z plan (1) 500 ]Jb_l at a large number of points between 4.0 and 4.6 GeV
XYZ plan (2) 5 b at4.23, 4.42 GeV for large Z, samples
XVZ plan (3) 5fb ' above 4.6 GeV
charmonium plan 3% 107 ¢ (3686) decays
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Z..(3985)"°

Z.(3885)" Z.(3885)°

ST: PRL 112, 022001 (2014)
DT: PRD 92, 092006 (2014) PRL 115, 222002 (2015)
90 *F 4.257 Gav D'D"x® 4.257 Gev D5

b
2

ol ¥

® BESIII Collaboration has abundant research results on XY Z physics.

® [n 2020, about 3.7 fb! data samples with /s from 4.626 GeV to
4.70 GeV have been collected.

® Based on the new datasets:

Events / 4 MeV/c?
- MNWhro
OO0 0000 0O

L55350 3.95 2,00 2.05 41041t

M(D°D*) (GeV/c?)

v" The observation of Z..(3985)™.

Z,,(3985)* Z,,(3985)° v' The evidence of Z.4(3985)°.
PRL 126, 102001 (2021)  PRL 129, 112003 (2022)

 Significance evaluated to be 4. 60.

)

(s = 4.681 GeV 200F

b O All data . . ] ]
E 30 ; 150 ® « Mass and width and cross sections consistent with charged
o 2 g 1op B Z . State.
%’ 10F z 50?
g, & plest » More detailed analyses on Z . states are ongoing.
4 405 41 415 . 395 4 405 4.1 41542
RM(K*) (GeV/c?) RM(Kg)(GeV/cz)

» The BESIII Collaboration planed to collected more high energy
‘-7 datasets, to further understand the nature of Z_ states.

What’s Next? Thank y()u |



Back Up
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