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Outline

» Brief look on charmonium spectrum
* Introduction to BEPCII and BESII|I
* Recent results on Z ., and Z, states

* Prospects for the future BEPCI|I

* Summary
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Hadrons and Exotic Hadrons

Convenkional kadrous\

WMeson Paryon

\_ /

/ Exotic hadrons
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None of the new forms of hadrons is settled !
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Overpopulated charmonium spectrum

Charmonium spectrum
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v Most of them are close to the mass thresholds of charmed meson pairs.
v' Some are not accommodated as conventional meson ==> candidate of exotic hadron states.
v" More efforts are needed to pin down their nature.
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https://indico.ihep.ac.cn/event/11178/contribution/5/material/slides/0.pdf

Overpopulated charmonium spectrum
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v Overpopulated observed new charmonium-like states, i.e. “XYZ”.
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https://indico.ihep.ac.cn/event/14070/session/3/contribution/20/material/slides/0.pdf

Overview of the Current Z ., States
State M (MeV/c?) T (MeV) JPY  Process Experiment
Z.(3900) =0 3888.4+25 283+25 1T e~ o aH0 (7000 7 /4) BESIII, Belle
te~ o o+ (DD*)(—0) BESIII
Hy = Xat(n—J/¢) DO
ete™ = T (n.p”) BESIII
Z.(4020)(=9  4024.1 +1.9 13+5 17 (?) efe” = a0 (a k) BESIII, Belle
ete™ = x(+:0(D*D*)(—0) BESIII
Z(4050)* 405173, 82750 7t B 5 K (7t xa) Belle
Z(4055)F 4054 + 3.2 45+ 13 7= eTem o (T (29)) Belle
Z(4100)* 4096 =+ 28 15250 777 BY S Kt(nn,) LHCb
Z(4200)* 419673 370“““ 1= BY 5 K—(xtJ/) Belle, LHCh
Z(4250)* 42481190 171"?” 7t B 5 K (ntxel) Belle
Z(4430)* 4478713 181431 1Y B o Kt (zm (29)) Belle, LHCb
BY = K—(ntJ/4) Belle
R0(4240) 4239159 2207320 0~ B — Ktn (28) LHCb
Z.5(3985)* 3982, '+§§ 12. sif;i, ? Te~ — KT(D; D + D~ DY)  BESIII
Zes(4000)* 400377, 131 + 30 1t Bt 5 ¢(J/YKT) LHCD
Z..(4220)* 4216733 233755° 1t Bt 5 ¢(J/YKT) LHCb

v’ Produced in e*e™ annihilation or b-flavor hadron decays. | Spiv-parity, Argavd plot;

v’ Typically, in h + charmonium final states.

v’ Intrinsic nature unclear, exotic states? kinematic effects?

Production mechanisw;
Different decay modes;
Partver states,
Tuterference?
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Beijing Electron Positron Collider (BEPCII)

Beam Energy 1.0~2.45 GeV

2020: energy upgrade to 2.45 GeV
\ . 5.4 2004: started BEPCII upgrade,
s BESIII construction

- ‘..: v . ‘ o 7 ' S
BESIII . | S 4& 2008: test run

' ¢ &3 \ N 2009 - now: BESIII physics run
detector

i ¥ +1989-2004 (BEPC):

/ " Loeai=1.0x10%1 /cm?2s
*2009-now (BEPCII):

L_..=1.0x10%/cm?(4/5/2016)

peak™
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The BESIII Detector
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EMC: Csl crystals
AE/E =2.5% @ 1 GeV - Barrel
AE/E =5.0% @ 1 GeV - Endcaps
TOF:
ot = 80 ps Barrel
o7t =110 (60) ps Endcap

MDC: small cell & He gas
Cyy= 130 um
cp/p = 0.5% @1GeV
dE/dx = 6%

Magnet: 1T Super conducting
Muon ID: 9 layer RPC

Trigger: Tracks & Showers

The new BESIII detector is hermetic for neutral and charged particle
with excellent resolution, PID, and large coverage.
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BESIII Data Samples

2009: 106M w/(2S)

225M Jlyr

XYZ scan

4190-4280 e

4630-4700
3.7 fb?

2010:

L

o

975 pb-1at y(3770)
2.9 fb-1(total) at w(3770)
482 pb-lat 401 GeV
0.45B (total) y(25)
1.3B (total) J/y
1092 pb-1at 4.23 GeV
826 pb-l at 4.26 GeV
540 pb-1 at 4.36 GeV

2011:

2012:

2013:

10

Wy

billion

A Mark-1

Mark-1 + LGW
7 Mark-II ’
e PLUTO 0.5%10°

DASP

* BES

o DA
# Crystal Ball | |
2 o
. -1 |

T T T
Y(25)

......

Yarro

I M b

'$can 13 fb 1 (130 pomts) J

1_14

!

2.9 fo-
I
I_.
1 1
35

; —:5 \/E [GCV]

10 X 50 pb-1scan 3.81 — 4.42 GeV
1029 pb-1at 4.42 GeV
110 pb-tat 447 GeV
110 pb-l at 4.53 GeV
48 pb-lat 4.575 GeV
567 pb-tat 4.6 GeV
0.8 fb-1 R-scan 3.85 — 4.59 GeV
R-scan 2 — 3 GeV + 2.175 GeV
~3fb-1 at 4.18 GeV (for Dy)
7 x 500 pb-! scan 4.19 — 427 GeV
more J/ys (and tuning new RF cavity)
10B (total) J/yr
8 X 500 pb~!scan 4.13,4.16,4.29 — 444 GeV

2014:

2015:
2016:
2017:
2018:
2019:

2020: 3.8fblscan4.61-4.7 GeV
2021: 2fb?1scan 4.74-4.946 GeV
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BESIIlI Data Samples

2009: 106M 1 (25)

225M J/yr
2010: 975 pb-tat w(3770)
2011: 2.9 fb-!(total) at w(3770)

482 pb-lat 401 GeV

2012: 0458 (total) y(25)
1.3B (total) J/y

(2013: 1092 pb-! at 4.23 GeV
826 pb-lat 4.26 GeV
540 pb-1 at 4.36 GeV

2014: 1029 pb-!at 4.42 GeV
110 pb-1 at 447 GeV
110 pb-l at 4.53 GeV
48 pb-lat 4.575 GeV
567 pb-t at 4.6 GeV

10 X 50 pb-1scan 3.81 — 4.42 GeV

\ 0.8 fb-! R-scan 3.85 — 4.59 GeV

2015: R-scan2 — 3 GeV +2.175 GeV

2016: ~3fb-lat4.18 GeV (for Dy)

2017: 7 x 500 pb-!scan 4.19 — 427 GeV

2018: more J/y (and tuning new RF cavity)
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(2019: 10B (total) J/y

2020: 3.8fblscan4.61-4.7 GeV
L2021: 2 fbl scan 4.74-4.946 GeV

8 X 500 pb~! scan 4.13,4.16,4.29 — 444 GeV

46 points above 3.8 GeV, L;,;,~21.9 fb~1

29 energy points with L; > 0.4 fb~1

g

T

_J/
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Z . Family at BESIII

Z,.(3900)*

PRL 110, 252001 (2013)

100F
80
60

a0

Events / 0.01 GeV/c?

Events / 4 MeV/c

205

—4- Data

— Total fit

«=+- Background fit

== PHSP MC

{ . Sideband

\

3.7 3.8 3.9 4.0
Mpac(mtJiy) (GeVic?)

ete" >t /Y

Z.(3885)"

ST: PRL 112, 022001 (2014)
DT: PRD 92, 092006 (2014)

Everts{10MeVId)  Events!(10 MaVid)

Events/(10 MeVid)

@
8

Events /{ 10 MEW’E?)
8

SN s

@ ®

B

Events / ( 10 MeVic’ )

M(D°D¥) (GeV/c?)
ete" >~ (DD*)*

Z.(3900)°
PRL 115, 112003 (2015)

)
wE (a) 4230 GeV, 10917 ph'
b
0
20
wE

Z.(3885)
PRL 112, 022001 (2014)
+ 4.257 GeV D'D*n° | 4.257 GeV D'D"n®
] ] t
3 ?I'zzs GeV D'D* 4.226 GeV DD’
. ;
" s ast
OXE 55 305 4 AOTTXHS 50 295 4 40
M(DDF) (Gevic)
-+ Data

o — Global Fit
- Signal

o W Incl. Bkg

of <+ PHSP

3485

4 4.05
M(DD") (GeV/c’)

ete” - n%(D'D)*

v What is the nature of these states?
v If exists, there should be SU(3)

counter-part Z ., state with strangeness.

2021/5/15
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Events/(0.005 GeV/c?)

Z.(4020)*

PRL 111, 242001 (2013)

a
| I 39 40

ete > nth,
Z.(4025)"
PRL 112, 132001 (2014)

Al
M., (GeVic')

. 420 4.25
M, (GeVic?)

80— comb.BKG —+ data
n’.; [ - D*D** — total fit
> 60f- —-Z,(4025)
g i H ------ PHSP signal
o [ mws
N 40
2 [
520
> L
L L

T 402 404 406 408
RM(r) (GeV/c?)

ete” > (D*D)?

C

U

Events/(0.01GeV/c?)

Events/(5MeV/c?)

Z.(4020)°

PRL 113, 212002 (2014)

39 395 4
recoil,
ML

4.05 41 41
(GeV/ch)

'max

ete - n'nlh,
Z.(4025)°

PRL 115, 182002 (2015)

—T T T T T T T
4.23GeV+4.26GeV

Events/(ShoV/c’)

“Am 404 408 408 41 _|
RM(aYGeVic")

4.08 41
RM(x%)(GeVic)
ete” - n®(D*D")°
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Observation of the charged Z.;(3985)~ PRL 126, 102001 (2021)

- ete” > K*(DyD** + D;~DY)
v’ 3.7fb! data accumulated at 4.628, 4.641,
4.661, 4.681 and 4.698GeV in 2020.

Ldt (pb™)

v' Partial reconstruction of K* and Dj.

v" Signature in the recoil mass spectrum of
K" D; to identify the process of ete™ —
K*(D;D*° + D!~ D).

TA LS
T T [ T T T T T T ! T T El l T |‘I "T
. 2020
T .
i E-"l ® +o‘ .
o S -
| | i | 1 | | |

DO D*°
@, o<

ol by |
—— — e— —

ete” -> K*D: D°

2021/5/15 FLEXYZR FiFidES

ete” - K*D;D*°
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.102001

Observation of the charged Z_.,(3985)"

PRL 126, 102001 (2021)

% : - 0 -
59 2000 | \s = 4.681 GeV = 600 F + (s = 4.681 GeV
g : ' tData g #',  tData
< 1500 ' —Signal MC o 400 F . + —Signal MC
. ) . . p
® 1000 | ) 52 -H""ﬂ“**t**t*m et "
5 - el e ) ML AR
Z R £ 200 [
) 500 [ 1™ LTINS 1 N o) [
> > I
Wy . S W ol — L
1.9 1.95 2 2.05 1.9 12 208
M(K*K'n) (GeV/c?) M(KK) (GeV/c?)
Y v D; reconstructed with K¥K—n* (¢ or K*K)
200 F—— Z;:—>DD® g =4.681 GeV _
L 180F----- . D" D° S Data . and K2K .
% 160 k*p p* + — Fitresult 3 v . .
E igg E kDD W WS Data 3 Both decay modes can survive the selection.
C0k t l —3 v Data driven background description:
gz O 5
2w t : Wrong Sign (WS) combination of D5 and K ~.

20 . . . . . .
v" Absolute contribution in signal region determined

from a fitto RM(K*D;).

1.95 2 2.05
RM(K*D;)+M(D)-m(D)) (GeV/c?)

2.1
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.102001

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

o 40 s 25— 1771 275: A B S
o | Toalfit  —}— Data Tk s=4.681 GeVi | s =4.681 GeV?
%30 - ——— Z,3985)  ------- non-Res. b 2.7¢ Right-sign 7 % 2.7F Wrong-sign -
: R S O 1 T 1 >, 8 - :

S s © 02.05F Adevat" = 02.65F - . . E
520 O b RN Ay N S ]
= o P A 'y h - . ., S ]
B VT - Tk R LK S SN B - S T 3
219 bl | 255 SyUTAELE 28y e Pl
0 0¢ f 1| = 25F Tt o 4 3 25F DO
L | - e - I :
IE [0 ) ST L A R S L 2450t R R R R A
104205 41 41 B At T B X X N
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/c2.
(With a sufficient study for all possible Dy, background and their interference effect, see Appendix.)

v' Assume the structure as a D; D*° /D~ D° resonance, denoting it as the Z.,(3985)".
v Afit of J¥ = 1% S-wave Breit-Wigner with mass dependent width returns:
M = 3985.2751 + 1.7 MeV/c?
r=13.8'3] + 4.9 MeV

v" Global significance: > 5.3 ¢

First candidate of the hidden-charm tetraguark
with strangeness
2021/5/15 &L EXYZR FITES 14


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.102001

Cross section of Z,.,(3985)~ production

PRL 126, 102001 (2021)

Events /(5.0 MeV/c?)

40

30}

V5=

4.681 GeV
(a)

—4— Data
Total fit
— — — Z.(3985)
- 5*1(2600)00*0

non-Res.
%### b, D!
" comb.BKG

s = 4.641 GeV

2021/5/15

Vs =

4.661 GeV

(d) _
ik

.ﬁmuﬂlllll“uu‘.h.

s = 4.698 GeV

o

RM(K") (Gew&)

FLEXYZRTFHANS

4.7 472
Vs (GeV)

464 466 4.68

v" Simultaneous fit to the five energy points.

v" Largest cross sections around 4.681 GeV.
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.102001

The Z..(3985) and Z.(3885)"

1643 /pb data
@4.681 GeV

Z.,(3985)%
3985.2%33 + 1.7

525/pb data @4.26 GeV

Z.(3900)* Z.(3885)*

Mass (MeV/c?) 3899.0+3.6+4.9

3883.9+£1.5+4.2

from Marek Karfiner in Nov. 2020

two general comments about

charm-tau factory program

Width (MeV) 13.8781 + 4.9 46+10+26 24.8+3.3+11.0

« Jhp K* resonances:

13.5+2.1+4.8 83.5+£6.6+22.0

aBo™™ . B (pb) 44132+ 14

Z.(3900) analogue?
Z.(3900)* = (cCud); d — s: (cEus) ~ DsD*

~10 MeV above D.D*/D.D thresholds
similar to Z(3900) & 7,(10,610)
(DD*) (BB*)

2
S
T

@
=3
T

no natural molecular binding,
so if discovered, would indicate
Tq or a novel mechanism

SU(3) partner of Z. (3900)?

@
=]
T

=

Events / 0.01 GeVic®
5
T

Zcs: 3985.2MeV

40
35 (5=4.681 GeV “ 9.2MeV  10MeV
%30 E (a) 07537 as a9 a0 v\ |
i H """""""""" D:~D° 3977.0MeV
O, < .
20F o
%g - 10 l ILJL‘L{ H“ ol e mmmmmem———— I—- -------- Dy D*03975.2MeV
S10F | \ it <2
"o H . - -
0 4 405 41 415 . 139‘. 5 3:.90 85000 405 410715 465 560 385 400 405 ;1.10 415 dlquark-antldlquark? D* DS +cc mOIeCUIE?
RM(K" (GeV/c?) M(D°D") (GeV/c?) M(D'D) (GeVIc?)
Z,(3985) Z(3900) m @
K-z}t Kz, rZf m2) w7 'A% + g;“lgm .
1/4 1/4 /3  1/3 13 A C
neutral/charged =1 (5 neutral/charged = 1/2 y %
In process
2021/5/15 ELRBXVZRTHNS 16



Discussions on the nature of Z,,(3985)"

« Various interpretations are possible for the structure

v Molecule.

v' D},(2573)*D;~ threshold kinematic effects / reflecting.

v Re-scattering / Triangle singularity.
v" Mixture of molecular and tetraquark.
v

« Z.,(3985) from e* e~ annihilations and
Z_.,(4000) from B decays.

v" their masses are close, but widths are different.
v If they are same, why width so different?

v’ If they are not same, is there the corresponding
wide Z.(3900)?

v"Looking for more channels will be useful.

2021/5/15 ELEXVZRFHNS

40— e*e” > K*(D,D*+DiD)
N035 - PRL 126, 102001 (2021)
ESO - @
025 3
w20 |
215}
c o
010 H_
o5k o\
ST bt msitisiin
14 4.05 41 415
: RM(K") (GeV/c?)
|
S300E T b oo
=250 I,
= r  LHCb P
EZOO ;_ —4- Data 9 fb! i
. . [
é 150:_—%—T0talfli;n | )
S T arXiv:2103.01803
SOF | jﬁ_ j
E L = 1 L
3.8 4 4.2
I Mk [GeV]
T :I — T T T
S 2000
(]
= r
21500 LHCb
— [ 0 —+ —
£ 1000 B” > J/YK'm
= C ‘ PRL 122, 152002 (2019)
=t I v
S so0f o= Thax =2 \i
© Jh. =15
=+ “max
T T, T
m(J ) [MeV] 17


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.152002
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.102001
https://arxiv.org/abs/2103.01803

PWA of the zc(3900)°

PRD 102, 012009 (2020)

Fl@r 4226G AU

¥3ndf=176.32/ 144

Fit@ ys=4.236 GeV

Events (GeV/ic®)

1.5 ¥2ndf=79.35/ 75
o [
% [
=
-] L
e [
=l
0.5
0 4 4
N Fit@ Vs=4.244 GeV
1.5 ¥2ndf=69.76/ 76

LT [ .
3 T
5] L
e =
= i um
0.5__ e

T
Fit@ ys=4.258 GeV | _

¥2/ndf=109.98/ 102
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€l T eof
2 | 3 L
e I 9 a0
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2 3 [ -
4 20
w i i L
ol ot
— 5 — 5E
3 0F 3 0F
o E a .k

pull
8 [SE=15T=1

|3||

(=]
(=]

F
o

Events (GeV/c®)
5

pull

==
T

é 8 1
g [ S b \
@ a
2 20 g "
[ o
i .
g- oA Wkt
= 5F 5 — 5F =
S Et e ot H 3 S et et .t 3
] B R L o IR T 3
60f [
LT
[ L
a [
a8
c L
L $ I
[ @ [
1]
ER 1| R L PRI T I =1 g-
O AR AN | SR s . \ .
732 34 36 38 4 4.2 %-2 04 06 08 1 12

M., (GeVic?)

M, (GeV/c)

v' Simultaneous PWA fit of

ete '] /y to the four
energy points

{ v The spin-parity of Z (3900)°is

determined to be 17

o }'J "1 v/ The nominal fit includes the

intermediate process o] /3,

f(980)] /¥, f(1370)] /¢ and
m® Z(3900)°.

measured:

| v Mass and width of Z_(3900)° is

M(Z(3900)") = (3893.0+2.3+3.2) MeV/c?,

I'(Z(3900)") = (44.24+5.4+8.3) MeV.

FLEXYZR FINS
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.012009

Cross sections of w°Z_.(3900)° production PRD 102, 012009 (2020)

LR R R R D
= —+ data ] TABLE VI. Summary of the fit results to the measured cross
a — Fit | sections of eTe™ — 7°Z_(3900)° — 7°2°J /. The uncertainties
= --- Y (4220) ] are statistical only.
i:: . ir:"lf.:zince i Parameters Solution 1 Solution 11
{ 1 Po(c*/MeV) 00+ 113
N i p) (1.8 + 1.9) x 1072
:% 3 [M(R) (MeV/c?) 42319 +53 ]
o : T (R)) (MeV) 412+ 16.0
o TeeBromz. 39000 (€V) 0.53 +0.15 0.22 +0.25
© | oo | | | | #(R) (-103.9 £33.9)°  (112.7 £43.0)°

Is (GeV)

41 415 42 425 43 435 44 445 45

v' Based on the PWA results, the Born cross sections for the process ee™ —
m°7.(3900)° - 7%z /1 are measured.

v’ The parameters of Y- states are consistent with Y (4220).
M =4231.94+5.3+4.9MeV/c>T =41.2+16.0 + 16.4 MeV

v’ First time to establish the relationship between Y (4220) and Z.(3900)°.

v" Due to the lack of data around 4.3 GeV, the existence of Y (4230) in
Z.(3900)° production cannot be ruled out.

2021/5/15

FLEXYZR FINS 19


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.012009

Searchfor Z} - * Xc] PRD 103, 052010 (2021)

v’ Belle reported the results of Z.(4050)* and Z.(4025)* in B® - K~Z},Z} » ntyx,
[PRD 78, 072004], while BaBar did not confirm them.
v/ BESIII studies e*e™ —» m™ ™y, xc; — vJ /Y from 4.178 GeV to 4.600 GeV

v None of the process are observed and upper limits of the production cross sections are

determined.
v" Hence, they can be the upper limits of the product cross sections of
ete™ »m~Z.(4050)" +c.c.,Z.(4050) > ¥ x,,;

K . \
o ®  Observed cross section ®  Ohszerved cross sect 7 ®  Observed eross section

¥ Upper limit at .‘.Jil',./. ClL TXCO .0 Y Upper limit at ;.';,, l:]‘]L TX cl o Upper limit n .r:[]‘;.’ (1 X c2
50 T . I 5 !
= IT = - 1 _ I
\;:j TTT : T 1012w TT T T [ c
Il L
ity H | | oof L1 I — R A — |
1207 425 4300 4357420 445 450 455 460 02 Th0 1% 430 4% AW 445 450 4% 460 B R R Y T Y R A R R )

\ E:ms (G‘-‘\'] E{ ms (G“\r} E[‘m,,- [Gf‘v) /
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.78.072004
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.052010

Search for Z, — mn, PRD 103, 032006 (2021)

v" LHCDb reported an evidence of Z.(4100)* -» ntn,.in B® > K~Z.(4100)".
with M = 4096 + 20718 MeV/c?,T' = 152 + 58%52 MeV and J¥ = 0% /1. [EPIC 78 12, 1019]

v Studiesof ete™ » ntnn'n, ntn .,y n, at 6 energy points from 4.178 GeV to
4.600 GeV.

v Only evidence of ete™ » ntn~n', @ 4.226 GeV (4. 10).

v’ Different mass and width assumptions in the vicinity of DD mass are tested for Z} —
ntn.and Z2 - n¥n.inete” » ntn %, @ 4.226 GeV and found to be not
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https://doi.org/10.1140/epjc/s10052-018-6447-z

Search for Z.(4020) - yX(3872)

arXiv: 2102.00644

v" Connection between Z,. sates and X states in molecule picture.

v Branching fraction of Z.(4020)° - yX(3872) and Z.(4020)* - n£X(3872) is quite

different. [PRD 99, 054028]

v Studies of ete™ — %X (3872)y at center-of mass energies from 4.178 to 4.600 GeV.
v" No significant signal for ete™ - n°2,(4020)°,7.(4020)° - yX(3872):

B[Z.(4020)° - yX(3872)| - B[X(3872) > ntnJ /9]

B[Z.(4020)° - (D*D*)?]

< 0.24% (@4.23 GeV)

s

S | 14.5 b7, 418-4.60 Gev
E 3:_ . .
% f
2R
1 R
089 4 a1
M(X(3872)y) (GeVic?)
2021/5/15
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1 rrh_f_/—:
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{E-‘i) {}J)
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FIG. 2. The upper limits at the 90% C.L. on o(eTe™ — 7"X(3872)y) - B(X(3872) — =aTn .J/1) (a) anc
7' Z(4020)") - B{Z.(4020)" — X(3872)7) - B(X(3872) — w7 x~J/¢) (b) for each energy point.
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BESIII Physics
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Chincse Physics € Vol. 44, No. 4 (2020)

THEP-Physics-Report-BES-I11-2008-001

PhySiCS at B ES- I I I Future Physics Programme of BESIIT

Abstract: There has recently been a dramatic renewal of interest in hadron spectroscopy and charm physics. This renaissance
has been driven in part by the discovery of a plethora of charmonium-like XYZ states at BESIII and B factories, and the obser-
vation of an intriguing proton-anti threshold and the possibly related X(1835) meson state at BESIIL, as
well as the threshold measurements of charm mesons and charm baryons. We present a detailed survey of the important top-

ics in tau-charm physics and hadron physics that can be further explored at BESIII during the remaining operation period of
BEPCIL This survey will help in the optimization of the data-taking plan over the coming years, and provides physics motiva-
tion for the possible upgrade of BEPCII to higher luminosity.
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Proposal of the upgrade BEPCII

v" Following up with the beam energy and top-up upgrade, we are planning the next generation
of upgrade BEPCII (200 million CNY), to be implemented around 2022:

the optimized energy is 2.35 GeV with luminosity 3 times higher than current BEPCII.

v’ Detailed studies of the known Z ., states and search for "black swans" in the higher energy

region within a considerable amount of data sets.

( )
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17 energy points
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https://indico.ihep.ac.cn/event/14070/session/2/contribution/15/material/slides/0.pdf

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 Z 4, states.

v" Observation of the Z_.,(3985)
v PWAon Z.(3900)

v" More results about the production & decay of Z ), structure
properties are in process

* Future on Z ., studies (looking forward to upgrade BEPCII):
With high-luminosity, fine scan samples above 3.8 GeV, many
programs deserver more dedicated effort.
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Appendix - Z;(3985): All possible D, backgrounds
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Appendix - Z,(3985): Interference of D, states
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Proposal of the upgrade BEPCII

v" Following up with the beam energy and top-up upgrade, we are planning the next generation
of upgrade BEPCII (200 million CNY), to be implemented around 2022:
the optimized energy is 2.35 GeV with luminosity 3 times higher than current BEPCII.

v’ Detailed studies of the known Z ., states and search for "black swans" in the higher energy

region within a considerable amount of data sets.

-
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BESIIlI White paper, Chin.Phys.C 44, 040001 (2020)
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